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Abstract

Background

Population health studies often use existing databases that are not necessarily constituted for research
purposes. The question arises as to whether different data sources such as in administrative health
data (AHD) and self-report questionnaires are equivalent and lead to similar information.

Objectives

The main objective of this study was to assess the level of agreement between self-reported medical
conditions and medical diagnosis captured in AHD. A secondary objective was to identify predictors
of agreement among medical conditions between the two data sources. Therefore, the purposes of
the study were to explore the extent to which these two methods of commonly used public health
data collection provide concordant records and identify the main predictors of statistical variations.

Methods

Data were extracted from CARTaGENE, a population-based cohort in Québec, Canada, which was
linked to the provincial health insurance records of the same individuals, namely the MED-ECHO
database from the Régie de I'assurance maladie du Québec (RAMQ) and the fee-for-service billing
records provided by the physician, for the time period 1998-2012. Agreement statistics (kappa
coefficient) along with sensitivity, specificity and predictive positive value were calculated for 19
chronic conditions and 12 types of cancers. Logistic regressions were used to identify predictors of
concordance between self-report and AHD from significant covariates (sex, age groups, education,
region, income, heavy utilization of health care system and Charlson comorbidity index).

Results

Agreement between self-reported data and AHD across diseases ranged from kappa of 0.09 for
chronic renal failure to 0.86 for type 2 diabetes. Sensitivity of self-reported data was higher than
50% for 14 out of the 31 medical conditions studied, especially for myocardial infarction (88.62%),
breast cancer (86.28%), and diabetes (85.06%). Specificity was generally high with a minimum
value of 89.70%. Lower concordance between data sources was observed for higher frequency of
health care utilization and higher comorbidity scores.

Conclusion

Overall, there was moderate agreement between the two data sources but important variations
were found depending on the type of disease. This suggests that CARTaGENE's participants were
generally able to correctly identify the kind of diseases they suffer from, with some exceptions. These
results may help researchers choose adequate data sources according to specific study objectives.
These results also suggest that Québec’s AHD seem to underestimate the prevalence of some chronic
conditions, which might result in inaccurate estimates of morbidity with consequences for public
health surveillance.
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Introduction

In epidemiological and research studies, self-reported question-
naires are commonly used to obtain information on health sta-
tus, prevalence of chronic conditions, and medication use [1,
2]. However, the reliability of self-reported medical condi-
tions has been shown to vary according to sociodemographic
subgroup and/or comorbidity status [1-6]. The accuracy of
self-reported questionnaires may be affected by several fac-
tors, including the respondent’s ability to recall or fully under-
stand the diagnosis, or his/her willingness to disclose medical
information, or the complexity of the diagnosis itself [7, 8].

Medical records derived from administrative health data
(AHD) are often used to validate self-reported data [9-11].
While AHD is not primarily collected for disease surveillance
or research purposes, it remains an essential source of data for
public health agencies throughout Canada to monitor statis-
tics such as prevalence, incidence and temporal trends [4, 9,
12-14]. For example, in Canada, the Canadian Chronic Dis-
ease Surveillance System (CCDSS) is a collaborative network
of provincial and territorial chronic disease surveillance sys-
tems, led by the Public Health Agency of Canada (PHAQC). lts
aim is to foster the collection of surveillance data in a consis-
tent and comparable way across all provinces and territories
[15-18]. In Québec, the Systéme intégré de surveillance des
maladies chroniques du Québec (SISMACQ) is based on five
administrative health databases and Public Health institutions
for surveillance purposes [19].

Previous studies have shown greater agreement between
AHD and medical records than between AHD and patient self-
reported data [2, 3, 13, 20]. Yet AHD is not error-proof and
updates in classification codes can lead to errors [19, 21-26].

The main objective of this study is to assess the level
of agreement between CARTaGENE's self-reported disease
and medical diagnoses captured in the AHD by measuring
the kappa, sensitivity, specificity and positive predictive value
(PPV). In addition, this study aims to identify the main pre-
dictors of agreement between these two types of data sources.

