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Abstract
We examine the effects on adult and old age mortality of childhood living arrangements and other
aspects of family context in early life. We focus on features of family context that have already been
shown to be associated with infant or child mortality in historical and developing country populations.
We apply discrete-time event-history analysis to longitudinal, individual-level household register
data for a rural population in northeast China from the eighteenth and nineteenth centuries. Loss of
a mother in childhood, a short preceding birth interval, and high maternal age were all associated
with elevated mortality risks later in life. Such effects persist in a model with fixed effects that account
for unobserved characteristics of the community and household. An important implication of these
results is that in high mortality populations, features of early life family context that are associated
with elevated infant and child mortality may also predict adverse mortality outcomes in adulthood.
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Before the twentieth century, high levels of adult mortality meant that loss of one or both
parents in childhood was a common experience. According to a variety of studies carried out
in historical European and Asian populations, recent loss of a parent was associated with a
substantial elevation in infant or child mortality (Beekink, van Poppel & Liefbroer 1999,
2002; Breschi & Manfredini, 2002; Campbell & Lee, 2002, 318; Högberg & Bröström,
1985; Tsuya & Kurosu, 2002). While the specific mechanisms underlying this relationship
have yet to be delineated, possibilities include reduced consumption associated with the loss
of a caregiver and household laborer, physiological effects of psychological stress, or a
common disease environment or genetic endowment that raised the mortality risks of parents
and children.

We examine the long-term mortality consequences of the loss of a parent and other features of
childhood family context that have been shown or suggested to affect infant and child mortality
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in historical populations and contemporary developing countries. These include short
preceding birth interval, birth order, family size, and maternal age. Based on the existing
literature on associations between childhood conditions and health and mortality at later ages,
we hypothesize that features of early life family context already known to be associated with
elevated infant and child mortality in high mortality populations may also have implications
for health and mortality in adulthood and old age.

We make use of longitudinal household register data on one-quarter million people who lived
in more than 600 largely rural communities in Liaoning province in northeast China from 1749
to 1909. We compare male mortality outcomes in adulthood and old age according to the age
at loss of parent, the length of the preceding birth interval, family size, birth order, and maternal
age and other features of household context in childhood. For this comparison, we carry out a
discrete-time event-history analysis (Allison, 1984). This is analogous to Cox regression but
as we discuss in detail later more appropriate to data organized like ours (Allison, 1984). To
control for unobserved characteristics of the community and household, we also estimate fixed-
effects models (Allison & Christakis, 2006; Hoffman & Duncan, 1988).

Even though the emphasis in this study is more on the documentation of substantively
interesting relationships than on their explanation, it has at least two distinguishing features.
It is one of a relatively small number of studies of the long-term health consequences of early
life conditions that considers the influence of parental survival, preceding birth interval, and
other features of household and family structure. As detailed later, most published studies focus
on the long-term implications of socioeconomic status, health conditions, and community
context. It is also one of a very small number of studies of which we are aware that examines
a non-Western population, the others being Khang's (2006) study of South Korea and Zeng et
al.'s (2007) study of twentieth-century China.

We organize the remainder of the paper into five sections. The first motivates our expectations
for the consequences of household context in childhood for adult mortality and clarifies the
contribution of this study through a brief review of relevant findings on health effects of
conditions in early life. The second introduces the data, focusing on strengths and weaknesses
that facilitate or constrain analysis. The third introduces the statistical methods and models,
motivating each of the variables included in the analysis. The fourth presents empirical results.
We conclude in the fifth section with an assessment of the implications of these results.

Background
A large literature describes and seeks to explain associations between conditions in childhood
and health and mortality in later life (Blackwell, Hayward & Crimmins, 2001; Davey Smith
et al. 1998; Forsdahl, 2002; Guralnik et al., 2006; Kuh & Ben-Shlomo, 2004; Kuh et al.,
2002; Haas 2008; Hayward & Gorman 2004; Leon & Davey Smith, 2000; Moody-Ayers et
al., 2007; Palloni, 2006; Preston, Hill & Drevenstedt, 1998; Schwartz et al., 1995). The
emphasis has generally been on the long-term implications of parent and child health, family
socioeconomic status, and community context in childhood. A variety of relationships have
been reported and a number of mechanisms have been proposed to account for them.

