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ABSTRACT

Using population reconstructions from linked civil certificates for the province of Zeeland, the
Netherlands, for the period 1812-1913, | study the social gradient in maternal mortality. Maternal
mortality is defined as deaths in the first 42 days after the birth of a child. Among the women — mother
to at least one child and followed between age 20 and 45 — maternal mortality constitutes about one
third of the total number of observed deaths. Maternal mortality is higher for upper class women in
early 19th century Zeeland than for unskilled laborers. By the early 20th century, maternal mortality
had become an uncommon event and social differences in its likelihood negligible. A comparison of
the social gradient in maternal mortality to the social gradient in all mortality in the reproductive ages
(age 20-45) in this period shows that the reverse social gradient in mortality is limited to maternal
mortality — it is not found for all women's deaths in this period of life.
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INTRODUCTION

In the mid-19th century Netherlands maternal mortality rates — mortality of mothers to causes related
to childbirth — rapidly fell (Ory & van Poppel, 2013; Woods, 2009). Unhygienic practices around
childbirth, and the absence of trained midwives contributed to high maternal mortality earlier in the
19th century (Woods, 2009). Moreover, high fertility and short interbirth intervals in combination with
a low general standard of living and nutritional deficiencies increased the risk of maternal mortality
(Janssens & van Dongen, 2018). In the mid-19th century, living conditions in the Netherlands started
to improve. From the 1880s adult mortality started to fall (Wolleswinkel-van den Bosch et al., 2001),
spearheaded by declining maternal mortality rates due to similar improvements that, around the same
period, also started to benefit survival of infants and young children: better hygiene and a higher
standard of living and fewer nutritional deficiencies (van Dijk et al., 2024). A higher overall standard
of living could have contributed to women's general health before pregnancy and childbirth, making
them less prone to infection and disease after giving birth.

The possible contribution of resource-related factors suggests that social class differences may have
existed in maternal mortality. Ory and Van Poppel (2013) show that in several regions of the Netherlands
maternal mortality was higher for women from the class of skilled workers and even more so for farmers.
In England, in the late 19th century and early 20th century, elite women had a higher risk of maternal
mortality (Loudon, 1986), possibly because of medical care of a poor standard that was detrimental to
women's health and survival after childbirth in the absence of proper hygienic practices. In the late 19th
century, midwifery went through a transformation leading to increased professionalization and increased
implementation of antiseptic techniques (Lokke, 2012; Woods, 2009) which greatly contributed to the
survival of mothers and children. From a modern perspective, a social gradient could be expected in
such mortality improvements, with the upper class benefiting most from such developments. Previous
work (Ory & van Poppel, 2013) has shown a higher maternal mortality among skilled workers and
farmers in the period 1846-1902, next to other risk factors, both biological and social.

However, little is known about changes over time in the contribution of social class to the maternal
mortality risk. With time, risk factors for maternal mortality in the higher classes could have changed into
a comparative advantage. For example, in the presence of improved hygienic measures of doctors and
midwives their help at birth could have started to contribute more to survival chances of women giving birth
(Loudon, 1986). Previous studies of maternal mortality have not accounted for such possible time trends
in social differences in maternal mortality in the Netherlands. In this paper, | address long-term change in
maternal mortality using family reconstructions, addressing the level and decline of maternal mortality and
developments in social differences in maternal mortality in Zeeland, the Netherlands, 1812-1913.

MATERNAL MORTALITY IN ZEELAND AND THE NETHERLANDS IN THE
RESEARCH PERIOD

For the period 1875-1899, maternal mortality was reported in five-yearly cause of death statistics at the
municipal, provincial and national level. Maternal mortality was reported in two categories: puerperal
fever and other pregnancy and childbirth related causes of death. National cause of death registration
was introduced in the Netherlands in 1865 by the introduction of the Public Health Inspectorate
Act and the Medical Practitioners Act, resulting from efforts of the Dutch hygienist movement (van
den Boomen & Ekamper, 2015; Walhout, 2010). Doctors were obliged to record the cause of death
before burial. Slips on which causes of death were registered were send to the local administration and
aggregated for country-wide statistics. Not all patients had been seen by a doctor and the cause of
death was sometimes attributed after death or even burial (van den Boomen & Ekamper, 2015). These
official statistics on puerperal fever and other pregnancy and childbirth related causes of death may
therefore be incomplete for maternal mortality.

