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Abstract:

Register data on maternal deaths is adjusted in international reports to account for underreporting;
however, there has been controversy around these adjustments. The objective of this article is to
review the adjustment factors applied to maternal mortality register data.

A literature review provided 72 studies on underreporting showing differences in the definition of
maternal mortality. This has not previously been taken into account when calculating average
adjustment factors. Our analysis showed that including psychiatric disease and maternal deaths
occurring 42 days post-partum had significant effects on the adjustment factor. When using the strict
WHO definition of maternal mortality, a median adjustment factor of 1.5 was calculated which is
identical to the one used by the WHO.

Guidelines on inclusion criteria for maternal deaths need to be clarified in order for figures to be
internationally comparable.

Keywords: Maternal mortality ratio (MMR), misclassification, underreporting, incompleteness, World
Health Organisation (WHO)

JEL classification: 118

Acknowledgements: Particular thanks go to Lale Say, Doris Chou, Ann-Beth Mgller, Doris Ma Fat
and Mie Inoue from WHO for providing us with useful insight and information on this subject. Thanks
to country representatives that have sent us documents and feedback and also to colleagues at
Statistics Norway, particulary those from the Division for Statistical Methods and the Division for
Health Statistics. We are grateful for the support given by Norad and Statistics Norway to write this
article.

Address: Susie Jentoft, Statistics Norway, Division for Development Cooperation. E-mail:
Susie.Jentoft@ssb.no

Vibeke Oestreich Nielsen, Statistics Norway, Division for Development Cooperation. E-
mail: Vibeke.Nielsen@ssb.no



mailto:Susie.Jentoft@ssb.no
mailto:Vibeke.Nielsen@ssb.no

Discussion Papers comprise research papers intended for international journals or books. A preprint of a
Discussion Paper may be longer and more elaborate than a standard journal article, as it
may include intermediate calculations and background material etc.

© Statistics Norway

Abstracts with downloadable Discussion Papers
in PDF are available on the Internet:
http://www.ssb.no/en/forskning/discussion-papers
http://ideas.repec.org/s/ssb/dispap.html

ISSN 1892-753X (electronic)



Sammendrag

A redusere madredgdeligheten er et av malene i FNs tusenérsmal, men det er lite gode data
tilgjengelig. Registerdata pd madredadelighet er ofte underrapportert og blir derfor justert for & fa
internasjonalt sammenliknbare mgdredgdelighetsestimater. Malet med denne artikkelen er & ga
gjennom justeringsfaktorene som brukes pa registerdata pd mgdredgdelighet for & finne ut om de er

godt nok begrunnet.

Vi gjennomfarte systematisk sgk etter studier om underrapportering av mgdredgdelighet og fant 72
ulike studier som inneholdt informasjon om justeringsfaktorer. En viktig observasjon, som man etter
var viten hittil ikke har tatt hgyde for, er at det er stor variasjon i definisjon av mgdredgdelighet og
dermed hvilke dedsfall som blir inkludert i studier om underraportering. Var analyse viste videre at
inkludering av psykiatriske lidelser og mgdredgdsfall mer enn 42 dager etter fodsel hadde signifikant
effekt pa justeringsfaktoren. Brukte vi WHO definisjonen pa mgdredgdelighet, fant vi en
gjennomsnittlig justeringsfaktor pa 1.5. Dette er same faktor som WHO bruker i sine
mgdredgdelighetsberegninger.

Var litteraturstudie viser at det er behov for generelle retningslinjer for hva som skal inkluderes nar
man definerer mgdredgdelighet i studier om underrapportering for at dataene skal bli internasjonalt

sammenliknbare.

Statistisk Sentralbyra har gjennomfagrt dette arbeidet i oppdrag for Verdens Helseorganisasjon (WHO).

Arbeidet har veert finansiert av Norad.



1. Introduction

The fifth millennium development goal is to improve maternal health. The main indicator to measure
it is through the maternal mortality ratio (MMR). Most developed countries register maternal deaths
along with other vital statistics. The quality of these reporting systems varies and the inclusion criteria
for maternal deaths differ between countries despite being based on the International Classification of
Diseases (ICD) and the World Health Organization (WHO) definition.

Over the years, many countries have carried out enquiry studies to evaluate the quality of their
maternal mortality civil registers. In almost all cases, the number of maternal deaths in civil registers is
lower than that found using other or multiple data sources. This results in an adjustment factor greater
than one, by which civil register can be mulitpled by to account for underreporting. This paper
provides an extensive literature review of enquiry studies on civil register maternal mortality data and

searches for additional studies not previously used by international meta-analysis studies.

Additionally, the definition of maternal mortality varies among countries and enquiry studies. This
paper investigates differences in the definitions used among enquiry studies for maternal mortality and
shows how this impacts on the adjustment factors. Finally, we look at characteristics of the registration

system to explain differences among adjustment factors.

1.1. What is the Maternal Mortality Ratio?

The United Nations defines maternal mortality ratio (MMR) as the annual number of female deaths
from any cause related to or aggravated by pregnancy or its management (excluding accidental or
incidental causes) during pregnancy and childbirth or within 42 days of termination of pregnancy,
irrespective of the duration and site of the pregnancy (expressed per 100,000 live births) [1].

When applying this definition in practice, many challenges are encountered. Different approaches to
data collection are used in different vital registration systems. The definitions used in different
countries are part of each countries health system, a system serving other purposes than reporting
maternal mortality. It is not a straight forward task to align the definitions used in all countries, even
though the standard for International Classification of Diseases (ICD) facilitates comparability among
countries. Further, the quality of registers varies in respect to the varying ability to capture occurrences

of maternal deaths.



Different registers define maternal mortality in different ways. The criteria for including/excluding
cases can differ due to national practices or the ICD-version they use (ICD-9 and ICD-10 is most
widely used, but some countries still use ICD-8 as well). This represents a challenge for comparing
figures between countries. A significant change in ICD-10 was the introduction of late maternal deaths
which are deaths occurring between 42 days and one year after abortion, miscarriage or delivery
caused or aggravated by pregnancy or its management. The inclusion/exclusion of these deaths is
likely to affect the MMR.

