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This study examines the relationship between the male-to-female sex ratio (measured as the proportion male) at
sexual maturity and later-life mortality risks in the context of pre-industrial northeast China, using registration
data from the Qing Dynasty. We ﬁnd that a higher male-to-female sex ratio at sexual maturity is associated with
a higher later-life mortality risk among men. This association is likely due to the long-term adverse consequences
of stress caused by low mate availability at sexual maturity. We further ﬁnd that a high sex ratio at sexual
maturity mitigates the health beneﬁts of marriage and exacerbates the health disadvantages of holding an ofﬁcial position in Qing China.

1. Introduction
Mate availability may have long-term health consequences.
However, little research has empirically examined the eﬀect of mate
availability on individual health outcomes such as mortality risks. The
sex ratio at sexual maturity (SRSM) directly measures mate availability
during adolescence and young adulthood when individuals are especially sensitive to marriage market conditions (Barclay, 2013a,b). Existing studies that examine the mortality consequences of SRSM are
limited and produce mixed ﬁndings (Barclay, 2013a,b; Jin et al., 2010).
Research is still unclear about whether SRSM aﬀects later-life health
outcomes, and if it does, by what mechanisms.
This study examines the long-term mortality consequences of the
sex ratio (measured as the proportion male) at sexual maturity among
males in pre-industrial northeast China. Data from a subset of the China
Multigenerational Panel Dataset-Liaoning (CMGPD-LN) are used. This
study has three goals. First, we examine whether there is an association
between SRSM and later-life mortality in historical northeast China.
Second, we discuss through which channels SRSM may inﬂuence laterlife mortality. Our empirical analyses try to distinguish three proposed
mechanisms: marriage outcomes, stress, and motivation, by excluding
some of the alternative mechanisms. Third, most previous theoretical
discussions on the consequences of low mate availability focus on individuals who are relatively disadvantaged in the marriage market. The
consequences of low mate availability on the advantaged—individuals
who are married or have high social status—are less well known. In this
study, we also discuss and examine whether SRSM mitigates the health
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beneﬁts of marriage and high occupational status.
This study has two distinguishing features. To our knowledge, it is
the ﬁrst study on the long-term mortality consequences of unbalanced
sex ratios in a historical, non-Western setting. The degree of unbalanced
sex ratio in our data is comparable to that of many developing countries
nowadays, where it has become a great concern. Second, previous
studies failed to clarify whether SRSM has an eﬀect on later-life health
regardless of marital status or whether this eﬀect is completely mediated by marriage. This study aims to distinguish the eﬀect of marriage
from the eﬀect of SRSM on later-life mortality.
2. Conceptual framework
Features of the social context in early life are of great signiﬁcance to
various aspects of later-life well-being. However, few studies have investigated the long-term mortality consequences of the social context in
the period of sexual maturity. Mate availability, as one of the most
important contextual features at an individual's sexual maturity, likely
has a long-term impact on health outcomes. First, lower mate availability at sexual maturity may delay marriage or decrease one's opportunities to ﬁnd a partner (Fossett and Kiecolt, 1993; Guillot, 2000).
When women are in undersupply relative to men, “the breadwinner
system” comes into play (Angrist, 2002; Becker, 1973; Davis, 1984).
Men in the lower social hierarchy, who are less qualiﬁed as breadwinners, are disadvantaged in terms of ﬁnding marital partners. Compared to their unmarried counterparts, on average, married individuals
have greater health beneﬁts as a result of more material resources and
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SRSM among advantaged populations. Under this assumption, we
expect a positive coeﬃcient of the interaction term between marital/occupational status and SRSM on mortality risk.

social support from their partners (Chandra et al., 1983; Goodwin et al.,
1987; Gordon and Rosenthal, 1995; House et al., 1988; Wilson and
Oswald, 2005). In a society such as historical China, where social status
and acceptance depended largely on being married and having male
oﬀspring, single men were marginalized (Hudson and Den Boer, 2004).
Lower mate availability for men also enhanced women's bargaining
power in the marriage market. Thus, some men with high-socioeconomic status (SES) were forced to ‘marry down’ to low-SES women
with worse health and unhealthy behaviors. Because a man's health can
be aﬀected by his wife's social status, health, and health behaviors
(Bartley et al., 2004; Fletcher and Marksteiner, 2017; Jaﬀe et al., 2006;
Monden et al., 2003), living in an environment with low mate availability may mitigate the health beneﬁts of marriage among men
through lowering marriage quality and adverse spousal health spillover
eﬀects.
Decreased perceptions of marriage chances, of course, are an even
earlier stressor. Findings from animal research show that an unbalanced
sex ratio leads to intense intra-sexual competition and more aggressive
interactions among the supernumerary sex (Burley, 1985; Millesi et al.,
1998). Stress resulting from these reproductive or mate-seeking eﬀorts
increases mortality rates among the supernumerary sex (Burley, 1985;
Kuroki, 2014; Millesi et al., 1998). Analogously, men living in an environment with lower mate availability may have fewer marriage
prospects and suﬀer from the stress of competition for, and choice of,
mates (Barclay, 2013a,b; Bien et al., 2013; Kruger, 2008; Kuroki, 2014).
Cumulatively, stress during the period of sexual maturity may have
long-term consequences on old-age mortality. These arguments suggest
that lower mate availability may adversely aﬀect men's health regardless of their marital status, and this eﬀect cannot be completely mitigated by marriage.
On the contrary, ﬁerce mating competition sometimes motivates
individuals to be healthier. This is evidenced in the existing literature
on mate selection models, which ﬁnds four basic considerations that
aﬀect marriage decisions: a potential mate's family background, a potential mate's current SES and related behaviors, structural characteristics of the marriage market, and a potential mate's health characteristics (Fu and Goldman, 1996). In order to increase marriage chances
when mate availability is low, individuals may be motivated to increase
pre-marital investments, attain higher SES, and improve their health
(Chiappori et al., 2009; Iyigun and Walsh, 2007; Lafortune, 2013; Wei
and Zhang, 2011a,b). These pre-marital investments may have longterm beneﬁcial consequences on health even apart from attracting a
mate. Thus, lower mate availability may actually improve men's health
in later life.
We propose three hypotheses of the eﬀect of SRSM on later-life
mortality:

