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ABSTRACT

Objective: To assess underreporting of maternal mortality in the Netherlands.  
Methods: A nationwide retrospective cross-check by capture-recapture census 
method between the databases of maternal mortality by Statistics Netherlands and 
the Dutch Maternal Mortality Committee (MMC) in the period1993-2005.  
Findings: Statistics Netherlands identified 208 maternal deaths, the officially 
reported maternal mortality ratio (MMR) was 8.1 per 100,000 live births. Directly 
reported to the MMC were 367 cases. The cross-check between both databases 
identified 414 deaths. According to WHO definitions, the total number appeared 
309, which corresponds to a MMR of 12.1 per 100,000 live births. Not reported by 
Statistics Netherlands were 101 cases, underreporting in the official statistics thus 
being 33% (101/309). Underreporting to the MMC was 11% (47/414). The cross-
check between the official birth register and mortality register of Statistics 
Netherlands (1996-2005), identified 549 deaths up to 1 year postpartum. Of these, 
222 were reported to the MMC (40%). Reported to the MMC were 181 from 195 
(93%) maternal deaths within 42 days after termination of pregnancy. 
Conclusions: underreporting of maternal mortality in the official statistics did not 
improve (26% in the period 1983-1992 vs 33% in 1993-2005). The introduction of the 
registration of pregnancy status on the death certificate did not lead to improved 
reporting. Almost all cases of maternal death within 42 days after termination of 
pregnancy were identified by the MMC, while cases between 43 days and 1 year 
after termination of pregnancy were frequently underreported. The officially 
reported MMR is unreliable, and should not be used for international comparison.  

INTRODUCTION

It is important to register maternal deaths in order to assess the standards of 
obstetric care in a country. These cases are classified according to the World 
Health Organization’s (WHO) definitions and substandard care factors which are 
found in this process should lead to adaptation of guidelines to improve the quality 
of obstetric care.  
Since WHO uses data from official statistics for international comparison it is 
important that they report complete data. But underreporting of maternal 
mortality in official statistics is an obvious problem, even in countries with 
sophisticated registration systems.  
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Furthermore, death during pregnancy, childbirth and pueperium is not always 
classified as maternal death. Some countries exclude deaths in early pregnancy as 
well as indirect maternal deaths. This is not according to the definitions of the 
tenth revision of the International Classification of Diseases (ICD-10),1 leading to 
unjustified low maternal mortality ratios (MMRs). 
In the Netherlands underreporting in the official statistics in the period 1983-1992 
appeared to be 26%.2 After this report Statistics Netherlands followed the recom-
mendation from the ICD-10  and the Maternal Mortality Committee (MMC) of the 
Netherlands Society of Obstetrics and Gynaecology to register the pregnancy status 
of women on death certificates.  
This report is to assess whether this recommendation led to less underreporting 
during the next period.  

