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Abstract

Background

Mitochondrial disease prevalence has been estimated at 1 in 4000 in the United States, and
1in 5000 worldwide. Prevalence in Canada has not been established, though multi-linked
health administrative data resources present a unique opportunity to establish robust popu-
lation-based estimates in a single-payer health system. This study used administrative data
for the Ontario, Canada population between April 1988 and March 2019 to measure mito-
chondrial disease prevalence and describe patient characteristics and health care costs.

Results

3069 unique individuals were hospitalized with mitochondrial disease in Ontario and eligible
for the study cohort, representing a period prevalence of 2.51 per 10,000 or 1 in 3989. First
hospitalization was most common between ages 0-9 or 50—69. The mitochondrial disease
population experiences a high need for health care and incurred high costs (mean = CAD
$24,023 in 12 months before first hospitalization) within the single-payer Ontario health care
system.

Conclusions

This study provides needed insight into mitochondrial disease in Canada, and demonstrates
the high health burden on patients. The methodology used can be adapted across jurisdic-
tions with similar routine collection of health data, such as in other Canadian provinces.
Future work should seek to validate this approach via record linkage of existing disease
cohorts in Ontario, and identify specific comorbidities with mitochondrial disease that may
contribute to high health resource utilization.
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Introduction

Dysfunction of the mitochondria caused by mutations in nuclear DNA or mitochondrial DNA
can result in a group of disorders known as mitochondrial disease [1]. It can present itself dur-
ing childhood or adulthood and over 250 genes have been found to be implicated in this dis-
ease [2]. Although genetic targets have been identified, mitochondrial disease presents inter-
individual heterogeneity and can be challenging to diagnose [2]. Mitochondrial disease has
also been shown to present with comorbidities, such as diabetes and Parkinson’s disease [3].
This is due to the high abundance of mitochondria in virtually every cell of the body. Further-
more, evidence suggests that mitochondrial disease presents a large economic burden on the
healthcare system and patients. In the United States, the average cost per month for mitochon-
drial disease treatment has been estimated between $3100 and $4829, considerably higher than
the average healthcare costs in the population [4].

The first diagnosis of mitochondrial disease was in 1959, making it a fairly novel discovery [5].
Its prevalence has been studied using cohorts based on clinical and/or administrative health data
in Europe, Australia and North America [4, 6-9]. A study from the North East of England deter-
mined prevalence in this region by ascertaining all adults with symptoms of mitochondrial disease
were referred to the same clinic (i.e., The Newcastle Mitochondrial Centre) [7]. In the United
States, mitochondrial disease prevalence has been reported as 1 in 4000 [10], and 1 in 5000 glob-
ally [11]. However, the prevalence in Canada remains unexplored, in part because of province-
and territory-specific health care systems and variation in billing practices and codes across prov-
inces. Generating robust prevalence estimates in Ontario, Canada’s most populous province, will
make important contributions to our understanding of patients experiencing mitochondrial dis-
ease and provide evidence about the needs of this complex patient population in Ontario’s single-
payer health care system. These methods can be translated across provinces and to other health
settings with similar routine collection of health data.

The objective of this study was to determine the prevalence of mitochondrial disease in
Ontario, Canada. We leveraged comprehensive, multi-linked health administrative data in a
single-payer health system from April 1988 to March 2019 to identify all patients hospitalized
with mitochondrial disease diagnoses in Ontario over a 30-year period. We used demographic
and health care data to construct prevalence estimates and describe patient characteristics in
the mitochondrial disease population.

Materials and methods
Data sources

This study used multiple databases linked at ICES, a research institute that holds health adminis-
trative data records for individuals eligible for Ontario’s single-payer health insurance system
(OHIP) at any point since 1988. Generally speaking, ICES data are available for nearly all Ontario
residents for any period in which they receive care through OHIP. The centralized registry of
OHIP-eligible individuals is known as the Registered Persons’ Database or RPDB. RPDB also
contains basic client demographics, including sex, age, and postal code of residence.