3. Literature review
Very little research has addressed the relationship between sex ratios and individual long-term health. Among those few studies, ﬁndings
are mixed (Barclay, 2013a,b; Barclay and Scott, 2014; Bryngelson et al.,
2011; Hensing and Alexanderson, 2004; Jin et al., 2010; Mastekaasa,
2005). Two studies, to our knowledge, have examined the eﬀect of
SRSM on later life mortality. Jin et al. (2010) showed that men who
reached their sexual maturity in an environment with a higher male-tofemale sex ratio (sex ratio 0.5–0.66 compared with sex ratio 0.44–0.48)
suﬀered from a loss of about three months of life expectancy at age 65.
Their analyses are based on data from both a representative sample of
all 1957 Wisconsin high school graduates and a Medicare-based sample
of elderly men with long-term mortality follow-up in the United States.
Later, Barclay (2013a,b) examined the same hypothesis on cohorts born
in 1941 and 1942 using the Swedish administrative register data. Although not statistically signiﬁcant, the results generally showed an
opposite direction of the eﬀect of SRSM on mortality risks at later ages.
Three major questions remain on the relationship between SRSM
and later-life mortality. First, the relationship between SRSM and laterlife mortality in contexts other than the United States and Sweden is
unclear. It is diﬃcult to generalize the ﬁndings from these studies because skewed sex ratios are often not as severe in developed countries
as they are in developing countries. If SRSM raises later-life mortality in
developing countries, the consequences are likely to be much more
pronounced than the consequences captured by the existing literature.
Second, assuming there is a positive relationship between SRSM and
later-life mortality, it is also not clear whether the eﬀect of sex ratio is
totally mediated by marriage outcomes. That is, living in a low-mateavailability setting may not aﬀect later-life mortality if individuals
manage to get married. Third, existing theoretical discussions tend to
emphasize potential consequences of low-mate availability on disadvantaged groups in the marriage market. The three mechanisms (i.e.,
marriage outcomes, stress, and motivation) apply particularly to the
disadvantaged in the marriage market. The advantaged in the marriage
market are expected to worry less about marriage chances, and most of
them manage to ﬁnd partners regardless of low-mate availability.
However, in such a setting, in order to get married, men with high
social status may have to marry down. Taking a lower-status wife may
have an adverse eﬀect on the husband's health. Therefore, a high sex
ratio may mitigate the health beneﬁts of marriage and high social
status.
Although measuring sex ratio is conceptually straightforward, it is
diﬃcult in practice. Particularly in modern societies, it is diﬃcult to
identify a geographically well-deﬁned marriage market because individuals are more mobile than in the past. Migration aﬀects marital
outcomes. In this study, we attempt to partly overcome this challenge
by using data from historical China. The population we examine was
relatively closed with a very low level of migration (Dong and Lee,
2014). When inter-village migration did occur, it was recorded.
Therefore, the data enable us to examine a stable marriage market and
measure mate availability more accurately.

• Male-to-female SRSM raises men's mortality risks later in life by
•

•
•

reducing their marriage chances (H1). The consequence of sex ratio
on mortality is based solely on marital status and only aﬀects those
who are not married. Under this assumption, we expect the adverse
eﬀect of SRSM to disappear after we control for marital status.
Male-to-female SRSM raises men's mortality risks later in life because of the stress brought on by low marriage prospects, regardless
of marriage outcomes (H2a). SRSM aﬀects all individuals by increasing their stress levels, regardless of marital status. Under this
assumption, we expect the adverse eﬀect of SRSM will not disappear
even after we control for marital status.
Male-to-female SRSM lowers men's mortality risks later in life because ﬁerce mate competition motivates them to be healthier (H2b).
Like H2a, this hypothesis implies that SRSM aﬀects all individuals
regardless of marital status. Under this assumption, we expect to see
a beneﬁcial eﬀect of SRSM even after we control for marital status.
Male-to-female SRSM may mitigate the health beneﬁts of marriage
and social status because ﬁerce mate competition may compromise
the quality of marriage (H3). This hypothesis focuses on the eﬀect of

4. Data
Data for this study come from the China Multi-Generational Panel
Dataset, Liaoning (CMGPD-LN), 1749–1909. The CMGPD-LN reports
data from historical household registers in the Liaoning Province in
Northeast China. A map of the regions covered by CMGPD-LN can be
found in Fig. 1. Details about how the data were recorded, collected,
and processed are documented in the User Guide (Lee et al., 2010).
The registry data, recorded every three years, provide extensive
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Fig. 1. Communities covered by Liaoning household register data, 1749–1909.
Source: Lee et al. (2010: 38).

this market.
This way of dealing with the underreporting of unmarried women
works well given four important assumptions. The ﬁrst assumption is
that the marriage market is well-deﬁned geographically. That is, almost
all marriage activities happen within the deﬁned marriage market. In
this study, we make use of the longitude and latitude information for
each village to identify a geographically well-deﬁned marriage market
for each village. Second, we assume the populations that are not included in our sample are homogeneous to the populations included in
our sample within the same marriage market. Within a marriage
market, it is possible that some villages are not included in our sample
because their longitude and latitude information is not available. Our
calculated SRSM will reﬂect the true SRSM in the corresponding marriage market only if SRSM for populations not included in our sample
are similar to that for populations included in our sample in the same
marriage markets for a given year. It is impossible to verify this assumption directly. However, the availability of the geographic information among villages in the CMGPD-LN is plausibly random, and
the proportions of ever-married women among the population included
in our sample and the entire population in the CMGPD-LN are similar in
a given year (see Online Appendix Figure A2). Therefore, there is no
strong reason to suspect SRSM for populations not included in our
sample is systematically diﬀerent from that for populations included
within the same marriage market in a given year. Third, the mortality
rate among unmarried females cannot be substantially higher than the
male mortality rate during the sexually mature period. During the
sexually mature period, female mortality is only slightly higher than
male mortality (see Online Appendix Figure A1). Fourth, women who
are married are not a selected group of individuals that excludes a
number of unmarried women. Fortunately, marriage in northeast Qing

