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Maternal death, although rare, is an often prevent-
able event with devastating consequences for 
families and care providers. The World Health 

Organization estimates that more than 300 000 women die 
each year from pregnancy- or childbirth-related complica-
tions.1 The World Health Organization and the Public 
Health Agency of Canada reported a rise in maternal mor-
tality in Canada between 1990 and 2015, from 5.1 to 11.9 
per 100 000 live births.2,3

These findings prompted the Society of Obstetricians and 
Gynaecologists of Canada to work with federal and provin-
cial partners to review maternal mortality surveillance.4 The 
investigating committee found that national maternal health 

surveillance faced serious barriers relating to data access, cov-
erage, timeliness and completeness. Moreover, they con-
cluded that there was little standardization across jurisdic-
tions with respect to definitions, data collection and maternal 
mortality review processes.4,5 Although several provinces and 
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Background: Accurate identification of maternal deaths is paramount for audit and policy purposes. Our aim was to determine the 
accuracy and completeness of data on maternal deaths in hospital and those recorded on a death certificate, and the level of agree-
ment between the 2 data sources.

Methods: We conducted a retrospective population-based study using data for Ontario, Canada, from Apr. 1, 2002, to Dec. 31, 
2015. We used Canadian Institute for Health Information (CIHI) databases to identify deaths during inpatient, emergency depart-
ment and same-day surgery encounters. We captured Vital Statistics deaths in the Office of the Registrar General, Deaths (ORGD) 
data set. Deaths were considered within 42 days and within 365 days after a pregnancy outcome (live birth, miscarriage, ectopic 
pregnancy or induced abortion) for all multiple and singleton pregnancies. We calculated agreement statistics and 95% confidence 
intervals (CIs).

Results: Among 1 679 455 live births and stillbirths, 398 pregnancy-related deaths in the ORGD data set were mapped to a birth in 
CIHI databases, and 77 (16.2%) were not. Among 2 039 849 recognized pregnancies, 534 pregnancy-related deaths in the ORGD 
data set were linked to CIHI records, and 68 (11.3%) were not. Among live births and stillbirths, after pregnancy-related deaths in 
the ORGD data set not matched to a maternal death in the CIHI databases were removed, concordance measures between CIHI 
and ORGD records for maternal death within 42 days after delivery included a κ value of 0.87 (95% CI 0.82–0.91) and positive per-
cent agreement of 0.88 (95% CI 0.83–0.94). The corresponding measures were similar for maternal death within 42 days after the 
end of a recognized pregnancy. When unlinked pregnancy-related deaths in the ORGD data set were retained, agreement mea-
sures declined for death within 42  days after a live birth or stillbirth (κ = 0.68, 95% CI 0.62–0.74). For maternal death within 
365 days after a live birth or stillbirth, or after the end of a recognized pregnancy, the concordance statistics were generally favour-
able when unlinked pregnancy-related deaths in the ORGD data set were removed but were substantially declined when they were 
retained.

Interpretation: Maternal mortality cannot be ascertained solely with the use of hospital data, including beyond 42 days after the 
end of pregnancy. To improve linkage, we propose including health insurance numbers on provincial and territorial medical death 
certificates.
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territories have since established maternal death review com-
mittees, there is no national system to synthesize and report 
on maternal mortality and, thus, no accurate national picture 
of mortality prevalence and trends.3,4 This is especially so for 
maternal deaths occurring before the conventional birthing 
period, such as with an ectopic pregnancy, induced abortion 
or miscarriage, and those occurring up to 42 days after 
delivery.

Since Ontario contributes about 35% of all births in Can-
ada,6,7 there arises an opportunity to examine the systems 
responsible for monitoring and recording maternal mortality. 
Accordingly, we conducted the current study to determine the 
accuracy and completeness of data on maternal deaths in hos-
pital and those recorded on a death certificate, and the level of 
agreement between the 2 data sources by taking into consid-
eration not only births, but also ectopic pregnancies, induced 
abortions and miscarriages, as well as capturing maternal 
deaths up to 365 days after the end of a pregnancy.