Cases of mitochondrial disease were identified using hospitalization records from the Dis-
charge Abstract Database (DAD), which captures acute care hospitalizations (inpatient stays)
from April 1988 to March 2019.

Health care costs were based on complete ICES administrative data holdings, encompassing
health care encounters including hospitalizations (DAD), emergency department visits
(National Ambulatory Care Reporting System), physician billings, drug payments (Ontario
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Drug Benefit), home care and long-term care, and others. A full list of databases used is avail-
able in the published methodological guidelines [12].

Cohort identification

Individuals with mitochondrial disease defined as those with one or more inpatient hospitali-
zations with a diagnostic code indicating mitochondrial disease. Between April 1988 and
March 2002, the International Classification of Diseases (ICD)9 code 277.8 was used. In 2002,
Ontario hospital billings transitioned to ICD-10-CA, a Canadian modified version of ICD-10
[13]. From April 2002 to March 2019, ICD-10 code G71.3 was used to identify diagnoses of
mitochondrial disease.

Individuals with one or more mitochondrial disease-related admissions were excluded if
they could not be linked to a valid record in RPDB, or were not OHIP eligible for at least 12
months pre- and post-admission. The reason for the eligibility exclusion is to ensure that indi-
viduals were receiving most of their health care in Ontario before and after hospitalization.

Period prevalence of mitochondrial disease (1988 to 2019) per 1000 was calculated by divid-
ing the total number of identified patients by the Ontario population in the midpoint year
(2003).

Cohort entries were grouped according to the calendar year of first hospital admission. Sex
and age were identified based on individuals’ RPDB record at time of first hospital admission.

Health care costs

Health care costs incurred for a 12-month period before and after hospitalization were esti-
mated using a costing methodology developed at ICES, which has been defined in detail else-
where [12]. Briefly, the costs are based on identifying every health care interaction for a given
individual captured by ICES data holdings. Each interaction is then assigned a cost based on
billing data and known fiscal expenditures. Finally, costs are aggregated across the 12-month
period to produce a summary of health care expenditures for each member of the study cohort.
Costs of the index hospitalization were excluded from both time periods. Because costing data
are only available for fiscal years 2002 and later, health care costs were computed only for
those whose index admission took place on April 1, 2003 or after.

Ethics approval
This study was approved by the University of Toronto Health Sciences Research Ethics Board.

Results
Prevalence of mitochondrial disease

A flow chart depicting cohort inclusions and exclusions is shown in Fig 1. Overall, 3123 unique
individuals had one or more hospitalizations with a diagnostic code indicating mitochondrial
disease and could be linked to a valid Registered Persons’ Database (RPDB) record. After
exclusions for incomplete Ontario Health Insurance Plan (OHIP) eligibility or missing demo-
graphic information, 3069 individuals were included in the study cohort. Denominators were
based on a midpoint year population equal to 12,243,758. The overall period prevalence of
mitochondrial disease was identified as 2.51 cases per 10,000, or 1 in 3989. This represents a
conservative lower bound of mitochondrial disease prevalence in Ontario since diagnoses that
took place in outpatient settings are not captured.

Fig 2 shows the number of new cohort entries by calendar year. There is a V-shaped trend
in study cohort entries, with declining counts between 1988 and 2004, and increasing counts
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Fig 1. Study inclusion flow chart.
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Fig 2. Frequency of mitochondrial disease by year of entry into study cohort, 1988 to 2019. 2019 is incomplete
because of study termination on March 31, 2019.

https://doi.org/10.1371/journal.pone.0265744.9002
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Table 1. Study cohort characteristics (n = 3069).

Variable Category n %

Sex M 1435 46.8
F 1634 53.2

Age at cohort entry 0-9 583 19.0
10-19 224 7.3
20-29 195 6.4
30-39 240 7.8
40-49 363 11.8
50-59 452 14.7
60-69 515 16.8
70-79 343 11.2
80+ 154 5.0

https://doi.org/10.1371/journal.pone.0265744.t001

from 2004 to 2019 (note that 2019 is incomplete because of study termination on March 31,
2019). The date of cohort entry (defined as the first hospital admission date) may or may not
represent the date at which a mitochondrial disease patient receives or becomes aware of their
diagnosis.