details on individual-, household- and community-level characteristics.
In this study, we use a subset of the original data, consisting of 285
villages. We chose these villages because we have accurate geographical information (longitude and latitude) for them, which allows
us to identity fairly controlled marriage markets. A description of our
sample restriction procedures is provided in Online Appendix 1.
The data have three features that make it especially suitable for our
analysis. First, the CMGPD-LN data allow longitudinal linkage of the
records of individuals across the life course, so they are especially
suitable for analyzing long-term consequences of early-life conditions.
Second, one of the unique features of the CMGPD-LN compared to other
historical Chinese data is that mortality is recorded thoroughly through
age 75. Third, problems with selectivity bias and errors caused by immigration and emigration are minimal, which allows us to calculate the
sex ratio with great precision. Inter-village migration was well recorded
in the data. In our ﬁnal sample, there were about 20 men who migrated
between villages during their sexually mature period.
One major limitation of the data is the underreporting of unmarried
women. Similar with poor records of young females in many other
Chinese datasets, unmarried daughters' records are omitted to a large
extent in the CMGPD-LN (Lee et al., 2010). Further, the full names of
women were not recorded, so we were unable to link married women
with their natal families. If we calculate SRSM using raw data of unmarried women, the measure will be largely biased. Fortunately, all the
records of married and widowed women are complete. Within a geographically well-deﬁned marriage market, we would expect that married and widowed women were formerly unmarried women in the same
market. Therefore, we can impute the marital histories of these women
based on the record of their ﬁrst-time appearance in the registers, and
calculate the number of unmarried women for a certain year and age in
63
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Fig. 2. Sex ratio at sexual maturity, CMGPD-LN, 1749–1909.

(1636–1912), the earliest age that a female was allowed to marry was
age 14 sui (Zhang, 2013). For males, one way of deﬁning the onset of
sexual maturity is to look at cohort-speciﬁc mortality curves and
identify the point at which the “accident hump” among males is at its
peak (Goldstein, 2011). The “accident hump” in early adult mortality
among males reﬂects an increase in deaths attributable to accidents,
violence, and disease; there is evidence that these events coincide with
the peak of male hormone production (Parkes, 1976). The peak of this
“accident hump” occurred at approximately the age of 16 sui in our
data. We use a 10-year age band to approximate the duration of sexual
maturity for both men and women. Therefore, we deﬁne sexual maturity as males ages 16–25 sui and females ages 14–23 sui.
We compare three measures of sex ratio that ﬂuctuate due to
changes in fertility rates over time. These measures are also calculated
to reﬂect common patterns of age diﬀerence in marriage partners observed in northeast China during the Qing Dynasty. We consider both
married and unmarried males as competitors because polygyny existed
in the populations covered by the registers.
For Measure 1, we ﬁrst calculated SRSM for each year in each
marriage market. That is, for each marriage market each year, we divided the number of males ages 16–25 sui by the sum of males ages
16–25 sui and unmarried females ages 14–23 sui. We assigned to each
individual the market-speciﬁc sex ratios in the year during which they
turned 19 sui (age 17.5 in standard ages). This measure allows us to
study early adult mortality and compare our results with those using
the Medicare sample in Jin et al. (2010).
For Measure 2, we ﬁrst calculated 10 observations of the marketyear-speciﬁc sex ratio based on a narrowly deﬁned sex ratio age band.
This more narrowly deﬁned sex ratio reﬂects a two-year mean age
diﬀerence between males and females as shown in our data. For example, for a male, the ﬁrst measure at age 16 would be the sex ratio of
14- through 18-year-old males to 12- through 16-year-old unmarried
females. At age 25, it would be males ages 23–27 and unmarried

China was almost universal for females (Lee et al., 2010) due to cultural
norms. For example, in one of the largest villages in our sample, Daoyi,
only 1 percent of women remained unmarried at 35 sui (Lee and
Campbell, 1997).

5. Measures
5.1. Sex ratio at sexual maturity
In order to make SRSM a valid measure for mate availability, we
need to discuss two concepts: marriage markets and sexual maturity.
Existing literature on geographical heterogamy shows that marriage
markets worldwide were local before the 20th century (Ermisch, 1981;
Westoﬀ and Goldman, 1984). Particularly in pre-industrial China, due
to poor transportation infrastructure, patriarchal lineage, and a strong
desire for kinship networks, families in rural China mostly sought
spouses in the same village or nearby villages (Fan and Huang, 1998).
Even in the late 1980s, most rural marriages in China matched individuals who lived within a 25-km radius (Fan and Huang, 1998).
Although we cannot ﬁnd direct evidence on the geographic range of the
marriage market in rural Qing China, it is very unlikely that individuals
200 years ago would ﬁnd spouses outside of a 25-km radius. Therefore,
we believe the 25-km radius around a focal village is a well-deﬁned
marriage market. Using the accurate longitude and latitude of each
village, we identiﬁed all the villages within the 25-km radius of each
focal village in our dataset.
Deﬁning the term “marriage market” is key to our sex ratio measurement. In this study, we deﬁne it as eligible individuals living within
a 25-km radius of a focal village. Eligibility is based on ages of sexual
maturity. For females, the onset of sexual maturity is usually deﬁned as
the onset of menarche (Ljung et al., 1974). The average age for the
onset of menarche for females in historical China was around age 13 sui
(Wang, 2000). According to marriage law in the Qing Dynasty
64
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a birth control technique was widely used in historical Chinese
households (Lee and Campbell, 1997). Poor villages may have a
stronger son preference than wealthier villages because poor villages
were often not able to aﬀord daughters. Previous studies using the same
data show that poor households reported a lower female birth rate than
wealthy households (Lee and Campbell, 1997). Therefore, wealthy
villages could have a lower sex ratio at sexual maturity because of a
weaker son preference, and at the same time a lower mortality than
poor villages.
We create four measures of village-level characteristics. The ﬁrst
measure is the proportion of married men under age 30 sui in each
village for each year (Dong and Lee, 2014) because being married at a
younger age is a strong indicator of SES (Chen et al., 2014). The second
measure is the proportion of men having oﬃcial positions within each
village for each year. The third measure is logged village population. All
three measures are time-varying and generated to capture village-level
SES.
Son preference, which was particularly common in historical China
(Banister, 1991; Edlund, 1999), may aﬀect sex ratios and male mortality simultaneously. We use the diﬀerence between the proportion
male calculated using raw data without imputation and the proportion
male calculated after the imputation as a proxy of son preference. The
idea is that if we consider the proportion male after imputation as the
true proportion male, the diﬀerence between it and the value without
imputation should capture the extent of female underreporting. Our
assumption here is that the extent of female underreporting is positively
correlated with son preference. Therefore, the larger the diﬀerence
between these two sex ratio measures, the stronger the son preference
in the village. Table 1 summarizes all the variables in our analysis.

