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Short Lives: The Impact of Parental Death on Early-Life 
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ABSTRACT We inves ti gate how expe ri enc ing paren tal death in infancy, child hood, 
or ado les cence affected indi vid u als’ health using two dis tinct mea sures: mor tal ity 
before age 20 and young adult height. Using two com ple men tary indi ca tors of health 
enables us to gain more insights into pro cesses of selec tion and the scar ring of health. 
Employing nation ally rep re sen ta tive data for the Netherlands for the 1850–1940 period, 
we ana lyze the sur vival of roughly 36,000 boys and girls using Cox pro por tional haz ard 
mod els, and the stat ure of more than 4,000 young adult men using lin ear regres sion 
mod els. Results show that los ing a par ent—par tic u larly a mother—at an early age (0–1 
or 1–5) was related to a strongly increased risk of mor tal ity. We find no evi dence that 
los ing a par ent at these ages affected stat ure in young adult hood. For boys, expe ri enc ing 
mater nal death between ages five and 12 was strongly asso ci ated with a shorter young 
adult height; how ever, we did not find evi dence for an asso ci a tion between expe ri enc
ing pater nal death and shorter stat ure. We con clude that stat ure may not be a par tic u larly 
good mea sure of the effects of earlylife adver sity if the health shock greatly increases 
mor tal ity, as these effects cre ate poten tial issues of health selec tion.

KEYWORDS Height • Mortality • Parental death • Earlylife con di tions • Health 
out comes

Introduction

Losing a par ent in child hood is a dra matic event that affects chil dren’s health in both 
the short and the long terms. Research on his tor i cal pop u la tions has shown unequiv
o cally that expe ri enc ing paren tal death increased the shortterm mor tal ity risk of 
infants and chil dren (e.g., Beekink et al. 1999; Jaadla and Lust 2021; Kok et al. 2011; 
van Poppel and Van Gaalen 2008; Willführ 2009). Among his tor i cal pop u la tions, 
expe ri enc ing paren tal death early in life was asso ci ated with a reduc tion in stat ure 
(Horrell et al. 1998; Quanjer and Kok 2019; Reher and GonzálezQuiñones 2003) 
and increased mor tal ity later in life (Campbell and Lee 2009; Debiasi et al. 2021; 
Smith et al. 2014).

The pres ent study aims to gen er ate fur ther insights into the shortterm and long
term health con se quences of expe ri enc ing paren tal death in child hood. We explore 
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two dis tinct mea sures of wellbeing for the same birth cohorts of a large his tor i cal 
pop u la tion: mor tal ity before age 20 (for males and females) and height at age 20 (for 
males only). This approach allows us to com pare the mor tal ity and height effects of 
expe ri enc ing paren tal death and to address the advan tages and dis ad van tages of those 
mea sures as prox ies for health and liv ing stan dards in his tor i cal pop u la tions.

Our his tor i cal data cover a period of nearly 100 years (1850–1922) dur ing which 
impor tant soci e tal and eco nomic trans for ma tions took place; sig nifi  cant reduc tions 
in infant, child, and adult mor tal ity were achieved; and increases in adult height 
occurred. Therefore, we can exam ine poten tial changes in the asso ci a tion between 
paren tal death and child health over a long time. Because paren tal mor tal ity was 
sig nifi  cantly higher in the past (van Poppel et al. 2013), our his tor i cal focus allows 
us to exam ine poten tially crit i cal age peri ods in more detail than stud ies of con tem
po rary Western pop u la tions with low lev els of paren tal mor tal ity can (Rosenbaum 
Feldbrügge 2019). Thus, this work is per ti nent to the ongo ing dis cus sion in life 
course epi de mi  ol ogy about sen si tive peri ods in child hood that may affect health and 
devel op ment over the life course (Hallqvist et al. 2004; Kuh and BenShlomo 2004; 
SerratosSotelo and Eibich 2021). By looking in detail at the effects of expe ri enc ing 
paren tal loss across child hood, we are  able to address issues of scar ring and selec tion 
in rela tion to health.

Our find ings show that young chil dren were par tic u larly vul ner a ble to the neg a
tive effects of los ing a par ent, and that boys and girls who expe ri enced paren tal death 
in infancy had an espe cially high mor tal ity risk. However, we find no evi dence that 
los ing a par ent at an early age (0–5) affected male stat ure. These results sug gest that 
the selec tion and the scar ring effects of expe ri enc ing paren tal loss may have counter
acted each other. In par tic u lar, we show that chil dren who were liv ing in unhealthy 
con di tions—who thus likely may have remained shorter in early adult hood regard less 
of their paren tal sur vival—were less likely to have sur vived the death of a par ent. 
We thus observe that the over all stat ure of indi vid u als who were orphaned in early 
child hood did not dif fer sig nifi  cantly from that of nonorphans, although their mor
tal ity was higher. However, we also find that boys who expe ri enced mater nal death 
between ages five and 12 were sig nifi  cantly shorter in young adult hood. We con clude 
that stat ure may not be a par tic u larly good mea sure of the effects of earlylife adver
sity if the health shock greatly increases mor tal ity, as these effects cre ate poten tial 
issues of health selec tion.

Theoretical Background and Historical Context

Life course research has dem on strated that the social and eco nomic con di tions expe
rienced in child hood have a longlast ing impact on their health and sur vival in adult
hood (Bengtsson and Lindström 2000; Hallqvist et al. 2004; Hayward and  Gorman 
2004; Kuh and BenShlomo 2004; Quaranta 2013). In the his tor i cal lit er a ture, two 
approaches are fre quently used to mea sure the health impact of expe ri enc ing a sud
den dete ri o ra tion of liv ing stan dards. At the con tex tual level, past liv ing stan dards 
are mea sured by study ing the con se quences of sud den peaks in mor tal ity and food 
prices, which usu ally have occurred dur ing epi dem ics and sub sis tence cri ses related 
to failed har vests and fam ines (Bengtsson et al. 2004; Depauw and Oxley 2019). 

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/60/1/255/1803530/255quanjer.pdf by guest on 24 April 2024



257The Impact of Parental Death on Early-Life Mortality and Height

Variation across social groups, such as socio eco nomic clas ses, is used to iden tify 
groups with a par tic u lar vul ner a bil ity to decreas ing stan dards of liv ing. The sec ond 
approach—which we apply here—exam ines the con se quences of expe ri enc ing a sud
den decline in liv ing stan dards by study ing events occur ring on the fam ily level, such 
as the health effects of los ing a sib ling (MarcoGracia and GonzálezEsteban 2021; 
van Dijk et al. 2019) or a par ent (Reher and GonzálezQuiñones 2003; Sear and Mace 
2008). We focus on the health con se quences for chil dren of expe ri enc ing paren tal 
death, which we believe is a bet ter proxy for (the absence and qual ity of) paren tal care 
and resources than sib ling mor tal ity would be. Across his tor i cal pop u la tions, paren tal 
death has gen er ally been asso ci ated with declin ing liv ing stan dards and an ele vated 
pov erty risk for the entire fam ily unit (Humphries 2010:63–83; Oris and Ochiai 2002; 
van Poppel 1995). Thus, bereaved chil dren were at higher risk of grow ing up under 
crowded and unhy gienic hous ing con di tions (Horrell et al. 1998), which would, in 
turn, have neg a tively affected their health.