Cohort characteristics

Table 1 shows the demographic characteristics of the study cohort. There were no major sex
differences in the study population. In terms of age at cohort entry, first hospitalization was
most common between ages 0-9, with 19 percent of the study population entering the cohort
before age 10. A substantial number of cohort entries also took place in older ages, with 31.5
percent entering the cohort between ages 50 and 69.

Health care costs

Health care costs incurred by members of the study population before and after their index
hospitalization are shown in Table 2. This analysis was limited to those with hospital admis-
sions on or after April 1, 2002 (n = 1695; see Methods).

Opverall, health care costs in this population were high both before and after mitochondrial
disease-related hospitalization. The mean cost incurred in the 12 months prior to hospitaliza-
tion was $24,023 (median = $9,839) and the mean cost incurred in 12 months post-discharge
was $33,545 (median = $11,445).

Discussion
Key findings

Opverall, we identified 3069 unique individuals hospitalized with mitochondrial disease in
Ontario, Canada, between 1988 and 2019 and found a period prevalence of 2.5 cases per
10,000 between 1988 and 2019 (1 in 3989). This prevalence estimate is very similar to cited
prevalence estimates of 1 in 4000 in the United States [10], and somewhat higher than the 1 in

Table 2. Health care costs incurred 12 months before and after hospitalization (n = 1695).

Summary measure mean SD median minimum maximum
Cost before hospitalization (CAD) 24023 40075 9839 727 414661
Cost after hospitalization (CAD) 33545 52829 11445 406 565424

https://doi.org/10.1371/journal.pone.0265744.t1002
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5000 prevalence estimated globally [11]. Since cases were restricted to those experiencing hos-
pitalization, this estimate is likely a conservative lower bound on mitochondrial disease preva-
lence in the Ontario population.

We used the midpoint year (2003) population of 12,243,758 to calculate our prevalence esti-
mate. We used the midpoint population as it is a routinely used denominator for period preva-
lence calculations and approximately reflects the average population across the study period
[14]. However, the Ontario population is dynamic and ranged from 9,838,620 to 14,544,701 in
our study period (1988 to 2018). Our prevalence estimate would therefore have varied based
on the population denominator used-for instance, from 1 in 3206 to 1 in 4739 based on those
population extremes.

Our study found decreasing mitochondrial disease cases between 1988 and 2004, and
increasing cases after 2004. The trend reversal coincides somewhat with the transition from
International Classifications of Diseases (ICD) 9 to ICD-10-CA, which took place in March
2002. Thus it is possible that diagnostic coding has influenced observed trends in mitochon-
drial disease-related hospitalizations. Sensitivity analyses were carried out to determine
whether case composition changed as a result of the ICD-9 to ICD-10-CA transition; that is,
whether individuals captured by ICD-9 coding were systematically different from those cap-
tured by ICD-10-CA coding. The results of this sensitivity analysis, which are shown in full in
S1 File, suggest that there is no demographic difference between the groups, and it is unlikely
that coding changes have substantially biased observed diagnostic trends.

Our study findings also demonstrate that the mitochondrial disease population experiences
a high need for health care and incur high costs within the health care system. Health care
costs were higher in the 12 months following mitochondrial disease-related hospitalization,
compared to the 12 months before hospitalization. Because the cost of the index hospitaliza-
tion was excluded from these calculations, this increase cannot be attributed to the cost of hos-
pitalization itself, although it may be related to post-hospitalization care (e.g. rehabilitation or
specialist follow-up expenses).

For comparison, a study of high-cost health system users in Ontario between 2009 and
2011 found a median health care cost of $333, with only 5% of health system users incurring
$7,961 or more of health care costs per year [15]. Based on this cutoff, over half of our study
cohort would have been classified as high-cost users in Ontario’s single-payer system in the 12
months prior to their index hospitalization. This is consistent with findings from an insured
population in the United States, where mitochondrial disease patients incurred significantly
more health care claims compared to the general population [4]. Other research in the US also
found high burden of morbidity, health care costs, and excess mortality in a mitochondrial dis-
ease population similar to other complex patients (including those with Friedreich’s Ataxia
and muscular dystrophy) [16]. It is significant to note that our findings were similar despite
the substantial differences in health care systems in Ontario and the United States.