Methods

Data sources
The CARTaGENE baseline health survey

CARTaGENE is a public health research platform created for
the investigation of the risk factors of health and diseases in
an aging population in Québec, Canada. CARTaGENE's mis-
sion is to accelerate health research and lower associated costs,
and to support evidence-based decision making in clinical prac-
tice and public health. Consisting of a rich collection of data
including phenotyping and genotyping data, CARTaGENE is
the largest ongoing prospective population cohort in Québec,
Canada, and a biobank of 43,000 participants [27].

Our analysis focuses on the first CARTaGENE wave, which
comprises data for participants recruited from July 2009 to Oc-
tober 2010. Details about recruitment and sample selection
have been described previously [27]. Briefly, participants were
randomly selected to be broadly representative of the popula-
tion recorded on provincial health insurance registries - FIPA

files (Fichier administratif des Inscriptions des Personnes As-
surées de la Régie d'Assurance Maladie du Québec (RAMQ))
in metropolitan areas. The random selection was based on
the survey design which included two age groups (40-54 and
55-69 years-old), sex and forward sortation area (defined by
the first three characters in a Canadian postal code) to re-
flect the population density from the 2006 Census. Proba-
bility proportional to size was used to define quotas for each
of these strata. Participants were between 40 and 69 years
old and came from four metropolitan areas in the province
(Montréal, Québec, Sherbrooke and Saguenay). A total of
19,996 men and women enrolled in the study, representing 1%
of the Québec urban population. Proportions of women and
men (51.6% vs. 48.4%) were similar to the 2006 Census data
for the same population subgroup [27]. Most of them were
born in Canada (83.5%) and spoke French (78.6%). A high
proportion of participants were married (63.7%) and employed
(65.5%).

The recruitment of participants was achieved through a
call centre at the RAMQ. Information packages were first sent
by mail. Potential participants were subsequently contacted
by telephone and those interested were scheduled for an inter-
view in one of the 12 clinical assessment sites. During the visit
at clinical sites, participants signed a consent form [28] and
filled out questionnaires: a Computer-Assisted Personal Inter-
view (CAPI) for self-reported socio-demographic factors and
lifestyle, and a questionnaire administered by a nurse or inter-
viewer for medical conditions. Participants were also asked to
provide biosamples (blood and urine) and physical measure-
ments (e.g., blood pressure) under strict Standard Operating
Procedures (SOPs).

CARTaGENE questionnaires included questions about dif-
ferent topics such as socio-demographic factors, lifestyle, men-
tal status, psychosocial environment, individual and fam-
ily history of disease, medical care system and medication
intake.  All the questionnaires were developed, validated
and used in other large-scale surveys such as the Canadian
Health Measures Survey (CHMS), the International Physical
Activity Questionnaire (https://sites.google.com/site/
theipaq/IPAQ [29]) or came from clinical tools commonly
used, like the General Anxiety Disorder-7 (GAD-7) and Pa-
tient Health Questionnaire (PHQ-9) to assess mental health.
The self-reported disease diagnoses were retrieved from the
section regarding the individual history of disease which uses
the same questions as the US National Health and Nutrition
Examination Survey (NHANES, wwwn.cdc.gov) [31]. The
section covered questions on more than 30 medical conditions,
including chronic diseases and cancers. To allow capturing of
self-reported conditions, all questions in this section used a
similar wording structure: “Has a doctor ever told you that
you had ... (name of the disease)” (see Appendix A).

The MED-ECHO administrative health data (AHD)

As part of the informed consent process [28], CARTaGENE
participants agreed to the linkage of their questionnaires with
governmental health databases. The MED-ECHO AHD con-
tains RAMQ diagnoses, patient demographics, hospital ad-
missions, physician claims, and discharge dates of all Québec
residents encoded by the International Classification of Dis-
eases, Ninth or Tenth Revision (ICD-9, ICD-10) [32]. Access
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to AHD was granted from 1998 (no data available prior to this
date) to one year after the participant’s consent date for every
CARTaGENE participant (consents given between 2009-07-29
and 2011-03-01). The RAMQ used the participant’s encrypted
health insurance number to link AHD to CARTaGENE data.
It was evaluated that 95% of participants of the cohort had
a least one non-ICD code “V999" in their AHD, indicating
uncategorized diseases.

