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Introduction

Alberta's Tomorrow Project (ATP) is the largest population-based prospective cohort study of cancer
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Objectives
To characterize the occurrence rate and trend of chronic diseases in the ATP cohort by linking with
administrative healthcare data.

Methods

A set of validated algorithms using ICD codes were applied to Alberta Health (AH) administrative
data (October 2000-March 2018) linked to the ATP cohort to determine the prevalence and incidence
of common chronic diseases.

Results

There were 52,770 ATP participants (51.2 & 9.4 years old at enrollment and 63.7% females) linked
to the AH data with average follow-up of 10.1+4.4 years. In the ATP cohort, hypertension (18.5%),
depression (18.1%), chronic pain (12.8%), osteoarthritis (10.1%) and cardiovascular diseases (8.7%)
were the most prevalent chronic conditions. The incidence rates varied across diseases, with the
highest rates for hypertension (22.1 per 1000 person-year), osteoarthritis (16.2 per 1000 person-
year) and ischemic heart diseases (13.0 per 1000 person-year). All chronic conditions had increased
prevalence over time (p < 0.001 for trend tests), while incidence rates were relatively stable. The
proportion of participants with two or more of these conditions (multi-morbidity) increased from
3.9% in 2001 to 40.3% in 2017.

Conclusions

This study shows an increasing trend of chronic diseases in the ATP cohort, particularly related
to cardiovascular diseases and multi-morbidity. Using administrative health data to monitor chronic
diseases for large population-based prospective cohort studies is feasible in Alberta, and our approach
could be further applied in a broader research area, including health services research, to enhance
research capacity of these population-based studies in Canada.
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Introduction

Launched in October 2000, Alberta's Tomorrow Project
(ATP), a province-wide population-based cohort study of
cancer and chronic diseases in Alberta, Canada, started to
recruit participants on a rolling basis until 2015 [1]. Alberta
residents aged 35-69 years with no history of cancer [other
than non-melanoma skin cancer] were eligible to participate
and receive an invitation package, including a cover letter, a
Study Information Booklet, a detailed consent to participating
in ATP and allowing health data linkage [1]. A total of 52,810
participants joined the ATP as of March 2015. As a research
platform, ATP aims to capture the natural course of cancer
and chronic diseases and support research in understanding
the underlying risk factors of chronic conditions by following
the cohort for up to 50 years [1]. Other than biological
markers and physical measurements, ATP cohort data are
primarily self-reported information provided by participants
on lifestyle behaviors and disease risk factors, which often
bears the limitation of insufficient information on disease
diagnoses and varied validity due to relatively high response
bias (e.g., more socially acceptable answers) in self-report
data. With these concerns, ATP has made great effort to link
the cohort to other health-related data sources, especially the
administrative health data in Alberta, to improve broadness
and validity of the ATP data. Detailed information on the ATP
recruitment and cohort profile can be found in our previous
publications [1].

Administrative health data are healthcare information
systematically collected by the publicly funded healthcare
systems in each province and territory in Canada, often
including data on health services, diagnosis, medications and
costs. Many studies have shown that administrative health
data, with diagnostic information coded by International
Classification of Diseases (ICD) codes, is a promising and
reliable tool to identify patients with chronic conditions
[2-8]. Quan et al. (2005, 2008 and 2009) have shown
that using ICD codes in Alberta Health (AH) administrative
data has acceptable (56.2-86.5%) sensitivity and great
(>90%) specificity in identifying major chronic conditions,
including hypertension, cardiovascular diseases, diabetes and
chronic respiratory diseases [2, 3, 8]. Tonelli et al. (2015)
also demonstrated that 30 out of 40 chronic conditions
can be identified in a local population-based cohort in
Alberta, with positive predictive value and sensitivity over
70% using administrative health data [4]. Administrative
health information has also been widely used to characterize
health conditions in many other countries. For example,
using primary care and hospital admission records, U.K
has created a chronological map of the 50 most common
health conditions for 3.8 million patients [9]. These
studies suggest that the administrative health data is an
important complementary data source for large population-
based cohort studies such as ATP, to improve the data
broadness and quality for cancer and chronic diseases
research.

The purpose of this study is to characterize the occurrence
rate (prevalence and incidence) and the trends of chronic
diseases, including multi-morbid chronic conditions, in the
ATP cohort, using individual-level administrative health
data.

Methods

Study population

Alberta residents aged 35-69 years with no history of cancer
(other than non-melanoma skin cancer) based on self-report
were eligible to participate in ATP [10]. As of March 2015,
ATP has established a cohort of 52,810 participants who
had completed baseline questionnaires and consented to
data linkage to health-related databases; from those, 52,770
(>99.0%) provided valid Personal Health Numbers (PHN)
to facilitate individual-level linkage to AH administrative
data [10, 11]. ATP participants are actively followed up by
requesting additional questionnaire data every four years until
March 2050 and passive follow-ups are possible for ATP
participants by linking ATP cohort data to administrative
healthcare databases [1]. The study period of this analysis
is from October 01, 2000 to March 31, 2018 when the latest
AH data were linked. By linking with administrative health
data, including Alberta Population Registry and Vital statistics
(death), data on migration and death can be obtained for
epidemiology censoring.

Data sources

The Alberta Health (AH) administrative data, including
healthcare services utilization, diagnosis, medications and
cost, are routinely collected by the publicly funded provincial
healthcare systems in Alberta. Ministry of Health, i.e. AH,
is the custodian of these provincial health databases in
Alberta. Detailed descriptions of AH databases can be
obtained from the AH website: http://www.health.alberta.ca/
initiatives/health-research.html.