Our focus on paren tal death also enables us to make use of the his tor i cal fam
ily con text and the dis tinct mech a nisms oper at ing through pater nal and mater nal 
death. In the Netherlands dur ing the study period, fathers were largely respon si ble 
for their fam ily’s finan cial wellbeing. Mothers, by con trast, typ i cally left the labor 
mar ket upon mar riage or upon their first birth (van Poppel and Walhout 2003) and 
were pre dom i nantly in charge of domes tic work and childcare (de Regt 1984:60–
61; PottButer 1993:189–190). This divi sion of labor was less strict in rural areas, 
where mar ried women played an impor tant role in the house hold econ omy (Schmidt 
and van Nederveen Meerkerk 2012) and, depending on the struc ture of the local 
labor mar ket, engaged in dif fer ent types of work to pro vide addi tional house hold 
income (Boter 2017). Nevertheless, growth in real wages com bined with struc tural 
eco nomic changes dur ing the sec ond half of the nineteenth cen tury (van Zanden and 
van Riel 2000) led to an expan sion of the wage gap between men and women in the 
 Netherlands, which, in turn, greatly increased the gen dered divi sion of house hold 
tasks. Accordingly, the dif fer ent effects of expe ri enc ing either mater nal or pater nal 
death on the health of a child may be par tially attrib uted to this strict gen dered divi
sion of labor, which has been referred to as the bread win ner–home maker model (de 
Vries 2008). In line with this model, it has been pro posed that los ing a mother or a 
father affected a child’s life course through dis tinct mech a nisms: whereas the impact 
of los ing a father mainly oper ated through a decrease in the eco nomic resources of the 
house hold, the impact of los ing a mother oper ated largely through a loss of access to 
non mar ket labor (i.e., a decline in house keep ing, childcare, and access to breastfeed
ing) (Dribe et al. 2007; RosenbaumFeldbrügge 2020; van Poppel 1995). As pre vi ous 
research has addi tion ally indi cated that expe ri enc ing the death of a mother is more 
harm ful for chil dren than expe ri enc ing the death of a father over both the short term 
(see Sear and Mace 2008 for a review) and the long term (Quanjer and Kok 2019; 
RosenbaumFeldbrügge 2019), in this arti cle, we study in detail the dif fer ent effects 
on chil dren of los ing either a mother or a father.

To cap ture health effects, his tor i cal demog ra phers typ i cally refer to the most 
extreme form of health inequal ity: mor tal ity. Mortality lev els—and par tic u larly 
infant and child mor tal ity lev els—were much higher in the past than in today’s West
ern pop u la tions. Therefore, study ing infant and child mor tal ity enables research ers to 
inves ti gate the effec tive ness of pub lic health mea sures (Jaadla and Puur 2016), the 
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con se quences of ris ing food prices (Bengtsson et al. 2004), and the effects of los ing a 
par ent. However, using child mor tal ity as a proxy for child health has two major lim
i ta tions. First, mor tal ity research does not take the state of health of the sur vi vors into 
account, as it is impos si ble to dif fer en ti ate between sur vi vors with good health and 
those with bad health. Second, the anal y sis of mor tal ity at ages at which extremely 
small shares of the pop u la tion per ish is of lim ited value; this par tic u larly applies to 
chil dren above age five, ado les cents, and young adults. Thus, exam in ing mor tal ity is 
less suit able among chil dren who may have sur vived the period after they lost a par
ent, but who were scarred for the rest of their child hood.

To deal with these lim i ta tions, we also exam ine how los ing a par ent affected chil
dren’s stat ure. Studying the young adult height of sur viv ing orphans enables us to 
esti mate their aver age health and, thus, to address the more sub tle effects of expe ri
enc ing paren tal loss on chil dren’s health. As stat ure is deter mined by a growth pro
cess that occurs through out infancy, child hood, and ado les cence, the study of height 
bet ter reflects cumu la tive child hood liv ing stan dards than the study of mor tal ity. Stat
ure is a mea sure that is com monly used to cap ture health devel op ments across pop
u la tions (e.g., Floud et al. 2011; Steckel 2009). In addi tion, stat ure can be seen as a 
proxy for indi vid ual health (Costa and Steckel 1997; Oddy 1982) because expe ri enc
ing adverse con di tions in child hood can divert energy away from growth through a 
vari ety of mech a nisms, such as through lower nutri tional intake, a higher risk of con
tracting infec tious dis eases, and stress. Accordingly, empir i cal research on a mod ern, 
highincome pop u la tion found that expe ri enc ing paren tal death in early child hood 
is neg a tively asso ci ated with height (Sheppard et al. 2015); sim i lar find ings have 
been reported for his tor i cal pop u la tions (Horrell et al. 1998; Reher and González
Quiñones 2003). However, the down side of using stat ure in this con text is that the 
research pop u la tion suf fers from selec tion bias because those indi vid u als who died 
dur ing child hood are not ana lyzed in the height sam ple. Thus, by com bin ing mor tal
ity and height out comes, we are  able to address scar ring and selec tion mech a nisms 
that would oth er wise remain unde tected.

One pre vi ous study com pared the effects of los ing a par ent on the mor tal ity and 
stat ure of a his tor i cal pop u la tion by the age at paren tal death. Using data on a Span ish 
town for the period 1870–1950, Reher and GonzálezQuiñones (2003) showed that 
child mor tal ity in the first two years of life was par tic u larly high after the death of 
the mother but was not as high after the death of the father. In addi tion, they found 
that los ing a mother in infancy or up to age six was asso ci ated with hav ing shorter 
stat ure later in life. Whereas this study mainly focused on the effects of expe ri enc ing 
mater nal death, in the pres ent arti cle, we con sider in detail the health con se quences 
of expe ri enc ing either pater nal or mater nal death, as they are expected to operate 
through dif fer ent mech a nisms in the his tor i cal con text that we study. Moreover,  
we use a large his tor i cal data set rep re sen ta tive of an entire coun try to exam ine in 
more detail the effects of the tim ing of the paren tal death.

We are also inter ested in the ques tion of at which child hood ages los ing a par ent 
was most harm ful to indi vid ual wellbeing. Previous research on child mor tal ity and 
young adult height has indi cated that the tim ing of child hood adver sity greatly affects 
health out comes (Depauw and Oxley 2019; Reher and GonzálezQuiñones 2003; van 
Dijk 2019). While los ing a par ent might increase a child’s mor tal ity risk over the 
short term, it might also reduce sur vival chances over the lon ger term. However, 
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when addressing the effects of los ing a par ent on a child’s height, we need to account 
for two crit i cal peri ods in which growth veloc ity is high and height is expected to be 
strongly influ enced by exter nal cir cum stances: dur ing the first two years of life and in 
ado les cence (Tanner 1978). Still, it remains unclear whether expo sure to child hood 
adver sity has a persisting effect that influ ences an indi vid ual’s final height (Öberg 
2015) or whether a child who undergoes adver sity expe ri ences catchup growth 
before reaching adult stat ure (Boersma and Wit 1997). If the dis rup tive events take 
place close to the point of height mea sure ment, the poten tial catchup period will  
be lim ited and the events may, there fore, have a more pro nounced effect on height. 
The empir i cal evi dence that this is the case is, how ever, scarce.