Additionally, some vital registration systems include psychiatric disease as an indirect maternal death
(a death aggrevated by, but not directly caused by, the physiological effects of pregnancy). If
psychiatric disease is included in the definition of maternal death, the MMR will be higher than if

these are not included.

Under the current UN definition, late maternal deaths and maternal deaths from psychiatric diseases
should not be included in the MMR. These examples show the importance of adjusting vital registry
data when viewed in an international context. Adjustments should focus on correcting for differences

in the definitions used and the different inclusion criteria between countries and through time.

1.2. Adjusting data for MMR

There are two main reasons for adjusting maternal mortality data from civil registers : 1) To adjust for
the underreporting of maternal deaths, ie maternal deaths that are misclassified or have incomplete
death records (see box below) and 2) to align definitions of maternal mortality between countries and
systems. The adjustment factors we deal with in this paper address both of these issues. This is the first
investigation we are aware of that investigates how seriously the definition of maternal mortality

affects the adjustment factor.

Misclassification: When coding in the civil registration is incorrect. It does not cover
maternal deaths that are not registered at all.

Incompleteness: Refers to incomplete death registration. This includes both unidentified
individual deaths and the national coverage of the register.

Underreporting: Covers both misclassification and incompleteness.




1.3. Completeness of registers

In the most recent WHO publication of maternal mortality figures [2], countries with civil registers are
split into two groups (labelled A and B), depending on the quality of their data. Countries in group A
are regarded as having high quality civil registers with reliable maternal mortality data.

For these countries, the WHO uses the register information directly, only applying an adjustment

factor before publishing the data.

Countries with registers that are of a lower quality because of low coverage rate of the population or
missing data years are put into group B. For these countries, the maternal mortality ratio estimates are
based on a statistical model that includes the adjusted registration data. Countries that do not have

registers or other good quality data are put in group C.

2. Different practices for calculating adjustment factors

There are different ways of adjusting vital registration data for underreporting and comparability of the
maternal mortality ratio (MMR). The general approach is to create a simple factor that can be applied
directly to the registration data. How these adjustment factors are calculated and applied varies and is

described in the following paragraphs.

The World Health Organisation (WHO) relies on national underreporting studies to adjust the vital
registration data on maternal mortality. For countries where one or several studies exist, they use the
factor given in these studies directly to adjust the data. For countries without underreporting studies of
their own, the WHO applies a value of 1.5 as the adjustment factor [3]. This is the median value from
a previous literature review published by WHO [3]. This factor implies that vital registration systems
underreport maternal deaths by 50%. An adjustment factor of 1.5 is also supported by a previous
WHO study [4] which used the median value of the results from studies of underreporting in France,
the United Kingdom and USA.

In previous years, the Institute for Health Metrics (IHME) has published their own international
figures on maternal mortality. They also adjusted vital registration data but instead base the factors on
the frequency of so called Garbage Codes in each country [5]. Garbage Codes are codes in the ICD-
system that are unlikely to be the cause of death, and redistribute them to other codes that can be
associated with death. Although the average adjustment factor is 1.4, the ratios vary from 1 to 5 giving
large differences among countries. The approach focuses solely on misclassification, but is used as a

proxy indicator for other weaknesses in the reporting system.



An alternate review study done in 1999 [6] looks at how maternal deaths were classified in 13
European countries. The study only covers misclassification of deaths which means that unreported
deaths are not taken into account. It gives a picture of how heterogeneous the reporting was at this
time, even among European countries. By linking different registers, surveys and confidential
enquiries to the official data, they found that several deaths had been wrongly classified. The overall
correction index they found was 1.14, but there were large variations from country to country.

A new approach for extrapolating adjustment factors for countries or years that are not covered by
enquiry studies has recently been described by Chao and Alkema [7]. It is based on a Bayesian
hierarchical time series model and takes into account the number of years that the enquiry studies
cover. It also provides a way to calculate uncertainty around the adjustment factors. It is a better
alternative for estimating an appropriate adjustment factor for countries with good registers but
lacking enquiry studies compared to a basic median value from literature reviews. It is not yet used in

practice though, and still heavily relies on the quality of the data from enquiry studies.

2.1. Problems with the currently used adjustment factors

Previous literature reviews have identified up to 38 studies on underreporting of maternal mortality.
They show that adjustment factors vary greatly between studies and countries. There are many
countries where the MMR is based on civil registers (classed in Group A) that do not have enquiry
studies listed in previous literature reviews. This paper aims to search for additional underreporting

studies which can be used to calculate adjustment factors.

Additionally, adjustment factors currently do not reflect the methods and definitions used in the
enquiry studies. This paper will address this in two key definitions. These are 1) the
inclusion/exclusion of late maternal deaths (direct and indirect maternal deaths occurring after 42 days
but before 1 year) and 2) inclusion/exclusion of psychiatric diseases in maternal deaths. This second
point is one of many grey areas of maternal mortality registration which is likely to impact the amount
of underreporting. Additional areas are addressed in a qualitative approach and are discussed further in

the results.

3. Literature review methods
The aim of this literature review is to identify as many underreporting studies on maternal mortality as
possible and to describe and isolate some of the methodology and definition congruencies among these

studies. For nationally representative studies, absolute numbers of maternal deaths were extracted and



compared to World Health Organisation (WHO) vital registration data (which we received 01 May,
2013). For Sub-national and sub-population studies, the number of maternal deaths was compared to

official numbers given in the enquiry studies.

A central problem with previous underreporting of maternal mortality reviews is that they do not
consider any of the methodological differences between the studies and how this affects the
adjustment factors. We have chosen to look specifically at the inclusion/exclusion of 1) psychiatric

diseases and 2) late maternal deaths. These figures were extracted from the studies where possible.

3.1. Search strategy

Enquiry studies on underreporting of maternal mortality were searched in the academic and general

public domains. We have chosen to include reports that are not peer-reviewed because of the merit of

unpublished national enquiry studies. Studies were identified in the following ways:

e A number of studies were sent to us directly from WHO. These were generally publically available,
published studies that had previously been sent to the WHO from contact people in the individual
countries.