MATERIALS AND METHODS

Maternal mortality is registered officially by Statistics Netherlands.3 The birth 
register can be linked to data of the female death register (both from Statistics 
Netherlands), only from 1996 to 2005, thus identifying all women who died within  
1 year after their delivery from 1996 onwards. Early pregnancies and intra-uterine 
fetal deaths are not recorded by Statistics Netherlands and mortality after mis-
carriage, ectopic or molar pregnancy or antepartum death could thus not be 
identified by this linkage.  
Founded in 1982, the cause and mode of death was also classified according to the 
ICD-10 by the MMC. Data on the numbers and underlying causes are periodically 
published.  
All maternal deaths reported to the MMC during the period from January 1993 to 
December 2005 in the Netherlands were collected as part of a national confidential 
enquiry.4 The MMC exists of eight obstetricians and one internal medicine specialist 
working in the field of maternal medicine, appointed by the Netherlands Society of 
Obstetrics and Gynaecology. The members are from both university and non-
university hospitals. Maternal deaths were voluntarily reported to the MMC by 
obstetricians and in some cases by midwives and general practitioners. A request to 
report every death during or within 1 year after pregnancy in the study period was 
submitted to all 98 obstetrical departments in the Netherlands. 
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Maternal death was defined and classified according to WHO’s ICD-10.1 Deaths were 
classified as direct, indirect or fortuitous. Direct maternal mortality was defined as 
the death of a woman due to complications of pregnancy, labour and puerperium 
(42 days) or its management. Indirect maternal mortality was defined as the death 
of a woman whose pregnancy contributed to her death by exacerbation of a pre-
existing health problem or by a general health problem that developed during 
pregnancy and the puerperium.  
The MMR is defined as the number of direct and indirect maternal deaths per 100,000 
live births up to 42 days after termination of pregnancy. A single cause of death was 
assigned to each case by the members of the MMC by consensus. The underlying 
cause of death is the disease or injury which resulted directly in or initiated the 
chain of events leading directly to death. This is different from the mode of death, 
which is the disease or injury that ended life directly. Late maternal death was 
defined as the death of a woman from direct or indirect obstetric causes more than 
42 days but less than 1 year after termination of pregnancy.
Cases collected by the MMC are anonymously compared to cases collected by 
Statistics Netherlands. Cases which are reported to Statistics Netherlands, but not 
to the MMC, are identified. A letter is sent by Statistics Netherlands to the person 
who reported the death on the death certificate with a request to report to the 
MMC. If this does not occur, only cause of death and age are available for further 
analysis, and the cause of death and the quality of care cannot be evaluated.    
To assess the degree of underreporting by both the MMC and Statistics Netherlands, 
the capture-recapture census method was used. This is an epidemiologic method 
for estimating the extent of incomplete ascertainment using population based data 
from two independent, but overlapping sources. By knowing the amount of cases 
identified by the MMC and by Statistics Netherlands, one can estimate the number 
of cases not identified by either of the sources. The extent of overlap of cases from 
the two sample sources determines population estimates: low overlap indicates a 
large total population compared to captured numbers; a high degree of overlap 
indicates that the two sources comprise a large proportion of the total population, 
and the number of additional uncaptured cases is few. The statistical method for 
capture-recapture methods has been extensively described.5-8 The advanced 
method was used, which is the non-biased Chapman formula: 

(N=[(M+1)(n+1)/(m+1)]-1) 
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in which N is the estimation of total population size, M the total of cases found by 
Statistics Netherlands, n the total of cases found by the MMC and m the total of 
cases found by Statistics Netherlands that were also found by the MMC.  

RESULTS

Underreporting in official statistics 
Cross-matching between Statistics Netherlands and the Dutch Maternal Mortality 
Committee identified 414 deaths. After exclusion of fortuitous and late maternal 
deaths the number of maternal deaths appeared 309, which represents a MMR of 
12.1 per 100,000 live births.  
The officially reported MMR during the study period was 8.1 per 100,000 live births 
(208 per 2,557,208 live births in this period). Underreporting in the official 
statistics was thus 33% (101/309). 
The estimated numbers of maternal deaths with the capture-recapture method, 
not being identified by the MMC nor Statistics Netherlands, was calculated to be 29 
(Table I). The total numbers of maternal deaths is thereby estimated to be 338 
(309+29, 95% Confidence Interval 326-350) corresponding to a MMR of 13.2. In that 
case, underreporting for cases collected by Statistics Netherlands would be 38.5%.  

Underreporting to the MMC 
367 cases were directly reported to the MMC and after the cross-check with 
Statistics Netherlands, 47 more cases were identified (11%, 47/414). Under-
reporting of the number of maternal deaths by the MMC after estimating the total 
number of maternal deaths with the capture-recapture method, with exclusion of 
late and fortuitous maternal mortality, would be 9% (309/338).  

Cross-matching birth and mortality register 
In the cross-check with the birth register and the mortality register of Statistics 
Netherlands in the period 1996 to 2005 549 women were identified who died within 
1 year after delivery of a live born child (Table II). In 195 cases these women died 
within 6 weeks after delivery. The other 354 cases were in the period between 6 
weeks and 1 year postpartum. In most of these deaths, the cause does not seem to 
be related to pregnancy (most deaths were due to malignancy or trauma).  