We study the asso ci a tion between expe ri enc ing paren tal death and the health of 
orphaned infants, chil dren, and ado les cents aged 0–1, 1–5, 5–12, and 12–20 years. 
The upper age limit of 20 is applied in both the height and the mor tal ity ana ly ses 
because the young adult height of each indi vid ual was mea sured at around age 20 
(19.7 years on aver age). The use of these four age groups enables us to dis tin guish 
between dif fer ent stages of infancy, child hood, and ado les cence that were asso ci ated 
with dif fer ent lev els of care, resources, and growth. Figure 1 pro vi des a sche matic 
over view of study sub jects’ lev els of resource and care depen dency through out their 
early life, and of their aver age growth rates by age. In infancy (age 0–1), chil dren have 
high growth rates and are highly depen dent on paren tal care (in this his tor i cal con
text com monly pro vided by moth ers) but are less depen dent on house hold  eco nomic 
resources (in this his tor i cal con text com monly pro vided by fathers) because they are 
often breastfed and have lower nutri tional require ments. It should be noted that the 
nutri tional value of breast milk is known to be rel a tively inde pen dent of the moth
er’s nutri tional sta tus, unless the mother is in extremely deprived con di tions (see, 
e.g., Prentice 1998). At age 1–5, chil dren are increas ingly depen dent on house hold 
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Fig. 1 Dependency on care and resources and growth velocity by age. The schematic lines on care and 
resources are based on the consumer–producer literature (see the appendix of Quanjer and Kok 2019). The 
growth trajectory comes from Tanner (1978).
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resources and remain highly depen dent on paren tal care but have decreas ing growth 
rates over time. At age 5–12, chil dren’s growth rates are com par a tively low and their 
care depen dency declines, but they remain highly depen dent on house hold resources. 
Finally, dur ing ado les cence (age 12–20), indi vid u als become more selfreli ant and 
less depen dent on paren tal care and on house hold resources, to which they could 
start to con trib ute them selves. As puberty takes place dur ing ado les cence, indi vid u
als’ growth rates generally increase for sev eral of these years (Tanner 1978).

During our study period (1850–1940), there were impor tant soci e tal, cul tural, and 
eco nomic devel op ments in the Netherlands (de Vries 2008; van Zanden and van Riel 
2000) that resulted in higher liv ing stan dards across the entire pop u la tion. Sanita
tion reforms, improved med i cal knowl edge and hygienic aware ness, and increased 
breastfeeding rates all  helped to improve the health of the Dutch pop u la tion (Hofstee 
1981; Tassenaar 2014; Walhout 2010, 2019). From the end of the nineteenth cen tury 
onward, adult hood mor tal ity was declin ing in the Netherlands (Wolleswinkelvan 
den Bosch et al. 1998) and the paren tal mor tal ity risk decreased. In our research sam
ple, the total share of chil dren who expe ri enced the death of a par ent before age 20 
dropped from 29% for the 1850–1879 birth cohort to 18% for the 1900–1922 birth 
cohort (see also van Poppel et al. 2013).

During the study period, child health also improved sub stan tially. Figure 2 shows 
the decline of the below20 mor tal ity rate in the Netherlands (inverted rates, yel low 
line) from the mid dle of the nineteenth cen tury to the late twen ti eth cen tury. In the 
same period, the aver age stat ure increased (blue line by birth year). The fig ure shows 
that to some extent, height and mor tal ity cap tured sim i lar under ly ing health and liv ing 

Fig. 2 Trends in conscription height at about age 20 and male mortality rates at ages 0–20 in the  
Netherlands, 1830–1950. The gray shading indicates the research period. Sources: Historical Sample of the 
Netherlands (HSN 2018) and the Human Mortality Database (2020).
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con di tions. The decline in the mor tal ity rate—ini tially strongly driven by a decline 
in infant mor tal ity—started around 1875, which marked the begin ning of the epi de
mi o log i cal tran si tion in the Netherlands (Wolleswinkelvan den Bosch et al. 1998). 
Given these sub stan tial pos i tive health devel op ments dur ing our research period, we 
exam ine whether the strength of the rela tion ship between expe ri enc ing paren tal death 
and our health indi ca tors changed over time. Thus, we assume that the strength of 
the rela tion ship between expe ri enc ing paren tal death and health gen er ally became 
weaker over time because even the most vul ner a ble mem bers of soci ety benefited 
from the improved liv ing con di tions and were, there fore, bet ter  able to com pen sate 
for the loss of a par ent.

Data

In this arti cle, we use the Historical Sample of the Netherlands (HSN) life courses 
and civil cer tifi  cates releases (HSN 2010a, 2010b; see also van den Berg et al. 2021), 
which cover the 1850–1940 period. The HSN is based on a strat i fied 0.5% ran dom 
sam ple of all  Dutch birth cer tifi  cates issued between 1850 and 1922. Stratification 
guar an tees that the HSN sam ple is rep re sen ta tive over time and space (Mandemakers 
and Kok 2020). As only one per son per house hold is ran domly selected, the sam pled 
indi vid u als are not clus tered within house holds.

The life courses of study sub jects were reconstructed with the help of the indi vid
u als’ birth, mar riage, and death cer tifi  cates, as well as the pop u la tion reg is ters. Deaths 
of sam pled indi vid u als are almost com pletely cov ered in the HSN, and for those who 
were lost from obser va tion (e.g., because they moved abroad), a date of last obser va
tion is avail  able. The pop u la tion reg is ter is a rich his tor i cal data source that pro vi des 
infor ma tion on changes in the com po si tion of each house hold (through births, deaths, 
mar riages, arriv als, and depar tures) together with the dates of these changes, as well 
as infor ma tion on each house hold mem ber’s reli gion, occu pa tion, and rela tion ship 
to the house hold head (Mandemakers and Kok 2020). Accordingly, the pop u la tion 
reg is ters allow us to track all  house hold mem bers who shared a house hold with the 
study sub ject. This means that infor ma tion on a par ent’s death is avail  able for the 
period when the study sub ject was pres ent in the paren tal house hold. In many cases, 
the date of a par ent’s death is avail  able even after chil dren had left the paren tal home 
because this infor ma tion was noted on the same record within the dig i tized pop u la
tion reg is ters. We focus on indi vid u als who expe ri enced paren tal death in infancy, 
child hood, or ado les cence. At those ages, it was unlikely that study sub jects were 
not resid ing in their paren tal home, and if they were not, the care and resources pro
vided by the par ents prob a bly had a rel a tively minor influ ence on health and sur vival 
(RosenbaumFeldbrügge 2018). Thus, we expect that there are only a few overlooked 
cases in which the study sub ject expe ri enced paren tal death before age 20, and these 
cases are not expected to affect our results. Our sam ple con tains 18,845 fully recon
structed male and 17,866 fully reconstructed female life courses, which are used in 
the mor tal ity anal y sis.

