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Hepatitis B and the Case of the Missing Women
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In many Asian countries the ratio of male to female population is
higher than in the West: as high as 1.07 in China and India, and even
higher in Pakistan. A number of authors (most notably Amartya Sen)
have suggested that this imbalance reflects excess female mortality
and have argued that as many as 100 million women are “missing.”
This paper proposes an explanation for some of the observed over-
representation of men: the hepatitis B virus. I present new evidence,
consistent with an existing scientific literature, that carriers of the
hepatitis B virus have offspring sex ratios around 1.50 boys for each
girl. This evidence includes both cross-country analyses and a natural
experiment based on recent vaccination campaigns. Hepatitis B is
common in many Asian countries, especially China, where some 10–
15 percent of the population is infected. Using data on prevalence of
the virus by country and estimates of the effect of hepatitis on the sex
ratio, I argue that hepatitis B can account for about 45 percent of the
“missing women”: around 75 percent in China, between 20 and 50
percent in Egypt and western Asia, and under 20 percent in India,
Bangladesh, Pakistan, and Nepal.

I. Introduction

The ratio of men to women in the Western world is close to unity. Sex
ratios at birth are a bit higher (around 1.05 boys for each girl), but
higher male mortality results in sex ratios around 1.00 by young adult-
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hood and even lower among older adults. Although this pattern is uni-
versal in the West, population sex ratios in a number of Asian countries
seem to be much higher: 1.07 in China, 1.08 in India, and as high as
1.11 in Pakistan. This imbalance has caused a number of authors to
argue that there is substantial excess female mortality in Asia (Sen 1990;
Coale 1991; Klasen 1994). In general, they argue that neglect of female
children and poor conditions for women contribute to the higher sex
ratio. These authors have estimated that there are between 60 and 100
million “missing women.”

This paper connects the puzzle of the missing women to a separate
literature investigating a connection between the hepatitis B virus and
offspring sex ratios. There is evidence that women who are carriers of
hepatitis B give birth to a higher ratio of boys to girls than noncarriers.
Since many of the countries with missing women also have a relatively
high prevalence of hepatitis B carriers, the naturally occurring higher
sex ratio at birth could produce a higher population sex ratio even in
the absence of excess female mortality. Indeed, I argue in this paper
that after one adjusts for differences in the sex ratio at birth caused by
hepatitis B, the number of missing women (based on population esti-
mates from 1980–90) drops to 32 million from the 60 million calculated
by Coale (1991) and the 107 million suggested by Sen (1992). There
is significant variation among countries in the share of the gender bias
that is accounted for: I find that hepatitis B can explain 75 percent of
the missing women in China but less than 20 percent in India, Pakistan,
and Nepal. Other countries lie between these polar cases.

The issue of the missing women has become a flash point for devel-
opment economists, demographers, and policy makers. For many, pre-
sumed excess female mortality is the most severe example of discrimi-
nation against women in general in these regions. The missing women
are emblematic of what seems to be a much larger problem, and un-
derstanding why these populations have such a widely skewed sex ratio
seems vital to moving forward on issues of gender equality. The results
here suggest that sex ratio bias may be less attributable to differences
in tastes and preferences than many have suggested. However, there are
at least two important caveats to the results here.

The first is that technological developments in the last 15 years—in
particular, ultrasound—have made selection of a child’s gender before
birth possible in a number of the countries in question here. And, as
has been pointed out by many authors, the sex ratios in India and China
in particular have correspondingly increased (see, e.g., Hull 1990; Jun-
hong 2001; Drèze and Sen 2003). As parents’ ability to select the sex
of their child becomes less costly, any naturally occurring bias in the
sex ratio becomes less important. In the extreme, if selection were cost-
less, these biases would have no effect. This suggests that, while there
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may well be a role for hepatitis B in understanding the existing gender
imbalance in the countries with missing women, this role will decline
in future generations as parental control improves. Indeed, this has
already happened to some extent: the increases in the sex ratio at birth
in China and India in the last 15 years cannot be attributed to hepatitis
B. This is particularly true since vaccination for hepatitis B has become
virtually universal, but it would be true regardless.

The second, and perhaps more important, caveat is that what is es-
timated in this paper is the total effect of hepatitis, not the partial effect.
The estimates here assume that, in the absence of hepatitis B, the num-
ber of excess female deaths would be the same: there would be no
compensating behavioral response. This is unrealistic. It is clear that
there is significant gender discrimination in these countries: the changes
described in the above paragraph clearly point to a latent demand for
male children, and further, even the estimates in this paper suggest that
about half of the women are missing as a result of discrimination. If
the naturally occurring sex ratio at birth had been lower historically, we
would expect some compensating behavioral response.

