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a b s t r a c t

Objective: To examine changes in the number and causes of maternal deaths after the introduction of
pregnancy checkbox on the death certificate in January 2014 in Taiwan.
Materials and methods: We first used the cause-of-death (COD) mortality data for years 2010 through
2017 to examine the number of deaths by item of pregnancy checkbox. We then compared the distri-
bution of the causes of maternal deaths before and after the introduction of pregnancy checkbox.
Results: Between 2014 and 2017, 111 women died, for whom the certifiers indicated the following in the
pregnancy checkbox items: 2 (pregnant at the time of death; n ¼ 10), 3 (died within 42 days after the
termination of pregnancy; n ¼ 64), and 4 (died between 43 days and 1 year after the termination of
pregnancy; n ¼ 37). However, in only 61 of the 111 deaths, the certifiers reported pregnancy or delivery-
related diagnosis in the COD section of the death certificated5 each for items 2 and 4 and 51 for item 3.
The number of maternal deaths was 55 in 2010e2013; this number increased to 82 in 2014e2017. A
decline in the percentage of maternal deaths from obstetric hemorrhage was noted from 38% (21/55) in
2010e2013 to 21% (17/82) in 2014e2017.
Conclusion: The number of maternal deaths increased, and the distribution of causes of maternal deaths
changed after the introduction of pregnancy checkbox. Additional studies are required to examine the
possible misclassification of pregnancy-associated deaths indicated in the pregnancy checkbox.
© 2019 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Underreporting of maternal deaths in government mortality
statistics has been a major problem in many countries [1]. Ac-
cording to two record linkage studies in Taiwan, the underreporting
of maternal deaths was 65% in 2000e2009 and 57% in 2004e2011
[2,3]. The addition of a pregnancy checkbox on the death certificate
has been proposed to solve this problem. The solution was
approved by the 43rd World Health Assembly in 1990 and was
incorporated into the International Classification of Diseases, Tenth
Revision (ICD-10) [4,5]. The pregnancy checkbox has been imple-
mented in more than 30 countries. However, the item wordings
vary between countries and between regions within one country
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(Fig. 1) [5]. The pregnancy checkbox was added on the death cer-
tificate in January 2014 in Taiwanwith five items as follows (Fig. 2):

1. Not pregnant within the past year
2. Pregnant at the time of death
3. Died within 42 days after the stop or termination of pregnancy
4. Died between 43 days and 1 year after the stop or termination of

pregnancy
5. Unknown if pregnant within the past year

Several studies in the United States have reported the drastic
increase in the number of maternal deaths in the states that have
adopted the pregnancy checkbox [6e10]. However, no such study
has been conducted in other countries. We aimed in this study to
examine changes in the number of maternal deaths and distribu-
tion of causes of maternal deaths after the introduction of preg-
nancy checkbox on the death certificate in Taiwan.
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Fig. 1. Different item wordings in the pregnancy checkbox in between countries or between regions within one country: (A) the World Health Organization; (B) the United States;
(C) New Nauveau Brunswick, Canada; (D) Ontario, Canada; (E) Alberta, Canada.
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Materials and methods

The cause-of-death (COD) mortality data for 2010e2017 were
obtained from the Department of Statistics, Ministry of Health and
Welfare of Taiwan. We first examined the number of deaths by the
pregnancy checkbox items and by whether the certifiers reported
pregnancy or delivery-related diagnosis (such as obstetric embo-
lism or hemorrhage) in the COD section of the death certificate. In
some circumstances, the certifier might indicate item 3 (died
within 42 days after the stop or termination of pregnancy) but
might not mention any pregnancy or delivery-related diagnosis in
COD section (Fig. 2).