Only a few studies of which we are aware have considered the effects of childhood family
structure, including of the presence or absence of parents. Results suggest that males who lived
with both parents in childhood had a mortality advantage in adulthood and old age, even after
controlling for socioeconomic status and community context. Preston, Hill, & Grevenstedt
(1998) find that in a sample of African-Americans, childhood residence in a two-parent
household increased the chances of surviving to old age. Similarly, Hayward & Gorman
(2004) report based on an analysis of the 1966 cohort of the National Longitudinal Study that
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men who reported that they lived with both biological parents at age 15 had lower mortality
risks than men who reported other living arrangements. An analysis of contemporary data from
a survey of elderly Chinese found that reported loss of a parent in childhood was associated
with worse health and higher mortality risk in old age, but the relationship was not statistically
significant (Zeng, Gu, & Land, 2007, 512).

There is strong reason to consider the long term health effects of early loss of a parent, at least
in preindustrial populations. In historical populations, loss of a parent was associated with
elevated infant, child and early adolescent mortality. As mentioned earlier, boys aged 1 to 15
sui in Liaoning who lost their mother experienced a 33 to 40 increase in the risk of dying
(Campbell & Lee 2002, 318; Campbell & Lee, 2004). Similarly strong effects of loss of parent
have been reported for a number of other historical European and Asian communities (Beekink,
van Poppel and Liefbroer 1999, 2002; Breschi & Manfredini, 2002; Högberg & Bröström,
1985; Tsuya & Kurosu, 2002).

There are a number of reasons to expect the early loss of a parent to have longer-term
consequences. In a preindustrial setting like eighteenth- and nineteenth-century northeast
China, household context was a key determinant of individual wellbeing. When a parent died,
their child suffered in a variety of ways. Their nutritional intake may have declined, their work
load may have increased, they may have experienced increased psychosocial stress, and other
important relevant features of living conditions like clothing, hygiene, and housing may have
deteriorated. Adversity during this sensitive period led to poor health later in life by causing
disruptions in growth and development from which individuals do not recover (Fogel, 1994;
Kuh & Wadsworth 1993). Infections contracted during this period may have led to chronic
conditions that later increased morbidity and eventually mortality (Elo & Preston, 1992;
Mosley & Gray, 1993). There may also be more complex and indirect effects in which
childhood conditions affect or interact with aspects of adult status such as lifestyle and
occupation that in turn affect health and mortality (Kuh & Ben-Shlomo, 2004; Costa, 2000).
Parent-child correlations in health and mortality attributable to common community or
household environment, genetic factors, and parent-child transmission of infection may have
been important as well, and we discuss those later in the context of our statistical methods.

Examination of the long-term consequences of loss of a parent in childhood is substantively
important because it was a relatively common experience in high-mortality populations. In
northeast China in the eighteenth and nineteenth centuries, nearly one-third of children lost
one or both of their parents by the time they reached age 15 (Campbell & Lee, 2002, 316). In
Venice in the middle of the nineteenth century, the figures are nearly identical (Derosas,
2002, 423). In Casalguidi, Italy, in the early nineteenth century, more than one-fifth of children
lost at least one parent by the time they reached age 12 (Breschi & Manfredini, 2002, 374). In
the Netherlands in the last half of the late nineteenth century, around 10 percent of people aged
less than 20 had lost at least one parent (Beekink, van Poppel, & Liefbroer 2002).