The correct counterfactual is therefore not the West, but a world in
which there is no hepatitis but a similar level of gender bias. Creating
this counterfactual is difficult. In Section V.B, I attempt to use cross-
country variation in hepatitis rates to explore this, but even this requires
some significant assumptions. It seems likely that in the absence of
hepatitis, sex ratios would be somewhat lower, but it is perhaps not clear
exactly how much. For this reason, it is important to keep in mind
exactly what the estimates represent. Although I shall refer to the share
of the gender imbalance “explained by” hepatitis, this should be taken
to refer to the total effect, not the partial one.

Section II of this paper discusses how the number of missing women
is calculated. Section III then presents a discussion of the origin of the
sex ratio bias. The hepatitis B hypothesis would suggest that the sex
ratio bias arises at birth; to the extent that the bias arises later, there
cannot be a role for hepatitis B. I present evidence that the sex ratio
at birth is substantially higher in most of the missing women countries
than it is in the West. In addition, sex ratio patterns by age vary across
these countries. China, for example, exhibits very high sex ratios at
birth and declining sex ratios over childhood, whereas India exhibits
moderately higher sex ratios at birth but also sees increasing sex ratios
during childhood. The overall high sex ratio at birth suggests a role for
hepatitis B in the missing women puzzle, especially in China.1

1 Recognizing the recent increases in the sex ratio at birth in China, I present a number
of pieces of historical data and argue that the sex ratio was high in the past, even if not
as high as at present.
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Section IV presents a variety of evidence pointing to an effect of
hepatitis B on sex ratios at birth. Section IV.B discusses individual-level
evidence drawn from the existing literature. In 1972, researchers stud-
ying hepatitis B in Greece noted that the sex ratio among 131 children
born to women with hepatitis B was 1.77 boys for each girl, versus only
1.13 among 542 children born to women without hepatitis. Five addi-
tional studies in different areas also suggested this connection. The
evidence from the scientific literature is suggestive, but not necessarily
conclusive. As will be discussed in more detail later, the sample sizes
are quite small, and there are some issues with data quality. Further,
the studies (for the most part) were not designed to test the hepatitis–
sex ratio connection, and as a result, the methodologies are not perfectly
suited to testing this theory. I therefore devote a significant portion of
the paper to new analyses designed to test the hepatitis B–sex ratio
connection.

First, Section IV.C takes advantage of the availability of a vaccine since
the late 1970s as a natural experiment. I consider first offspring sex
ratios for Alaskan Natives (historically high hepatitis) and non-Natives
in Alaska (low hepatitis). Data on births to these groups are compared
before and after the vaccination campaign. I find that sex ratios among
white Alaskans are unaffected, but sex ratios among Alaskan Natives
drop dramatically over the period being considered. In addition, I con-
sider the sex ratio among women in Taiwan who were affected by a
vaccination program that began in 1984; there is suggestive evidence
of a drop in the sex ratio at birth.

Section IV.D presents aggregate evidence on the cross-country rela-
tionship between hepatitis B and sex ratio. This subsection takes ad-
vantage of both a categorical distribution of hepatitis B and continuous
estimates of the prevalence of hepatitis B across countries. Both types
of evidence suggest that hepatitis B and the sex ratio at birth are strongly
related, and this finding is robust to restricting to countries within a
particular region, countries within the Organization for Economic Co-
operation and Development (OECD), and to controlling for income
levels and regional fixed effects. I find that about 40 percent of the
cross-country variation in the sex ratio at birth can be explained by
hepatitis B. In addition, the magnitude of the effect implied by the
cross-country data is very close to the size of the effect in the individual-
level data. Taken together with the original scientific data, this new
evidence is more strongly supportive of the hepatitis–sex ratio con-
nection.

In Section V, I combine data on the prevalence of hepatitis B and
estimates of the effect of hepatitis on the sex ratio at birth to estimate
and adjust the number of missing women. The baseline results suggest
that around 45 percent of the missing women estimated by Coale (1991)
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are explained by hepatitis. The hepatitis B–adjusted number of missing
women is 32 million: 8 million in China, 19 million in India, and smaller
numbers elsewhere. In Section V.B, I attempt to use within-country var-
iation in China to create a more realistic counterfactual for that country.
Although the number of missing women under this counterfactual is
smaller, the results still suggest that at least 62 percent of the missing
women are explained (down from 75 percent in the baseline speci-
fication).