Chapter 3 
________________________________________________________________________ 

25

Table I. Cases identified by the MMC and Statistics Netherlands 

Statistics Netherlands 
MMC Reported Not reported Total 
Reported 161 101 262 (78%) 
Not reported   47   29a   76 (22%)   
Total 208 (62%) 130 (39%) 338 (100%) 

aThe estimated number of cases not identified by either of the sources, calculated using the capture-
recapture method. 

Table II. Numbers of maternal deaths1 in the Netherlands, linkage of birth register with death 
register 

Underlying cause Statistics 
Netherlands1

MMC2 Underreporting3

Live births: 1,975,336 
Early4 Late5 Early4 Late5

Pregnancy associated deaths6   99     5   97   3     4% 
Infectious and parasital diseases   10     8   16   3     0% 
Malignancies   12 100   11 11   80% 
Blood diseases     2     0     3   0     0% 
Endocrine diseases     1     2     1   1   67% 
Auto-immune disease SLE     0     0     0   2     0% 
Psychiatric diseases     1     2     0   0 100% 
Neurological diseases     5   12     0   0 100% 
Cardiovascular diseases   24   76   38 11   51% 

Cardiac infarction     1   18     0   0 100% 
Lung embolism     2   10     9   3     0% 
Cerebral vascular accident   13   16   10   1   62% 

Respiratory diseases     3   13     2   0   87% 
Bowel and liver diseases     2     8     1   0   90% 
Diseases of bones and muscle     3     4     0   0 100% 
Urine and genital tract diseases     2     0     0   0 100% 
Congenital abnormalties     6     1     0   0 100% 
Unspecified cause     9   29     5   5   74% 
Trauma   16   94     7   5   89% 
Suicide     5   42     2   3   89% 
Total 195 354 181 41   60% 

1Statistics Netherlands, 2MMC = Maternal Mortality Committee, 3underreporting to the maternal mortality 
committee, 4early = within 42 days after termination of pregnancy, 5late = between 43 days and 1 year after 
termination of pregnancy, and 6complications of pregnancy, delivery and puerperium. 
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In that same period 296 cases were reported to the MMC. Of these cases, 74 
occurred before delivery. Of the 222 other cases, 41 died more than 42 days but 
within 1 year after delivery. The number of cases dying within 1 year after 
delivery, not being reported to the MMC was 327 (327/549, 60%) (Tabel II).  

Causes of death reported by Statistics Netherlands and MMC 
The cause of death was classified by Statistics Netherlands and the MMC (Table III). 
Most underreporting in the official statistics was for cases of indirect maternal 
mortality (72%).  
In the group of direct maternal mortality, pre-eclampsia was the least 
underreported cause of death with 13%. Sepsis was much more likely to be 
underreported in official statistics with 60%. Haemorrhage was reported more often 
in official statistics. Underreporting in most other groups was significant, but 
because of small numbers difficult to interpret. The MMC classified deaths more 
often as death of unknown origin than Statistics Netherlands. Ectopic pregnancy 
was not underreported. Late maternal deaths were in only one case coded by 
Statistics Netherlands as related to pregnancy. 

CONCLUSIONS

Underreporting in official statistics 
The percentage of underreporting during 1993-2005 was higher than in the previous 
period 1983-1992 (33% vs 26%).9 Vital statistics by Statistics Netherlands are used 
for international comparison10, but do not seem to be accurate enough.2  
Data collection using both databases yielded a 15% increase in case ascertainment 
for cases collected by the MMC. Cases not being identified in both databases could 
be calculated as 9% using the capture-recapture procedure. This epidemiologic tool 
is very useful in estimating the true incidence from multiple incomplete sources 
and is especially used for this purpose in low income countries. Using this method 
Mungra et al. found underreporting of maternal mortality in Surinam to be 65%.11   
In the United Kingdom (UK), underreporting was 50%, with a MMR of 7.05 per 
100,000 maternities in official statistics compared to 14.0 deaths per 100,000 
maternities reported by the confidential enquiry.12 The capture-recapture method 
has, however, not been used.  
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Table III. Underlying cause of direct maternal deaths1 in the Netherlands, Statistics Netherlands 
vs MMC 1996-2005 