Other features of family context are also of interest because they have been shown to be
associated with elevated infant and child mortality. Studies using historical German data
suggest a J- or U-shaped relationship between child mortality and maternal age (Knodel &
Hermalin, 1984). Birth order and family size may also be associated with infant and child
mortality (Kaunitz et al., 1985; Knodel & Hermalin, 1985). Studies in a variety of historical
populations and developing countries indicate that a short preceding birth interval raises
mortality risks for the child (Curtis, Diamond & McDonald, 1993; Knodel & Hermalin,
1984; Koenig et al. 1990; Miller et al. 1992) and possibly the mother (Conde-Agudelo &
Belizan, 2000).
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Most historical studies of the effects of conditions in early life on health and mortality in later
life focus on childhood community context or socioeconomic status, not family structure.
Preston & van de Walle (1978) showed that nineteenth-century urban French cohorts who
experienced childhood after the improvement of the water supply enjoyed substantially reduced
mortality risks for the remainder of their lives. Alter & Oris (2005, 2008) and Alter et al.
(2004) examine effects of socioeconomic status, as reflected in occupation. At least two
historical studies take an approach similar to the one in the contemporary studies by Forsdahl
(2002) and Leon & Davey Smith (2000) and use infant mortality rates as a proxy for conditions
in the community around time of birth. Bengtsson & Lindström (2000) finds that in southern
Sweden, they are associated with elevated mortality in adulthood and old age. Costa (2000)
finds that for Civil War veterans in the United States, they were associated with a higher risk
of certain chronic conditions.

Based on our reading of the literature, we have several expectations about the results. Theory
and evidence on the general importance of family context in childhood for health and mortality
at later ages, especially the findings in Preston, Hill, & Grevenstedt (1998) and Hayward &
Gorman (2004), suggests that childhood living arrangements should affect mortality in
adulthood and old age. From the theory and evidence that suggests that children's development
may have been more sensitive to health disruptions at some ages than at others, we expect that
specific age at loss of a parent may have mattered (Kuh & Wadsworth, 1993). Based on
previous findings that the mortality disadvantage in childhood associated with the loss of a
mother was pronounced and persistent (Campbell & Lee, 2002), we expect the long-term
effects of a loss of a mother to have been especially strong.

Data
We make use of triennial household register data for 1749 to 1909 for more than 600 villages
in Liaoning province in northeast China. The original dataset comprises 1.4 million records
describing approximately 250,000 people who lived in 28 administrative populations between
1749 and 1909. The origins of the registers as well as procedures for data entry, cleaning and
linkage are described in Lee & Campbell (1997, 223-237). Features of the registers relevant
to event history analysis are described in Campbell & Lee (1996, 2000, 2002, 2004, 2008).
Overall, the Liaoning household registers provide far more comprehensive and accurate
demographic and sociological data than other sources for China before the twentieth century
(Lee & Campbell, 1997).

The geographic and economic contexts of these populations varied dramatically. As Figure 1
shows, the villages are spread over an area of 40,000 square kilometers. These regions include
a commercialized coastal area around Gaizhou in south Liaoning, a farming region around
Haizhou and Liaoyang in south central Liaoning, a farming area around the provincial capital
in central Liaoning, and a remote agricultural area in the hills and mountain ranges in north
Liaoning.

The registers resemble a triennial census in terms of format and organization. Entries were
ordered by village and residential household. In contrast with most historical censuses, the
registers allow for longitudinal linkage of the records of the same individual across the life
course. Households and their members appeared in almost the same order in each register, even
when they moved to another village. The extensive detail on household relationship,
meanwhile, allows for location of kin and measurement of their characteristics. For each person
in a household, the registers recorded relationship to household head; name(s) and name
changes; adult occupation, if any; age; lunar year, month, day, and hour of birth; marriage,
death, or emigration, since the last register, if any; and village of residence.
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Ages were recorded in sui. In this traditional means of reckoning age, individuals were 1 sui
at birth, and their age incremented every Lunar Year. On average, an age reckoned in sui is
1.5 higher than when reckoned according to Western practice. We are not confident that the
recorded month and day of birth are reliable enough to allow for conversion to Western ages,
thus we leave ages in sui for the analysis.