Methods

Study design and data sources
We performed this retrospective population-based study 
using data for the entire province of Ontario, Canada. We 
used existing data sets linked by means of unique encoded 
identifiers and analyzed at ICES. We used the Ontario 
Office of the Registrar General, Deaths (ORGD) data set to 
identify deaths based on a Medical Certificate of Death 
(Form 16), completed by a physician.8 The ORGD shares 
Vital Statistics death data with Statistics Canada for national 
reporting. The ORGD data set includes date and location of 
death and International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision (ICD-10) codes for 
cause of death.

We identified deaths that occurred in a hospital setting 
using the Canadian Institute for Health Information (CIHI) 
Discharge Abstract Database (DAD), National Ambulatory 
Care Reporting System (NACRS) database and Same Day 
Surgery (SDS) database.9 The DAD contains administrative, 
clinical and demographic information pertaining to hospital 
discharges (i.e.,  deaths, sign-outs and transfers). Diagnostic 
codes are based on the Canadian version of the ICD-10 
(ICD-10-CA), and procedural codes are based on the Cana-
dian Classification of Health Interventions.10 The NACRS 
database contains information on hospital- and community-
based emergency and ambulatory care visits, and the SDS 
database contains patient-level data for day surgery institu-
tions in Ontario.10,11

Participants
We identified live births and stillbirths in the DAD and the 
NACRS database. We used the DAD, the NACRS database 
and the SDS database to capture all recognized pregnancies, 
namely, a live birth, a stillbirth at 20 weeks’ gestation or later, 
a miscarriage before 20  weeks’ gestation, an ectopic preg-
nancy or an induced abortion for all multiple and singleton 
pregnancies. We used the ORGD data set to identify the 

deaths of females within 365 days after the end of a recog-
nized pregnancy. We further used an ICD-10 cause of death 
code starting with “O” to identify a pregnancy-related death.

We included female Ontario residents aged 10–55 years at 
the time of a documented encounter for a recognized preg-
nancy outcome in the CIHI databases or with a registered 
death in the ORGD data set, for the period Apr. 1, 2002, to 
Dec. 31, 2015. We excluded records with an invalid Ontario 
Health Insurance Plan number or hospitalization number, a 
non-Ontario postal code at the time of delivery or death, or 
nonunique patient or hospital record identifiers. Continued 
residency in Ontario between the documented encounter date 
for a recognized pregnancy outcome and death was not a 
requirement for study inclusion. The CIHI and ORGD 
records were then linked by means of unique encrypted per-
sonal identifiers and date of death between 0 and 365 days 
after the pregnancy outcome date.

Statistical analysis
Among females who had a live birth or stillbirth in the CIHI 
databases and a death record in the ORGD data set, we 
described cause of death for those who died within 42 days 
after delivery, as well as from 43 to 365 days after delivery.

We generated agreement statistics (and 95% confidence 
intervals [CIs]) from 2 × 2 tables describing the concordance 
between deaths identified in the CIHI databases and those in 
the ORGD data set, first for deaths among females with a live 
birth or stillbirth, and then among all recognized pregnancies, 
with consideration of deaths within 42  days and within 
365 days of the end of the pregnancy. Agreement measures 
included Cohen κ, positive predictive value, negative predic-
tive value, overall percent agreement, positive percent agree-
ment and negative percent agreement. Overall percent agree-
ment, positive percent agreement and negative percent 
agreement (calculations shown in Appendix 1, Table S1, avail-
able at www.cmajopen.ca/content/9/2/E539/suppl/DC1) are 
generally used in the absence of a perfect reference standard,12 
as might be the case when using ORGD data, if a pregnancy 
is unrealized or maternal death is beyond 42 days after deliv-
ery. The agreement measures did include maternal deaths in 
the ORGD data set that were not linked to a recognized preg-
nancy in the CIHI databases.

Ethics approval
The use of data in this project was authorized under section 45 
of Ontario’s Personal Health Information Protection Act, which 
does not require review by a research ethics board.