The AH administrative datasets utilized in this study
were Ambulatory Care, Inpatient data, Practitioner Claims,
Population Registry, Alberta Blue Cross and Pharmaceutical
Information ~ Network  (PIN) and  Vital  Statistics.
Supplementary Table 1 shows a list of AH data elements used
in this study, including diagnostic information coded with ICD
codes, medication information with Anatomic Therapeutic
Chemical (ATC) codes, provincial migration-in/out data from
the Population Registry and death data from Vital Statistics.

Data linkage

Each resident in Alberta has a unique PHN recorded for
administrative and billing purposes when they interact with
the healthcare systems in Alberta [12]. In this study, AH
administrative datasets (October 2000-March 2018) were
linked by AH using PHNSs to the ATP cohort to identify cases
with chronic diseases. After data linkage, AH healthcare data
were de-identified before release to the authors of this study.
The data linkage and data analyses conducted for this study
had been approved by the Health Research Ethics Board of
the University of Alberta (project ID Pro00058561).

Case definition

A set of validated algorithms using ICD codes and ATC
codes were applied to the linked AH administrative data to
identify cases of most prominent chronic diseases [13] other
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than cancer (in Alberta, the provincial cancer registry is a
more reliable data source for cancer cases than administrative
healthcare data). The algorithms used to identify cases of
chronic diseases were either validated in Alberta’s residents or
commonly applied in established chronic disease surveillance
programs, including the Government of Alberta Interactive
Health Data Application (IHDA) and the Canadian Chronic
Disease Surveillance System (CCDSS) (Supplementary Table
2). For example, in this study diabetes cases were identified
using a modified version of the Canadian National Diabetes
Surveillance System (NDSS) algorithm [14]:

one hospitalization record with an ICD code of
diabetes (ICD-9: 250, ICD-10: E10-E14) OR two
physician claims within two years with an ICD
code of diabetes OR self-report by participants,
plus any of the following conditions: i) one
hospitalization with ICD code for diabetes, ii)
one physician claim with ICD code for diabetes,
or iii) one diabetes medication with Anatomical
Therapeutic Chemical Classification (ATC) code
for insulin (A10A) or glucose-lowering drugs
(A10B).

In addition, multi-morbidity, an indicator of increased clinical
complexity and disease burden, was defined as two or more
of the top common (prevalence >0.1%) chronic diseases
investigated in this study.

Data analysis

The ATP participants were recruited on a rolling basis from
2000 to 2015. To characterize the baseline (at-enrollment)
health profile of the ATP cohort, the baseline prevalence of
chronic diseases in the ATP cohort was calculated as the
percentage of ATP participants who had been diagnosed
with certain chronic diseases prior to the enrollment or up
to 6 months after the enrollment (Supplementary Figure
1). The cumulative incidence rate since enrollment was also
calculated, as the number of incident cases per 1,000 person-
year (PY), for each chronic disease between the baseline (up
to 6 months after the ATP enrollment) and the time when
the latest AH data were linked (March 31, 2018). In these
two calculations, cases were identified as “non-prevalent” or
“incident” only if the first diagnosis date (index date) was >6
months after enrollment (“clearance time”) and not within the
first year (October 01 2000-October 01 2001) when AH data
was linked to the ATP cohort (“wash-out time"), to ensure
the true “non-prevalent” or “incident” cases were identified;
otherwise, cases were considered as “prevalent” cases at the
baseline (Supplementary Figure 1). Among chronic diseases
investigated in this study, depression and chronic pain are
the two chronic conditions that could have multiple episodes
during the course of disease. The baseline prevalence of these
two conditions was thus calculated as the percentage of
participants who had any episode(s) of the condition (i.e.
depression or chronic pain) during the period between 3
years before the ATP enrollment (especially for participants
recruited 2004 onwards) and 6 months after the enrollment.
To characterize the trend of chronic diseases in the ATP

cohort over time, the annual prevalence and incidence rate
for each chronic condition was calculated between 2001 and

2017. The prevalence and incidence rates were not calculated
for the year of 2000 and 2018, given AH data were only
available for three months in each year (October-December
in 2000 and January-March in 2018) at the time of data
linkage. In this calculation, incident cases are the new cases
in each calendar year (e.g. in the year of 2001 from January
01, 2001 to December 31, 2001) and prevalent cases are the
total number of cases that were existing in each calendar
year, which includes the incident cases. Annual prevalence
was calculated as the percentage of ATP participants who
had certain conditions identified in each calendar year, where
the denominator was counted as the total number of ATP
participants who were alive and residents in Alberta by the end
of each calendar year (Equation 1). Annual incident rates were
calculated as the number of new cases (incidence cases) per
1000 ATP participants at risk of developing this condition (i.e.
those who had not developed the condition at the beginning
of each year) in each calendar year (Equation 2 and 3).
ATP participants who were not registered Alberta residents
based on Population Registry records (e.g. moving out of the
province or death) in each calendar year were excluded from
each calculation.

Annual Prevalence Rate

Total # of prevalent in each calendar year

= 100
Total # of ATP participants by the end of each calendar year *

1)

Annual Incidence Rate

Total # of incident cases in each calendar year

= — — * 1000 2)
Total # participants at risk in each calendar year

Total # participants at risk
= Total # of participants by the end of each calendar year

— Prevalent cases + incident cases 3)

For chronic diseases with multiple episodes (depression
and chronic pain), only the episode (incidence) rate was
calculated for each calendar year, where in Equation 3
participants at risk (the denominator) were the total number
of participants (i.e. each participant was at risk of developing
new episodes in each calendar year). We also calculated the
age- and sex- standardized prevalence and incidence rates
using 2016 Census-Alberta data (reference population) [15]
for standardization (indirect standardization) to minimize the
potential impact of different age- and sex- distribution on rate
calculations and to facilitate comparison with other similar
studies [4, 5].