Underlying cause Statistics 
Netherlands 

MMC Underreporting  

(n)1 (n)1 (%)2

(Pre-)eclampsia 62 71  13% 
Thromboembolism + AFE 24 43  44% 
Obstetrical haemorrhage 20 16    0% 
Genital tract sepsis   6 15  60% 
Genital tract trauma   1   2  50% 
Complication of caesarean section   1   3  67% 
Sudden death in pregnancy 10 22  55% 
Choriocarcinoma/Hydatidiform mole   0   0    0% 
Complication of anaesthesia   0   2 100% 
Ectopic pregnancy   3   3    0% 
Miscellaneous   6   8   25% 
Late direct   1   8   87% 
Total direct 34 95   31% 
Classified elsewhere 22     68% 

Cardiovascular disorders 35 
Cerebrovascular disorders 10 
Miscellaneous 24 

Late indirect   0   9 100% 
Total indirect 22 78   72% 

1n = number of deaths. 2Underreporting in official statistics. 

Underreporting to the MMC 
The percentage of cases (11%) not being directly reported to the MMC, but being 
identified after the cross-check with Statistics Netherlands, is still significant. This 
is, however, an improvement compared to the period 1983-1992, in which 20% was 
unavailable for complete analysis.9 In these cases only cause of death and age were 
available from Statistics Netherlands, so it was not possible to assess whether the 
classification by Statistics Netherlands was correct. Also, no assessment of care was 
possible and possible lessons for all care providers were lost. In the Confidential 
Enquiry into Maternal Deaths in the United Kingdom in 2000-2002, all but two cases 
were completely available for classification according to type, from a total of 391 
deaths.12  
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Cross-matching birth and mortality register 
If one links the death register with the birth register, 60% more deaths within 1 
year after delivery were identified. It is understandable that many of these cases 
were not reported, however, for example because death occurred more than 42 
days after delivery (354 cases) or because the cause of death was not related with 
pregnancy such as carcinoma and trauma (suicide excluded). Most of these women 
were not under the care of an obstetrician or midwife anymore, and as the cause 
of death was often unrelated to pregnancy, the pregnant state of the women was 
not mentioned on the death certificate.  

Causes of death reported by Statistics Netherlands and MMC 
All cases of the MMC were classified by the definitions of the ICD-10, which stated 
that the underlying cause is the first pathologic event that initiated the chain of 
events leading to death. In the official reporting by Statistics Netherlands, the 
reported causes of death are the causes as stated at death certificates. However, 
often the mode of death, and not the underlying cause of death, is stated by the 
reporting doctor on the death certificate. The classification of some cases may 
have been arbitrary. Maternal death is often the consequence of a cascade of 
unexpected obstetric complications, and it may be difficult to identify the 
underlying cause shortly after death.  
This can be illustrated as Statistics Netherlands classified more deaths after 
delivery due to haemorrhage than the MMC. This can be explained by the fact that 
the MMC uses the cause of death as the beginning of the cascade leading to death. 
It is possible that cases with for example haemorrhage due to clotting disorders as 
a result of sepsis are classified as haemorrhage by Statistics Netherlands and as 
sepsis by the MMC. This also explaines the lower number of deaths due to sepsis 
according to Statistics Netherlands.  
Death due to pre-eclampsia after delivery was underreported in 13%. It may be 
possible that some of the cases classified by Statistics Netherlands as death due to 
hypertensive diseases in pregnancy are classified as indirect deaths by the MMC 
after a closer examination of all data. Underreporting would then even be higher.  
The MMC also classified more cases as death from unknown origin. Even with more 
available information for assessment, it is not always possible to determine a clear 
cause of death. 
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International classification difficulties 
The strict use of uniform definitions is essential to enable comparisons between 
(international) studies.13 Underreporting in a specific country depends on the 
situation in that country, in particular whether there is a maternal mortality 
committee and whether there is a specific box on the death certificate to indicate 
that the deceased woman was pregnant. In some cases, insufficient epidemio-
logical evidence exists to indicate whether the underlying cause of death is 
aggravated by the physiologic effects of pregnancy, which makes classification in 
the indirect or fortuitous group difficult. In those cases, the classification is often 
subjective and based on the opinion of investigators.  
Also internationally there are groups of causes of maternal mortality which are 
prone to different classification, such as sudden death of unknown origin, which 
may be classified as acute heart death. The differences between countries in the 
use of the category ‘unknown’ was also shown in the international comparison of 
maternal mortality in the Peristat-II study.14 Seven countries did not use this 
category at all, while the Netherlands (18.8%), Belgium-Flanders (40.0%) and 
Germany (46.5%) used it frequently.  
In the confidential enquiry of the UK, it is stated that in the last report all cases of 
cardiac disease, asthma and epilepsy are classified as indirect, as are cases of 
suicide unless obviously occurring in women with a long-standing previous 
psychiatric history.12 In the Netherlands these cases are only classified in this group 
if a clear connection with pregnancy exists, otherwise the case is classified as 
fortuitous. 
This problem with classification differences is important as fortuitous deaths are 
excluded from the MMR. A study in which maternal mortality committees of 
different countries would classify and judge cases of other countries would provide 
more insight how big the role of classification bias is. Due to strict rules of privacy 
this is difficult to realize.  
It might be good for international comparison if all cases for international reports 
were classified by one international committee. Such a study was performed in 
1992-1995 with data collection from vital statistics and when available from 
maternal mortality committees in 13 European countries.15 The overall MMR 
increased in the participating countries, when being compared to the officially 
published data, probably due to different interpretation of rules of classification. 
Reporting to vital statistics also depends on the willingness of the certifying doctor 
to mention pregnancy on the death certificate. The problem with this study was 
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that the number of cases collected was still depending on mostly vital statistics. No 
answer could be given about the magnitude of underreporting. Deneux-Tharaux et 
al. also reclassified cases of maternal mortality in the United States and Europe, 
showing the limitations of maternal mortality statistics.16