Fig. 2. Example of a recorded pregnancy checkbox and the cause-of-death section of the death certificate in Taiwan.
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In the second part of the analysis, we confined to maternal
deaths alone. The World Health Organization defines maternal
death as “the death of a woman while pregnant or within 42 days
after the termination of gestation, irrespective of the duration and
site of pregnancy” with ICD-10 codes O00eO95 and O98eO99 [4].
We compared the distribution of causes of maternal deaths before
(2010e2013) and after (2014e2017) the introduction of pregnancy
checkbox on the death certificate. The causes of maternal deaths
were grouped as hypertensive disorder (ICD-10 codes O11eO16),
obstetric embolism (ICD-10 codes O88), obstetric hemorrhage (ICD-
10 codes O20, O43eO46, O67, O71, and O72), and others according
to ICD-10-Maternal Mortality [5]. A chi-square test was used to
examine significant difference in the distribution of causes of
maternal deaths between 2010e2013 and 2014e2017.
Table 2
Causes of maternal deaths in Taiwan, 2010e2013 versus 2014e2017.

Causes of maternal deaths 2010e2013 2014e2017 Total

No. % No. % No. %

Hypertensive disorder 5 9.1 9 11.0 14 10.2
Obstetric embolism 25 45.5 40 48.8 65 47.4
Obstetric hemorrhage 21 38.2 17 20.7 38 27.7
Other causes 4 7.3 16 19.5 20 14.6
Total 55 100.0 82 100.0 137 100.0
Results

Between 2014 and 2017,111women died for whom the certifiers
indicated the following in the pregnancy checkbox items: 2
(pregnancy at the time of death; n ¼ 10), 3 (died within 42 days
after the stop or termination of pregnancy; n ¼ 64), and 4 (died
between 43 days and 1 year after the stop or termination of preg-
nancy; n ¼ 37). However, in only 61 out of 111 deaths, the certifiers
reported pregnancy or delivery-related diagnosis in the COD sec-
tion of the death certificated5 each for items 2 and 4 and 51 for
item 3. For 50 deaths in which the certifiers did not report preg-
nancy or delivery-related diagnosis, the two main underlying COD
were cancer (n ¼ 22) and circulatory diseases (n ¼ 12).

We noted 4 and 32 deaths indicated in the pregnancy checkbox
as items 1 (no pregnancy within past year) and 5 (unknown if
pregnant within the past year), respectively; nevertheless, the
Table 1
Causes of death reported by certifiers by the item of pregnancy checkbox in Taiwan, 201

Item

1 Not pregnant within past year
2 Pregnant at time of death
3 Died within 42 days after stop or termination of pregnancy
4 Died between 43 days to one year after stop or termination of pregnancy
5 Unknown if pregnant within the past year
Total
certifiers reported pregnancy or delivery-related diagnosis in the
COD section of the death certificate (Table 1).

The number of maternal deaths was 55 in 2010e2013 and it
increased to 82 in 2014e2017. A decline in the percentage of
maternal deaths from obstetric hemorrhage was noted from 38%
(21/55) in 2010e2013 to 21% (17/81) in 2014e2017 (Table 2). An
increase in the percentage of other causes from 7% (4/55) to 20%
(16/82) was observed. The number of diagnosis coded as ICD-10
O26.9 (pregnancy-related condition, unspecified) was 1 in
2010e2013 and increased to 6 in 2014e2017.

Discussion

The findings of this study indicate that the number of maternal
deaths increased, and the distribution of causes of maternal deaths
changed after the introduction of pregnancy checkbox in 2014 in
Taiwan. However, we also found some incompatibilities between
information indicated in the pregnancy checkbox and that in the
COD section of the death certificate.

The primary aim to add the pregnancy checkbox was to solve
the problem of underreporting of maternal deaths, which used
4e2017.

Reporting pregnancy or delivery related diagnosis in cause-of-
death section

Yes No Total

4 4
5 5 10
51 13 64
5 32 37
32 32
97 50 147
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items 1e3 to remind the certifiers to indicate if the death was
maternal or not. The secondary aim (item 4) was to assist the
identification of pregnancy-associated death, which was defined by
the Centers for Disease Control and Prevention, in collaboration
with the Maternal Mortality Special Interest Group of the American
College of Obstetricians and Gynecologists (CDC/ACOG) as “a death
from any cause during pregnancy or within 1 calendar year of de-
livery or pregnancy termination, regardless of the duration or
anatomical site of the pregnancy” [11,12].