The registers are an excellent source of the study of the determinants of mortality (Campbell
& Lee, 1996, 2002, 2004). Most importantly, entries into and exits from the population were
rare and when they did occur they were annotated, largely avoiding problems associated with
censoring (Lee & Campbell, 1997, 223-237). The registers also provide a measure of
socioeconomic status in the form of salaried official positions held by adult males, and
distinguish disabled adult males from other adult males (Lee & Campbell, 1997; Campbell &
Lee 2003). The men who held salaried official positions represented the local elite in this
otherwise rural population.

The most important feature of the registers relevant to our choice of method is that they only
specify the interval between two registers during which death occurred, not the precise date of
death. As discussed later, this leads us to apply discrete-time event-history analysis techniques
that are analogous to Cox regression (Allison 1984). The absence of precise dates of death also
affects the specification of the explanatory variables that indicate when individuals lost their
parent. The measure of age at loss of a parent is actually age in the last register when the parent
was still listed as alive. Since the registers followed individuals or families who moved from
one village to another within the region, and departures from the region were extremely rare,
we are confident that the absence of a parent in a register is a reliable indicator that they have
passed away.

Other features of the registers imply additional limitations in the analysis. First, children who
died in infancy or early childhood were omitted from the registers. We cannot reliably compute
infant and early child mortality, thus are unable to follow the example of studies that used
infant or child mortality rates around the time of birth as a proxy for health conditions in early
childhood and showed that they were associated with mortality later in life (Fordahl, 2002;
Leon & Davey Smith, 2000). Second, we restrict our analysis to males because we cannot
follow women from childhood into adulthood and old age because we have not yet linked
records of wives in one household back to their records as a daughter in another households.
Third, daughters are especially prone to omission from the registers, even when they survived,
thus variables intended to capture family size and composition effects are based on counts of
sons, not counts of all children. Fortunately, women were recorded in detail after they married
and appeared as wives in a household, allowing for measurement of the characteristics of
mothers.

Methods
We apply discrete-time event-history or survival analysis via logistic regression (Allison
1984). This approach is most appropriate when the data only specify an interval in which an
event occurred, not its precise timing. It is a discrete-time analogue to the Cox proportional
hazards regressions applied to continuous-time data. Following previous studies of mortality
that apply discrete-time event-history analysis (Curtis, Diamond & McDonald, 1993; Elo &
Preston, 1996), we estimate a logistic regression in which a dichotomous outcome variable
specifies whether or not a death between two registers, and right-hand side variables specify
characteristics of the individual at risk of dying. Odds ratios estimated for the right-hand side
variables measure their association with the risk of an event occurring, holding the values of
the other variables constant, and are analogous to the hazard ratios yielded by Cox proportional
hazards regressions.
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We estimate three sets of logistic regressions. One is for boys aged 1-15 sui, another is for
adult males aged 16-55 sui, and the last is for elderly males aged 56-75 sui. Each set consists
of three regressions. The first, Model I, only includes as right-hand side variables the indicators
of when each parent was last seen alive, and basic controls for age, region, and year. We specify
age as a polynomial. Inclusion of age as a right-hand side variable is analogous to specification
of age as the duration measure in a Cox proportional hazards model. Region is specified as a
categorical variable to account for geographic differences in mortality (Campbell & Lee
2004; Lee & Campbell 2005). We distinguish between north, central, south central, and south
Liaoning. We enter year directly to account for secular trends in mortality. To save space, we
omit odds ratios from the presentation of results. To save space, we omit estimate odds ratios
for age, year, and region from the presentation of results.

In the analysis of adult and old age mortality, age at loss of a parent is expressed as a categorical
variable. One set of indicators expresses the subject's age when their mother was last seen alive:
1 to 5 sui, 6 to 10 sui, or 11 to 15 sui. The omitted reference category consists of men whose
mother was still alive when they reached 16 sui. Odds ratios for a category compare the
mortality risks of men whose mother was last observed when they were in the specified category
to those of men whose mothers were still alive when they reached age 16 sui. A similar set of
indicators expresses the subject's age when their father was last seen alive.