Recently, through archi val research, the HSN life course release has been extended 
to include the con scrip tion heights of 4,166 male sub jects, who rep re sent a sub set of 
the sam pled males who sur vived to age 20 (Heights and Life Courses release 2018.02; 
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HSN 2018). At con scrip tion, heights were sys tem at i cally mea sured in  mil li me ters 
by mil i tary offi cers, and the yearly cohorts of con scripts were based on birth years, 
which lim its the max i mum age dif fer ence among yearly recruits to one year and 
reduces the pos si ble var i a tion in growth pat terns. On aver age, the con scripts in our 
sam ple were 19.7 years old. By this age, many young adults in the nineteenth cen tury 
would not have reached their final height (Beekink and Kok 2017; Thompson et al. 
2020). However, this is not nec es sar ily a dis ad van tage, as the heights of stillgrow ing  
indi vid u als are more likely to cap ture the impact of harm ful earlylife con di tions 
(Schneider 2020). Even though not all  of the heights of the study sub jects can be 
found in the archives (in par tic u lar, the heights for boys born after 1900 are miss ing), 
and no height data are avail  able for the prov inces of Groningen, Gelderland, Zeeland, 
and parts of SouthHolland, we find no evi dence of sys tem atic biases in other back
ground char ac ter is tics, such as socio eco nomic sta tus (Quanjer and Kok 2020).

To reduce the influ ence of cer tain unob serv able fam ily char ac ter is tics, we con
duct fam ily fixedeffect ana ly ses. A sec ond height sam ple was col lected within the 
HSN that con tains infor ma tion on the con scrip tion heights of the broth ers of the con
scripted study sub jects. As this brother sam ple includes the con scrip tion heights of 
1,898 youn ger and older broth ers of sam pled indi vid u als, it allows us to con duct 
withinfam ily com par i sons with sib ling fixed effects. Half and step broth ers—who 
might have grown up under very dif fer ent cir cum stances and share less of their 
genetic mate rial than full sib lings—were excluded from the sam ple. It should be 
noted that the brother sam ple is based on the orig i nal HSN sam ple of indi vid u als with 
a brother and is there fore biased toward larger house holds.

Methods

We study mor tal ity and height sep a rately. In the mor tal ity ana ly ses, we employ Cox 
pro por tional haz ard mod els for the entire sam ple (ages 0–20) and for each age group 
(ages 0–1, 1–5, 5–12, and 12–20) for boys and girls sep a rately.1 In each model, the 
chil dren who were alive at the start of the respec tive inter val (at birth and at ages one, 
five, and 12) are defined as the pop u la tion at risk and are cor re spond ingly cen sored 
at ages one, five, 12, and 20 (or at the date of the last obser va tion). Parental death 
occur ring within the spe cific age inter val is intro duced as a timevary ing var i able, 
and paren tal death before a spe cific age inter val is included as a dummy var i able. To 
give an exam ple, in the model study ing mor tal ity in the 5–12 age group, we intro duce 
a dynamic var i able indi cat ing whether a par ent died within the ana lyzed age range of 
5–12. In addi tion, we add two dummy var i ables that indi cate whether a mother or a 
father had died while the child was in infancy (ages 0–1) or in young child hood (ages 
1–5). Data are ana lyzed in R using the pack age eha (Broström 2014).

In the height anal y sis, we apply lin ear regres sion mod els with male height in cen ti
me ters as the depen dent var i able. In the first model, we dif fer en ti ate between the loss of 
a mother and the loss of a father, with nonbereaved chil dren as the ref er ence cat e gory. In 
the sec ond model, we addi tion ally dif fer en ti ate the tim ing of paren tal death by the four 

1 Age groups do not over lap; they range up to but not includ ing the end of the spe cific inter val.
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age groups discussed ear lier. Moreover, we use the brother sam ple to run fam ily fixed 
effects mod els and to com pare indi vid u als who expe ri enced paren tal death within a given 
age range with their broth ers who expe ri enced paren tal death within another age range. 
We do so to reduce the influ ence of unob serv able timeinvari ant fam ily fac tors. Applying 
sib ling fixedeffects mod els is not mean ing ful in the mor tal ity anal y sis, as the HSN does 
not pro vide com plete mor tal ity infor ma tion about sam pled indi vid u als’ sib lings.

In both the mor tal ity and height ana ly ses, we run sep a rate mod els in which we 
account for the entry of a step fa ther and/or a step mother into the fam ily. Because 
the num ber of remarriages was rather small, espe cially among moth ers with young 
chil dren (RosenbaumFeldbrügge 2018), we do not dif fer en ti ate by age groups in 
the step par ent ana ly ses. We also do not con trol for the pres ence of other supporting 
fam ily mem bers, such as uncles and aunts, as the nuclear fam ily was the com mon 
house hold form in the Netherlands over the study period (Kok et al. 2011). Although 
other kin liv ing nearby might have pro vided sup port, this sup port would not have 
been cap tured by the HSN data base, as only infor ma tion on the house hold mem bers 
was recorded. To ana lyze the rela tion ship between expe ri enc ing paren tal death and 
our child health indi ca tors over time, we run sep a rate mod els for three birth cohort 
groups (1850–1879, 1880–1899, 1900–1922) (see Tables S2–S10 in the online sup
ple ment). The mem bers of the first birth cohort were largely born before the start of 
the demo graphic tran si tion, the mem bers of the sec ond cohort expe ri enced ini tial 
declines in infant and child mor tal ity, and the mem bers of the last cohort grew up in a 
period char ac ter ized by sharp reduc tions in adult and child mor tal ity.

We con trol for study sub jects’ birth order to cap ture pos si ble sib ling effects ( Riswick 
2018; Stradford et al. 2017). Information on the sam pled indi vid u als’ place of birth is 
drawn from the birth cer tifi  cates and grouped into four regions: NorthWest, SouthWest, 
East, and South. Information on the father’s occu pa tion is also drawn from the birth 
cer tifi  cates and is stan dard ized according to HISCLASS 5 ( Mandemakers et al. 2018; 
van Leeuwen and Maas 2011). The father’s occu pa tion at the time of the child’s birth 
is a more reli able indi ca tor of the socio eco nomic back ground of the house hold dur ing 
the child’s early life than the highest pater nal occu pa tion ever recorded (Rosenbaum 
Feldbrügge 2019). Finally, in line with pre vi ous research (van Poppel et al. 2013), we 
con trol for the study sub jects’ birth cohort to cap ture the eco nomic and healthrelated 
improve ments over time, as described ear lier (1850–1879, 1880–1899, 1900–1922).

Table 1 dis plays the sum mary sta tis tics of the mor tal ity and height sam ples. It 
indi cates that there were no sub stan tial dif fer ences between the boys and the girls in 
the mor tal ity sam ple, with the excep tion that a slightly larger share of the boys died 
before reaching age 20. The mor tal ity sam ple and the height sam ple do not dif fer 
con sid er ably with regard to birth order or socio eco nomic sta tus at birth. Only lim
ited height infor ma tion is avail  able for the south west ern prov inces of Zeeland and 
SouthHolland, as men tioned, and for the 1900–1922 birth cohort, as fewer con scrip
tion records are avail  able in the archives after 1918. Finally, boys in the height sam ple 
were more likely than the boys in the mor tal ity sam ple to expe ri ence the death of a 
par ent. Many of the infants and young chil dren in the mor tal ity sam ple died before 
they could expe ri ence paren tal death. By con trast, the height sam ple con sists of boys 
who sur vived to age 20 and there fore had a higher risk of expe ri enc ing paren tal death. 
Additional sum mary sta tis tics dif fer en ti at ing the con trol var i ables for orphaned and 
nonorphaned boys can be found in Table S1 in the online sup ple ment. Orphanhood 
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was more com mon among the boys born at the begin ning of the study period (when 
adult mor tal ity was higher) and among the boys born later than most of their sib lings 
(and thus to older par ents). Otherwise, how ever, there were no sub stan tial dif fer ences 
in height or in mor tal ity between orphaned and nonorphaned boys in the sam ple.