Data treatment

Determination of self-reported and AHD disease diagno-
sis

The selection of medical conditions for the study was based
on two main criteria: 1) the availability of the data in both
the CARTaGENE database and AHD availability for the same
medical conditions, and 2) the relevance for disease surveil-
lance or the burden of disease for public health prevention.
This includes all chronic diseases with high prevalence or high
disability adjusted life years (DALY) [33] as well as cancers.
The list of selected medical conditions and the correspond-
ing ICD codes used to AHD extraction for cases identification
are presented in Appendix A. We excluded rare conditions or
orphan diseases from the analysis as the low number of occur-
rences did not allow statistical analysis with sufficient statis-
tical power. In order to capture the same diseases and con-
ditions in the AHD records as in self-reported data, we relied
on pre-existing validated algorithms that allow identification
of their occurrence using inpatient and outpatient claims data
within a time range [34, 35] (Appendix A). For instance, a
validated case of asthma is a positive answer to the question
“Has a doctor ever told you that you had asthma?” (CARTa-
GENE self-report data) or one hospitalization or three physi-
cian claims in two years or less involving the codes 493 (ICD-
9) or J45 (ICD-10). Quan's coding was used to capture the
comorbidity status as defined by the Charlson comorbidities
Index using the AHD [34-36].

Agreement estimates

The overall frequencies of medical conditions found in self-
reported diagnosis data were compared to the frequencies of
medical conditions retrieved using the MED-ECHO AHD. Bi-
nary classes of concordant cases (category self-reported pos-
itive / AHD positive and category of self-reported negative
/ AHD negative being positive concordant cases) and discor-
dant cases (AHD positive with CARTaGENE negative, or vice-
versa, being negative discordant cases) were created. Then,
using the MED-ECHO AHD as gold standard, Cohen'’s kappa
coefficient (inter-rater agreement taking into account the pos-
sibility of the agreement occurring by chance), sensitivity (pro-
portion of positives that are correctly identified), specificity
(proportion of negatives that are correctly identified), and pos-
itive predictive value (PPV - proportions of true positives over
positive calls) were determined for each disease and cancer
included in the study. The kappa values, which result from a
combined frequency analysis of looking at both sensitivity and
specificity [37], were considered as follows: below 0.40 was
considered poor-to-fair agreement, 0.41 to 0.60 was moderate
agreement, 0.61 to 0.80 was good agreement, 0.81 to 1.00
was excellent agreement [38].

Factors associated with agreement

Specific social determinants of health (age groups, sex, re-
gion of residence (Montréal, Québec, Sherbrooke and Sague-
nay), education (high school or less, college, and university
or higher) and income (expressed as quintiles: missing infor-
mation was included in a single missing category (6.6% of
income data)), that are generally found in the epidemiological
literature were included as covariates for their possible influ-
ence on concordance [39]. Comorbidities have been reported
to affect the agreement between self-report and AHD medical
conditions mainly by introducing confusion in the participant’s
recall. In this study, the participant’'s comorbidity was consid-
ered as a relevant covariate and assessed by calculating the
Charlson comorbidity index (CCl) using AHD [40, 41]. Heavy
utilization of health care system was defined as 20 or more
physician or hospital claims found in a three year time period
prior to the participants’ recruitment [42-44] also using AHD
[35].