Limitations

This prevalence study is limited to hospitalized cases of mitochondrial disease as a result of
diagnostic code limitations in the Ontario health administrative data. Ontario outpatient phy-
sician fee billings are based on a modified ICD-9 coding system and are not coded with suffi-
cient granularity to identify rare diseases such as mitochondrial disease. Patients who have
received only outpatient care (e.g. specialist clinic) may be aware of their mitochondrial disease
diagnosis, but could not be captured by our data. As a result, it is likely that our study popula-
tion captures only more severe cases of mitochondrial disease or individuals with severe
comorbid conditions (who would be hospitalized at some point in their care). Our prevalence
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estimates should thus be interpreted in the context of this low-sensitivity, high-specificity
approach; it is likely that true prevalence of mitochondrial disease is greater than observed as a
result of missing cases who were never hospitalized.

Another limitation of this approach is that the date of cohort entry is based on the first hos-
pitalization instance, and may or may not coincide with the patient receiving their mitochon-
drial disease diagnosis. We are thus unable to make direct conclusions regarding cohort age at
first diagnosis. Specifically, patients in older age groups at time of cohort entry may have
received their diagnosis in younger ages, but could not be identified in our data until hospitali-
zation was necessitated either by escalating symptoms or acute care needs related to comorbid
chronic disease (which tend to escalate with age). While we believe that age at cohort entry
provides some relevant insight into the age distribution of the mitochondrial disease popula-
tion, these findings should be interpreted with caution in light of this limitation.

Because our study used health administrative data, we were constrained to available vari-
ables. This limited our analysis of the data as we lacked information about clinical and family
history; unfortunately, there is no comprehensive data resource in Ontario or Canada which
captures clinical presentations for the entire population. We feel strongly that our analysis
adds value for the understanding of mitochondrial disease in the Canadian population, but
acknowledge the constrained scope of our research and findings in this study.

Finally, we are unable to directly verify coding practices for mitochondrial disease among
all Ontario physicians. The diagnostic codes we used were based on previous, validated stud-
ies-however, because Canada uses a specialized modification of the ICD-10 system (ICD-
10-CA), it is possible that coding practices are different from those international jurisdictions.
We did confirm our approach with specialists working directly with mitochondrial disease
patients and feel confident in its appropriateness.

Conclusions

Our study is an early step in understanding the prevalence of mitochondrial disease in
Ontario, Canada, along with the health burden on patients as well as Ontario’s single-payer
health care system. By leveraging comprehensive population-based health care records, this
preliminary study provides much-needed empirical evidence about the prevalence of mito-
chondrial disease in Ontario between 1988 and 2019. In addition, our mitochondrial disease
cohort clearly demonstrates the high level of health care need in this population; future work
should seek to identify specific comorbidities with mitochondrial disease that may contribute
to high health resource utilization.

Our proposed methodology can be adapted across Canada; specifically, British Columbia
and Manitoba have similar linked data resources [17, 18]. Other surveillance systems in Can-
ada, such as the National Diabetes Surveillance System [19], have successfully leveraged
administrative data from across provinces—a similar approach may be viable for monitoring
mitochondrial disease inter-provincially. Additionally, formal validation via record linkage of
existing disease cohorts in Ontario could validate our approach in the Ontario context [20].

Working towards a validated disease cohort will provide significant future opportunity for
research on the epidemiology and health service utilization of mitochondrial disease. Under-
standing of the prevalence and patient population of mitochondrial disease adds important
value to our knowledge of the epidemiology of this disease. Further understanding of the bur-
den of this disease and its co-morbidities on both patients and the health care system can sup-
port better planning to close gaps in care and improve delivery of health services to
mitochondrial disease patients.
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