The cohort was characterized using standard descriptive
statistics (means and standard deviations or percentage
where appropriate). We also used generalized linear models
with prevalence (binomial distribution) or incidence (Poisson
distribution, natural logarithm of person-year as offset) as
dependent variables, calendar years (2001-2017), age groups
(35-85+ years grouped by every 5 years based on the age on
January 15" of each calendar year) and sex (male vs. female)
as independent variables, to test the trend of chronic disease
occurrence over time and the relationship with age and sex.
Statistical analyses, with significant level at alpha =0.05, were
conducted with STATA 14 software.

Data access and analyses in this study complies with the
provincial Health Information Act (HIA) in Alberta, Alberta
Health Services (AHS) and ATP data access and disclosure
guidelines. Accordingly, in this study, we only report data with
>30 subjects across important categories (e.g. in each calendar

year).
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Results

The prevalence of chronic disease at the
enrollment

The average age of 52,770 ATP participants who consented
to individual level data linkage was 51.2 + 9.4 years at the
time of enrollment. More than half of the cohort (63.7%)
were women and 81.8% self-reported as being of Caucasian
ethnicity. The baseline characteristics of study participants are
shown in Supplementary Table 3. Detailed description of this
cohort can be found in our previous publications [1, 16]. The
AH administrative data (2000-2018) was linked to this cohort,
with an average follow-up time of 10.1 4 4.4 years (from the
ATP enrollment up to March 31, 2018). In this study, we
only reported results for the top 16 chronic diseases that had
a prevalence >0.1% at the enrollment, based on the linked
administrative data (Table 1).

At the time of ATP enrollment (baseline), 18.5% of
the participants (17.4% of women and 20.1% of men) had
previously been diagnosed with hypertension, 18.1% (22.1%
of women and 11.0% of men) with depression, 12.8% (13.8%
of women and 11.2% of men) with chronic pain, 10.1% (10.8%
of women and 9.0% of men) with osteoarthritis, 8.7% (7.2%
of women and 11.5% of men) with cardiovascular diseases,
6.9% (9.4% of women and 2.4% of men) with hypothyroidism
and 5.7% (4.9% of women and 7.1% of men) with diabetes
(Table 1). In addition, at the time of enroliment, 23.6% of the
ATP participants (25.6% of women and 20.0% of men) had
two or more co-morbid conditions from the 16 most prevalent

chronic diseases (cardiovascular diseases were grouped as one
single condition) investigated (Table 1).

Cumulative incidence rate of chronic diseases
since enrollment

Of the 16 top prevalent chronic conditions, hypertension
(22.1 in total, 19.6 in women and 26.5 in men, per 1000
PY), osteoarthritis (16.2 in total, 17.4 in women and 14.1
in men, per 1000 PY) and ischemic heart diseases (13.0
in total, 11.0 in women and 16.6 in men, per 1000 PY)
had the highest cumulative incidence rate since the ATP
enrollment until March 2018, followed by hypothyroidism
(7.8 in total, 10.3 in women and 3.9 in men, per 1000
PY), diabetes (6.2 in total, 5.1 in women and 8.1 in men,
per 1000 PY) and obstructive sleep apnea (5.6 in total,
5.9 in women and 5.2 in men, per 1000 PY) (Table 2).
For diseases that clinically present with multiple episodes,
the cumulative incidence (episode) rate was 133.2 (167.8 in
women and 77.2 in men) per 1000 PY for depression and
33.8 (36.9 in women and 28.7 in men) per 1000 PY for
chronic pain. In addition, similar to the baseline prevalence,
the cumulative incidence rate was significantly higher (p <
0.001) in men than in women for diabetes, hypertension,
cardiovascular diseases (CVD) and chronic obstructive
pulmonary disease (COPD), and it was significantly lower
(p < 0.001) in men than in women for asthma, osteoarthritis,
osteoporosis, hypothyroidism, depression and chronic pain
(Table 2).

Table 1: The baseline (at-enrollment) chronic disease status of the ATP cohort

Women (n=33,627)

Men (n=19,143) Total (n=52,770)

Freq. Prev. (%) Freq. Prev. (%) Freq. Prev. (%)
Diabetes' 1,645 49 1,366 7.1 3,011 5.7
Hypertension' 5,862 17.4 3,903 20.1 9,765 18.5
Major CVD (total)' 2,405 7.2 2,195 115 4,600 8.7
Unstable anginaf 181 0.5 344 1.8 525 1.0
Myocardial infarction® 128 0.4 327 1.7 455 0.9
Ischemic heart diseasef 2,167 6.4 2,083 10.9 4,250 8.1
Heart Failuref 478 1.4 440 2.3 918 1.7
Transient ischemic attack! 41 0.1 32 0.2 73 0.1
Acute ischemic stroke’ 58 0.2 73 0.4 131 0.2
Chronic Obstructive Pulmonary Disease’ 305 0.9 229 1.2 534 1.0
Asthma' 1,496 4.4 552 2.9 2,048 3.9
Obstructive Sleep Apnea 1,051 3.1 656 34 1,707 3.2
Osteoarthritis’ 3,647 10.8 1,719 9.0 5,366 10.1
Osteoporosis' 2,033 6.0 88 0.5 2,121 4.0
Hypothyroidism' 3,175 9.4 519 2.7 3,694 6.9
Chronic pain*f 4,630 13.8 2,138 11.2 6,768 12.8
Depression*T 7,423 22.1 2,106 11.0 9,529 18.1
Multi-morbidity*** 8,609 25.6 3,825 20.0 12,434 23.6

*for conditions with multiple episodes, including depression and chronic pain, the baseline was defined as the time frame between

3 years before the ATP enrollment and 6 months after the ATP enrollment.