¢ Additional studies were identified from previous WHO reports

¢ Additional studies were identified from a previous review paper published in Lancet. [8]

¢ Additional studies were identified from the reference lists of other enquiry studies

e The search engine Google Scholar was used to identify further additional enquiry studies. The
keywords: maternal mortality, misclassification and underreporting were used. The search was
carried out for several languages including: English, German, Portuguese, Russian and Spanish.

¢ Studies that only included data prior to 1985 were excluded.

3.2. Meta-analyses
Paired t-tests were used to compare adjustment factors including and excluding psychiatric disorders
and including and excluding late maternal deaths. A Bonferroni adjustment was made for multiple

comparisons.

A regression model was used to investigate trends of underreporting through time and register
completeness in a country. Studies not containing data for maternal mortality excluding psychiatric
disorders and late maternal deaths (WHO definition of a maternal death) were first imputed if an
adjustment factor was available using another criterion. The imputation method was based on the

mean percentage difference between the criteria groups.



Studies were allocated to the year-groups: 1988-1992, 1993-1997, 1998-2002, 2003-2007, 2008-2012
based on which years were investigated. The midpoint year was used for the groups (1990, 1995,
2000, 2005 and 2010) and reflects the methods used for maternal mortality registry data by WHO [9].
If a study covered more than one of these periods it was allocated to multiple year-groups and
weighted accordingly so that each study had a total weight equal to 1.

The country’s civil registration in terms of availability, completeness and quality of information
produced, was classified using the same system used in the previous WHO MMR estimates [2].
Countries with maternal mortality registration data characterized as complete with good attribution of
cause of death are labelled with an A and those lacking completeness but with some quality data

available are classified as B.

The following model was used for the adjustment factor (AF) in study i:

AR = By + BX; + BoXoi + &

Where X, is the allocated year for study i, X,; is the dummy variable for register completeness for

study i using countries with classification A as the base level, and &; is the error term associated with

study i. An additional model classifying year as a factor was used to investigate a non-linear time

trend.

We have chosen to treat studies performed within the same country as independent from one another.
This may be an issue as they could be more correlated than studies from different countries. However,
many of the studies within the same country had different organisations undertaking them and were
using different data collection methods (e.g. Mexico). Hence, we suggest that they can be treated as

independent. Future meta-analysis studies may consider this aspect further.

All analyses were run in R version 3.0.0 [10] using the functions Im, t.test and p.adjust from the base

package.



4. Literature review results

In total, 72 studies were identified as relevant for this literature review where adjustment factors were
able to be calculated for maternal mortality underreporting. Below we first show results for the two
areas we have chosen do focus on; inclusion/exclusion of psychiatric diseases and late maternal

deaths. Other factors that may affect the results are mentioned briefly afterwards.

4.1. Psychiatric disease

The inclusion of maternal deaths due to psychiatric diseases varies between countries and studies. This
is not a significant issue if the proportion of these deaths is small, however studies indicated that this
may not be the case. For example, 3 of the 9 maternal deaths in New Zealand in 2008 were maternal
suicides (33 percent) [11] and in the UK, 10% of obstetric deaths were from psychiatric causes
between 2006-2008 [12].

Of the 72 studies investigated, only 19 featured data including and excluding psychiatric diseases for
comparison. When psychiatric disease is included in maternal mortality, underreporting in the civil
registry system is on average 10 percent higher than if it is excluded and was significant (p<0.01)

(based on maternal deaths before 42 days postpartum).

Table 1.  Nineteen studies with maternal mortality underreporting rates including and ex-
cluding psychiatric disease. Numbers are calculated adjustment factors

Country Year/Period Reference Including Psychiatric Excluding Psychiatric
Argentina 2002 [13] 1.54 1.15
Australia 1994-1996 [14] 1.27 1.23
Australia 1997-1999 [15] 2.07 1.80
Australia 2000-2002 [16] 2.21 1.97
Denmark 2002-2006 [17] 3.63 3.25
Finland 1987-1994 [18] 1.26 1.03
Georgia 2006 [19] 1.91 1.82
Mexico 2001- 2002 [20] 1.22 1.16
New Zealand 2006 [21] 1.56 1.11
New Zealand 2007 [22] 0.85 0.85
New Zealand 2008 [11] 1.71 1.29
Singapore 1990-1999 [23] 2.17 2.04
Sweden 1988-2007 [24] 1.68 1.54
Sweden 1997-2005 [25] 1.56 1.50
UK 1994-1996 [12] 1.70 1.64
UK 1997-1999 [12] 1.94 1.82
UK 2000-2002 [26] 1.76 1.66
UK 2003-2005 [27] 1.86 1.74
UK 2006-2008 [12] 1.68 1.60
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4.2. Late maternal deaths

The inclusion of late maternal deaths (from 43 days to 1 year postpartum) also effects the level of the
adjustment factor and is inconsistently reported in registers and enquiry studies on maternal mortality.
This may have substantial effect on the adjustment factor as shown in a Danish enquiry study [28]

where late deaths made up 44 percent of maternal deaths.

Twenty enquiry studies were identified that contained figures for the inclusion and exclusion of late
maternal deaths (excluding psychiatric disease). The mean percentage difference for the adjustment
factor came to 14 percent and was significant (p<0.01). This indicates that enquiry studies including
late maternal deaths will over-report the adjustment factor if the strict definition of maternal mortality
is held.

Table 2.  Twenty studies with maternal mortality underreporting rates including and exclud-
ing late maternal deaths. Numbers are calculated adjustment factors

Country Year/Period Reference Up to 42 days Up to one year
Argentina 2002 [29] 1.10 1.12
Argentina 2002 [13] 1.15 1.33
Australia 2000-2002 [16] 1.97 2.16
Austria 2000-2006 [30] 1.47 1.74
Brazil 1985-1991 [31] 1.54 1.59
Brazil 2002 [32] 1.40 1.63
Canada 1988-1992 [33] 1.53 1.61
Denmark 1985-1994 [28] 1.94 3.29
Finland 1987-1994 [18] 1.03 1.29
Georgia 2006 [19] 1.82 2.73
Mexico 2003 [34] 0.98 1
Mexico 2008 [35] 0.99 1.01
Slovenia 2003-2005 [36] 25 4
Sweden 2003-2006 [37] 3.00 4.00
UK 2000-2002 [26] 1.66 1.86
UK 2003-2005 [27] 1.74 2.14
UK 2006-2008 [12] 1.60 1.71
USA 1995-1997 [38] 1.50 1.64
USA 1999-2005 [39] 1.11 1.28
USA (Maryland) 2001-2008 [40] 1.02 1.02

4.3. Other important factors affecting underreporting
There are many other factors affecting the adjustment factors in these studies. They can be split into
two main areas: 1) variables that are associated with the underreporting in the register including the

ICD revision of coding, coverage of and inclusion of additional indirect causes the register and issues
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surrounding pressure on healthcare staff, and 2) variables associated with the quality of enquiry
studies including its coverage, ability to detect abortion related deaths, and age-boundaries
investigated. These are summarised using a qualitative approach in the following paragraphs.