Results
There were 2 039 849 recognized pregnancies in the study 
(Table 1), including 1 679 455 live birth or stillbirth deliveries 
identified in the DAD or NACRS database (Figure 1). We 
matched these 1 679 455  records to an identified maternal 
death in the ORGD data set (Figure 1). There were 
398  pregnancy-related deaths in the ORGD data set that 
could be linked to a birth within the preceding 365 days in the 
DAD or NACRS database; 77  pregnancy-related deaths 
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(16.2%) had no birth record in the CIHI databases (Figure 1). 
Cause of death within 42  days after the end of pregnancy, 
classified by the 3-digit ICD-10 code, is shown in Appendix 1, 
Table S2, and that for deaths between 43 and 365 days after 
the end of pregnancy is shown in Appendix 1, Table S3.

There were 2 039 849 recognized pregnancies in the 
DAD, NACRS database or SDS database, resulting in 
1 668 936  live births (81.8%), 10 069  stillbirths (0.5%), 
217 474  miscarriages or ectopic pregnancies (10.7%), and 
143 370 induced abortions (7.0%). A total of 534 pregnancy-
related deaths in the ORDG data set could be linked to the 
CIHI databases, and 68 (11.3%) could not (Figure 2).

Measures of concordance
Among live births and stillbirths, after pregnancy-related 
deaths in the ORGD data set not matched to a maternal death 
in the CIHI databases were removed, concordance measures 
for maternal death within 42  days after delivery were high 
(Table 2). For example, the Cohen κ was 0.87 (95% CI 0.82–
0.91), positive percent agreement 0.88 (95% CI 0.83–0.94) 
and negative percent agreement 1.00 (95% CI 1.00–1.00). For 
maternal deaths within 42 days after the end of a recognized 
pregnancy, the corresponding measures were 0.82 (95% CI 
0.78–0.87), 0.84 (95% CI 0.78–0.90) and 1.00 (95% CI 
1.00–1.00).

When unlinked pregnancy-related deaths in the ORGD 
data set were retained, however, agreement measures declined 

Table 1: Characteristics of recognized pregnancies in 
Ontario, Apr. 1, 2002, to Dec. 31, 2015, in the Canadian 
Institute for Health Information databases

Characteristic

No. (%) of 
pregnancies*
n = 2 039 849

Mean age ± SD, yr 29.9 ± 5.8

Parity

    Median (IQR) 1 (0–1)

    0 826 470 (40.5)

    1 629 022 (30.8)

    2 244 735 (12.0)

    ≥ 3 115 865 (5.7)

    Missing 223 757 (11.0)

Outcome

    Live birth at ≥ 20 weeks’ gestation 1 668 936 (81.8)

    Stillbirth at ≥ 20 weeks’ gestation 10 069 (0.5)

    Miscarriage or ectopic pregnancy 217 474 (10.7)

    Induced abortion 143 370 (7.0)

No. of weeks’ gestation at birth, mean 
± SD†

38.8 ± 2.1

Note: IQR = interquartile range, SD = standard deviation.
*Except where indicated otherwise.
†Restricted to 1 679 005 obstetric deliveries resulting in a live birth or stillbirth.

Deaths of females in Ontario, 
Apr. 1, 2002–Dec. 31, 2015

in ORGD data set
n = 601 222

Excluded  n = 600 747  
• Age < 10 yr or > 55 yr at time

of death  n = 554 985
Non-Ontario residence at time 
of death  n = 207
No pregnancy-related cause
of death in ORGD data set and
no delivery ≤ 365 d before
death in CIHI databases  
n = 45 555

•

•

Pregnancy-related cause of
death but no delivery in

CIHI databases
n = 77

Delivery ≤ 365 d before
death in CIHI databases

n = 398

Live birth or stillbirth deliveries
≥ 20 weeks' gestation in Ontario,

Apr. 1, 2002–Dec. 31, 2015
in CIHI databases

n = 1 687 702

Excluded  n = 8247
• Age < 10 yr or > 55 yr at end 

of pregnancy  n = 504
Invalid maternal health card 
number  n = 68
Non-Ontario residence at end 
of pregnancy  n = 2271
Nonunique patient or hospital 
record  identifier at end of 
pregnancy  n = 5404

•

•

•

Deliveries
n = 1 679 455 

• Deliveries in DAD  n = 1 678 889
• Deliveries in NACRS  n = 566

Figure 1: Flow diagram showing creation of a file (dashed line) linking the deaths of Ontario females of reproductive age between Apr. 1, 2002, 
and Dec. 31, 2015, in the Office of the Registrar General, Deaths (ORGD) data set with records of obstetric live births or stillbirths at 20 weeks’ 
gestation or more in the Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD) or National Ambulatory Care 
Reporting System (NACRS) database.
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for maternal death within 42 days after a live birth or stillbirth 
(Cohen κ = 0.68, 95% CI 0.62–0.74; positive percent agree-
ment 0.57, 95% CI 0.50–0.63) (Table 3). The same pattern 
was seen for maternal death within 42 days after the end of a 
recognized pregnancy (Table 3).