females ages 21–25. Then we took the mean of these 10 observations of
the sex ratio for each individual. Forty-ﬁve percent of the observations
in our sample have a marital age gap of less than two years.
For Measure 3, we adopted a narrower ﬁve-year age band to deﬁne
sexual maturity. For each market each year, we calculated the sex ratio
among males ages 16–20 and unmarried females ages 14–18. Then for
each individual, we took the mean of the ﬁve measures of sex ratio at
ages 16–20 for males to 14–18 for women. Measure 3 allows us to
compare our ﬁndings with the results in Barclay (2013a,b).
In all the three measures, SRSM is a time-constant continuous
variable for each individual. SRSM is entered as a linear term in our
models because the relationship between SRSM and mortality does not
exhibit an obvious non-linear pattern (see Online Appendix 2). Fig. 2
shows the means of each measure by year. Measure 2 gives the highest
proportion of males, followed by Measure 1 and Measure 3. In most
years, the proportion of males is within the range of 50–60 percent.
According to existing historical literature on the Qing Dynasty, the
proportion of males is roughly 52–57 percent among adults in the
northeast and nearby areas (Jiang, 1997; Lee et al., 1994). Our numbers
are consistent with these numbers, and patterns of all three measures
are highly consistent over time. In general, the means of sex ratio increase gradually over time. This suggests that there might be some
secular trend of sex ratios during this period. Therefore, we include year
dummies in our mortality analyses.
5.2. Mortality
The key outcome variable is mortality status. Although the occurrence of death events is recorded, the CMGPD-LN does not record an
exact date of death. We only know in which registers individuals were
last recorded as alive. Therefore, an individual's mortality risk is measured as whether a death occurred in the past three years. Our analysis
is conditional on survival to 20 sui (see Online Appendix 1 for the validity of our sample restrictions). The mean of the ages of dying in the
past three years for males is around 52.08 sui with a standard deviation
of 12.3.

6. Methods
We ﬁrst examine whether there is an association between SRSM and
later-life male mortality (H2), and whether this association operates
Table 1
Summary statistics.

5.3. Control variables

Variable

Controls include basic demographic characteristics such as age,
year, and current region. Age in sui was entered as both linear and
quadratic polynomial terms. Year was entered as a series of dummy
variables. Region was entered as a set of dichotomous indicators indicating north, central, south central, and south Liaoning.
We capture social status in adulthood and old age by creating
dummy variables for whether the individual held a position and whether he was married. Both of these variables are time-varying. Having a
salaried oﬃcial position is a sign of being a member of the local elite. A
previous exploration of CMGPD-LN showed that males from families
with relatively high SES were more likely to marry early (Lee et al.,
2010).
We control for features of household context that previous studies
have shown to be associated with mortality in historical China
(Campbell and Lee, 2009). These are birth order among siblings,
number of present brothers, and short birth intervals. Except for
number of present brothers, others are all time-constant variables.
Number of present brothers was input as the number of brothers who
shared the same father in each year. A short preceding birth interval is
deﬁned as a maternal birth interval from zero to two years. A count of
the siblings previously born to the same father is included as a measure
of birth order.
We further control for village-level SES, which may aﬀect both the
sex ratio at sexual maturity and individual mortality risks later on. More
resources may be linked to a lower male-to-female sex ratio and at the
same time lower mortality. The preference for sons is a long-standing
tradition in China (Banister, 1991; Edlund, 1999). Female infanticide as

Number of
observations

Sex ratio at sexual maturity (proportion male)
Measure 1
62462
Measure 2
62424
Measure 3
62462
Mortality
Dying in the next three years
68200
Demographic variables
Year
68200
Age
68200
Region (Ref = Northern Liaoning)
Central Liaoning
68200
Southern Liaoning
68200
Southern Central Liaoning
68200
Socioeconomic status
Married
68200
Had position
68200
Household context
Short birth interval
68200
Birth order among brothers
68200
No. of survive brothers
68200
Village socioeconomic status
Son preference (measure 1)
62448
Son preference (measure 2)
62079
Son preference (measure 3)
62408
Logged village population
68200
Proportion of married men under
68200
30 sui
Proportion of men having
68200
positions