Results

Parental Death and Mortality Between Birth and Age 20

To gain a bet ter under stand ing of the impor tance of tim ing in the asso ci a tion between 
expe ri enc ing paren tal death and earlylife mor tal ity, Figure 3 plots Kaplan–Meier 

Table 1 Summary sta tis tics

Mortality Sample Height Sample

Variable Boys Girls Boys

Deceased Before Age 20 (%) 29.2 (5,510) 26.7 (4,772) —
Stature at Draft (cm; SD) — — 168.8 (7.1)
Independent Variables
 Both par ents alive (%) 81.5 (15,364) 81.2 (14,511) 73.0 (3,041)
 Paternal death at <20 (%) 8.6 (1,628) 9.0 (1,607) 12.9 (537)
 Maternal death at <20 (%) 8.2 (1,549) 8.2 (1,469) 11.7 (487)
 Both par ents died (%) 1.6 (304) 1.6 (279) 2.4 (101)
 Age at mater nal death (SD) 9.6 (6.0) 9.7 (6.0) 10.4 (5.8)
 Age at pater nal death (SD) 10.3 (5.8) 10.8 (5.8) 10.8 (5.7)
Control Variables (at birth)
 Birth order (SD) 3.4 (2.3) 3.5 (2.3) 3.3 (2.2)
 Socioeconomic sta tus (%)
  Unskilled work ers 34.9 (6,584) 34.5 (6,170) 34.5 (1,437)
  Elite 2.3 (426) 2.3 (413) 1.7 (70)
  Middle class 14.8 (2,785) 14.5 (2,591) 14.2 (593)
  Skilled work ers 30.6 (5,767) 31.8 (5,679) 31.1 (1,295)
  Farmers 13.4 (2,518) 12.9 (2,304) 15.6 (648)
  None/unknown 4.1 (765) 4.0 (709) 3.0 (123)
 Province (%)
  Friesland/Groningen/Noord Holland (NW) 30.7 (5,785) 30.6 (5,461) 47.8 (1,990)
  Drenthe/Overijssel/Gelderland (E) 17.4 (3,288) 17.1 (3,053) 15.9 (664)
  Utrecht/Zuid Holland/Zeeland (SW) 35.9 (6,767) 36.4 (6,512) 19.0 (793)
  NoordBrabant/Limburg (S) 15.9 (3,005) 15.9 (2,840) 17.2 (718)
 Birth cohort
  1850–1879 32.4 (6,107) 32.1 (5,730) 44.2 (1,843)
  1880–1899 36.3 (6,842) 36.8 (6,578) 39.7 (1,655)
  1900–1922 32.3 (5,896) 31.1 (5,558) 16.0 (668)
Number of Observations 18,845 17,866 4,166

Notes: Num bers in paren the ses refer to the total num ber of indi vid u als in the spe cific group, except for var i ables 
that include a stan dard devi a tion. Summary sta tis tics of con trol var i ables for both sam ples are gen er ated at birth. 
Stature is known and linked for a sub set of the study sub jects who sur vived to age 20. The 4,166 height obser va
tions are a rep re sen ta tive sam ple of the sur vi vors of the 18,845 male births (see Data sub sec tion).

Sources: HSN (2010a, 2010b, 2018).
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sur vival curves for boys by paren tal sur vival and death. The chil dren with two sur
viv ing par ents were most likely to sur vive to age 20. Experiencing mater nal death 
was strongly asso ci ated with high mor tal ity among infants and young chil dren, but 
expe ri enc ing pater nal death was also asso ci ated with ele vated mor tal ity in the first 
two years of life. From around age two onward, the sur vival curves run more or less 
par al lel to each other, which indi cates that dif fer ences in sur vival by paren tal death 
were less pro nounced at higher ages, most likely because of a reduc tion in mor tal ity 
later in child hood.

The results of the sur vival ana ly ses with mor tal ity as a depen dent var i able are dis
played for the male sam ple in panel A of Table 2 and for the female sam ple in panel 
B. Model 1 pres ents the uncon trolled over all mor tal ity risk between birth and age 20 
by paren tal death, and shows that los ing either a mother or a father before age 20 was 
related to an increased mor tal ity risk. In Model 2, we add the covariates described 
above and obtain very sim i lar results. Even though expe ri enc ing mater nal death was 
asso ci ated with a higher point esti mate than expe ri enc ing pater nal death in both mod
els, the dif fer ences between los ing a mother and los ing a father were not sta tis ti cally 
sig nifi  cant (results not shown).

In Models 3–6, which con trol for the covariates, we show the results for the four 
age groups. Model 3 pres ents the results for infants aged 0–1 and shows that expe ri
enc ing either mater nal or pater nal death was strongly related to an increased mor tal ity 
risk rel a tive to that among nonorphaned infants. In Model 4, we ana lyze the mor tal ity 
haz ards for young boys aged 1–5 and find that expe ri enc ing either mater nal or pater
nal death in this phase of life was asso ci ated with sig nifi  cantly higher mor tal ity risks, 
but also that the effects were weaker than in infancy and that the dif fer ence between 
los ing a mother or a father was not sta tis ti cally sig nifi  cant. However, expe ri enc ing 
paren tal death in infancy was not asso ci ated with increased mor tal ity among boys 
aged 1–5. Between ages 5 and 12 (Model 5), expe ri enc ing mater nal death was no lon
ger asso ci ated with increased mor tal ity risk. At the same time, expe ri enc ing  pater nal 
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Fig. 3 Kaplan–Meier survival curve of boys’ survival after parental loss at various ages. N = 17,866. 
Sources: HSN (2010a, 2010b).
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death was sig nifi  cantly related to increased mor tal ity. In this age group, hav ing lost a 
mother before age five remained a con trib ut ing fac tor in male mor tal ity, albeit only 
mar gin ally sig nifi  cantly (p = .071). However, hav ing expe ri enced mater nal or pater
nal death while in infancy was not asso ci ated with higher mor tal ity at ages 5–12, 
which may be related to the low num ber of deaths among this age group. Finally, we 
find no evi dence for a fur ther effect of expe ri enc ing paren tal death on sur vival at ages 
12–20 (Model 6), except among boys whose father died in the pre ced ing period (at 
ages 5–12). Again, the total num ber of deaths in this period appears to be rather small.

The results for female mor tal ity displayed in panel B of Table 2 indi cate that the 
effect of expe ri enc ing paren tal death on mor tal ity risk in infancy (ages 0–1) and young 
child hood (ages 1–5) was sim i lar for boys and girls, with the excep tion that expe
ri enc ing pater nal death dur ing young child hood was not asso ci ated with increased 
mor tal ity risk among girls. Among girls in older child hood (ages 5–12) and ado les
cence (ages 12–20), both los ing a mother and los ing a father were asso ci ated with a 
higher mor tal ity risk. This find ing might indi cate that the reduc tions in resources or 
care were not equally dis trib uted among male and female off spring, as girls often had 
to per form more house hold and care work than boys after the death of a par ent.