The studies we have looked at use different revisions of the ICD coding (Although there are different
updates of each revision, we have not looked into that). Since the different ICD codes contain different
specifications, this also affects the level of underreporting. A Canadian study from 2002 [33] shows that
under the ICD-10 definition, data from revision 9 is likely to have higher underreporting than ICD-10,
particularly among indirect deaths. ICD-9 does not allow for late maternal deaths to be counted, which
potentially are a large proportion of maternal deaths. A 2010 study on maternal missclassification [5] has
also shown that the percentage of “garbage codes” found among the classified deaths have been reduced

with newer versions of the ICD-codes, at least from ICD-7 to ICD-10.

Pressure/penalties on doctors: In many countries investigations are carried out if a death is reported as
maternal. Health personnel therefore have an incentive either not to report the death as maternal at all
or to report ICD codes that indicate that the death was unavoidable. In Kazakhstan a Confidential
Enquiry [41] showed that many deaths reported in the register had been misclassified or not properly
reported. The study indicates that the rate of underreporting may be higher when health personnel are
afraid to report correctly.

Some of the studies are from countries where registers do not meet the WHO quality criteria. In these
countries the rate of underreporting is likely to be much higher than confidential enquiries or other
similar studies can discover. The reason is that many births take place outside the health system and
are therefore not registered. In a study from South Africa [42] it is estimated that only 20-66 % of
maternal deaths in the rural areas occur in health institutions. Maternal deaths outside health
institutions are not covered by the register or confidential enquiries. Other methods will have to be

applied to find the true maternal mortality rate in these cases.

There are many causes which are inconsistently included in indirect maternal deaths among countries.
Psychiatric diseases are one which we have chosen to focus on in this review. Others causes which are
inconsistently reported include hormone dependent malignancies, diabetes, epilepsy, and domestic
abuse/homicide. The inclusion/exclusion of these will affect the MMR. In the United Kingdom, enquiry
studies include a much greater range of indirect maternal causes than the official statistics [27]. The

extended criterion is seen to be of national importance to capture a full picture of the maternal mortality

12



problem. When comparing the enquiry figures with officially reported numbers it is important to
recognise these extra cases, and if possible exclude them when calculating adjustment factors.

Many of the enquiry studies cover only parts of the population. This is often due to financial
constraints related to doing the study. As long as the study is representative for the whole country, this
is not a problem, but often either only the most developed or least developed parts of the country are
considered; central regions only or remote areas only, and in some cases only high level health

institutions, not including community health care [42, 43].

A study from Finland [18] where death records were linked to the countries abortion registry showed
that a high proportion of deaths relating to abortions were not registered as maternal deaths. This
shows that maternal deaths relating to abortions are a contributor to underreporting. In many countries,
abortion records do not exist making it difficult to identify additional deaths which have resulted from
abortions; especially true for RAMOS and confidential enquiries using registry linkage with birth
records. This is perhaps of special importance in countries were abortion is illegal. An enquiry study
from Mexico used verbal autopsy methods to identify abortion related cases not previously reported
[20]. It identified 5 maternal deaths relating to abortions, none of which were reported officially. In
most cases among Group A countries (including the Mexico example), this will be a case of
misclassification rather than a missing death record (incomplete).

Several countries have reported an increased risk of maternal mortality among certain minority groups,
compared to other residents [12]. In addition, deaths among minorities are more often not registered as
maternal deaths, than among other groups as shown in a Swedish study [37]. In addition, while the
common age inclusion is 15-49 years, some studies include women down to the age of 10, while
others only include women up to 45 years. Studies have shown [44] that the maternal mortality is
higher among women of high age. The evidence is not as clear for young mothers, but one should be

aware that the age limit used in the different studies may influence the adjustment factor.

In general, the national enquiry studies ability to find additional maternal deaths varies greatly. This is
due to the infrastructure of the reporting system, access to register data, resources available for the
enquiry study, follow-up etc. These methodological differences do not directly affect the
underreporting of maternal mortality, but our ability to detect it. This makes comparisons of studies
with different methodologies difficult and not always appropriate, however, we do not currently have

methods to fully take into consideration all these factors.
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4.4. Meta-analysis of underreporting studies

A total of 71 studies were used in the meta-analysis. The one Swedish study [37] with a snowball
design was excluded due to the severe lack of representativity. Imputation methods were applied to 8
of the studies which did not have adjustment factors excluding psychiatric disorders and late maternal

deaths. Studies are shown and referenced in table 3.

The regression models showed no significant effects for year or completeness of registry (Group A or
Group B classification, see section 1.3 for more details) (p>0.05 for all). The model had a better fit
(lower AIC score) when the variable: year was numeric, however, this did not effect the outcome.

Output is shown in appendix 1.

Adjustment factors were reasonably symmetrically distributed but contained a couple of high outliers.
Therefore we believe that the median values are best used to represent the overall adjustment factor
average. The overall median adjustment factor value came to 1.5. To address issues surrounding sub-
national and sub-population study coverage, studies which were not nationally representative were
removed for comparison (see table 3 studies indicated with a *). This left a total of 40 studies with
good national coverage. The median value for these studies was also 1.5.

Table 3.  Adjustment factors excluding late maternal deaths and psychiatric disease for 71
studies used in the analysis.