Model II adds other features of family context that may have affected infant and child mortality,
and possibly maternal mortality. The additional variables are interesting not only in their own
right, but their inclusion helps rule out the possibility that observed effects of age at loss of
parent are the result of correlations between them, parental survival, and child health. Variables
include maternal age (Knodel & Hermalin, 1984), the length of the preceding birth interval
(Curtis, Diamond & McDonald, 1993; Knodel & Hermalin, 1984; Koenig et al. 1990; Miller
et al. 1992), and parity based on previous male births (Kaunitz et al., 1985; Knodel & Hermalin,
1985). Maternal age at time of birth is measured categorically. An indicator identifies males
who were born when their mothers were less than 20 sui, and another indicator identifies males
who were born when their mother was more than 35 sui. To account for effects of a short
preceding birth interval, another indicator variable identifies males who were born less than
two years after an older sibling. Finally, we include a count of the boys previously born to the
parents, including those who have already died, to account for possible birth order effects
(Knodel & Hermalin, 1984).

Model III introduces additional measures of family and individual circumstances that may have
been the same for brothers but differed between cousins. The first is a count of the total number
of sons born to the parents, regardless of their current survival status (Knodel & Hermalin,
1984). Brothers may have affected health by increasing the frequency of exposure to infection,
and may have been associated with a higher mortality risk for mothers because repeated
pregnancies led to nutritional depletion and decreased resistance to disease. The second is an
indicator of whether the father ever held a salaried official position with the state. Men in the
study population who held such positions experienced elevated mortality, possibly as a result
of unhealthy lifestyles or more frequent exposure to infection (Campbell & Lee, 1996, 2000,
2004). The third is an indicator of whether the father was ever identified in the registers as
disabled. Disabled males were at higher risk of dying (Campbell & Lee, 2003). Model III
accounts for the possibility that adult socioeconomic status and health mediated relationships
between childhood conditions and adult mortality (Kuh & Ben-Shlomo, 2004; Costa, 2000)
by including as right-hand side variables attainment of a salaried official position as an adult,
and being listed as disabled.

To account for unobserved characteristics of the community or household that affect mortality
risks and may be correlated with the included variables, we also estimate fixed-effect logistic
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regressions (Allison & Christakis, 2006; Duncan & Hoffman, 1988). In developing countries,
mortality risks are clustered in the sense that even after controlling for measured characteristics
of the community and household, mortality risks differ systematically across communities or
households (Curtis et al. 1993; Sastry, 1997). Random effects or multilevel models are often
used to account for such clustering, but require strong assumptions about the distribution of
the intercepts, and their independence from the right-hand side variables. A fixed effects
approach makes no assumption about the distribution of the intercepts, and do not require the
right-hand side variables to be independent of the cluster-specific intercept. Conceptually,
introduction of a fixed effect is equivalent to accounting for clustering by including a
dichotomous indicator variable identifying the members for each cluster (Greene, 1997,
615-623). Estimated odds ratios reflect differences in mortality risk within a cluster, net of the
effects of regional, community and household characteristics common to the members of the
cluster.

We specify clusters to consist of male paternal cousins, that is, men with a common paternal
grandfather. Men typically spent their childhood in the same households as their paternal
cousins because most individuals lived in large households that consisted of married brothers
or even cousins living together with their families (Lee & Campbell, 1997). Since paternal
cousins experienced a common household environment as children, relationships of their
mortality risks to right-hand side variables that remain after introduction of a fixed effect cannot
be artifacts of a relationship to common features of the region, community or household.
Defining clusters to consist of paternal cousins as opposed to siblings allows for comparisons
of related children who grew up in the same household, but differed in terms of parental
characteristics such as survival, total number of children born, and father's attainment of official
position.

Differences according to the survival status of parents that persist after the introduction of fixed
effects of common paternal grandfather may not only reflect differences in childhood context,
but also differences in the health of brothers or their wives that were inherited by their children.
Differences between paternal cousins according to their father's survival status could reflect
genetic differences between the brothers who fathered their cousins, and differences according
to mother's survival status could reflect genetic differences between the women who married
into a household. Differences between paternal cousins could also reflect differential exposure
within the household to infections like hepatitis B and H. pylori that are widespread in East
Asia and are transmitted from mother to child (Elo & Preston, 1992; Rothenbacher et al.,
2002). Finally, differences between paternal cousins could reflect differences in the health
status of their mothers that predated their marriage and which affected their mortality and the
intrauterine environment experienced by the son (Gluckman & Hanson 2006).