We conducted a num ber of robust ness checks. The regres sion results did not 
change sub stan tially after con trol ling for total sibship size instead of birth order, 
or for birth year instead of birth cohort. In our mod els, we also added inter ac tions 
between expe ri enc ing paren tal death and socio eco nomic sta tus, but found no con
sis tent evi dence for inter ac tion effects. Furthermore, we found that among boys, the 
rela tion ship between los ing a father and mor tal ity was espe cially strong for the oldest 
boy in a fam ily and weaker for his youn ger broth ers. By con trast, we observed no 
rela tion ship between los ing a mother and the older boy’s mor tal ity spe cifi  cally (see 
Table S8 in the online sup ple ment). Finally, we excluded from the ana ly ses child 
deaths that occurred within 14 days of the death of a par ent, and the results remained 
largely sim i lar, suggesting that it is unlikely that these deaths were driven by shared 
causes of death, such as mutual infec tions.

To address changes over time, we run sep a rate mod els for the three birth cohorts 
described above (1850–1879, 1880–1899, 1900–1922); these mod els can be found 
in the online sup ple ment. Losing a par ent was found to be asso ci ated with a higher 
infant mor tal ity risk through out the entire research period (except for expe ri enc
ing pater nal death among boys born between 1900 and 1922 and among girls born 
between 1850 and 1879), and los ing a mother was shown to be par tic u larly harm ful 
for infant boys and girls from the first birth cohort (1850–1879) onward. However, 
for the remaining age groups (1–5, 5–12, 12–20), the asso ci a tion between los ing a 
par ent and mor tal ity weak ened as expected toward the end of the research period and 
was no lon ger sig nifi  cant for chil dren born in the 1900–1922 period.

Parental Death and Boys’  Young Adult Height

Figure 4 pres ents the results of the ordi nary leastsquares regres sions, with young 
adult height as the depen dent var i able and mater nal or pater nal death as the main 
inde pen dent var i able. The mod els pro duced an adjusted R2 of just over .1, which is 
sim i lar to the val ues found in other stud ies using height on an indi vid ual level (e.g., 
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spe cial issue on height and arti cles therein; Öberg 2017). The ref er ence group is made 
up of boys who did not expe ri ence paren tal death before their height was reg is tered 
at con scrip tion. In the first regres sion, displayed in the upper panel of Figure 4, we 
dif fer en ti ate between mater nal death, pater nal death, and full orphan hood. Although 
expe ri enc ing mater nal death before age 20 was sig nifi  cantly asso ci ated with a lower 
stat ure of almost one cen ti me ter, expe ri enc ing pater nal death or full orphan hood was 
not sig nifi  cantly related to young adult height.

The sec ond panel of Figure 4 shows the rela tion ship between the tim ing of paren
tal death and height by intro duc ing paren tal death in the pre vi ously discussed age 
groups. As very few of the boys expe ri enced full orphan hood before con scrip tion, 
we do not fur ther dif fer en ti ate this group by their exact age at the death of the par ent. 
While expe ri enc ing mater nal death in older child hood (ages 5–12) was asso ci ated 
with lower young adult height (−1.8 cm), remark ably, expe ri enc ing pater nal death 
in the same age range was sig nifi  cantly asso ci ated with taller stat ure (1.1 cm). In the 
other age groups, there was no sig nifi  cant asso ci a tion between expe ri enc ing paren
tal death and stat ure. Thus, our results sug gest that the main effect of expe ri enc ing 
paren tal death on height was con cen trated between ages five and 12.

Regarding changes between cohorts in the rela tion ship between expe ri enc ing 
paren tal loss and stat ure, we do not observe a con sis tent weak en ing of the rela tion ship  
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Fig. 4 Effect of the timing of parental death on boys’ stature in centimeters (with 95% confidence inter
vals). The estimates are based on a linear regression model that controlled for socioeconomic status, birth 
region, birth cohort, and birth order. N = 4,166; reference group with both parents alive, N = 3,041; both 
parents died, N = 101; paternal death for ages 0–1 (21), 1–5 (87), 5–12 (192), and 12–20 (237); and mater
nal death for ages 0–1 (14), 1–5 (113), 5–12 (158), and 12–20 (202).
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between the three birth cohorts (see Table S9 in the online sup ple ment). However, 
the over all impor tance of mater nal death for stat ure weak ens with time. The spe cific 
tim ing of mater nal death that is impor tant for stat ure varies slightly across cohorts, 
but the most con sis tent find ing across time is that mater nal death at age 5–12 is neg
a tively related to stat ure.

The results are not sen si tive to replacing birth order by sibship size (so that 
chil dren born after the observed indi vid ual are accounted for) or a dummy var i
able for the eldest son (to address pos si ble pref er en tial treat ment). Therefore, we 
do not find con sis tent evi dence that los ing a par ent affected laterborn chil dren, 
chil dren with more sib lings, or eldest sons dif fer ently. Moreover, we find no con
sis tent and sub stan tial evi dence for inter ac tions between socio eco nomic sta tus 
and paren tal death.

To reduce the influ ence of unob serv able, timeinvari ant fam ily fac tors, the ana
ly ses reported in Table 3 use the brother sam ple to esti mate the cor re spond ing fam
ily fixedeffects mod els. The num ber of obser va tions per model was inher ently 
low because conducting the anal y sis required both an indi vid ual who expe ri enced 
paren tal death within the given inter val and a brother who expe ri enced the death 
out side the given inter val and sur vived until age 20. As a result, most of the esti
ma tes were insig nifi  cant. However, expe ri enc ing mater nal death between ages five 
and 12 was asso ci ated with a height reduc tion of 1.9 cen ti me ters rel a tive to the 
height of broth ers who were older or youn ger at the mother’s death. This result 
sup ports the ear lier find ing that expe ri enc ing mater nal death between ages five and 
12 was related to sig nifi  cantly lower height out comes. However, the pre vi ous result 
indi cat ing that expe ri enc ing pater nal death between ages five and 12 was sig nif
i cantly asso ci ated with a height advan tage is not supported in the fam ily fixed 
effects model. Although the point esti mate was in the same direc tion, the effect was 
not esti mated very pre cisely.

Table 3 Withinfam ily com par i son (fam ily fixed effects) of paren tal death at the given age inter val ver sus 
no paren tal death between the given age inter val, in cen ti me ters

Death Between 
Ages 0–1

Death Between 
Ages 1–5

Death Between 
Ages 5–12

Death Between 
Ages 12–20

Parental Death
 No death in age 

inter val ref. ref. ref. ref.
 Paternal death −1.12 −0.06 0.68 −0.47
 Maternal death −2.08 1.21 −1.91* 1.07
Intercept 166.4 166.0 165.8 165.5
Adjusted R2 .733 .475 .481 .535
Number of 

Observations 27 163 319 371
Number of 

Families 11 64 125 147

Note: All mod els are con trolled for a time trend (sec u lar trend in heights).