Country Year/Period Reference Adjustment factor
Argentina * 2002 [29] 1.10
Argentina * 2002 [13] 1.15
Argentina * 2008 [45] (2.66)
Australia 1994-1996 [14] 1.23
Australia 1997-1999 [15] 1.80
Australia 2000-2002 [16] 1.97
Austria 1980-1998 [46] 1.61
Austria 2000-2006 [30] 1.47
Brazil * 1985-1991 [31] 1.54
Brazil * 1991-2005 [47] 1.70
Brazil * 1992-1994 [48] 1.67
Brazil * 1997-2005 [49] (1.34)
Brazil * 1999-2006 [50] 2.00
Brazil * 2002 [32] 1.40
Canada 1988-1992 [33] 1.563
Canada * 1997-2000 [51] 1.52
China (Taiwan) * 1984-1987 [52] 1.58
Denmark 1985-1994 [28] 1.94
Denmark 2002-2006 [17] 3.25
El Salvador * 2005-2006 [53] 1.41
Finland 1987-1994 [18] 1.03
France 1988-1989 [54] 2.25

14



France 1999 [55] 1.13
France 2001-2006 [56] 1.39
Georgia 2006 [19] 1.82
Germany (Bavaria) * 1983-2000 [57] 1.02
Ghana * 2000 [58] 2.35
Ghana * 2002 [59] 1.77
Guatemala 1989 [60] 2.57
Guatemala 2000 [61] 1.88
Guatemala 2007 [62] 1.73
Italy * 2000-2007 [63] (2.41)
Jamaica 1998-2003 [64] 3.15
Japan 2005 [65] (1.07)
Mexico * 1995 [66] 1.29
Mexico * 1997-2001 [67] 1.40
Mexico * 2001 [43] 2.73
Mexico * 2001- 2002 [20] 1.16
Mexico 2003 [34] 0.98
Mexico 2008 [35] 0.99
Morocco 2009 [68] 1.06
Netherlands 1983-1992 [69] (1.16)
Netherlands 1993-2005 [70] (1.29)
New Zealand 2006 [21] 1.11
New Zealand 2007 [22] 0.85
New Zealand 2008 [11] 1.29
Singapore 1990-1999 [23] 2.04
Slovenia 2003-2005 [36] 2.5
South Africa * 1998-2003 [71] 1.01
South Africa * 1999-2001 [42] 1.05
South Africa * 2002-2004 [72] 1.12
South Africa * 2005-2007 [42] 0.86
Surinam * 1981-1990 [73] (1.31)
Sweden 1988-2007 [24] 1.54
Sweden 1997-2005 [25] 1.50
Switzerland * 1995-2004 [74] 1.25
Tanzania * 1995-1996 [75] (2.25)
UK 1988-1990 [12] 1.39
UK 1991-1993 [12] 1.52
UK 1994-1996 [12] 1.64
UK 1997-1999 [12] 1.82
UK 2000-2002 [26] 1.66
UK 2003-2005 [27] 1.74
UK 2006-2008 [12] 1.60
USA (Michigan)* 1986-1995 [76] 2.44
USA 1991-1997 [77] 1.45
USA (Maryland)* 1993-2000 [78] 1.61
USA 1995-1997 [38] 1.50
USA (New York)* 1997 [79] 1.88
USA 1999-2005 [39] 1.11
USA (Maryland)* 2001-2008 [40] 1.02

* indicates a sub-national or sub-population study

() Adjustment factors in brackets indicate that the values have been imputed based on adjustment factors with alternative

criterion.



5. Discussion

5.1. Inclusion criteria for maternal mortality

According to the current ICD definitions, maternal deaths from psychiatric disease are not to be
counted as maternal deaths. Our literature review indicated that the adjustment factor is on average
10% higher if psychiatric disease is included. If these deaths will not be counted as maternal in the
forthcoming version of the ICD coding (ICD-11), only studies of underreporting where it is possible to
exclude these cases should be included when calculating the adjustment factor.

Additionally the treatment of late maternal deaths needs to be clearly defined. While the WHO
definition of maternal mortality [1] does not include late maternal deaths, it is part of the maternal
mortality ICD-10 coding (classified as 096 and 097) and therefore is generally included in official
figures. There is a general consensus in the literature that late maternal deaths are important to include
in the maternal mortality figures mainly because improved medical techniques allow women to
survive longer with serious childbirth complications that may still die of related causes after the 42 day
period. Additionally underreporting among late deaths may be higher because of the increased
proportion of indirect maternal deaths, which are generally more difficult to classify. Finally available
data does not always distinguish between deaths occurring before and after 42 days and it may be
easier to use a 1-year definition. Our review showed on average a 14 percent increase in the
adjustment factor when late deaths were included (see chapter 4.2 and table 2). A change in the
definition of maternal deaths ought to be made to align with the general consensus of including late

maternal deaths.

Furthermore, there are many causes which are inconsistently included in indirect maternal deaths, like
hormone dependent malignancies, diabetes, epilepsy, and domestic abuse/homicide. In the United
Kingdom, enquiry studies include a much greater range of indirect maternal causes than the official

statistics [27]. Similar exercises ought to be undertaken in other countries.

5.2. Time trends in adjustment factors

In countries with fully functioning registration systems, improvements over time would lead to
increase in the accuracy of information. This should result in lower adjustment factors in more recent
years due to better detection of the maternal deaths. However, we have not found any strong evidence
from our meta-analysis to support this (see appendix 1 for model output). We believe this is not

because of a lack of improvement in the registration systems but perhaps an indication of
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improvements in detection of underreporting within enquiry studies. An example is the confidential
enquiry studies from the United Kingdom. From these studies we can see that the rate of
underreporting appears to be quite stable, with smaller variations, through time. It is likely that
underreporting in the civil registry system is decreasing, however improvements in detecting new

cases in the enquiry studies is overshadowing this [12, 26, 27].

Additionally, the studies investigated are very different from one another in their methodology and
and there is perhaps too much extra noise to detect any underlying time trends. Without further

additional studies, the current review supports using a model without time.

5.3. Coverage of civil registers

We believe it is important to consider the completeness of the civil registers within the country.
Countries with complete civil registries should have the best systems in place to identify all maternal
deaths. In theory, this should result in lower adjustment factor. Our results, however, do not strongly
support this.