Statistical analysis

To identify how selected predictors influenced the concor-
dance, logistic regression analyses (odd ratios) were performed
for each medical condition where the number of concor-
dant cases from the two data sources (positive self-report in
CARTaGENE and positive AHD) were greater than 30. Co-
variates for the full logistic models included age groups, sex,
region of residence, education, income, heavy utilization of
health care and the CCl [2, 41, 45]. Since we wanted to com-
pare the importance of the covariates using the same model
for all selected medical conditions, no partial models or in-
teraction terms were investigated. For the predictors iden-
tified as significant covariates, odds ratios (OR) along with
confidence interval (Cl) were calculated based on logistic re-
gressions. Analyses were performed using SAS Version 9.4
(2004; SAS Institute Inc., Cary, NC) for model statistics (Log-
likelihood, Wald probabilities) and were considered statistically
significant for values of p <0.05.

Results

Population characteristics

Of the 19,996 CARTaGENE participants, 10,310 were women
(52%) (Table 1). The median participant's age was 53 &+ 7.9
years. Most participants were recruited in the Montreal area
(76%), and 72% had a college education or higher. Only 4.5%
of participants had CCl equal or greater than three, and 56%
of them were heavy health care system users.

Agreement

The three most frequent conditions in both AHD and CARTa-
GENE self-reported data, respectively, had small differences
in frequencies: hypertension (25.0% and 22.8%), osteoarthri-
tis (16.1 and 20.5%) and depression (16.7 and 18.4%). Fre-
quencies were generally slightly higher in AHD for 13 out of
19 diseases (68%) and nine out of twelve cancer types (75%)
(Table 2). Conversely, hypertension, asthma, rheumatoid con-
ditions including rheumatoid arthritis, irritable bowel syndrome
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and myocardial infarction were reported more frequently in the
CARTaGENE self-reported data than in AHD.

Good to excellent agreements (kappa > 0.61) were found
in hypertension, diabetes, hypothyroidism, myocardial infarc-
tion, multiple sclerosis, and in breast, prostate, thyroid, blad-
der, lung and kidney cancers. Therefore, five out of 19 chronic
diseases (26%) had good to excellent kappa whereas for the
cancers, a high kappa coefficient was more frequently observed
(six out of twelve cancers, 50%). The kappa statistic was mod-
erate (0.41 to 0.60) for depression, asthma, stroke, Crohn's
disease, schizophrenia, epilepsy, Parkinson's disease, as well
as for colon cancer and non-Hodgkin's lymphoma. Agree-
ment was poor (kappa < 0.40) for chronic obstructive pul-
monary disease, chronic renal failure, irritable bowel syndrome,
rheumatoid arthritis, osteoarthritis and systemic lupus erythe-
matosus, as well as for melanoma, cervical, rectum and uterine
cancers.

There were 14 out of 31 diseases/cancers (45%) with sen-
sitivity higher than 50%, including among the highest: my-
ocardial infarction (88.62%), breast cancer (86.28%), and di-
abetes (85.06%). Chronic renal failure had the lowest sen-
sitivity (5.09%). Sixteen other conditions had low sensitivity
(<50%), including neurological disorders (Parkinson’s disease
and schizophrenia), diseases of the digestive system (irritable
bowel syndrome and Crohn's disease), and several types of
rare cancers (lung, uterine, melanoma, colon, non-Hodgkin's
lymphoma, cervical, and rectum). The specificity values for
all the conditions were above 90%, except for osteoarthritis
(89.7%). PPV ranged from 16.03% (cervical cancer) to 100%
(Parkinson's disease), with most diseases (21/32) having a
PPV greater than 50%.

Covariates affecting agreement

The logistic model statistics (Table 3) shows which covari-
ates affected the concordance in this study. Variation of con-
cordance was often associated with sex (Fig 1A). For seven
medical conditions (chronic obstructive pulmonary disease, os-
teoarthritis, asthma, irritable bowel syndrome, depression, hy-
pothyroid, systemic lupus erythematosus, and breast cancer),
women were less prone than men to report diagnoses con-
cordant with AHD. However, the opposite was observed for
ten other medical conditions, including myocardial infarction
and chronic renal failure. Furthermore, sex had no impact on
agreement for nine other medical conditions. For all medi-
cal conditions, except for cervical, uterine, kidney and bladder
cancers, being a heavy health care user was associated with a
lower likelihood of having concordance between the two data
sources for a light health care user (Fig 1B). In some cases,
this effect was two-fold or more (e.g., schizophrenia). Increase
of CCl was associated with a lower probability of agreement
for all medical conditions except for schizophrenia, multiple
sclerosis, osteoarthritis, irritable bowel syndrome and Parkin-
son’s disease (Fig 1C). Variations in concordance were also
observed between age groups. Specifically, when comparing
age groups 60-69 years-old to 40-49 years-old for schizophre-
nia, multiple sclerosis, asthma, irritable bowel syndrome, and
depression, the older age group had more concordant cases
compared to the younger age group (Fig 1D). For chronic
renal failure, hypothyroid, hypertension, rheumatoid arthritis,
diabetes, melanoma cancer, osteoarthritis, stroke, myocardial