First and foremost, the findings in this paper have implications for
the puzzle of the missing women. However, the work here is also closely
related to work on the economics of the family. In particular, under-
standing the contribution of biology to gender imbalance necessarily
requires understanding the contribution of behavior, and vice versa.
Drawing on Becker (1981), a number of papers have developed theories
that provide a rational motivation for sex-selective mistreatment, infan-
ticide, and abortion, based on future earnings capacity of children, and
have done empirical work to test those theories (see Rosenzweig and
Schultz 1982; Klasen 1996; Agnihotri 1999; Edlund 1999; Kojima 2005).
For the most part, the empirical work in these papers relies on regressing
sex ratios by region on economic factors of interest (maternal education,
earning power, etc.). Others (Sen 1998; CIA World Factbook) have sug-
gested that the sex ratio may be used as a direct measure of gender
discrimination. Clearly, the validity of the previous regressions and the
value of sex ratios as a measure of discrimination may be affected by
the contribution of biology to the gender imbalance.

Similarly, good estimates of the effect of behavior on sex ratios may
speak to the potential importance of biology. Qian (2005) provides
substantially better-identified estimates of the effect of economic incen-
tives on sex ratios of surviving children in China. Using variation across
provinces and time in the value of female labor, she shows that increases
in the value of female labor increase the share of girls who survive.
Qian’s results strongly support the existence of behavioral responses to
economic incentives over and above any biological differences. These
results are important to keep in mind in the context of this paper, in
particular when thinking about appropriate counterfactual sex ratios.
However, the results in the two papers are not necessarily at odds; among
other things, the hepatitis B hypothesis is about the average sex ratio,
and the estimates in Qian’s article represent marginal changes.

A bit further afield, the results in this paper may also be related to
economists’ study of marriage and labor market outcomes. In his work
on the economics of the family, Becker (1981) highlights the importance
of population sex ratios in the formation of polygamous societies, as
well as in the determination of dowry and bride-price levels. Building
on this, others have argued that high sex ratios (many men in the
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population) lead to higher rates of marriage among women and lower
outside–labor market participation (Angrist 2002; Chiappori, Fortin,
and Lacroix 2002). Movements in the population sex ratio during wars
have also been connected to female labor market participation and
wages (Goldin 1991; Acemoglu, Autor, and Lyle 2004). The connection
between hepatitis and the sex ratio therefore has the potential to provide
a cleaner test for the relationship between population sex composition
and market outcomes, although obviously this potential may be limited
by the existence of other factors influencing the sex ratio.

II. Calibrating the Missing Women

The population sex ratio in Europe and the United States—the number
of men divided by the number of women—is around one. That is, there
are roughly equal numbers of men and women. The sex ratio at birth
weakly favors men (about 1.05 men for each woman), but higher male
mortality over the lifetime results in equalization of the ratio in the
population overall. In Asia, population sex ratios are higher. In China,
for example, the population sex ratio in 1990 was around 1.066 men
for each woman and was even higher in the Indian subcontinent.2 It
was this observation, coupled with evidence about a preference for sons
in areas of Asia, that led demographers to first suggest that there were
“missing women” in Asia.

“Missing women” are defined as women who once lived but have died
prematurely because of artificially high female mortality. The number
of missing women in a country is therefore calculated by assuming that
the number of men reflects appropriate mortality patterns and using
the difference between the actual and expected sex ratios to calculate
the level of excess female mortality. Denote the expected sex ratio based
on the number of men as , the actual sex ratio observed as , andSR SRe a

the number of women observed as . Then the missing women canNw

be calculated as

SRamissing p � 1 N . (1)w( )SRe

Obviously, the larger the difference between the actual and the ex-
pected sex ratios, the greater the share of women who are missing.
Conversely, if , then there are no missing women.SR p SRa e

From the perspective of this paper, the origin of the sex ratio bias is

2 Throughout the paper I refer to both the population sex ratio and the share of men.
Obviously these are isomorphic: sex ratio is simply the number of men in the population
divided by the number of women. As a result, both higher sex ratios and higher male
shares imply more men in the population.
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crucial. Parental hepatitis B infection is posited to affect the offspring
sex ratio at birth, which will then play into the later sex ratio of the
population. In particular, the overall sex ratio of a given cohort in a
population is a function of their sex ratio at birth and their mortality
patterns by gender. Denoting the actual sex ratio in cohort c as ,SRa,c

the sex ratio at birth as , male mortality for the cohort to this pointSRb,c

as , and female mortality , I can writeM Mm f

1 � MmSR p SR . (2)a,c b,c 1 � Mf

It is easy to see, then, that even if two populations have identical
mortality by gender, if their sex ratios at birth differ, then the sex ratio
later in life will differ also. A higher sex ratio at birth will produce a
higher population sex ratio, as will more imbalanced mortality patterns.