**multi-morbidity was defined as 2 or more comorbidities from 16 chronic diseases investigated in this study; cardiovascular diseases

in the table were grouped as one single condition as major cardiovascular diseases (CVD).

Tthere are statistically significant difference (p < 0.001) between women and men.
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Table 2: Cumulative incidence rate of chronic diseases in the ATP cohort (up to March 2018)*

Women (n=33,627)

Men (n=19,143)

Total (n=52,770)

N=52,770 Freq. Person- Rate Freq. Person- Rate Freq. Person- Rate
year (per 1,000 year (per 1,000 year (per 1,000
(PY) PY) (PY) PY) (PY) PY)
Diabetes' 1,546  304328.8 5.1 1,416 174966.0 8.1 2,962  479294.8 6.2
Hypertension' 4,805 2445327 19.6 3,664 138084.7 26.5 8,469 382617.4 22.1
Major CVD (total)**f 3,714  287825.4 12.9 3,021  160366.5 18.8 6,735 448191.9 15.0

Unstable anginaf 158 325038.1 0.5 283 190866.1 1.5 441 515904.2 0.9

Myocardial infarction' 271 325356.7 0.8 455 190328.8 2.4 726 515685.5 1.4

Ischemic heart 3,202 292394.8 11.0 2,606 162672.5 16.6 5,898  455067.3 13.0

disease’

Heart Failuret 822 319686.2 2.6 600 189008.0 3.2 1,422 508694.2 2.8

Transient ischemic 69 326888.1 0.2 76 194956.6 0.4 145 521844.7 0.3

attack’

Acute ischemic stroke! 161 326425.3 0.5 153 194418.4 0.8 314 520843.7 0.6
Chronic Obstructive 980 320779.6 3.1 717 190559.2 3.8 1,697 511338.8 3.3
Pulmonary Disease’

Asthma' 1,259  308853.8 4.1 523 188143.5 2.8 1,782  496997.3 3.6
Obstructive Sleep Apnea 1,842 310747.1 5.9 959 185235.9 5.2 2,801  495983.0 5.6
Osteoarthritis' 4,740 2716145 17.4 2,369 167789.0 14.1 7,109  439403.5 16.2
Osteoporosis' 1,982 297184.4 6.7 165 193970.1 0.9 2,147 4911544 4.4
Hypothyroidism 2,925 284010.8 10.3 733 187554.8 3.9 3,658 471565.6 7.8
Chronic pain**f 10,932 296263.2 36.9 5,152 179776.9 28.7 16,084 476040.1 33.8
(episodes) (episodes) (episodes)
Depression**f 50,132 298805.3 167.8 14,257 184720.8 77.2 64,389 483526.1 133.2
(episodes) (episodes) (episodes)

*Cases were identified as “incident” only if the diagnosis date was >6 months after enrollment (clearance time, 2 years for depression
and chronic pain) AND not in the first year when Alberta Health data was linked (washout time, 2 years for depression and chronic
pain); person-years were calculated for a period between 6 months after enroliment and the date of diagnosis (or March 31, 2018,

the end of data linkage).

**For major cardiovascular diseases (CVD), in addition to “clearance time" and “washout time", cases with surgery (PCl or CABG)
for major CVD or diagnosis with CVD before enrollment or within 6 months of enrollment were not considered as incident cases.

Tthere are statistically significant differences (p < 0.001) between women and men.

Trend of chronic diseases by calendar year

The annual prevalence and incidence rates of chronic diseases
were summarized in Supplementary Figure 2-14. All chronic
diseases investigated in this study had an increased trend in
the prevalence between 2001 and 2017 (p < 0.001 for trend
tests), among which cardiovascular diseases (Supplementary
Figures 4-8) had the highest level of increase in prevalence,
while hypertension (Supplementary Figure 3a) had the lowest
extent of increase in prevalence annually over time. In addition,
the percentage of having multi-morbidities steadily increased
over time from 3.9% in 2001 to 40.3% in 2017 (p < 0.001 for
trend test, Figure 1).

Between 2001 and 2017, the annual incidence rate
(risk) of stroke (Supplementary Figure 6b) and COPD
(Supplementary Figure 7b) was increased by 16.8% and
6.7% per year (p < 0.001 for trend tests), respectively.
In contrast, the annual incidence rate (risk) of osteoporosis
was decreased by 3.2% per year over three waves between
2001-2017 (Supplementary Figure 10b). In addition, although
the overall trend was decreasing, there was noticeable
increase in the annual incidence rate (risk) of diabetes
(Supplementary Figure 2b), hypertension (Supplementary

Figure 3b), asthma (Supplementary Figure 8b) and
hypothyroidism (Supplementary Figure 11b) in 2014-2015.
The annual incidence rate (risk) of acute coronary syndrome,
heart failure, osteoarthritis and obstructive sleep apnea was
relatively stable (changes <1% per year, p > 0.1 for trend test)
between 2001-2017. For conditions with multiple episodes,
the annual incidence (episode) rate of depression increased
by 3.3% per year (p < 0.001 for trend test, Supplementary
Figure 13) and decreased by 2.2% per year for chronic pain
(p = 0.002 for trend test, Supplementary Figure 14).