According to information based on the pregnancy checkbox
(items 2, 3, and 4) only, we could identify 111 pregnancy-associated
deaths between 2014 and 2017. However, if we added the infor-
mation recorded in the COD section of the death certificate, we
could further identify 36 pregnancy-associated deaths (total¼ 147).
However, only 82 of 147 pregnancy-associated deaths agreed with
the definition of maternal deaths. Of 65 nonmaternal deaths, 4
were (late maternal deaths), which were defined as “the death of a
woman from direct or indirect obstetric causes more than 42 days
but less than 1 year after the termination of pregnancy” with the
ICD-10 code O96 [4,7]. Of 65 nonmaternal deaths, 61 were dead
from nonobstetric-related causes, such as cancer, circulatory dis-
eases, systematic lupus erythematosus, or external causes (motor
vehicle crashes or suicide). Many of these deaths were preventable,
and some preventive programs should be designed.

The findings of this study also indicate some incompatibilities
between information indicated in the pregnancy checkbox and those
in the COD section: 4 and 32 deaths were indicated in the pregnancy
checkbox as items 1 (no pregnancy within the past year) and 5 (un-
known if pregnant within the past year), respectively; nevertheless,
the certifiers still reported specific pregnancy or delivery-related
diagnosis in the COD section of the death certificate. We asked the
officers of the Department of Statistics of Ministry of Health and
Welfare and told that two electronic death registration systems were
operated in Taiwan: one for natural deaths occurring in medical set-
tings and one for unnatural deaths (i.e., accidents, suicide, homicide,
or intent undetermined) or suspect unnatural deaths maintained by
the Ministry of Justice, which were examined by prosecutors and
medical examiners (or coroners). The pregnancy checkbox questions
werenot added in the electronic registration system in theMinistry of
Justice. All deaths submitted fromtheMinistry of Justice system to the
Ministry of Health andWelfare were automatically been classified as
item 5 in the final combined registration system. We suggested
abolishing this default programing function and leaving the item
blank to avoid this incompatibility problem.

MacDorman and Declercq reminded that the number of maternal
deaths was over-reported in some states adopting the pregnancy
checkbox [13]. The authors cited a report from maternal mortality
review committees in four states and found that 15% (97/650) of
reported maternal deaths were not maternal deaths at all [14]. They
further pointed out that the United States coding rules code every
death with the pregnancy or postpartum checkbox checked to
maternal causes, regardless of what is written in the COD section
[13]. In Taiwan, if no pregnancy or delivery-related diagnosis was
recorded in the COD section of the death certificate, the death was
not to be defined as maternal death. However, according to the ICD-
10 special instructions on maternal mortality (Step M4): “if preg-
nancy, childbirth, or puerperium is reported anywhere on the cer-
tificate but is not clearly stated that pregnancy, childbirth, or
puerperium contributed to the death, first contact the certifier and
ask for additional information” [4, p107]. We recommend that the
Department of Statistics, Ministry of Health and Welfare of Taiwan
should query 50 deaths where the certifiers indicated items 2, 3, and
4 in the pregnancy checkbox yet did not report pregnancy or
delivery-related diagnosis in the COD section of the death certificate
to clarify the role of pregnancy contributing to death.
This study has several limitations. First, we did not link to other
gold standard datasets such as hospital medical records; therefore,
we could not determine if the misclassification of maternal deaths
was based on the information indicated in the pregnancy checkbox.
Second, the increase in the number of maternal deaths in
2014e2017 are not completely attribute to the addition of preg-
nancy checkbox because a birth-related no fault compensation
program was introduced in 2012 and onward, which might also
have some effects on the reporting of maternal deaths [15].

In conclusion, the number of maternal deaths increased, and the
distribution of the causes of maternal deaths changed after the
introduction of pregnancy checkbox. The government should query
the certifiers to clarify the contribution of pregnancy to death.
Additional studies examining the possible misclassification of
pregnancy-associated deaths indicated in the pregnancy checkbox
are required.
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