For maternal death within 365 days after a live birth or 
stillbirth, or within 365  days after the end of a recognized 
pregnancy, the concordance statistics were generally favour-
able when unlinked ORGD pregnancy-related deaths were 
removed (Table 4) but declined substantially when they were 
retained (Table 5).

Interpretation

In this population-based study, about 16% of maternal deaths 
following a live birth or stillbirth, and 11% of deaths after a 
recognized pregnancy (i.e.,  live birth, stillbirth, ectopic preg-
nancy, miscarriage or induced abortion) were not captured 
during a hospital encounter in CIHI databases when they 
were documented in the ORGD record. When linkage 
between the CIHI and ORGD records was possible, there 
was high concordance for maternal death, which declined 
when nonlinked cases were also considered.

A complete picture (the “universe”) of maternal deaths in 
Canada is lacking.13 Nearly 60% of all deaths in Ontario 
between 2001 and 2015 occurred in a hospital setting.14 Our 
findings suggest that maternal mortality cannot be ascertained 
solely with the use of hospital data and highlight the need for 

improved methodology to effectively capture maternal mor-
tality beyond 42 days after the end of pregnancy.

It would be challenging to develop a national enquiry 
system for maternal mortality, given Canada’s province-
based approach to health care administration. Nevertheless, 
Canadian provinces and territories can, and do, collaborate 
in the design, development and collection of national dis-
ease surveillance.4 Replication of the current study methods 
in other provinces and the territories would be one step in 
achieving a better perspective about how maternal deaths 
can be captured accurately and efficiently; this should 
include input from the chief coroner of each province and 
territory.

To ascertain more accurate and complete information 
on maternal mortality, and to enable deterministic linkage 
between hospital and Vital Statistics data sources, we sug-
gest amending provincial and territorial death certificates 
to include a fillable field for a provincial or territorial 
health insurance plan number, such as the Ontario Health 
Insurance Plan number in Ontario. We also suggest that all 
pregnancies be captured — regardless of how the preg-
nancy ends — with the inclusion of women who die while 
still pregnant.

Limitations
Not all miscarriages or induced abortions are captured by 
the data sets used in this study.15,16 To parallel the data sets 
currently available to the Canadian Perinatal Surveillance 

Deaths of females in Ontario,
Apr. 1, 2002–Dec. 31, 2015 

in ORGD data set
n = 601 222

Excluded  n = 600 620  
• Age < 10 yr or > 55 yr at time

of death  n = 554 985
Non-Ontario residence at time of 
death  n = 207
No delivery ≤ 365 d before death 
in CIHI databases and no 
pregnancy-related cause of death 
in ORGD data set  n = 45 428

•

•

Pregnancy-related cause of
death but no pregnancy

outcome in CIHI databases
n = 68

Pregnancy outcome ≤ 365 d
before death in CIHI

databases
n = 534

-CIHI-recognized pregnancies
in Ontario, Apr. 1, 2002–

Dec. 31, 2015
n = 2 048 329

Excluded  n = 8480
• Age < 10 yr or > 55 yr at end 

of pregnancy  n = 563
Invalid maternal health card
number  n = 82
Non-Ontario residence at end 
of pregnancy  n= 2810
Nonunique patient or hospital
record identifier at end of
pregnancy  n = 5025

•

•

•

Pregnancy outcomes
n = 2 039 849

• Pregnancies in DAD  n = 1 718 475
Pregnancies in SDS  n = 194 498
Pregnancies in NACRS  n = 126 876
•
•