Risk of chronic diseases, age and sex

The incidence rate (risk) of most chronic diseases was
significantly increased with the age (p < 0.05), except for
asthma and depression, which either did not change with
age (p = 0.13) (asthma) or had lower risk in patients of
older age (p < 0.001) (depression) (detailed data available
upon request). The regression analysis also showed that the
incidence rate (risk) of diabetes, hypertension, CVD and
COPD was significantly higher in men than in women (p <
0.01), whilst it was lower in men than in women for asthma,
osteoarthritis, osteoporosis, hypothyroidism, depression and
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Figure 1: Rate of multi-morbidity in ATP, 2001-2017
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chronic pain (p < 0.01). In addition, the age- and sex-
standardization with census data did not change the results
of the trend of chronic disease rates over time, although there
were noticeable differences between the actual crude and age-
and sex- standardized rates (Supplementary Figure 2-14).

Discussion

By linking provincial administrative health data to Alberta's
Tomorrow Project (ATP), a large population-based cohort
study with sample size approximately 1.2% of the total
population in Alberta (4.3 million in 2018), our study provides
an overview of chronic disease occurrence rate and trend
in prevalence and incidence in the ATP cohort. We found
that of the 16 top prevalent chronic conditions, hypertension,
depression, chronic pain, osteoarthritis and cardiovascular
diseases were the most prevalent chronic diseases among the
ATP participants when they enrolled into the cohort. All 16
chronic diseases had increased prevalence over time between
2001 and 2017, which is in part due to the positive relationship
between chronic diseases and age [17-19]. Moreover, improved
quality of care may relate to the increased prevalence of
chronic diseases (e.g. by reducing the mortality rate of patients
and/or increasing diagnosis of conditions due to better contact
with healthcare systems) [20-23], which is consistent with

Rate per 100

Rate of Multi-morbidity, 2001-2017

~f-Total —a—Male Female

Age-Specific Rate of Multi-morbidity, 2017

Rate per 100

3539 4044 4549 5054 59 6064 656
Age Group (Years)

~@-Total —#—Male Female

our observation that the prevalence rates of these 16 chronic
diseases were still increased over time with adjustment of age.
Nevertheless, the higher mortality rate in elderly aged 85+
years (the oldest age group in the study) may potentially lead
to a lower percentage of cases surviving with the conditions
of interest, which was indicated as a significant decrease
in prevalence rate of major chronic conditions, including
diabetes, cardiovascular diseases and COPD, in elderly aged
85+ years. The incidence rate (risk) of chronic diseases varied
among conditions, with the highest rate for hypertension,
osteoarthritis and ischemic heart disease. Interestingly, while
the incidence rate of most chronic diseases was relatively
stable over time, the percentage of multi-morbidity in the ATP
cohort steadily increased, from 4% in 2001 to approximately
40% in 2017. In addition, for diabetes, hypertension, asthma
and hypothyroidism, there was a noticeable increase in the
incidence rate in 2015, which could be due to changes in
healthcare systems (e.g. organizational structures, or clinical
coding guidelines) or some unidentified factors related to
the ATP cohort. However, we did not find any meaningful
changes in Alberta’s healthcare systems in 2014-2015 that
could potentially lead to noticeable increase in incidence rates
of these conditions [24-29]. Future investigation on other
factors, especially participants related factors (e.g. health
seeking behaviors), is warranted.
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Epidemiology studies and surveillance programs have
shown the potential of using administrative health data to
identify cases with chronic diseases in Canada [2-4, 8, 13, 30—
34] and many other countries [35-44]. A few studies have
also linked administrative health data to large population-
based cohorts, to carry out disease surveillance beyond the
primary self-report data possible for these cohorts [45-48].
Linking cohorts to administrative health data helps account for
cohort participants over time even if they may withdraw from
the study or been lost to follow-up. This may help to identify
and understand how the participants who stay in the cohort
might differ from those who withdraw/are lost to follow-up. It
also enables a mechanism for passive data collection/follow-
up overtime when administration of more direct data collection
(e.g., interviews, questionnaires) over many time points is not
logistically or economically feasible.

Although administrative health data in Canada are
systemically collected for diagnosis, healthcare services and
medication information [49], several studies have indicated
that other than those prevalent chronic conditions, such
as hypertension [8, 50] and diabetes [14, 51], the validity
of using administrative healthcare data to identify chronic
diseases varied across studies and cohorts [3, 49, 52]. In
addition, given the organizational and operational nuances
in the provincial healthcare systems in Canada [53], it will
not be surprising to have some variations across jurisdictions
in the types of healthcare data collected, the approaches to
collect these data, and data available for research (e.g. cost
data of drugs and medications) across jurisdictions. Therefore,
in this study, we chose to use algorithms either from local
studies of Alberta's populations or algorithms widely accepted
by the established chronic disease surveillance programs in
Alberta (or Canada if not available for Alberta) to identify 16
chronic diseases (Supplementary Figure 1). Our approach to
use locally validated algorithms for chronic disease surveillance
in the ATP cohort will increase the internal validity and
possibly compatibility of our study with other local surveillance
programs, such as the IHDA programs in Alberta, although it
may not add in the external validity of our study.