Reconstructing the maternal mortality level for the 19th century is possible using population
reconstitution data. Linked indexes of civil records can be used to estimate the level of maternal
mortality, defined as deaths in the first 42 days after childbirth. A death in the postpartum period is
the contemporary WHO definition of maternal mortality if a specific cause of death is unknown. The
linked data used in this paper contain observations on women's marriages, death of their partner,
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births of their own children, and the date of their own death, so that a mother's death in the first
42 days after childbirth can be identified. The maternal mortality rate based on linked civil records is
significantly higher than the nationwide reports indicate. Compared to the number of births of these
women, this results in an estimate of the maternal mortality rate — maternal deaths per 100,000 births
— of over 1,000 per 100,000 childbirths in the early and mid-19th century. By 1875, the maternal
mortality rate was rapidly falling, to around 750 mothers per 100,000 births. In this year, official
national maternal mortality statistics were introduced. These result in estimations of the maternal
mortality rate of slightly over 500 per 100,000 births for the province of Zeeland (526 over the years
1876-1880) and somewhat under 500 per 100,000 for all the Netherlands (476 in the year 1876).

Why do these estimates from official statistics and based on reconstituted family data for maternal
mortality in Zeeland differ? Some maternal deaths after childbirth may incorrectly be included in
maternal mortality estimates, and the degree to which that happens could differ between the two
sources. The annual fluctuations observed in Figure 1 suggest that in some years part of the mortality
attributed to obstetric causes may have had their primary cause in epidemic conditions. Yet, women
could be more vulnerable to infectious disease in the postpartum period, so that this mortality is at least
in part related to their status as new mothers. The same might be the case for mortality that is included
with other causes of death in the official statistics: women may have been at greater risk because of
their recent birth, and some mortality in relation to the childbirth may have incorrectly been included
as due to another cause of death. Estimates of maternal mortality based on family reconstructions
could therefore be more complete than official statistics. However, Ory and Van Poppel (2013) suggest
that the true maternal mortality rate is probably lower than suggested by family reconstructions but
also higher than what official statistics maintain, as official statistics may have omitted some maternal
mortality by accident, to avoid culpability of doctors, or because deaths that would not have occurred
without the pregnancy but that had a different primary reason (such as tuberculosis) were not included.

Figure 1 Decline in maternal mortality in the research period
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Maternal mortality from the sample is based on mothers' deaths in the first 42 days after giving birth,
divided by the number of births in the sampled group, based on population reconstitutions from linked
civil certificates in LINKS, Zeeland. The national annual number of births nationwide and in Zeeland
are from Statistics of Population Change in the Netherlands (" Statistiek van den loop der bevolking van
Nederland"). Maternal mortality statistics are from 5-year reports on causes of death for regions and the
nation "Vijfjarig overzicht van de sterfte naar den leeftijd en de oorzaken van den dood in elke gemeente
van Nederland" for the years 1880 (1875-1879), 1885 (1880-1884), 1890 (1885-1889), 1895 (1890-
1894), 1900 (1895-1899) (van den Boomen, 2021). Annual maternal deaths nationally 1875-1900 are
taken from the "Statistics of Mortality by the causes of death over the year 1903 " (Statistieken van den
sterfte naar den oorzaken van den dood over het jaar 1903). Annual deaths after 1900 nationally and
Zeeland from theS Statistics of Mortality by the causes of ddeath over the year...(Statistieken van den
sterfte naar den oorzaken van den dood over het jaar...) 1901-1913. Data on maternal mortality and
replication code is available from Zenodo: https://doi.org/10.5281/zenodo.15487217.
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In this paper, | use maternal mortality rates estimated from family reconstructions. First, | estimate the
share of maternal mortality in all mortality in the linked sample. A strikingly large number of deaths
among Zeeland mothers aged 20-45 occurs in the first 42 days postpartum. In the period 1812-1839
around one in three deaths at this age range is in the postpartum period, falling to one in four in the
period 1890-1913 (see Table 1).