There could be a range of reasons for this, including that countries without complete civil registries
may also have problems identifying all maternal deaths in enquiry studies. These countries are likely
to have the best register coverage in urban and developed parts of the country. One considerable issue
we came across here was that about half of the studies from group B countries covered only maternal
deaths that occurred within the health system. It is likely that these studies underestimate the required
adjustment factor. Future work could use survey and census information to assess differences in
maternal mortality ratios among women that give birth within and outside of the health system. This

would provide further insight into maternal mortality outside the health system.

There were 31 studies that covered only part of the country/health system. Taking these out of the

calculations did not significantly influence the median adjustment factor.

5.4. Methodological differences among underreporting studies

It is important to note the limitations of this meta-analysis. Most importantly, the methods of the
studies included varied greatly, often measuring different aspects of underreporting. Some studies
were able to access a wide range of extra data from registers and reports while others were based on a
single extra data source. This results in varying levels of underreporting which are not strictly

comparable.
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Even among underreporting studies with the same general data collection methods, slight differences
in their approach are likely to influence their results. For example, it was noted that verbal autopsies
with open style interviews gave more complete answers than verbal autopsies based on a questionnaire
[43].

The methodology of the study was generally constrained by the infrastructure of the reporting system,
access to register data, and the resources available for the enquiry. Current comparisons do not allow
for differences in methods and we believe this is a key reason why other factors (eg changes through

time) are not detectable. There is simply too much additional noise.

6. Future adjustments

This review has focused on improving the database of enquiry studies and highlighted how definitions
of maternal mortality affect what is registered and the level of adjustment needed. To our knowledge
that has not been done earlier. We found that several factors need to be in place in order to increase the
reliability of the adjustment factor; the knowledge base needs to be expanded by carrying out more
studies and guidelines for how to carry out national enquiries should be established. Work on

improving the registers should be continued in parallel.

The inclusion/exclusion of late maternal deaths and maternal deaths from psychiatric disease causes
highlight the need for clear guidelines on inclusion criteria for reported figures and for the studies on
underreporting. We acknowledge that maternal deaths can be very difficult to classify and there is
currently no clear consensus around some of the criteria. We hope that some of the issues will be
resolved by the Mortality Reference Group and with the development of ICD-11. The mandate of the
group is to address the need to clarify mortality coding rules and to recommend new rules and codes to

meet the needs of mortality statistics.

Another issue is that certifiers need to complete death certificates properly. Death certificates may

need to be revised to ensure they are aligned with international standards.
Additionally, WHO should make it as clear as possible what they require of a study in order to include

it in their calculations. It is also important that the studies investigating the maternal mortality

registration data are clear on the inclusion/exclusion criteria.
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Currently only a few countries have carried out studies to assess the rate of underreporting and even
fewer have done so on a regular basis. We have also found several national enquiry studies that
address issues of underreporting, but which do not give data from own findings. We encourage all
countries that report civil registry data to undertake regular underreporting studies. The studies ought
to follow an international standard to ensure comparability and cover maternal deaths occurring within

the entire country, occurring both within and outside the healthcare system.

Further analyses of the adjustment factors in countries without complete registers are recommended,
including the underreporting of maternal deaths that are not taking place in health care facilities. In
addition, studies which compare differences in maternal mortality ratios and reporting of these within
and outside of the health system should be carried out. This can be done by using available survey and

census information.

There is still the important issue of which adjustment factor to use for countries without studies. Up
until now, WHO have used a flat median value of 1.5 for all countries without an enquiry study.

In Chao and Alkema [7], a Bayesian hierarchical time series model provides a novel way to calculate
adjustment factors for missing study years and for countries missing enquiry studies [7]. It takes into
account the number of years that are covered by the enquiry studies and allows the calculation of the
uncertainty around the adjustment factors. It is a step in the right direction, however, it still relies on
good quality enquiry studies with aligned definitions of maternal mortality.

More studies on register quality that include adjustment factors should therefore be carried out in

countries, supported by a guideline for how to count and what to include in the measures.

19



References

1.

10.

11.

12.

13.

14.

15.

16.

UN. Millennium Development Goals Indicator. 28 November, 2011]; Available from:
http://unstats.un.org/unsd/mdg/Metadata.aspx?Indicatorld=0&Seriesld=553.

WHO, et al., Trends in Maternal Mortality: 1990 to 2010, 2012: Geneva.
WHO, et al., Trends in Maternal Mortality: 1990 to 2008, 2010: Geneva.

Hill, K., C. AbouZzahr, and T. Wardlaw, Estimates of maternal mortality for 1995. Bulletin of the
World Health Organisation, 2001. 79(3).

Naghavi, M., et al., Algorithms for enhancing public health utility of national causes-of-death
data. Population Health Metrics, 2010. 8(9).

Salanave, B., et al., Classification differences and maternal mortality: A European study.
International Journal of Epidemiology, 1999. 28: p. 64-69.

Chao, F. and L. Alkema, How informative are vital registratil data for estimating maternal
mortality? A Bayesian analysis of WHO adjustment data and parameters. Statistics and Public
Policy, forthcoming.

Hogan, M.C., et al., Maternal mortality for 181 countries, 1980-2008: a systematic analysis of
progress towards Millennium Development Goal 5. Lancet, 2010. 375(9726): p. 1609-1623.

WHO, Levels and Trends of maternal Mortality in the World: The Development of New
Estimates by the United Nations Technical Rapport, 2010.

R Core Team, R: A language and environment for statistical computing, 2012, R Foundation for
Statistical Computing: Vienna, Austria.

PMMRC, Perinatal and Maternal Mortality in New Zealand 2008: Fourth Report to the Minister
of Health July 2009 to June 2010, 2010, Ministry of Health: Wellington.

CMACE, Saving Mothers' Lives: Reviewing maternal deaths to make motherhood safer: 2006-
2008, in Confidential enquiries into maternal deaths in the United Kingdom, G. Lewis, Editor
2011.

Rosenstein, M.G., M. Romero, and S. Ramos, Maternal Mortality in Argentina: A Closer Look at
Women Who Die Outside of the Health System. Matern Child Health J, 2008. 12: p. 519-524.

NHMRC and AIHW, Report on Maternal Deaths in Australia, 1994-96, J. Ford, et al., Editors.
2001: Canberra.