Our study characterized the overall occurrence rate and
trend of chronic diseases in the ATP cohort, which will
significantly support the ATP as a research platform for
cancer and chronic disease studies. Nevertheless, there are
several limitations in our study. First, compared to the general
population in Alberta, the ATP cohort is older, with more
women, and participants have a relative healthy lifestyle
(less likely to smoke, consumed more fruits and vegetables
and more physically active) [1]. Given the fact that the
ATP cohort is not representative of general populations, the
surveillance data reported in this study, even with the age-
and sex- standardization, should not be applied to make
inference on chronic diseases status of general populations in
Alberta, especially for younger populations. Secondly, although
administrative health data has widely been applied as a useful
data source for disease diagnosis, drug prescription and health
services utilization, these datasets are not particularly designed
for disease surveillance and research purposes. However, cross-
linking administrative health data with other data sources,
such as large population-based cohort studies, which are rich
in data on sociodemographic factors, lifestyles and other
modifiable risk factors, will maximize the research potential of

administrative health data. Future studies on the relationship
between chronic disease occurrence, health outcomes, health
services utilization and a broader range of exposures and
risk factors provided by the ATP cohort (e.g. socioeconomic
status and lifestyle behaviors), would benefit significantly from
the administrative health data linkage outlined in this study.
Lastly, due to the defined period of the linked healthcare data
(October 2000-March 2018) in this study, we were unable to
track retroactively healthcare records for patients diagnosed
with chronic diseases prior to the date of data linkage (i.e.
before October 2000). Therefore, the incidence case identified
with index date in the first year of data linkage (October 2000-
March 2001) might have been a prevalent case, which may lead
to overestimated incidence rates, particularly for the beginning
year of data linkage (i.e. in 2000/01). Without availability
of the data prior to the data linkage, this overestimation
cannot be accounted for properly, especially for conditions
with case definition using at least two or three years of
health records (e.g. asthma and hypothyroidism). As a result,
cautious interpretations are recommended for any decrease
in incidence rates at the beginning years of data linkage.
Nevertheless, in the cumulative incident rate calculation we
applied a “washout time” (i.e. the first year of data linkage) and
a “clearance time" (i.e. 6 months after the ATP enrollment)
to ensure the true incidence was identified (Supplementary
Figure 1). This approach is especially important to obtain
accurate estimation of cumulative incidence rates after the
ATP enrollment, given that the ATP had a dynamic enrollment
on a rolling basis from 2000 to 2015.

Conclusion

By linking the provincial administrative healthcare data to
Alberta’s Tomorrow Project, we characterized the occurrence
rate and trend of chronic diseases in the ATP cohort and
found hypertension and depression were the most prevalent
chronic diseases among the participants. Our study proved the
concept and feasibility of using provincial administrative data
as a complementary data source beyond the primary self-report
data to identify chronic diseases in large prospective cohort
studies. More importantly, the diseases surveillance approach
in our study by linking two data sources together could be
further applied to other large population-based cohort studies
to enhance their chronic disease research capacity.
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Supplementary Materials

Supplementary table 1: Alberta Health (AH) data elements used to identify chronic diseases

AH dataset

Data elements

Start-end date

Ambulatory Care

Inpatient

Physician/Clinical Service
Claim

Population Registry

Alberta Blue Cross

Pharmaceutical Information
Network (PIN)

Vital Statistics

e Most Responsible Diagnosis (ICD-9/10) *

eService Start Date

e Most Responsible Health Diagnosis Code (ICD-9/10)*
e Other Health Diagnosis Code (ICD-9/10)*

e Services/Intervention Primary/Other (CCP/CCI)*

e Service Start Date

e Health Diagnosis -Primary/Secondary/Tertiary (ICD9)*

e Health Service Delivered (CCP-Alberta code)*

e Service End Date

e Fiscal Year End Date

e In/Out-Migration (Yes/No)

o Age

e Gender

e Drug Identification Number

e Drug Anatomical Therapeutic Chemical (ATC) Code
e Claim Service Date

e Drug ldentification Number

e Drug Anatomical Therapeutic Chemical (ATC) Code
e Dispensed Date

e Date of death

e Cause of Death (ICD-10)

October 01, 2000-March 31, 2018

October 01, 2000-March 31, 2018

October 01, 2000-March 31, 2018

October 01, 2000-March 31, 2018

October 01, 2000-March 31, 2018

April 01, 2008—March 31, 2018

October 01, 2000—March 31, 2018

*ICD-9 and CCP codes used retroactively before 2002/2003.
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Supplementary table 2: Case definition of 16 chronic conditions using Alberta Health administrative healthcare data

Case definition algorithms

Conditions Case definition Index date ICD, CCI/CCP &
ATC/DIN codes*
Hypertension One or more hospitalizations the earliest date of medical records ICD-9: 401-405

Unstable angina

Acute myocardial
infarction

Ischemic heart disease

Heart Failure

Transient ischemic

attack

Acute ischemic stroke

Diabetes

Hypothyroidism

COPD

Asthma

OR

two or more physician claims
within two years (4, 54)

One or more hospitalizations
(55)

One or more hospitalizations
(54, 55)

One or more hospitalizations
OR

one or more physician claims
(55)

One or more hospitalizations
OR

one or more physician claims
(54, 55)

One or more hospitalizations
(55)

One or more hospitalizations
(55)

One or more hospitalizations
OR

two or more physician claims
within two years

OR

(ATP self-report AND (one or
more hospitalizations OR one
or more physician claims OR
one or more drug prescriptions
for diabetes)(14, 54, 55)