Results
We begin by confirming the importance of presence of parent for child mortality. The results
in Table 1 confirm findings in Campbell & Lee (1996,2002,2004) that the loss of a mother was
associated with higher child mortality. According to results for Model I in Table 1, boys who
lost their mothers had odds of dying in the next three years that were 21.1 percent higher than
those of boys who did not. In line with earlier findings (Campbell & Lee 2002), the loss of a
father had no apparent effect on mortality. When unmeasured characteristics of the community
and household are controlled in Model I for by introduction of a fixed effect of paternal
grandfather, the effect of loss of a mother remained. Boys who lost a mother had odds of dying
about 26.6 percent higher than those of their cousins whose mothers were still alive. Effects
persist after the addition of additional controls in Models II and III.
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The persistence of the effect of loss of mother after the inclusion of a fixed effect of grandfather
indicates that associations in the mortality risks of mothers and their sons were not an artifact
of community or household characteristics. The results are consistent with either a causal effect
of loss of mother on child mortality, or an association between mother's and son's mortality
attributable to genetic factors, an infection transmitted between mother and child, or maternal
health that affected child health via the intrauterine environment.

Short preceding birth interval and seniority among brothers also influenced child mortality.
According to results for Model II in Table 1, a short preceding birth interval raised the odds
of dying by 17.2 percent. The adverse effect of being born after a short preceding birth interval
persisted after the introduction of a fixed effect. When a fixed effect of grandfather is included
in Model II, a short preceding birth interval raises the odds of dying by 20.9 percent. In the
version of Model III that includes fixed effects, it is better to be a younger brother: every
additional older brother lowers the odds of dying by about six percent.

The loss of a mother in childhood was associated with elevated mortality risks in adulthood.
Table 2 presents results from the event-history analysis of adult mortality. In Model I without
fixed effects, loss of either parent in childhood appears to affect adult mortality risks, but once
fixed effects were introduced, only the effect of loss of mother remains. Men whose mother
was last seen alive when they were aged 6 to 10 sui had odds of dying 15 percent higher than
brothers and cousins whose mothers were still alive when they reached age 16 sui. The apparent
effects of mother's survival is likely either to be causal, or attributable to one of the genetic or
other mechanisms outlined earlier that would allow for a mother-son correlation in health above
and beyond that attributable to a common household and community environment.

Other features of family context in childhood are associated with adult male mortality, even
after the inclusion of fixed effects. According to results for models II and III in Table 2, men
whose mothers were more than 36 sui old when they were born experienced elevated mortality
risks in adulthood. The comparison in the fixed effect models includes brothers born to the
same mother at different ages, suggesting either that this effect is causal in the sense that high
maternal age had adverse health effects, or else that women who were still bearing children at
such late ages differed in some way from brothers' and cousins' wives who were not. Men who
had more brothers experienced lower mortality than cousins who had fewer brothers: every
additional brother in the family lowered the odds of dying by 4.2 percent relative to other
cousins. This may reflect correlations in health among brothers above and beyond associations
attributable to their common community and household characteristics.

In old age, adverse effects of early loss of a parent are no longer apparent. Table 3 presents
results from the event-history analysis of mortality between ages 56 and 75. Either the
mechanisms that translated early loss of a mother into poor health and elevated mortality risk
in adulthood worked through disease processes that were most important in middle age, or else
selection allowed survival to old age only for the most robust of the men who experienced the
early loss of a mother.