An article by Gissler about unreported deaths in the United States and four regions 
of Europe in 1999-2000 showed that in their study most unreported deaths were 
intracerebral haemorrhage, peripartum cardiomyopathy, pulmonary embolism, and 
pregnancy induced hypertension. They concluded that the use and cross-matching 
of various data-collection methods may substantially increase the quality of 
maternal mortality statistics.17 Such cross-matching was performed in Finland. The 
death certificates of all fertile-aged women who died were linked to the Birth, 
Abortion and Hospital Discharge Registers. Only in 22% of the death certificates 
pregnancy was mentioned.18

Misclassification may be lower if some causes of maternal mortality are placed in a 
different group in the ICD-10 classification. For example, peripartum cardio-
myopathy is by definition caused by pregnancy. It is, however, placed in the 
indirect group, as cardiovascular disorders, but was not a previous existing disease 
aggravated by pregnancy. The same goes for suicide due to puerperal psychoses. 
Perhaps, these causes can be placed in the direct group in the ICD-11 in the future. 
This was already recommended before by Schuitemaker in 199819 and in the 
confidential enquiry in the UK in 2007.12

Another solution to lower the risk of misclassification with differences in the MMR 
and underlying groups is to use the term pregnancy-associated mortality instead of 
direct/indirect death. This term accounts for all women who died while pregnant 
or within 1 year of the end of pregnancy, irrespective of the duration and the site 
of pregnancy. The linkage of the death with the birth register is a helpful tool to 
identify most cases if this definition would be used. However, not all cases can be 
identified in this way: maternal mortality during early pregnancy will remain 
unrecognized, as will women dying ante partum. Also, if cases are only recognized 
in this way, classification based on clinical facts is still not possible as is 
assessment of substandard care. For the studied period it is thus not possible to 
give a reliable MMR using this method. If in the future it would be possible to 
collect all these cases for further assessment, the MMR would be more reliable.  
Due to small numbers the use of strict definitions is even more important. Small 
changes in numbers can cause larger differences in percentages. If the 
classification of the underlying cause cannot be verified accurately using all 
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available information it may lead to misclassification. Vital statistics give 
unreliable information on the underlying cause of death, being based on the 
opinion of the certifying doctor shortly after the death of the woman. Confidential 
enquiries are thus indispensable in providing a more reliable picture.   
Underreporting in the official statistics in the reported period was as high as 33%. 
The recommendation of the previous report to introduce a tick box on the death 
certificate was followed, but did not lead to a decline of the percentage of 
underreporting.  
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