One or more hospitalizations
OR

Two or more physician claims
within two years (4)

[One or more hospitalizations
OR

Two or more primary diagnoses
in physician claims within two
years

|

AND

Age>=35 years (54)

One or more hospitalizations
OR

two physician claims at least
30 days apart within two years
(54, 56)

that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of medical records
that contribute to the case definition

the earliest date of [1
hospitalization date, 2" date of two
claims] that contribute to the case
definition

the earliest date of [1**
hospitalization date, 2" date of two
claims] that contribute to the case
definition

ICD-10: 110-113, 115

ICD-9: 411.X, 413.X
ICD-10: 120.X, 124.X

ICD-9: 410.X
ICD-10: 121.X, 122.X

ICD-9: 410.X, 411.X, 412X,
413.X, 414X, ICD-10: I120-
125.X

ICD-9: 428.X
ICD-10: 150.X

ICD-9: 435.X

ICD-10: G45, G45.0, G45.1,
G45.2, G45.3, G45.8, G45.9,
NOT G45.4

ICD-9: 433.X, 434.X, 436.X,
362.3X

ICD-10: 163.X, 164.X, H34.1;
NOT 433.X0, 434.X0

ICD-9: 250

ICD-10: E10-E14

ATC: A10A, A10B

ICD-9: 240.9, 243, 244, 246.1,
246.8
ICD-10: E00-EO03, E89.0

ICD-9: 491, 492, 496, ICD-10:
J41-J44

ICD-9: 493
ICD-10: J45, J46

12
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Supplementary table 2: Continued.

Case Definition Algorithms

Conditions Case Definition Index date ICD, CCI/CCP &
ATC/DIN codes*
Sleep apnea One or more hospitalizations the earliest date of medical records ICD-9: 780.5
OR that contribute to the case definition ICD-10: G47.3
two or more physician claims
within two years (57)
Osteoarthritis One or more hospitalizations the earliest date of medical records ICD-9: 715

Osteoporosis

Depression

Chronic pain

OR

two or more physician claims
within two years

OR

two or more ambulatory care
encounters within two years
(7, 54)

[One or more hospitalizations
OR

One or more physician claims
|

AND

One or more BMD (Bone
mineral density) tests in Claim
Data within 3 years ] (54, 58)
One or more hospitalizations
(ICD-9/10-1)

OR

One or more physician claims
(1CD-9-2)

OR

[One or hospitalizations
(ICD-9-3, ICD-10-2)

AND

One or more drug prescriptions
for depression within 6 months
of hospitalization]

OR

[One or more physician claims
(1CD-9-3)

AND

One or more drug prescriptions
for depression within 6 months
of claims] (59)

Two or more hospitalizations
within 30 days

OR

Two or more physician claims
within 30 days

OR

Two or more ambulatory care
encounters within 30 days (4)

that contribute to the case definition

the earliest BMD test date

the earliest date of [hospitalization,
claim date, drug dispense date] that
contribute to the case definition
within a period of 6 months (one
episode)

AND time between two index dates
(episodes) >=4 months

the earlier date of health records that
contribute to the case definition with
a period of 30 days (one episode)
AND time between two index dates
(episodes) >=2 years

ICD-10: M15-M19

ICD-9: 733.0 , or 733.0X, ICD-
10: M80, M81, M82
CCP for BMD: X128

ICD-9-1: 296.2-296.8, 300.4,
309, 311

ICD-9-2: 296, 309, 311
ICD-9-3: 300

ICD-10-1: F31, F32, F33,
F34.1, F38.0, F38.1, F41.2,
F43.1, F43.2, F43.8, F53.0,
F93.0

ICD-10-2: F32.0, F34.1, F40,
F41, F42, F44, F45.0, F45.1,
F45.2, F48, F68.0, F99

ATC: NO3AB02, NO3AB52,
NO3AF01, NO5ANO1, NO6A

ICD-9: 307.80, 307.89,
338.0,338.2, 338.4,
719.41,719.45 —719.47,
719.49,720.0, 720.2, 720.9,
721.0 -721.4, 721.6, 721.8,
721.9,722, 723.0, 723.1, 723.3
-723.9, 724.0 - 724.6, 724.70,
72479, 7248, 7249, 729.0
-729.2, 729.4, 729.5

ICD-10: F45.4, M08.1, M25.50,
M25.51, M25.55 - M25.57,
M43.2 - M43.6, M45, M46.1,
M46.3, M46.4, M46.9, M47,
M48.0, M48.1, M48.8, M438.9,
M50.8, M50.9, M51, M53.1 -
M53.3, M53.8, M53.9, M54,
M60.8, M60.9, M63.3, M79.0 -
M79.2, M79.6, M79.7, M96.1

*ICD-9 and CCP codes used retroactively before 2002/2003.
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Supplementary table 3: Baseline characteristics of study participants by sex

Women Men Total
n=33,627 n=19,143 n=>52,770
Mean (SD), % Mean (SD), % Mean (SD), %
Sex distribution 63.7 36.3 -
Age
years 50.9 (9.3) 51.7 (9.5) 51.2 (9.4)
Ethnicity
Caucasian 81.4 82.4 81.8
Other 6.7 8.3 7.3
Missing 11.9 9.3 10.9
Rural/urban
Rural 17.4 16.8 17.2
Urban 82.6 83.2 82.8
Education level
High school or less 247 21.6 23.6
Some post-secondary 44.0 43.1 43.7
Post-secondary 31.2 35.2 32.6
Missing 0.1 0.1 0.1
BMI category
Normal/under weight 274 145 22.7
Overweight 26.5 39.0 31.0
Obese 245 29.9 26.5
Missing 21.6 16.6 19.8
Current Smoking
No 50.5 46.3 49.0
Yes 49.2 53.4 50.7
Missing 0.3 0.3 0.3
Physically active®*
No 25.9 25.0 25.6
Yes 222 25.6 235
Missing 51.8 49.4 50.9
Healthy Eating Index-Canada (range 0-100)
n=16,239 n=9,714 n=25,953
Average 55.2 (9.5) 50.8 (8.9) 53.6 (9.5)

*Categories (Yes/No) were created by whether or not participants reported accumulating at least 210 min moderate- to vigorous-
intensity recreational physical activities per week in the past 12 month.