65

Mean/Proportion
Total

SD

53.988
56.959
51.187

5.975
7.886
6.046

0.061

0.239

1856.943
40.075

35.568
14.193

0.054
0.172
0.316

0.226
0.377
0.465

0.677
0.008

0.467
0.092

0.088
2.031
1.160

0.284
1.478
1.377

40.193
37.625
41.438
5.313
0.676

8.530
8.865
9.106
1.224
0.171

0.006

0.015
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studies using only a single measure of sex ratio should be taken with
caution. Among the three measures, results using Measure 1 are generally the least statistically signiﬁcant. It is likely that the 10-year age
band used to calculate Measure 1 cannot capture the real marriage
market in historical northeast China, considering almost 70 percent of
the couples in our sample had an age gap of less than 4 years.
In order to test H3, we look at the interaction between SRSM and
marital/occupational status. Results are presented in Tables 3 and 4. In
general, we ﬁnd the health beneﬁt of marriage is compromised in a lowmate-availability setting, although only the coeﬃcient for Measure 2 is
statistically signiﬁcant. Based on the estimates in Model 4 of Table 3,
compared to a married male who lived in a marriage market with a sex
ratio of 1:1 at sexual maturity (e (−1.023 + 50*(0.008 + 0.0165)) = 1. 224 ), the odds
of dying in the next three years for a married male who lived in a
marriage market in which 55% of the population are males are 13
1.383 − 1.224
= 0.13). This is
percent higher (e (−1.023 + 55*(0.008 + 0.0165)) = 1. 383,
1.224
consistent with the hypothesis that low mate availability raises the
mortality risks for married men because those who live in unfavorable
marriage markets are forced to choose mates of lower quality.
Similarly, males having oﬃcial positions in a low-mate-availability
setting face a higher mortality rate, although the coeﬃcients are only
statistically signiﬁcant for Measure 3. While in contemporary society
higher social status is associated with better health, in the Qing Dynasty
we ﬁnd that men with oﬃcial positions in northeast China had higher
odds of dying. This adverse consequence of having an oﬃcial position is
consistent across almost all studies using CMGPD-LN (Campbell and Lee,
1996, 2009). One explanation is the existence of the ‘price of privilege’ in
historical China (Lee and Campbell, 1997). In Qing China, the Civil Service
Examination system was the primary channel for recruiting government
oﬃcials. This exam system helped a large number of individuals achieve
upward mobility (Bai and Jia, 2016; Chang, 1955; Edmunds, 1906;
Rawski, 1979). In order to obtain salaried positions, an individual had to
invest a tremendous amount of time in reading and writing. Long hours
studying, a limited amount of physical exercise and high stress may have
led to a higher mortality for these individuals than peasants, who spent
most of their time in physical labor. Based on the estimates in Model 6 of
Table 4, compared to a male with an oﬃcial position who lived in a
marriage market with a sex ratio 1:1 at sexual maturity
(e (−1.884 + 50*(0.0164 + 0.0525)) = 4. 764 ), the odds of dying in the next three years
for a male with an oﬃcial position who lived in a marriage market in
which 55% of the population are males are 41 percent higher
6.723 − 4.764
= 0.41). These results are
(e (−1.884 + 55*(0.0164 + 0.0525)) = 6. 723,
4.764
consistent with the hypothesis that low-mate availability raises mortality
risks for men with high social status because of reduced quality in available mates.

solely through marriage outcomes (H1). For each of the three measures
of SRSM, we have two sets of analyses. We begin with discrete-time
event-history analysis via logistic regression, which is an appropriate
method in light of the structure of the data. Previous studies on mortality in the CMGPD-LN have all used discrete-time event history analysis because the data only specify the three-year interval in which a
death occurred, not the actual date of death (Campbell and Lee, 2009;
Dong and Lee, 2014). Discrete-time event-history analysis is speciﬁcally
designed for such data, in which only the interval is known, instead of
the actual date (Allison, 1984).
Adult male mortality can be associated with unobserved household
characteristics that are also correlated with SRSM. For example, poor
households with strong son preference may choose to live in a community that supports this preference. Such communities are likely to
have a higher SRSM. At the same time, poor households with a strong
son preference may have higher male mortality risks. To control for
unobserved household characteristics that simultaneously inﬂuence
SRSM and mortality later in life, we introduce a father ﬁxed-eﬀects
model. Comparisons among brothers allow us to control for the
common household environment, household wealth, and some genetic
factors. This father ﬁxed-eﬀects model can also mitigate unmeasured
village-level characteristics to some extent.
We then look at whether high SRSM may mitigate the health beneﬁts of marriage and high social statuses (H3). For each measure of the
sex ratio, we analyze two similar sets of models and add interaction
terms between SRSM and being married/having an oﬃcial position. A
signiﬁcantly positive eﬀect of the interaction term would suggest low
mate availability mitigates the health beneﬁts of marriage and high
social status among males because they might have to choose a relatively low-status partner.
7. Results
SRSM is positively associated with later-life male mortality risks
(H2a). No supporting evidence for H1 and H2b are found. Models 1, 3,
and 5 in Table 2 present relevant results from the event-history analyses
via logistic regression using three measures of the sex ratio. For every 1
percentage point increase in the proportion of males, men's odds of
dying are raised by 1.2 percent (e0.0116 = 1. 012 ) for Measure 1, 0.5
percent (e 0.00457 = 1. 005) for Measure 2, and 0.8 percent
(e 0.00791 = 1. 008) for Measure 3. The coeﬃcient is only statistically
signiﬁcant for Measure 1 and Measure 3. After introducing a father
ﬁxed-eﬀects model in models 2, 4, and 6, the positive association between SRSM and adult mortality still holds. For every 1 percentage
point increase in the proportion of males, men's odds of dying are raised
by 0.7 percent (e 0.00745 = 1. 007 ) for Measure 1, 1.9 percent
(e 0.0189 = 1. 019 ) for Measure 2, and 1.8 percent (e 0.0178 = 1. 018) for
Measure 3. The coeﬃcient is statistically signiﬁcant for Measure 2 and
Measure 3. The diﬀerences in the results from models with and without
ﬁxed eﬀects are not driven by sample selection caused by the loss of
observations in the ﬁxed-eﬀects models (see Online Appendix 3). For
Measure 2, we also calculated a similar sex ratio using a four-year age
gap as a robustness check. About 69 percent of the marriages in our
sample fall within this four-year age gap. Results are highly consistent
and are shown in Online Appendix Table A2.
Taken together, a 1 percentage point increase in the proportion of
males at sexual maturity predicts a less than 2 percent increase in the
odds of dying. This positive association is robust to various features of
demographic characteristics, individual SES, household context, and
village-level characteristics, as well as unobserved time-invariant
household environments. These results suggest that SRSM is positively
associated with male mortality in later life, regardless of marital status.
Results across the three measures of sex ratio diﬀer in terms of
statistical signiﬁcance. But all coeﬃcients are positive across all
models. This suggests that the signiﬁcance of the relationship can be
sensitive to how the sex ratio is constructed. Findings in previous

8. Conclusions
The relationship between mate availability and long-term health is
theoretically well speculated but empirically less examined. In this
study, we examine the relationship between SRSM and later-life mortality risks in the historical context of northeast China. We ﬁnd a higher
proportion of males at sexual maturity increases later-life mortality
risks (H2a). This pattern is robust across three measures of sex ratio.
The magnitude of the eﬀect is generally less than 2 percent.
Further, we ﬁnd that a higher SRSM mitigates the health beneﬁts of
marriage and exacerbates the disadvantage of having an oﬃcial position (H3). This is consistent with the argument that low mate availability reduces matching quality among the advantaged in the marriage
market, and low matching quality together with adverse spousal health
spillover eﬀects leads to worse health outcomes. In historical China,
social status and acceptance depended largely on marriage and male
descendants (Hudson and Den Boer, 2002). For this reason, it was rare
for men to remain unmarried if they could. Because of this universal
pattern of marriage among men with high social positions, the adverse
eﬀect of low mate availability among married men and men with high
66