Figure 2: Flow diagram showing creation of a file (dashed line) linking the deaths of Ontario females of reproductive age between Apr. 1, 2002, 
and Dec. 31, 2015, in the Office of the Registrar General, Deaths (ORGD) data set with the records of females with any recognized pregnancy 
outcome in the Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD), Same Day Surgery (SDS) database or 
National Ambulatory Care Reporting System (NACRS) database.
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System, we opted to use only the CIHI and Vital Statistics 
files. A broader data set might also include data such as 
provincial billing information, which would enhance the 
capture of induced abortion codes.15,16 For example, in a 
study from British Columbia, Canada, the sensitivity of 
identifying induced abortion in the DAD was 91.9%; 
this  increased to 99.1% when physician billing codes 
were  also used.16 Furthermore, out-of-hospital births 
are not documented completely in the current administra-
tive databases.17 Pregnancy-related deaths in the ORGD 
data set not captured by CIHI may be attributable to 
deaths during home delivery or out-of-hospital maternal 
deaths.

A second major limitation is that there were inherent 
problems in creating the current data linkages. In Ontario, a 
Medical Certificate of Death does not include a fillable field 

for an Ontario Health Insurance Plan number, which serves 
as a unique identifier for all residents of Ontario. Matching 
maternal deaths in the Vital Statistics registry to hospitaliza-
tion information depended on a probabilistic linkage method, 
which uses nonunique linkage keys, such as first and last 
name combinations and date of birth. Such an approach is 
prone to false-positive and false-negative linkages.18 For 
example, if we were unable to link a hospital record to an 
existing Vital Statistics record with certainty, the hospital 
record was deemed a nonmatch.

 The age of our data represents a limitation to our study, 
as the comprehensiveness of CIHI data holdings may have 
improved since 2015.19 In addition, ICD-10-CA diagnostic 
codes include up to 6  characters in hospital data, whereas 
only the first 4  characters are used in Vital Statistics data, 
based on ICD-10 codes. Furthermore, Canadian provinces 

Table 2: Agreement between Canadian Institute for Health Information (CIHI) and Office of the 
Registrar General, Deaths (ORGD) records for maternal death within 42 days of a pregnancy 
outcome, excluding ORGD pregnancy-related deaths not matched to a maternal death within 
CIHI databases in the numerator and denominator during percent agreement calculations

CIHI

ORGD

TotalYes No

Maternal death within 42 d of live birth or stillbirth, DAD or NACRS v. ORGD

Yes 122 22 144

No 16 1 679 295 1 679 311

Total 138 1 679 317 1 679 455

Agreement indicator Value (95% CI)

    Cohen κ 0.87 (0.82–0.91)

    Positive predictive value 0.85 (0.79–0.91)

    Negative predictive value 1.00 (1.00–1.00)

    Overall percent agreement 1.00 (1.00–1.00)

    Positive percent agreement 0.88 (0.83–0.94)

    Negative percent agreement 1.00 (1.00–1.00)

Maternal death within 42 d of end of recognized pregnancy, DAD, NACRS or SDS v. ORGD

Yes 137 34 171

No 26 2 039 641 2 039 667

Total 163 2 039 675 2 039 838

Agreement indicator Value (95% CI)

    Cohen κ 0.82 (0.78–0.87)

    Positive predictive value 0.80 (0.74–0.86)

    Negative predictive value 1.00 (1.00–1.00)

    Overall percent agreement 1.00 (1.00–1.00)

    Positive percent agreement 0.84 (0.78–0.90)

    Negative percent agreement 1.00 (1.00–1.00)

Note: CI = confidence interval, DAD = Discharge Abstract Database, NACRS = National Ambulatory Care Reporting System, 
SDS = Same Day Surgery.
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differentially switched from the Canadian version of the 
International Classification of Diseases, 9th Revision to ICD-
10-CA over an 8-year period, starting around 2000. This 
staggered introduction of ICD-10-CA coding may have 
affected the quality of data available in provincial hospital 
administrative data, limiting the generalizability of our find-
ings to some parts of Canada.