Supplementary Figure 1: The definition of “prevalent” and “incident” cases based on timing of enrollment in ATP

< E—
prevalent incident
L Washout Clearance
Time Time
2000 2001 Enrollment 6m after

-——>
2018

Alberta's Tomorrow Project (ATP) participants were enrolled on a rolling basis from 2000-2015. Cases with chronic diseases were
identified as “non-prevalent” or “incident” cases only if the diagnosis date (index date) was >6 months after enrollment (“clearance
time”) and not within the first year (October 01 2000—October 01 2001) when AH data was linked to the ATP cohort (“wash-out
time”), to ensure the true “non-prevalent” or “incident” cases were identified; otherwise, cases were considered as the baseline

“prevalent” cases.
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Supplementary Figure 2a: Prevalence of diabetes in ATP, 2001-2017
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Supplementary Figure 2b: Incidence of diabetes in ATP, 2001-2017
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Supplementary Figure 3a: Prevalence of hypertension in ATP, 2001-2017
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Supplementary Figure 3b: Incidence of hypertension in ATP, 2001-2017
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Supplementary Figure 4a: Prevalence of acute coronary syndrome (ACS)* in ATP, 2001-2017
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*Patients with unstable angina and myocardial infarction were considered as ACS cases (please refer to Supplementary Table 2 for
detailed case definition using ICD codes).
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Supplementary Figure 4b: Incidence of acute coronary syndrome (ACS)* in ATP, 2001-2017
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Supplementary Figure 5a: Prevalence of heart failure* in ATP, 2001-2017
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*Patients with ischemic heart disease and heart failure were considered as heart failure cases (please refer to Supplementary Table

2 for detailed case definition using ICD codes).
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Supplementary Figure 5b: Incidence of heart failure* in ATP, 20012017
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*Patients with ischemic heart disease and heart failure were considered as heart failure cases (please refer to Supplementary Table
2 for detailed case definition using ICD codes).
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Supplementary Figure 6a: Prevalence of stroke* in ATP, 2001-2017
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Supplementary Figure 6b: Incidence of stroke in ATP*, 2001-2017
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Supplementary Figure 7a: Prevalence of chronic obstructive pulmonary disease (COPD) in ATP, 2001-2017
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Supplementary Figure 7b: Incidence of chronic obstructive pulmonary disease (COPD) in ATP, 2001-2017

Number of Cases

Incident COPD Cases, 2001-2017

221
202
200 187
162
152
8

166
150 138
123

95 % 98

100 2 93 %
82 81

SO‘I‘l || |I II||| ||| |‘| || ||| | |

2001 2002 2008 2006 2007

2003 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

mTotal mMale =Female

Age Distribution of Incident COPD Cases, 2017
50 - 12000
a5 43
10000
40
35
- 8000
3 30
3 - 6000
2
E 20
2 - 4000
15
10 2000
5
0 -0
3539 4044 4549 50-54 55-59 60-64 6569 7074 7579 8084 85+
Age Group (Years)
mmmTotal wesMale wwwFemale -~ Total Participants
Age-Adjusted Incidence Rate of COPD, 2001-2017
8
7
6
§ 5
=
g a4
g
e
3
4
2
1

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

~-Total —&—Male -@-Female

Incidence Rate of COPD, 2001-2017

ij
h
&
2
2
1
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
~@-Total —&—Male -@-Female
Age-Specific Incidence Rate of COPD, 2017
15
3
§~ 10
-
2
2

3539 4044 4549  SOS4 5559 6064 6569 7074 7579 8084 85
Age Group (Years)

~@-Total —&—Male —@-Female



27

Ye, M et. al. International Journal of Population Data Science (2021) 6:1:19

Supplementary Figure 8a: Prevalence of asthma in ATP, 2001-2017
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Supplementary Figure 8b: Incidence of asthma in ATP, 2001-2017
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Supplementary Figure 9a: Prevalence of osteoarthritis in ATP, 2001-2017
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Supplementary Figure 9b: Incidence of osteoarthritis in ATP, 2001-2017
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Supplementary Figure 10a: Prevalence of osteoporosis in ATP, 2001-2017
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Supplementary Figure 10b: Incidence of osteoporosis in ATP, 2001-2017
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Supplementary Figure 11a: Prevalence of hypothyroidism in ATP, 2001-2017
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Supplementary Figure 11b: Incidence of hypothyroidism in ATP, 2001-2017
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Supplementary Figure 12a: Prevalence of obstructive sleep apnea in ATP, 2001-2017
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Supplementary Figure 12b: Incidence of obstructive sleep apnea in ATP, 2001-2017
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Supplementary Figure 13: Rate of depression in ATP, 2001-2017
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Supplementary Figure 14: Rate of chronic pain in ATP, 2001-2017
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