*p < .05
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The Role of Stepparent Entry

We addi tion ally inves ti gate how the entry of a step par ent into a fam ily mod er ated 
the effect of los ing a par ent on a child’s health out comes. In the Netherlands, each 
cou ple tra di tion ally formed an inde pen dent house hold upon mar riage. Thus, in the 
study period, most chil dren were born into a nuclear house hold in which only the 
child’s par ents and sib lings were pres ent (Kok et al. 2011). After expe ri enc ing the 
death of a par ent, a halforphaned child with sev eral broth ers and sis ters may have 
faced com pe ti tion over scarce remaining resources, but may also have benefited from 
higher lev els of mutual sup port (Öberg 2017; Quanjer and Kok 2019). Similarly,  
the entry of a step par ent into the fam ily may have had conflicting con se quences  
for the child’s health and sur vival. On the one hand, the pres ence of a step par ent may 
have reduced the harm ful impact of los ing a par ent by pro vid ing addi tional fam
ily income or paren tal care (RosenbaumFeldbrügge 2019). On the other hand, the 
arrival of a step par ent may have resulted in esca lat ing con flicts within the fam ily or 
endan gered the most vul ner a ble mem bers of the newly formed house hold (Willführ 
and Gagnon 2013). In gen eral, widowed fathers were much more likely to remarry 
than widowed moth ers, which may be seen as a pater nal strat egy to ensure the pro
vi sion of care and house work (RosenbaumFeldbrügge 2018). By con trast, widowed 
moth ers—par tic u larly those with young chil dren—were typ i cally eli gi ble to receive 
ben e fits from munic i pal, church, and pri vate poor relief orga ni za tions (Schmidt 2007; 
van Leeuwen 1998).

Table 4 shows the results of the step par ent mod els of both the mor tal ity and the 
height anal y sis for males. The mor tal ity model indi cates that the asso ci a tion between 
expe ri enc ing paren tal death and child mor tal ity was weaker among boys who expe
ri enced the entry of a step par ent into the fam ily. Boys with a widowed father who 
remarried expe ri enced a lower mor tal ity haz ard (2.14) than boys with a father who 
did not (2.71). The same pat tern is observed for boys with a mother who remarried 
(0.68) rel a tive to boys with a mother who did not (1.57). These dif fer ences were sig
nifi  cant (result not shown). In addi tion, for boys with a mother who remarried, we do 
not find a sig nifi  cantly increased mor tal ity risk rel a tive to that of boys whose par ents 
both sur vived until they reached age 20.

Regarding stat ure, expe ri enc ing paren tal death was sig nifi  cantly asso ci ated only 
with shorter height for boys with a father who remarried after their mother died; 
these boys were, on aver age, 1.3 cm shorter than nonorphaned boys. Among boys 
with a father who did not remarry, the reduc tion in height was 0.6 cm, which was 
insig nifi  cant com pared with the height of boys who did not lose their mother. These 
find ings might indi cate that the entry of a step mother into the fam ily increased the 
sur vival chances of par tic u larly vul ner a ble boys, who nev er the less did not suc ceed 
in catch ing up in terms of height and health dur ing child hood and ado les cence. 
However, cau tion is advised when interpreting this result. As the height anal y sis 
includes only boys who sur vived until age 20, the entry of a step mother into the 
fam ily was strongly cor re lated with the boys’ num ber of sib lings and age at the 
death of the par ent. However, we can not dis card the pos si bil ity that step moth ers 
might have favored their own chil dren at the cost of their step sons when it came to 
the health of the sur viv ing chil dren.
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Discussion and Conclusion

In this work, we used the Historical Sample of the Netherlands to ana lyze how 
expe ri enc ing paren tal death in infancy, child hood, or ado les cence was asso ci ated 
with both mor tal ity before age 20 and young adult height. Our main results indi
cate that expe ri enc ing pater nal—and par tic u larly mater nal—death in infancy or 
young child hood was strongly asso ci ated with increased mor tal ity risk, but not 
with young adult height. These results sug gest that the adverse con di tions chil dren 
expe ri enced after los ing a par ent in early life were reflected in child hood mor tal ity, 
but not in young adult stat ure. These find ings point to a dis tinct short com ing of 
height ana ly ses among pop u la tions with high lev els of infant and child mor tal ity: 
that is, stat ure is known only for those indi vid u als who ulti mately sur vived until 
the moment of mea sure ment. As a result, mor tal ity selec tion lim its the sam ple size 
for cer tain sub groups, which results in lower sta tis ti cal power and may even lead 
to a pos i tively selected sub group of indi vid u als who sur vived until adult hood. 
Mortality selec tion might also explain why other research ers did not find a neg a
tive effect on adult height of sub sis tence cri ses dur ing infancy and early child hood 
(Depauw and Oxley 2019). Accordingly, to obtain more reli able insights into the 
over all effects of earlylife adver sity, young adult height in high mor tal ity regimes 
should be stud ied, if pos si ble, in uni son with other health out comes, such as infant 
and child mor tal ity.

For chil dren in his tor i cal pop u la tions, the death of a par ent was related to an ele
vated pov erty risk and to a decline in the resources and care typ i cally pro vided by 

Table 4 Survival of boys ages 0–20 and con scrip tion height, by paren tal death and remarriage

Mortality Analysis Height Analysis

HR 95% CI p Coef. 95% CI p

Both Parents Alive (ref.) 1.000 —
 Mother died, no 

remarriage 2.71 2.19 to 3.35 .00 −0.62 −1.45 to 0.21 .15
 Mother died, father 

remarried 2.14 1.75 to 2.60 .00 −1.26 −2.22 to −0.30 .01
 Father died, no 

remarriage 1.57 1.20 to 2.05 .00 0.55 −0.12 to 1.22 .11
 Father died, mother 

remarried 0.68 0.36 to 1.27 .22 0.05 −1.51 to 1.52 .24
Number of Events 5,499 —
Number of Observations 18,541 4,166

Notes: In the mor tal ity anal y sis model, full orphans are excluded and the effects are haz ard rates from the 
pro por tional haz ard Cox mod els. The effect of the death of the par ent is mea sured dynam i cally, and the 
sur vival fol lowup is divided between chil dren with a sur viv ing par ent who remarried within three years of 
the death and chil dren with a sur viv ing par ent who remained unmar ried three years after the death. In the 
height anal y sis, full orphans are included as a sep a rate group, but they are only com pared with the ref er
ence cat e gory, and thus do not affect the other out comes. Effects are based on OLS regres sion mod els with 
the effect in cen ti me ters. Mortality and height mod els con trol for birth order, socio eco nomic sta tus, region 
of res i dence, and birth cohort.
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par ents. Therefore, we hypoth e sized that the main effect on chil dren of expe ri enc ing 
a father’s death would be increased resource dep ri va tion, whereas the main effect of 
expe ri enc ing a mother’s death would be a reduc tion in care giv ing (Dribe et al. 2007; 
RosenbaumFeldbrügge 2020; van Poppel 1995). In terms of sur vival, our results 
show that the chil dren in our sam ple were most vul ner a ble to the effects of los ing 
a par ent in infancy and early child hood, a period of life in which they were highly 
depen dent on the pro vi sion of care. In par tic u lar, the abrupt end ing of breastfeed
ing in infancy has been shown to have dev as tat ing con se quences for child health 
in his tor i cal pop u la tions (Reher and GonzálezQuiñones 2003). Thus, expe ri enc ing 
mater nal death in infancy was asso ci ated with higher mor tal ity risks than expe ri enc
ing pater nal death. However, as the chil dren aged, the mor tal ity risk asso ci ated with 
expe ri enc ing mater nal death decreased and ulti mately became insig nifi  cant for boys 
aged 5–12 and 12–20. These find ings dem on strate that the chil dren were less depen
dent on mater nal care for their sur vival after age five. At this stage, step moth ers— 
who have been shown to be pos i tively asso ci ated with child sur vival—may some
times have been  able to step in as the main care giver. Earlier research has shown that 
other female kin, such as aunts and grand moth ers, could also serve as  sub sti tute care
giv ers (Sear and Mace 2008). However, among girls aged 5–12 and 12–20, mater nal 
death was still asso ci ated with an increased mor tal ity risk, which might be attrib uted 
to a com bi na tion of these girls hav ing lower nutri tional intake and a larger work
load because they were expected to take on care respon si bil i ties at home after their 
mother’s death. Other stud ies have shown that in rural areas (Devos 2000) and among 
unskilled work ers (van Poppel et al. 2009), there was excess mor tal ity among ado
les cent girls; how ever, no spe cific effect on girls’ child hood (ages 0–5) mor tal ity was 
found for fam i lies that expe ri enced high lev els of mor tal ity (van Dijk 2019).