Other features of early life family context had strong associations with mortality risks in old
age. Whereas according to Table 2 a short preceding birth interval had no influence on adult
mortality after controlling for unobserved household and community characteristics, it led to
a substantial mortality disadvantage in old age. Results in Table 3 for Model II with fixed
effects indicate that elderly men born after a short preceding birth interval had odds of dying
at least 40 higher than those of brothers and cousins whose birth followed a longer interval.
Elderly men whose mothers were 36 sui or older when they were born also experienced a
persistent mortality disadvantage. According to the results for Model II with fixed effects, their
odds of dying were 18.7 percent higher than those of brothers and cousins who were born when
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their mothers were younger. Conversely, elderly men born when their mothers were relatively
young, less than 20 sui, experienced lower mortality risks in old age than brothers or cousins
who were born when their mothers were older. According to results for Model III, elderly men
whose fathers had been listed as disabled at some point during their lives had much higher
mortality than cousins whose fathers had never been listed as disabled.

Finally, the fixed effect models confirm the existence of the ‘price of privilege’ (Lee &
Campbell, 1997): high socioeconomic status, in the form of attainment of an official position,
was associated with a mortality disadvantage. According to the results for Model III with fixed
effects, elderly men who held a salaried official position earlier in life had odds of dying 50.7
percent higher than those of brothers and cousins who had not. These results suggest that
mortality disadvantages for men with salaried official position reported in Campbell & Lee
(1996, 2004) were not an artifact of unmeasured community and household characteristics that
simultaneously influenced attainment and mortality chances.

The pronounced disadvantage in old age associated with having a father who held a salaried
official position is the reverse of associations reported for twentieth-century Asian populations
(Khang, 2006; Zeng, Gu, & Land 2007). According to results in Table 3 for Model III with
fixed effects, elderly men whose fathers had held official position had odds of dying 72.2
percent higher than those of their cousins whose fathers had not held official position. These
associations may be the reverse of the ones typically observed in contemporary populations,
but they are not inconsistent with associations observed in other preindustrial populations.
Relationships between socioeconomic status and mortality were much less consistent in
historical populations than in contemporary populations (Bengtsson, Campbell, & Lee et al.,
2004; Kunitz, 1987). Campbell & Lee (1996, 2004) and Lee & Campbell (1997) speculated
that the mortality disadvantage associated with high socioeconomic status was related to an
unhealthy lifestyle or possibly more frequent exposure to infection.

Conclusions
The results raise the possibility that in high-mortality populations, historical or contemporary,
features of early life context already known to influence infant and child mortality may have
had longer-term effects on health and mortality in adulthood in old age. These conditions
include early loss of one or both parents, short birth intervals, or very high or low maternal age
at birth that are already known to influence. Differences in adult mortality by age at loss of
mother persisted after controlling for characteristics of the individual and their family.
Mortality differentials according to mother's age at birth, total number of brothers, preceding
birth interval, father's socioeconomic and disability status were also apparent in adulthood or
old age. Most importantly, mortality differentials according to early life family structure
persisted in models that controlled for unobserved features of the community and household
by inclusion of fixed effects.

The results for the effects of loss of mother are suggestive enough to be substantively interesting
but not conclusive. Persistence of the effect of loss of mother after introduction of fixed effects
rules out common community and household features as a source of the relationship, but does
not distinguish between a causal effect of the early loss of the mother, and a mother-child
correlation in mortality risks attributable to genetic factors, infections transmitted from mother
to child at birth or early childhood, or poor maternal health transmitted to the son by effects
on the intrauterine environment.

These results are suggestive rather than conclusive. At this point we have documented a number
of substantively interesting relationships and ruled out common community and household
characteristics as a source, but we have not explained them. Fortunately, other historical
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databases of individual life histories already exist and have been used to study long-term effects
of conditions in early life (Alter & Oris 2005, 2008; Bengtsson, Campbell, & Lee et al.,
2004; Bengtsson & Lindström, 2000). Whereas the focus of such studies has generally been
on the long-term effects of community context and family socioeconomic status in childhood,
the results here suggest that examination of other features of early life family context, in
particular family structure, may also prove fruitful. While the results here do not illuminate the
mechanisms by which features of early-life family structure affected mortality in later life,
replication of this analysis in other contexts and comparison of results may be able to.
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Figure 1. Communities Covered by Liaoning Household Register Data, 1749-1909
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