AIHW, Maternal Deaths in Australia 1997-1999, in Maternal Deaths Series, E.K. Slaytor, E.A.
Sullivan, and J.F. King, Editors. 2004: Canberra.

AIHW, Maternal Deaths in Australia 2000-2002, in Maternal Deaths Series, E. Sullivan and J.
King, Editors. 2006: Canberra.

20


http://unstats.un.org/unsd/mdg/Metadata.aspx?IndicatorId=0&SeriesId=553

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Badker, B., et al., Maternal deaths in Denmark 2002-2006. Acta Obstetricia et Gynecologica,
2009. 88: p. 556-562.

Gissler, M., et al., Pregnancy-associated deaths in Finland 1987-1994 - definition problems and
benefits of record linkage. Acta Obstetricia et Gynecologica, 1997. 76: p. 651-657.

Serbanscu, F., et al., Reproductive Age Mortality Study Georgia, 2008: Part Il Maternal
Mortality, 2009.

Walker, D., et al., Deaths from complications of Unsafe Abortion: Missclassified Second
Trimester Deaths. Reproductive Health Matters, 2004. 12(24): p. 27-38.

PMMRC, Perinatal and Maternal Mortality in New Zealand 2006: Second Report to the Minister
of Health, 2009, Minister of Health: Wellington.

PMMRC, Perinatal and Maternal Mortality in New Zealand 2007: Third Report to the Minister of
Health July 2008 to June 2009, 2009, Ministry of Health: Wellingon.

Lau, G., Are Maternal Deaths on the Ascent in Singapore? A Review of Maternal mortality as
Reflected by Coronial Casework from 1990 to 1999. Ann Acad med Singapore, 2002. 31: p. 261-
75.

Esscher, A., et al., Maternal mortality in Sweden 1988-2007: more deaths than officially reported.
Acta Obstetricia et Gynecologica Scandinavica, 2012. 92: p. 40-46.

Grunewald, C., et al., Modradddligheten underskattad i Sverige. Lakartidningen, 2008. 34(105).

CEMACH, Why Mothers Die 2000-2002, in Confidential Enquiries into Maternal Deaths in the
United Kingdom, G. Lewis, Editor 2004: London.

CEMACH, Saving Mothers' Lives: Reviewing maternal deaths to make motherhood safer - 2003-
2005, in Confidential Enquiries into Maternal Deaths in the United Kingdom, G. Lewis, Editor
2007: London.

Andersen, B.R., et al., Maternal mortality in Denmark 1985-1994. European Journal of Obstetrics
& Gynecology and Reproductive Biology, 2009. 142: p. 124-128.

Ramos, S., et al., A comprehensive assessment of maternal deaths in Argentina: translating
multicentre collaborative research into action. Bulletin of the World Health Organisation, 2007.
85(7).

Beck, A. and C. Vutuc, Die Entwicklung der miitterlichen Mortalitat in Osterreich. Frauenarzt,
2008. 49: p. 21-27.

Cecatti, J.G., A. Faundes, and F.G.d.C. Surita, maternal mortality in Campinas: Evolution, under-
registration and avoidanc. Sao Paulo Med J/Rev Paul Med, 1999. 117(1): p. 5-12.

Laurenti, R., M.H.P.d.M. Jorge, and S.L.D. Gotlieb, A mortalidade materna nas capitais

brasileiras: algumas caracteristicas e estimative de um fator de ajuste. Rev. Bras. Epidemiol,
2004. 7(4): p. 449-60.

21



33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

Turner, L.A., et al., Under-reporting of maternal mortality in Canada: A question of definition.
Chronic diseases in Canada, 2002. 23.

Lozano-Ascencio, R., ¢Es posible seguir mejorando los registros de las defunciones en México?
Gac Med Méx, 2008. 144(6).

Busqueda intencionada de muertes maternas en México. Informe 2008, 2010, Direccion General
de Informacion en Salud. Secretaria de Salud.: México.

Kralj, E., et al., Maternal mortality in Slovenia: Case report and the method of identifyin
pregnancy-associated deaths. Forensic Science International Supplement Series, 2009. 1: p. 52-
57.

Elebro, K., et al., Misclassified Deaths among East African Immigrants in Sweden. Reproductive
Health Matters, 2007. 15(30): p. 153-162.

MacKay, A.P., et al., An assessment of pregnancy-related mortality in the United States.
Paediatric and Perinatal Epidemiology, 2005. 19: p. 206-214.

MacKay, A.P., et al., Changes in Pregnancy Mortality Ascertainment, United States, 1999-2005.
Obstetrics & Gynecology, 2011. 118(1): p. 104-110.

Horon, I.L. and D. Cheng, Effectiveness of Pregnancy Check Boxes on Death Certificates on
Identifying Pregnancy-Associated Mortality. Public Health Reports, 2011. 126.

Central Commission for Confidential Audits, Saving mothers life - Confidential enquiries into
maternal deaths in the Republic of Kazakhstan for 2009-2010. 2011: p. 59.

NCCEMD, Saving Mothers 2005-2007: Fourth Report on Confidential Enquiries into Maternal
Deaths in South Africa, 2008.

Encisob, G.F., et al., Mortalidad materna en Los Altos de Chiapas. Validacion de un indicador
alterno para identificar el subregistro de muerte materna en algunas regiones indigenasa.
ESTUDIOS DEMOGRAFICOS Y URBANOS, 2009. 24(1).

Fernandez, M.A.L.C., A B; Dramaiz-Wilmet, M; Soria, F S; Mata Donado Campos, J; Guibert, D
H, Increase in maternal mortality associated with change in the reproductive pattern in Spain:
1996-2005. Epidemiol Community Health, 2009. 63: p. 433-438.

Mazzeo, V. and J.C. Vinacur, La omision del registro de la causa de muerte materna en los
establecimientos de salud de la Ciudad de Buenos Aires en el afio 2008. Poblacion de Buenos
Aires, 2010. 7(12): p. 59-65.

Karimian-Teherani, D., et al., Under-reporting of direct and indirect obstetrical deaths in Austria,
1980-98. Acta Obstetricia et Gynecologica, 2002. 81: p. 323-327.