Social Science & Medicine 202 (2018) 61–69

E. Zang, H. Zheng

Table 2
Sex Ratio at Sexual Maturity and Adult Male (20–75 sui) Mortality.
Measure 1

Measure 2

Measure 3

Logistic regression

Logistic regression with
ﬁxed eﬀect of father

Logistic regression

Logistic regression with
ﬁxed eﬀect of father

Logistic regression

Logistic regression with
ﬁxed eﬀect of father

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

0.00745
(0.00995)

0.00457
(0.00391)

0.0189**
(0.00765)

0.00791**
(0.00381)

0.0178**
(0.00794)

−0.0842
(0.0661)
0.807***
(0.309)

−0.102***
(0.0376)
0.383**
(0.176)

−0.0796
(0.0667)
0.765**
(0.314)

−0.102***
(0.0374)
0.412**
(0.174)

−0.0823
(0.0662)
0.827***
(0.309)

0.00209
(0.00745)
0.0668
(0.0948)
−0.656**
(0.267)
3.687
(3.254)

0.00684**
(0.00333)
0.0667***
(0.0168)
0.183
(0.113)
1.111
(1.327)

0.0180***
(0.00659)
0.0734
(0.0960)
−0.654**
(0.269)
3.921
(3.262)

0.00520*
(0.00293)
0.0653***
(0.0168)
0.191*
(0.113)
0.967
(1.325)

0.0111*
(0.00614)
0.0685
(0.0952)
−0.659**
(0.267)
3.716
(3.252)

−0.0337
(0.0992)
0.141***
(0.0422)
1.141***
(0.0537)
26,288
2787

−0.0580
(0.0655)
0.0316**
(0.0128)
−0.0456***
(0.0155)
62,079

−0.0561
(0.0998)
0.154***
(0.0425)
1.141***
(0.0541)
26,008
2771

−0.0562
(0.0652)
0.0310**
(0.0128)
−0.0437***
(0.0154)
62,408

−0.0332
(0.0993)
0.140***
(0.0423)
1.139***
(0.0537)
26,234
2784

Sex ratio at sexual maturity
Proportion male
0.0116**
(0.00460)
Socioeconomic status
Married
−0.101***
(0.0374)
Had position
0.405**
(0.175)
Village socioeconomic status
Son preference
0.00691**
(0.00336)
Logged village population
0.0649***
(0.0168)
Proportion of married men 0.192*
under 30 sui
(0.113)
Proportion of men having
1.034
positions
(1.324)
Household context
Short birth interval
−0.0561
(0.0652)
Birth order among siblings
0.0304**
(0.0128)
No. of present brothers
−0.0416***
(0.0154)
N
62,448
Group

Standard errors in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01. To save space, coeﬃcients of age, year, and region are not included. Age in sui was entered as a polynomial. Year
was entered as a set of dummies. Region was entered as a set of dichotomous indicators, distinguishing between north, central, south central, and south Liaoning.
Table 3
Sex Ratio at Sexual Maturity, Marital Status, and Adult Male (20–75 sui) Mortality.
Measure 1

Measure 2

Measure 3

Logistic
regression

Logistic regression with ﬁxed
eﬀect of father

Logistic
regression

Logistic regression with ﬁxed
eﬀect of father

Logistic
regression

Logistic regression with ﬁxed
eﬀect of father

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

0.000766
(0.00505)

0.00800
(0.00932)

0.00442
(0.00522)

0.00930
(0.00978)

−0.442
(0.287)
0.382**
(0.176)
0.00598
(0.00501)
62,079

−1.023**
(0.474)
0.753**
(0.314)
0.0165**
(0.00820)
26,008
2771

−0.393
(0.299)
0.411**
(0.175)
0.00566
(0.00578)
62,408

−0.793*
(0.481)
0.806***
(0.309)
0.0138
(0.00927)
26,234
2784

Male-to-female sex ratio at sexual maturity
Proportion male 0.00907
−0.00131
(0.00595)
(0.0118)
Socioeconomic status
Married
−0.323
−0.808
(0.330)
(0.526)
Had position
0.407**
0.805***
(0.175)
(0.309)
SR*Married
0.00410
0.0134
(0.00606)
(0.00962)
N
62,448
26,288
Group
2787

Standard errors in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01. To save space, coeﬃcients for controls for household characteristics, village characteristics, age, year, and region
are not shown.

downward (Hausman, 2001). Finally, it is still possible that our ﬁxedeﬀects models do not account for all confounders in the relationship
between SRSM and later life mortality. Future research using experimental designs can better examine a causal relationship between SRSM
and later life mortality.
Despite these limitations, we believe this study advances the literature on later-life consequences of early-life exposures and the literature on the consequences of unbalanced sex ratios. Our ﬁndings also
have important policy implications. Compared to historical causes of
death in China, major causes of deaths in the recent stage of epidemiological transition are degenerative and manmade (e.g., heart

social status may be more salient than that estimated in studies of
Western countries.
This study has several limitations. First, the CMGPD-LN only allows
study of early-life contextual inﬂuences on later-life mortality for males
because it is impossible to follow females over the life course. Second,
the actual eﬀect of SRSM might be larger than that found in our analysis. The data only allow us to measure whether a death occurred in a
three-year interval, which may not fully capture the eﬀect. Together
with possible measurement errors of SRSM under the assumption that
patterns of female underreporting are random conditional on village
SES and son preference, the magnitude of the eﬀect is likely biased
67
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Table 4
Sex Ratio at Sexual Maturity, Salaried Positions, and Adult Male (20–75 sui) Mortality.
Measure 1

Measure 2

Measure 3

Logistic regression

Logistic regression with ﬁxed
eﬀect of father

Logistic regression

Logistic regression with ﬁxed
eﬀect of father

Logistic regression

Logistic regression with ﬁxed
eﬀect of father

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

0.00428
(0.00391)