DATA AND METHODOLOGICAL APPROACH

Analyses employ LINKS — LINKing System for historical family reconstruction — a large-scale historical
demographic dataset for the province of Zeeland, Netherlands (Mourits et al., 2022). The data and code for
this paper are available (https://doi.org/10.5281/zenodo.15487217). The province of Zeeland is situated
in the southwestern corner of the Netherlands and consists largely of islands. The population had high
fertility throughout the study period, with a mean number of children of around 8 for married couples (van
den Berg et al., 2019). Infant and child mortality were high and life expectancy was low, with child mortality
reaching 50% before the fifth birthday in some municipalities and years, with high levels of epidemic
disease in particularly affected communities (Hoogerhuis, 2003; van Poppel & Mandemakers, 2002).

The LINKS database uses linked indexed civil certificates that originate from obligatory vital event
registration, which was introduced in the Netherlands in 1812. The certificates include information
on births, marriages and deaths, including the names of the individual and his or her parents, the
municipality of the vital event, the individuals' place of birth, age and occupational titles of the index
person and parents. Life course events of the same individuals have been linked together through
name-based linkage of certificates pertaining to the same individuals, using first and last names of the
ego and his or her parents, spouses, and children. The full database contains information on 1,930,189
individuals from Zeeland who experienced a vital event in that province between 1812-1913 for
births, 1812-1938 for marriages, and 1812-1963 for deaths. LINKS has been used extensively for
historical demographic research on the Netherlands and has been subject to thorough checks of quality
and reliability (van den Berg et al., 2021). A unique advantage of the data for our purpose here is that
also stillbirths were registered so that mortality in the postpartum period after any birth is included.

For the analysis, women in the reproductive ages 20-45 are included, if they married in Zeeland and
at least one childbirth is observed. Descriptive statistics may be found in Table 1. Children are born
between 1812 and 1913. 96,661 mothers are included, and 515,632 childbirths and the postpartum
period are observed. For a full overview of selection criteria, see Figure A1. A full death date is available
for 72,329 of the mothers (74,8 %) included in the analyses. A death date or observation after age 45
(a civil record linked after age 45 which is not the death certificate, but for example a (re)marriage) is
available for 73,171 women or 75.7 % of all women. In our main analysis, it is presumed that women
without follow-up survived to age 45 as mortality is generally low in this period of life and linkage
between married women's life course observations with their own deaths are generally of high quality.
However, some of the women for whom no death certificate was available may have out-migrated
from the province of Zeeland. In a robustness check, women with no information about their death
date are dropped from the analysis, and the differences between social classes in the period 1812-
1839 are now smaller and only marginally significant (see Section 4).

It is important to note that contrary to previous studies, here, all women for whom at least one birth is
observed are included in the analyses. In the analyses of maternal mortality, mothers' mortality in the 42 days
postpartum is analyzed, the contemporary WHO definition of maternal mortality in absence of a clear cause
of death (Ronsmans & Graham, 2006). The postpartum period after a stillbirth is also included. Stillbirths
were registered separately in the Dutch municipal administration and to study maternal mortality these cases
are of particular importance, as a difficult childbirth could result in the death of both mother and child.

Next to studying mothers' deaths in the 42-day postpartum window, the hazard ratio of all mortality
of mothers between age 20 and 45 is also studied. All women for whom at least one childbirth is
observed in the province of Zeeland, are included, i.e. the same sample of 96,661 mothers as used for
the analysis of the first 42 days after childbirth. Here, follow up is from first observation of the woman
in the research area (the year 1812, age 20 for Zeeland-born women, or her marriage or first observed
childbirth in the province) to her death, age 45 or the year 1913 when the observations end. A fair
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amount of mortality between age 20-45 occurs in the post-partum period, as mortality rates due to
all causes generally bottom out in this age group. It should be noted that a significant downside of the
approach taken here is that the reproductive histories of women cannot be included in the analysis, as
| analyze any maternal death that happened in Zeeland in the period 1812-1913. The reason | choose
this approach is that social differences in maternal mortality can be analyzed further back in time as no
full record of mothers' marital and fertility history is necessary. Sociodemographic patterns can differ
between socioeconomic groups so that not controlling for women's marital histories makes it impossible
to pinpoint some of the mechanisms that contribute to social differences in maternal mortality.