Soares, V.M.N., EM.M.d. Azevedo, and T.L. Watanabe, Subnotificagdo da mortalidade materna

no estado do Parana, Brasil: 1991- 2005 [Underreporting of maternal deaths in Parana State
Brazil 1991-2005]. Cad. Saude Publica, 2008. 24(10): p. 2418-2426.

22



48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Parpinelli, M.A., et al., Subnotificagdo da Mortalidade Materna em Campinas: 1992 a 1994.
RBGO, 2000. 22(1).

Tognini, S., et al., Perfil da mortalidade materna na Regido do Grande ABC de 1997 a 2005. Rev
Assoc Med Bras, 2011. 57(4): p. 409-414.

Matias, J.P., et al., Comparac&o entre dois métodos para investigacdo da mortalidade materna em
municipio do Sudeste brasileiro. Rev Bras Ginecol Obstet., 2009. 31(11): p. 559-65.

Health Canada, Special Report on Maternal Mortality and Severe Morbidity in Canada 2004,
Minister of Public Works and Government Services Canada: Ottawa.

Kao, S., et al., Underreporting and misclassification of maternal mortality in Taiwan. Acta
Obstetricia et Gynecologica, 1997. 76: p. 629-636.

El Salvador. Ministerio de Salud Publica y Asistencia Social, Linea de base de mortalidad
materna en EI Salvador junio 2005 - mayo 2006, 2006, Organizacion Panamericana de la Salud.

Bouvier-Colle, M.H., et al., Reasons for the underreporting of maternal mortality in France, as
indicated by survey of all deaths among women of childbearing age. International Journal of
Epidemiology, 1991. 20(3).

Bouvier-Colle, M.H., et al., Estimation de la mortalité maternelle en France: une nouvelle
méthode. J Gynecol Obstet Biol Reprod, 2004. 33(5): p. 421-9.

CNEMM, Rapport du Comite national d'experts sur la mortalite maternelle (CNEMM) 2001-
2006, Institut de Veille Sanitaire.

Welsch, H., H.A. Krone, and J. Wisser, Maternal mortality in Bavaria between 1983 and 2000.
American Journal of Obstetrics and Gynecology, 2004. 191: p. 304-8.

Zakariah, A.Y ., et al., Maternal mortality in the Greater Accra region in Ghana: assessing
completeness of registration and data quality. Acta Obstetricia et Gynecologica, 2006. 85: p.
1436-1441.

Zakariah, A.Y ., et al., Reproductive age mortality survey (RAMOS) in Accra, Ghana.
Reproductive Health, 2009. 6(7).

Schieber, B. and C. Stanton, Estimacion de la Mortalidad Materna en Guatemala Periodo 1996 -
1998, 2000.

Ministerio de Salad Publica y Asistencia Social, Linea Basal de Motalidad Materna para el Afio
2000, 2003.

Ministerio de Salad Publica y Asistencia Social, Estudio Nacional de Mortalidad Materna 2007,
2011.

Donati, S., et al., Maternal mortality in Italy: a record-linkage study. BJOG, 2011. 118: p. 872-
879.

23



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

McCaw-Binns, A., et al., Maternal mortality surveillance in Jamaica. International Journal of
Gynecology and Obstetrics, 2008. 100: p. 31-36.

Hidaka, A. and et. al, [Causes and ratio of maternal mortality, and its reliability].
Sanfujinkachiryou [Treatment in Obstetrics and Gynecology], 2009. 99(1): p. 85-95.

Langer, A, et al., Identifying Interventions to Prevent Maternal Mortality in Mexico: A Verbal
Autopsy Study, in Safe Motherhood Initiatives: Critical Issues, M. Berer and T.S. Ravindram,
Editors. 2000, Blackwell Science Limited: London.

Rodriguez-Angulo, E., et al., Subregistro de muertes maternas en comunidades mayas del oriente
de Yucatan, México. Rev Biomed, 2009. 20: p. 90-98.

Abouchad, S., et al., Implementing a maternal motality surveillance system in Morocco -
challenges and opportunities. Tropical Medicine and International Health, 2013. 18(3): p. 357-
365.

Schuitemaker, N., et al., Underreporting of maternal mortality in the Netherlands. Obstetrics &
Gynecology, 1997. 90(1): p. 78-82.

Schutte, J.M., et al., Rise in maternal mortality in the Netherlands. BJOG, 2010. 117: p. 399-406.
Fourth Interim Report on Confidential Enquiries into Maternal Deaths in South Africa: Changing
Patterns in Maternal Deaths 1998-2003, 2004, National Committee for Confidential Enquiries
into Maternal Deaths.

Confidential enquiries into Maternal Deaths in South Africa 2002-2004, 2006.

Mungra, A., et al., Nationwide maternal mortality in Surinam. British Journal of Obstetrics and
Gynaecology, 1999. 106: p. 55-59.

Fassler, M., R. Zimmermann, and K.C.Q. Lotscher, Maternal mortality in Switzerland 1995-
2004. Swiss Med WKly, 2010. 140(1-2): p. 25-30.

Olsen, B.E., et al., Maternal mortality in northern rural Tanzania: assessing the completeness of
various information sources. Acta Obstetricia et Gynecologica Scandinavica. 81: p. 301-307.

Kirn, T.F., Maternal Mortality Rate Grossly Underestimated, in OB GYN News2000.

Berg, C.J., et al., Pregnancy-Related Mortality in the United States. Obstetrics & Gynecology,
2003. 101(2).

Horon, I.L., Underreporting of Maternal Deaths on Death Certificates and the Magnitude of the
Problem of Maternal Mortality. American Journal of Public Health, 2005. 95(3).

Palin, D.J., et al., Active Surveillance of Maternal Mortality. American Journal of Public Health,
2002. 92(8): p. 1319-1322.

24



Appendix 1

Ouput from model of MMR adjustment factor with year and register coverage as factor variables. Year
2005 includes those studies allocated allocated to both 2005 and 2010 due to the small number of

studies in the 2010 group. The reference year is 1990 and reference register coverage level is A.

Parameter Coefficient Standard error p-value
Intercept 1.64 0.12 <.0001
Year

Year (1995) -0.04 0.17 0.79
Year (2000) -0.02 0.15 0.92
Year (2005) -0.13 0.15 0.40
Register coverage

ABcountry (B) 0.03 0.12 0.79
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