0.0189**
(0.00766)

0.00721*
(0.00382)

0.0164**
(0.00797)

−0.102***
(0.0376)
−1.110
(1.249)
0.0266
(0.0218)
62,079

−0.0796
(0.0667)
0.573
(2.232)
0.00340
(0.0391)
26,008
2771

−0.102***
(0.0374)
−2.016*
(1.051)
0.0476**
(0.0199)
62,408

−0.0840
(0.0662)
−1.884
(1.511)
0.0525*
(0.0284)
26,234
2784

Male-to-female sex ratio at sexual maturity
Proportion male 0.0113**
0.00767
(0.00461)
(0.00999)
Socioeconomic status
Married
−0.101***
−0.0845
(0.0374)
(0.0661)
Had position
−1.061
1.288
(1.524)
(1.865)
SR*Position
0.0275
−0.00898
(0.0282)
(0.0344)
N
62,448
26,288
Group
2787

Standard errors in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01. To save space, coeﬃcients for controls for household characteristics, village characteristics, age, year, and region
are not shown.

diseases, cancer and stroke). These causes are more stress related than
most causes of death in historical China. Therefore, a skewed SRSM
may have an even more severe consequence on later-life health and
mortality now than in centuries past. Future research is needed to validate this study in diﬀerent historical, social, and epidemiological
contexts.

297–328.
Campbell, C.D., Lee, J.Z., 2009. Long-term mortality consequences of childhood family
context in liaoning, China, 1749–1909. Soc. Sci. Med. 68 (9), 1641–1648.
Chandra, V., Szklo, M., Goldberg, R., Tonascia, J., 1983. The impact of marital status on
survival after an acute myocardial infarction: a population-based study. Am. J.
Epidemiol. 117 (3), 320–325.
Chang, C.-l., 1955. The Chinese Gentry: Studies on Their Role in Nineteenth-Century
Chinese Society. University of Washington Press, Seattle.
Chen, S., Campbell, C.D., Lee, J., 2014. Categorical inequality and gender diﬀerence:
marriage and remarriage in northeast China, 1749–1913. In: Lundh, C., Kurosu, S.
(Eds.), Similarity in Diﬀerence: Marriage in Europe and Asia, 1700-1900. MIT Press,
Boston, MA.
Chiappori, P.-A., Iyigun, M., Weiss, Y., 2009. Investment in schooling and the marriage
market. Am. Econ. Rev. 99 (5), 1689–1713.
Davis, K., 1984. Wives and work: the sex role revolution and its consequences. Popul.
Dev. Rev. 10 (3), 397–417.
Dong, H., Lee, J.Z., 2014. Kinship matters: long-term mortality consequences of childhood
migration, historical evidence from northeast China, 1792–1909. Soc. Sci. Med. 119,
274–283.
Edlund, L., 1999. Son preference, sex ratios, and marriage patterns. J. Polit. Econ. 107 (6),
1275–1304.
Edmunds, C.K., 1906. The passing of China's ancient system of literary examinations.
Popular Sci. 104–105 Monthly, February.
Ermisch, J.F., 1981. Economic opportunities, marriage squeezes and the propensity to
marry: an economic analysis of period marriage rates in england and wales. Popul.
Stud. 35 (3), 347–356.
Fan, C.C., Huang, Y., 1998. Waves of rural brides: female marriage migration in China.
Ann. Assoc. Am. Geogr. 88 (2), 227–251.
Fletcher, J., Marksteiner, R., 2017. Causal spousal health spillover eﬀects and implications for program evaluation. Am. Econ. J. Econ. Pol. 9 (4), 144–166.
Fossett, M.A., Kiecolt, K.J., 1993. Mate availability and family structure among african
americans in us metropolitan areas. J. Marriage Fam. 55 (2), 288.
Fu, H., Goldman, N., 1996. Incorporating health into models of marriage choice: demographic and sociological perspectives. J. Marriage Fam. 58 (3), 740–758.
Goldstein, J.R., 2011. A secular trend toward earlier male sexual maturity: evidence from
shifting ages of male young adult mortality. PLoS One 6 (8), e14826.
Goodwin, J.S., Hunt, W.C., Key, C.R., Samet, J.M., 1987. The eﬀect of marital status on
stage, treatment, and survival of cancer patients. J. Am. Med. Assoc. 258 (21),
3125–3130.
Gordon, H.S., Rosenthal, G.E., 1995. Impact of marital status on outcomes in hospitalized
patients: evidence from an academic medical center. Arch. Intern. Med. 155 (22),
2465–2471.
Guillot, M., 2000. The dynamics of the population sex ratio. Popul. Stud. 56 (1), 51–63.
Hausman, J., 2001. Mismeasured variables in econometric analysis: problems from the
right and problems from the left. J. Econ. Perspect. 15 (4), 57–67.
Hensing, G., Alexanderson, K., 2004. The association between sex segregation, working
conditions, and sickness absence among employed women. Occup. Environ. Med.
61 (2).
House, J.S., Landis, K.R., Umberson, D., 1988. Social relationships and health. Science
241 (4865), 540–545.
Hudson, V.M., Den Boer, A., 2002. A surplus of men, a deﬁcit of peace: security and sex
ratios in Asia's largest States. Int. Secur. 26 (4), 5–38.
Hudson, V.M., Den Boer, A.M., 2004. Bare Branches: the Security Implications of Asia's
Surplus Male Population. MIT Press Cambridge, MA.
Iyigun, M., Walsh, P.R., 2007. Building the family nest: premarital investments, marriage
markets, and spousal allocations. Rev. Econ. Stud. 74 (2), 507–535.
Jaﬀe, D.H., Eisenbach, Z., Neumark, Y.D., Manor, O., 2006. Eﬀects of husbands' and