Earlier research has indi cated that expe ri enc ing high food prices dur ing ado les
cence was asso ci ated with shorter stat ure in adult hood (Depauw and Oxley 2019). 
Our results, in con trast, dem on strate that expe ri enc ing paren tal death in ado les cence 
was not asso ci ated with young adult stat ure and that expe ri enc ing mater nal death at 
youn ger ages (ages 5–12) was most det ri men tal for young adult height. This find ing 
was supported by the sib ling fixedeffects mod els. Experiencing high food prices and 
paren tal death may have affected health out comes dif fer ently for dif fer ent age groups. 
In the past, food prices were very vol a tile and a sharp increase could have a det ri men
tal shortterm impact on chil dren’s nutri tional sta tus and health (Depauw and Oxley 
2019). By con trast, los ing a par ent most likely ini ti ated a longlast ing period of mis
ery and dep ri va tion for chil dren, par tic u larly for those youn ger than 12 (Horrell et al. 
1998; Oris and Ochiai 2002). However, halforphaned ado les cent chil dren older than 
12 were less depen dent on house hold resources and may have had—in the absence of 
a seri ous sub sis tence cri sis—suf fi cient access to social sup port and the labor mar ket 
to enable them to cope with the death of a par ent.

To con clude our inter pre ta tion of the results, the find ings for the effects of expe
ri enc ing pater nal death on the 5–12 age group appear to be incon sis tent. While the 
boys and girls in this age group who lost their father had sig nifi  cantly higher mor tal
ity haz ards than nonorphaned chil dren, the boys also had higher stat ure. It is pos si ble 
that there were two dif fer ent mech a nisms at play in these find ings that par tially off set 
each other. On the one hand, com pared with their nonorphaned coun ter parts, chil
dren who expe ri enced their father’s death may have tended to have worse hous ing 
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 con di tions, lower nutri tional intake, and a larger work load through an ear lier entry 
into the labor force or increased care respon si bil i ties at home (Horrell et al. 1998), 
which may have neg a tively affected their health. On the other hand, it is pos si ble 
that after their father died, sons were given a more impor tant role in the fam ily that 
coin cided with a larger share at the din ner table. In line with this argu men ta tion, 
Horrell and Oxley (2013) have shown that in the absence of a bread win ner exer cis
ing a major claim on resources, resource dis tri bu tion among sib lings was more even, 
which resulted in bet ter over all health for all  of the chil dren in the fam ily. Neverthe
less, our find ing of a pos i tive asso ci a tion between expe ri enc ing pater nal death and 
young adult height should par tic u larly be interpreted with cau tion, as this rela tion ship 
was not supported by the sib ling fixedeffects mod els.

We would like to point to three major lim i ta tions of our study. First, in the height 
anal y sis, we only stud ied men, as height infor ma tion on women is not avail  able in the 
Dutch his tor i cal sources. Boys and girls might have been affected by paren tal death 
dif fer ently in terms of, for exam ple, the changes in their house hold tasks (tak ing care 
of the sick, man ual labor) and the tim ing of their labor mar ket entry. These poten tial 
dif fer ences, in addi tion to the gen der dif fer ences found in the mor tal ity anal y sis, pre
vent us from gen er al iz ing our height find ings to girls. Second, the num ber of obser
va tions in the height sam ple declined from the birth cohort 1894 onward, as not all  
archives kept their post–World War I records. Although the geo graphic and socio eco
nomic sta tus dis tri bu tion of our data was not affected, we were unable to study height 
into the mid dle of the twen ti eth cen tury, as by that time los ing a par ent may have no 
lon ger affected the health of (half) orphans. Third, a cor re lated dis ease envi ron ment 
may lead to higher rates of both pater nal and child mor tal ity. At the same time, in 
highmor tal ity pop u la tions, such as that of the Netherlands in the sec ond half of the 
nineteenth cen tury, the effect on height of post neo na tal mor tal ity—which is a strong 
proxy for the dis ease envi ron ment—has been shown to be very lim ited (Akachi and 
Canning 2010; Bozzoli et al. 2009; Öberg 2015). We added the munic i pal crude death 
rate to our height mod els as a proxy for the exter nal dis ease envi ron ment and it did not 
alter the main esti ma tes of the impact of paren tal death. In addi tion, in a sen si tiv ity 
anal y sis, we excluded child deaths occur ring within two weeks of the paren tal death 
(20 cases) and obtained very sim i lar—albeit slightly atten u ated—results. Therefore, 
we are con fi dent that the results are not driven by the shared dis ease envi ron ment.

To con clude, in this study, we have shown that ana ly ses of mor tal ity and height in 
his tor i cal demog ra phy allow research ers to over come the dis tinct biases and short
com ings asso ci ated with study ing these health indi ca tors sep a rately. Whereas the 
study of mor tal ity cov ers many aspects of child health in the first five years of life, 
it is less suit able for study ing health effects among older chil dren and ado les cents. 
While the study of young adult height suf fers from high mor tal ity selec tion in the 
first years of life, it is bet ter  able than the mor tal ity anal y sis to iden tify health effects 
beyond age five. The claim that ana ly ses of mor tal ity and height com ple ment each 
other very well was dem on strated par tic u larly with regard to the impact on child 
health of expe ri enc ing mater nal death. Although we found that chil dren’s mor tal ity 
haz ards were high imme di ately after their mother died, we also observed that as their 
care needs declined with age, their mor tal ity haz ards decreased and became insig nif
i cant. Nevertheless, in con trast to the mor tal ity anal y sis, the height anal y sis showed 
that the health of boys expe ri enc ing mater nal death between ages five and 12 was 
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also neg a tively affected, as indi cated by their shorter stat ure in young adult hood. 
Therefore, it appears that study ing both mor tal ity and height adds to our under stand
ing of how exter nal cir cum stances affect child health. These insights are also rel e vant 
for study ing child health in today’s low and mid dleincome countries. As mor tal ity 
rates among infants and chil dren con tinue to decline in these countries, trends in stat
ure may have become a bet ter indi ca tor of the over all changes in the health of birth 
cohorts (Akachi and Canning 2010). ■
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