Births occurring outside of a traditional health care set-
ting, such as a birthing centre or private residence, are not 
captured in the DAD or the NACRS or SDS databases, and 
would not be included in the current study. In addition, 
maternal deaths occurring outside of a health care setting 
may not have been documented in the ORGD data set. 
Last, deaths within the CIHI databases are not linkable for 
people without a registered provincial health insurance plan 

number, which might miss maternal deaths among tempo-
rary visa holders, recent refugees and undocumented resi-
dents, the majority of whom reside in larger urban centres, 
including Toronto.20–22 Hence, the true scope of maternal 
mortality in Ontario may be higher than that estimated in 
the current study.

Conclusion
Vital Statistics death records likely capture the scope of 
maternal deaths in Ontario more accurately and more com-
pletely than the use of CIHI hospital records alone. To 
improve the quality of data linkage, we propose amending 
provincial and territorial medical death certificates to include 
fields for health insurance numbers, and the capture of all 
deaths during or after pregnancy.

Table 3: Agreement between Canadian Institute for Health Information (CIHI) and Office of the 
Registrar General, Deaths (ORGD) records for maternal death within 42 days of a pregnancy 
outcome, including ORGD pregnancy-related deaths not matched to a maternal death within 
CIHI databases in the numerator and denominator during percent agreement calculations

CIHI

ORGD

TotalYes No

Maternal death within 42 d of live birth or stillbirth, DAD or NACRS v. ORGD

Yes 122 22 144

No 93 1 679 295 1 679 388

Total 215 1 679 317 1 679 532

Agreement indicator Value (95% CI)

    Cohen κ 0.68 (0.62–0.74)

    Positive predictive value 0.85 (0.79–0.91)

    Negative predictive value 1.00 (1.00–1.00)

    Overall percent agreement 1.00 (1.00–1.00)

    Positive percent agreement 0.57 (0.50–0.63)

    Negative percent agreement 1.00 (1.00–1.00)

Maternal death within 42 d of end of a recognized pregnancy, DAD, NACRS or CIHI-SDS v. 
ORGD

Yes 137 34 171

No 94 2 039 652 2 039 746

Total 231 2 039 686 2 039 917

Agreement indicator Value (95% CI)

    Cohen κ 0.68 (0.63–0.73)

    Positive predictive value 0.80 (0.74–0.86)

    Negative predictive value 1.00 (1.00–1.00)

    Overall percent agreement 1.00 (1.00–1.00)

    Positive percent agreement 0.59 (0.53–0.66)

    Negative percent agreement 1.00 (1.00–1.00)

Note: CI = confidence interval, DAD = Discharge Abstract Database, NACRS = National Ambulatory Care Reporting System, 
SDS = Same Day Surgery.
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Table 5: Agreement between Canadian Institute for Health Information (CIHI) and Office of the 
Registrar General, Deaths (ORGD) records for maternal death within 365 days of a pregnancy 
outcome, including ORGD pregnancy-related deaths not matched to a maternal death within 
CIHI databases in the numerator and denominator during percent agreement calculations

CIHI

ORGD

TotalYes No

Maternal death within 365 d of live birth or stillbirth, DAD or NACRS v. ORGD

Yes 278 34 312

No 197 1 679 023 1 679 220

Total 475 1 679 057 1 679 532

Agreement indicator Value (95% CI)

    Cohen κ 0.71 (0.82–0.91)

    Positive predictive value 0.89 (0.86–0.93)

    Negative predictive value 1.00 (1.00 –1.00)

    Overall percent agreement 1.00 (1.00–1.00)

    Positive percent agreement 0.59 (0.54–0.63)

    Negative percent agreement 1.00 (1.00–1.00)

Maternal death within 365 d of end of a recognized pregnancy,  DAD, NACRS or SDS v. ORGD

Yes 346 47 393

No 256 2 039 268 2 039 524

Total 602 2 039 315 2 039 917

Agreement indicator Value (95% CI)

    Cohen κ 0.70 (0.66–0.73)

    Positive predictive value 0.88 (0.85–0.91)

    Negative predictive value 1.00 (1.00–1.00)

    Overall percent agreement 1.00 (1.00–1.00)

    Positive percent agreement 0.57 (0.54–0.61)

    Negative percent agreement 1.00 (1.00–1.00)

Note: CI = confidence interval, DAD = Discharge Abstract Database, NACRS = National Ambulatory Care Reporting System, 
SDS = Same Day Surgery.
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