infarction and prostate cancer, the older age group was less
concordant compared to the younger age group (Fig 1D).

Income had almost no statistical effect on agreement (Ta-
ble 3 and Fig 1E). However, even with large confidence in-
tervals, participants with the highest income were more likely
to report concordant information than participants with the
lowest income. One exception was melanoma cancer, where
the highest income was associated with lower agreement.

Discussion

Main results

In this study, we assessed the agreement between self-reported
diagnosis and AHD for 19 diseases and twelve cancers in a large
ongoing prospective study (CARTaGENE). Overall, there was
good agreement between the two data sources for specific dis-
eases such as diabetes; other diseases showed moderate to
poor agreement (i.e., chronic renal failure or cervical cancer).
Similar findings, i.e. variations of kappa or PPV across dis-
eases were also observed in previous studies [46-49].

In general, good to excellent kappa coefficients (inter-rater
agreement) were found more often for cancers than for other
chronic diseases. Specificity remained relatively high for all
chronic diseases and cancers; revealing that, generally speak-
ing, absence of diseases and cancers was correctly reported
by the majority of this study population. Interestingly, the
two most prevalent cancers, breast and prostate, presented
with sensitivity and PPV values among the highest for can-
cers. This can be explained by a strong agreement and by the
influence of prevalence on PPV.

Some studies have shown that demographic factors, such
as sex and age can affect self-reporting of diseases [22, 48,
50]. This bias does not occur in AHD. Nevertheless, self-
report questionnaires can be an important source of clinical
information for both epidemiological research and population
surveillance [35, 50-54]. In this study, the demographic profile
of the people for whom self-reported data is concordant with
AHD seemed to vary by disease. In most diseases studied here,
age groups, heavy health care utilization, comorbidity and in
some instances, higher income, had an influence in the level of
concordance. We did not observe the same agreement trend
of demographic factors among all chronic diseases; this may
be explained by different biases, specific to each disease. For
example, a previous study on chronic renal failure reported
that only 8% of the CARTaGENE participants were aware of
their chronic kidney condition [55]. Our results align with
these previous findings given that the sensitivity for chronic
renal failure was 5.1% in our study. Sensitivity was lowest for
chronic diseases or cancers that could have been more diffi-
cult to diagnose for physicians or to remember for participants
[55], depending on specific bias of each medical condition. For
cancers, the high level of agreement observed may be related
to the recollection of diagnosis by the participant. Most of-
ten, cancers can be more specifically described by physicians
and easily remembered by participants, especially when hospi-
talization is needed. Additionally, diagnostic procedures and
intensive treatments may play a key role in the participants’
recall for severe diagnosis [56].
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Limitations

There are important limitations and bias in both data sources.
In general, MED-ECHO AHD is used in Québec for the popu-
lation surveillance of prevalence and incidence of diseases [57]
and is considered as the gold standard. Some diseases di-
agnosed in a clinical setting may not be correctly coded in
the MED-ECHO AHD:; a physician can fill out a claim to the
RAMQ for a consultation without specifying any ICD code (in
Québec this is coded as “V999" and is not part of the official
ICD coding). This is likely to affect chronic conditions such
as depression, diabetes, hypertension and osteoarthritis; but
would rarely affect cancers. Further analysis of the “V999”
coding per hospital/physician’s practice is needed to clarify
this phenomenon.