The key predictoris the socioeconomic status (SES) of women's households. In the research period, men were
usually the primary breadwinner. Female labor market participation was severely under registered (Janssens,
1997). In line with previous research on this region and period, analyses therefore rely on the occupation of
the husband. SES was measured using the highest known occupational title with HISCLASS scores across
all indexed civil certificates linked to one person. HISCLASS is a system that groups historical occupational
titles into broad occupational classes. This broad status indicator is recoded into 5 occupational groups:
elite (HISCLASS 1-2), lower middle class (HISCLASS 3-6), skilled workers (HISCLASS 7 and 9), unskilled
workers (the reference group for the analysis, HISCLASS 10-13), farmers and fishermen (HISCLASS 8), and
a separate, sixth category for missing observations (van Leeuwen & Maas, 2011). Occupational titles from
the Netherlands have been standardized in previous work (Mandemakers et al., 2020).

Table 1 Descriptive statistics by period
Sample of births Any year 1812-1839 1840-1869 1870-1889 1890-1913
Birth cohort  Birth cohort  Birth cohort  Birth cohort
SES of the mothers (HISCLASS)
Elite 6,7 (34,436) 10,9 (9,987) 8,0 (12,669) 5,1 (6,320) 3,9 (5,460)

Lower middle class
Skilled workers

Unskilled workers

15,5 (80,109)
18,6 (95,633)
28,6(147,346)

11,9 (10,904)
17,0 (15,616)
31,3 (28,816)

13,5 (21,429)
18,5 (29,317)
31,4 (49,772)

17,4 (21,696)
17,7 (22,046)
28,2 (35,177)

18,5 (26,080)
20,4 (28,654)
23,9 (33,581)

Farmers 14,8 (76,133) 13,4 (12,322) 13,3 (20,993) 15,3 (19,083) 16,9 (23,735)
Missing SES 15,9 (81,865) 15,5 (14,279) 15,2 (24,132) 16,3 (20,351) 16,4 (23,103)
Children/births 515,522 91,924 158,312 124,673 140,613
Maternal deaths (first 42 days) 4,139 992 1,612 976 559
Mothers 96,565 21,463 36,498 30,574 35,710
Sample of mothers Any year 1812-1839  1840-1869  1870-1889  1890-1913
Period Period Period Period
SES (HISCLASS)
Elite 6.7 9,8 7,8 55 4,5
Lower middle class 15,2 11,7 13,3 16,5 18,5
Skilled workers 18,9 17,7 18,5 18,3 20,7
Unskilled workers 29,7 33,4 33,4 29,0 23,9
Farmers 13,4 11,5 11,5 14,5 15,8
Missing SES 16,1 16,0 15,5 16,3 16,6
Mothers 96,565 27,237 49,779 44,598 44,491
Maternal deaths (first 42 days) 4,139 992 1,612 976 559
Deaths age 20-45 13,408 2,779 5,443 3,020 2,166
Person-years 2,065,277 367,743 649,047 470,613 577,875
Children/births 515,622 91,924 158,312 124,673 140,613

Source: LINKS, Zeeland, 1812-1913 (Mourits et al., 2022).

Notes: Descriptive statistics for child sample refer to the percentage of children from a SES background
based on father's occupation. Descriptive statistics for the mother sample are in person years and
refer to SES associated with the husband's occupation.
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RESULTS

Results are shown in Figure 2—4. Figure 2 presents the risk of mortality in the first 42 days after childbirth for
every birth observed in the province of Zeeland, by social class and period. In Figure 3, the overall mortality
risk of women between age 20 and 45, by social class and period, is reported. In the period 1812-1839,
the risk of mortality in the first 42 days after the birth of a child is significantly higher for skilled workers
and elite women and, marginally significantly, for the lower middle class. In the final period reported,
1890-1913, women in the farming class have a marginally significantly higher risk of mortality in the first
42 days postpartum than unskilled workers, but other social differences in mortality are no longer detected.
Moreover, in the period in between no significant social differences in maternal mortality are found.