Acknowledgments
We are grateful to Cameron Campbell, Hao Dong, Seth G. Sanders,
Ken R. Smith, Ridhi Kashyap, Jessi Bishop-Royse, and Irma Elo for their
suggestions. Versions of this article were presented at the American
Sociological Association Annual Meeting, Chicago, IL, Aug 22 to 25,
2015 and the Social Science History Association Annual Meeting,
Chicago, IL, November 15 to 18, 2015.
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://dx.
doi.org/10.1016/j.socscimed.2018.02.024.
References
Allison, P.D., 1984. Event History Analysis: Regression for Longitudinal Event Data. Sage,
Beverly Hills, CA.
Angrist, J., 2002. How do sex ratios aﬀect marriage and labor Markets? Evidence from
America's second generation. Q. J. Econ. 117 (3), 997–1038.
Bai, Y., Jia, R., 2016. Elite recruitment and political stability: the impact of the abolition
of China's Civil Service exam. Econometrica 84 (2), 677–733.
Banister, J., 1991. China's Changing Population. Stanford University Press.
Barclay, K.J., 2013a. Sex composition of the workplace and mortality risk. J. Biosoc. Sci.
45 (06), 807–821.
Barclay, K.J., 2013b. Sex ratios at sexual maturity and longevity: evidence from Swedish
register data. Demogr. Res. 29, 837–864.
Barclay, K.J., Scott, K., 2014. Workplace sex composition and ischaemic heart disease: a
longitudinal analysis using Swedish register data. Scand. J. Publ. Health 42 (6),
525–533.
Bartley, M., Martikainen, P., Shipley, M., Marmot, M., 2004. Gender diﬀerences in the
relationship of Partner's social class to behavioural risk factors and social support in
the whitehall ii study. Soc. Sci. Med. 59 (9), 1925–1936.
Becker, G.S., 1973. A theory of marriage: Part I. J. Polit. Econ. 81 (4), 813–846.
Bien, C.H., Cai, Y., Emch, M.E., Parish, W., Tucker, J.D., 2013. High adult sex ratios and
risky sexual behaviors: a systematic review. PLoS One 8 (8), e71580.
Bryngelson, A., Hertzman, J.B., Fritzell, J., 2011. The relationship between gender segregation in the workplace and long-term sickness absence in Sweden. Scand. J. Publ.
Health 39 (6), 618–626.
Burley, N., 1985. Leg-band color and mortality patterns in captive breeding populations
of zebra ﬁnches. Auk 102 (3), 647–651.
Campbell, C., Lee, J.Z., 1996. A death in the family: household structure and mortality in
rural liaoning: life-event and time-series analysis, 1792–1867. Hist. Fam. 1 (3),

68

Social Science & Medicine 202 (2018) 61–69

E. Zang, H. Zheng

Millesi, E., Huber, S., Dittami, J., Hoﬀmann, I., Daan, S., 1998. Parameters of mating
eﬀort and success in male european ground squirrels, Spermophilus citellus. Ethology
104 (4), 298–313.
Monden, C.W., van Lenthe, F., De Graaf, N.D., Kraaykamp, G., 2003. Partner's and own
education: does who you live with matter for self-assessed health, smoking and excessive alcohol consumption? Soc. Sci. Med. 57 (10), 1901–1912.
Parkes, A.S., 1976. Patterns of Sexuality and Reproduction. Oxford University Press,
Oxford.
Rawski, E.S., 1979. Education and Popular Literacy in Ch'ing China, vol. 6 University of
Michigan Press, Ann Arbor.
Wang, D., 2000. Qingdai huijiang hunyin zhidu yanjiu. Chin. Stud. 18 (1), 187–207.
Wei, S.-J., Zhang, X., 2011a. The competitive saving motive: evidence from rising sex
ratios and savings rates in China. J. Polit. Econ. 119 (3), 511–564.
Wei, S.-J., Zhang, X., 2011b. Sex Ratios, Entrepreneurship, and Economic Growth in the
People's Republic of China. National Bureau of Economic Research.
Westoﬀ, C.F., Goldman, N., 1984. Figuring the odds in the marriage market. Money 13,
32–42.
Wilson, C.M., Oswald, A.J., 2005. How Does Marriage Aﬀect Physical and Psychological
Health? a Survey of the Longitudinal Evidence. IZA Discussion Paper No. 1619.
Zhang, L., 2013. Thoughts on legal age of consent for marriage in the People's republic of
China's marriage laws based on historical marriage laws (Cong Gudai Hunlingzhidu
Tan Dui Hunyinfa Zhong Hunlingguiding De Sikao). Leg. Econ.(fazhi yu jingji). 11
017.

wives' education on each Other's mortality. Soc. Sci. Med. 62 (8), 2014–2023.
Jiang, T., 1997. Gender and Population Composition in Historical Populations
(Chuantong renkou de xingbie yu nianling jiegou). Modern History Research
(Jindaishi Yanjiu). 102 (6), 1–23.
Jin, L., Elwert, F., Freese, J., Christakis, N.A., 2010. Preliminary evidence regarding the
hypothesis that the sex ratio at sexual maturity may aﬀect longevity in men.
Demography 47 (3), 579–586.
Kruger, D., 2008. Sexual selection, male competition, and sex diﬀerences in human
mortality rates. Ann. Epidemiol. 18 (9), 708–741.
Kuroki, M., 2014. The eﬀect of sex ratios on suicide. Health Econ. 23 (12), 1502–1510.
Lafortune, J., 2013. Making yourself attractive: pre-marital investments and the returns to
education in the marriage market. Am. Econ. J. Appl. Econ. 5 (2), 151–178.
Lee, J., Feng, W., Campbell, C., 1994. Infant and child mortality among the qing nobility:
implications for two types of positive check. Popul. Stud. 48 (3), 395–411.
Lee, J.Z., Campbell, C.D., 1997. Fate and Fortune in Rural China: Social Organization and
Population Behavior in Liaoning 1774-1873, vol. 31 Cambridge University Press,
Cambridge.
Lee, J.Z., Campbell, C.D., Chen, S., 2010. China multi-generational Panel dataset, liaoning
(Cmgpd-Ln), 1749-1909. User Guide. (Retrieved from Ann Arbor, MI).
Ljung, B.-O., Bergsten-Brucefors, A., Lindgren, G., 1974. The secular trend in physical
growth in Sweden. Ann. Hum. Biol. 1 (3), 245–256.
Mastekaasa, A., 2005. Sickness absence in female-and male-dominated occupations and
workplaces. Soc. Sci. Med. 60 (10), 2261–2272.

69