Another major limitation may be due to MED-ECHO AHD
being available only after 1998. Due to this limitation, some
diseases may have been self-reported by the participant but
not captured in the AHD. However, in 1998, the oldest par-
ticipant of this study was about 57 years old, and most of the
participants were below 40 years old. Since the onset of most
studied diseases is generally over 40 years of age, this time
limitation would probably have a slight impact on agreement,
except for diseases usually appearing earlier in life. Indeed,
this is the case for schizophrenia and multiple sclerosis, which
showed low sensitivity (respectively 35.37% and 56.49%). As
for asthma, some studies reported that 42% of adults with ac-
tive asthma had disease onset before age 16 [58], which might
have explained the observed discrepancy in agreement for this
disease (kappa = 0.47).

In self-reported questionnaires, interviewees can be biased
by the way they understand a question and their recollection
of the diagnosis, or their understanding can be affected by
other bias [59]. For example, some confusion may arise from
similar terms (osteoarthritis versus rheumatoid arthritis), or
similar cancer location (cervical cancer versus uterine cancer),
which might explain the low concordance. Investigating spe-
cific covariates and patterns for each disease may improve the
understanding of factors underlying these discrepancies.

The use of hospital-based or physician records could have
helped to capture more precisely the medical conditions for
the studied population. However, this was not possible since
the CARTaGENE consent does not allow the access to these
records. For this reason, only AHD could be used for this
study, including all the inherent limitations (limited time- pe-
riod and coding issues for example).

More in-depth research on each specific medical conditions
and diagnosis is needed in order to better understand the de-
terminants of agreement between the two data sources. How-
ever, even if some specific hypotheses are addressed here, the
purpose of this study was not to describe all bias that might
affect the agreements of selected diseases or cancers, but to
describe how self-declared information and AHD could be re-
lated to one another in a specific cohort setting.

Strengths of the study

Scientific literature gathers numerous studies analyzing the
agreement between two data sources, generally self-reported
and AHD. However, these studies mainly focus on only one (or
two) specific diseases and/or diagnosis [13, 22, 50]. Very few

studies include a broad range of medical conditions (including
cancers) to access agreement between two data sources. In a
recent publication, self-reporting of chronic conditions seemed
to underestimate the prevalence of many chronic conditions in
Québec, thus resulting in less accurate estimates of multimor-
bidity, such as in our study [49].

For the self-declared diseases, observed discrepancies in
concordance is unlikely to arise from the questionnaire word-
ing, as the questions are always the same for all medical con-
ditions of interest. This consistency of wording avoids random
error.

The high level of agreement observed for cancers is prob-
ably related to the recollection of diagnosis by the participant
and the fact that, most often, Physicians can describe can-
cers more specifically and they are more easily remembered by
participants, especially when hospitalization is needed. Addi-
tionally, diagnostic procedures and intensive treatments may
play a key role in the participants’ recall for such a severe
diagnosis.

This study also has meaning in the context of population
surveillance based on the MED-ECHO AHD. Even if good
agreement was found for some diseases and cancer, small dif-
ferences in disease frequencies might have an impact on pop-
ulation surveillance by health agencies in Canada. As an ex-
ample, for hypertension, a difference of 2% at the population
level (25.0% versus 22.8% in this study) represents more than
70,000 persons among the 40-70 years-old category having
hypertension in Québec than evaluated using the AHD as the
gold standard. The burden of hypertension was evaluated as
being of 1,300,000 people in the Québec population above
20 years-old for the 2006-2007 period [60]. Hypertension has
a significant impact on cardiovascular disease and its under-
evaluation might reveal unsuspected public health issues, such
as those identified in chronic kidney disease [55].

Conclusion

Large population-based cohorts are useful tools in epidemiol-
ogy, public health and genetic studies. Prospective continuous
medical self-reporting data in population-based cohorts, like in
the CARTaGENE cohort, is therefore of great importance for
research, such as monitoring agreement with AHD
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