Over 30% of the mortality among women aged 20-45 with at least one child occurs in the first 42
days after a childbirth. The share of maternal mortality in all mortality declines from over 35% in the
period 1812-1839 to about one quarter of observed deaths among women with at least one child in
the period 1890-1913. Not only does the contribution of maternal mortality to all deaths decline, but
the adult mortality rate also falls strongly in this period.

The results for women's mortality in the postpartum period contrast with overall mortality between age
20 and 45 for mothers (Figure 3). For all deaths among mothers, regardless of the timing of childbirth,
mortality is only somewhat raised in elite groups and among skilled workers and the lower middle class
in the period 1812-1839 — and these results are entirely driven by mortality in the postpartum period
(Figure 4). Without maternal mortality, the hazard rate of mortality is significantly lower among the
elite and middle class in the period 1840-1869 than among unskilled workers.

Figure 2 Hazard Ratio of maternal mortality in the first 42 days after childbirth, Zeeland
Elite Lower middle class Skilled workers Farmers
1812-1839+ i—o— 1812-1839 J:—o— 1812-1839 1 E —— 1812-1839 1 —:b—
1840-1869 —QE— 18401869 —.Ero— 1840-1869 { —io— 1840-1869 1 —iro—
1870-18894 —é.— 1870-1889+ —.'g— 1870-1889+4 —E.— 1870-1889+4 —.;—
1890-1913+ —d:— 1890-1913 1 —d:— 1890-1913 ] —d:— 1890-1913 é—o—
05 10 15 20 05 1o 15 20 05 10 15 20 05 10 15 20
Figure 3 Hazard Ratio of mothers' mortality age 20-45 by social class, Zeeland
Elite Lower middle class Skilled workers Farmers
1812-1839+ -i-o— 1812-1839 1 i—o— 1812-1839 1 i—o— 1812-1839 1 J:-o—
1840-1869- -QTE 1840-1869 { -qi- 1840-1869 -EO- 1840-1869 1 -Ep—
1870-1889+ —di— 1870-1889+ -ci— 18701889+ -ci»— 1870-1889 1 -oi-
i i i i
1890-1913+ —:b— 1890-1913 1 —:b— 1890-1913 —:b— 1890-1913 i—o—
05 1o 15 20 05 1o 15 20 05 10 15 20 05 1o 15 20
Figure 4 Hazard Ratio of mothers' mortality age 20-45 excluding deaths in the postpartum
period by social class, Zeeland
Elite Lower middle class Skilled workers Farmers
1812-1839 —di—' 1812-18394 -i'.—' 1812-1839+4 -*:— 1812-18394 —:P—
1840-1869 1 -o—§ 18401869 -o-i 1840-1869 1 -ci- 1840-1869 1 -015-
1870-1889+ —o-é— 1870-1889 -oai- 1870-1889 1 -oi— 1870-1889 1 -UEI-
1890-1913 —io— 1890-1913+ —io— 1890-1913 1 —i.— 1890-1913 1 —:b—
05 10 15 20 05 1o 15 20 05 10 15 20 05 1o 15 20

Source: LINKS, Zeeland, 1812-1913.

Note: Reference group: Unskilled workers. Analyses are separately by period.
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In a robustness check, only women for whom there is an observation after age 45 or whose death is
observed are included. That is, survival is not assumed for women whose death is not observed before
age 45, but they are removed from the sample, dropping about one quarter of the women (see Section
3). Results are shown in Appendix Figure 2. In this version of the analyses some of the previously shown
differences between social groups are less pronounced for the period 1812-1839, indicating a possible
underestimation of mortality among women from the reference group, the class of unskilled workers,
in the primary models. The higher mortality of women from the class of skilled workers and lower-
middle-class workers than in the reference group of unskilled workers is here marginally significant
(p < .10) instead of significant at the more common p < .05 level in the first period. The largest change
is that there are no significant differences found between elite women and unskilled workers. Finally, in
the 1840 to 1869 and 1870 to 1889 periods, farmers have significantly lower mortality than unskilled
workers. These findings make clear that the results presented in Figure 3 should be interpreted with
caution. At the same time, as out-migration should be less of an issue shortly after the birth of a child
than over the entire life course of women, results in the models presented in Figure 2 should be less
affected by the absence of follow-up observation than those over the entire 20-45 age window.

CONCLUDING DISCUSION

Using population reconstructions from linked civil certificates for the province of Zeeland for the period
1812-1913, | compared social differences in maternal mortality with social differencesin women's overall
survival between age 20-45. | showed that in the province of Zeeland, maternal mortality was higher
among elite, lower middle class and skilled worker class-women in the early 19th century, compared to
unskilled workers. Their comparative disadvantage disappeared by the middle of the 19th century. By
the early 20th century maternal mortality had become an uncommon event and social differences in its
likelihood negligible. In comparison to all women's mortality between age 20-45, substantially larger
socioeconomic differences in maternal mortality are found. The differences in mortality between social
groups for women aged 20-45 in the period 1812-1839 are driven by mortality in the postpartum
period and when maternal mortality is excluded, lower mortality for women from elite and lower
middle-class households than for women from unskilled worker's households is found.

Higher mortality among elite women has been found previously, for example, for England for the late
19th and early 20th century (Loudon, 1986). In this paper, evidence for such a phenomenon is only
found for the early 20th century. It has previously been hypothesized that increased mortality for the
elite groups may have been related to dangerous medical help in the absence of good antiseptic and
aseptic procedures. Although elite women in Zeeland may have had access to medical care more than
women from unskilled laborer's households, it is unclear if that may also have been true for skilled
workers' households. Other explanations for the patterns found here may relate to, for example,
fertility differences between social groups. With the chosen approach, addressing any death in the
first 42 days following a (linked) childbirth, social inequalities in maternal mortality can be addressed
somewhat further back in time than in previous work (Ory & van Poppel, 2013), using data from LINKS
Zeeland from 1812 to 1913. However, by not addressing women's fertility histories nor following them
through their marital life and reproductive career, it was not possible to address fertility differences
as a mechanism linking class and maternal mortality. The exact mechanisms related to these social
differences therefore remain elusive. In the future, more comprehensive data sources for the period
preceding the nationwide implementation of civil records would help illuminate the mechanisms
contributing to higher maternal mortality among the upper class in the first part of the 20th century,
and the later disappearance of such social class differences in maternal mortality.

To investigate social differences in maternal mortality, the socioeconomic status of the household
was used, based on the occupation of women's husbands. In historical data, women's work is under-
registered, even if most women worked, at home, in the family business, and in paid labor (Janssens,
1997). Differences by women's own social status to the extent that it related to their own occupation
were not included in this work. Neither does it account for social inequalities that may exist beyond
socioeconomic status alone. Spatial or familial clustering of particularly poor conditions, putting women
at risk of infection and death after childbirth, or a local shortage of medical help and help for women in
labor, may have resulted in familial and spatial concentration of maternal mortality. Finally, the death of
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a mother had a large, negative effect on her children — reducing the survival chances and health of her
children in historical Netherlands (Quanjer et al., 2023). The decline of maternal mortality therefore
likely contributed to the increasingly good standards of living in which children in the Netherlands
grew up, and played a crucial role in the transition to longer lives in better health witnessed over the
19th and 20th century.
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APPENDIX

Figure A1 Data selection

LINKS Zeeland 1812-1963
1,930,189 individuals
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556,683 children
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Born between 1812-1913
533,829 children
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Data cleaning
-18,197

515,522 children
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4,139 maternal deaths in the first 42 days after childbirth
13,408 deaths among women age 20-45

Figure A2 Women's mortality between age 20 and 45, women with follow up observation,
Zeeland
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Source: LINKS Zeeland. Reference group: Unskilled workers. Analyses are separately by period.
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