In Section IV, I present evidence suggesting that the offspring sex
ratio is higher for hepatitis B carriers than for noncarriers. If it is as-
sumed that carriers have a higher sex ratio among offspring, then the
prevalence of hepatitis in the population will influence the sex ratio at
birth. More specifically, the sex ratio at birth will be the average of the
sex ratio of hepatitis B carriers ( ) and noncarriers ( ), weightedSR SRHBV N

by their population shares:

SR p (SR )(prev ) � SR (1 � prev ). (3)b,c HBV HBV N HBV

The final step in connecting hepatitis B and the missing women is to
calibrate the effect of hepatitis on the sex ratio: to calculate fromSR HBV

equation (3). For the purposes of calibration, I use estimates of the
effect of hepatitis B on the sex ratio at birth that are calculated from
the individual-level data. I create a data set based on the individual-level
studies, assuming that each child is an observation. Child gender is
regressed on parental carrier status for hepatitis B, with a fixed effect
for each study. This is discussed in more detail in Section IV.E.

As a robustness check, I also calculate the suggested by aggre-SR HBV

gate population-level data. Consider two populations: population A with
a high hepatitis rate and a high sex ratio and population B withH SRA A

a lower hepatitis rate and a lower sex ratio . Under the assumptionH SRB B

that the noncarrier sex ratio is the same in the two areas, solving for
yields the following expression:SR HBV

SR (1 � H ) � SR (1 � H )A B B ASR p . (4)HBV H � HA B

The discussion above provides a framework for the rest of this paper.
I shall now discuss the origin of the sex ratio bias in the missing women
countries and then the possible role of hepatitis.
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III. The Origin of the Sex Ratio Bias

This paper argues that hepatitis B may account for some of the missing
women. This argument, however, relies crucially on some of the sex
ratio bias arising at birth.3 It is worth noting here that what may seem
like relatively small differences in sex ratios at birth can result in a large
sex ratio bias in the overall population, similar to what is seen in Asia.
For example, moving from a sex ratio at birth of 1.05 to 1.10 and keeping
mortality patterns constant moves the overall population sex ratio from
1.00 to 1.05, which is a large majority of the U.S./Chinese difference.

To get some sense of sex ratios over the life cycle in the missing
women countries, figure 1 shows the sex ratio by age category in each
country. This figure is created by calculating the sex ratio by age group
from data in the Demographic Yearbook Historical Supplement (United
Nations 1997).4 The data used are taken from censuses or birth regis-
tration data collected between 1970 and 1990. It is worth noting, of
course, that this methodology combines cohort and age effects. If there
are changes in population demographics over time, this will be prob-
lematic; I address this issue below for India and China by following
individual age cohorts over time.

The pattern in sex ratios over the life cycle appears to vary across
countries. In China, for example, the sex ratio is highest at birth and
then generally decreases, although it is slightly higher among those aged
35–59 than among those aged 15–34. The pattern in India is somewhat
different: the sex ratio is slightly higher than “normal” at birth and
increases in childhood and young adulthood before falling again for
the very old. Data for Pakistan and Bangladesh suggest a slightly different
pattern, with above-average sex ratios at birth, increases in childhood,
and large increases in old age. The pattern in western Asia (Turkey and
Syria) and Egypt is more typical of developed countries, but with slightly
higher sex ratios at birth than those seen in the West.

Figure 1 generally suggests that the origin of the sex ratio bias is not
the same in every country (although, as mentioned, this figure confuses
age and cohort effects). Although most of these countries seem to have
higher sex ratios at birth than the average in the West, many of them
also have non-Western mortality patterns, even when one controls for

3 It is worth noting that men are more likely to be hepatitis B carriers and therefore
may have higher hepatitis B–related mortality from liver disease. However, this effect will
already be accounted for in the analysis, since the life tables used for the calculations
adjust for differences in female and male life expectancy.

4 For India and Nepal, the sex ratio at birth is not available from the Demographic Yearbook,
so household survey data are used to construct a measure of the sex ratio at birth for
these countries based on the reported sex ratio among ever-born children. The reliability
of these data is checked using data from Pakistan, for which both household survey data
and Demographic Yearbook data are available, and the results suggest that the household
survey data provide a reasonable estimate.



Fig. 1.—Sex ratio by age, missing women countries. Data on sex ratios come from United Nations (1997) and represent all censuses and birth
registration data between 1970 and 1990. Data on sex ratio at birth for India and Nepal come from the Demographic and Health Surveys run between
1990 and 2000 and represent reported sex ratios among children ever born to survey respondents.
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their income level. The increase in the sex ratio in childhood—partic-
ularly in India, Pakistan, and Bangladesh—suggests excess childhood
mortality for girls. In contrast, in China, the data indicate high sex ratios
at birth but mortality patterns that resemble the West’s.

In order to avoid the confluence of age and cohort effects, figure 2
follows individual cohorts in China and India rather than considering
age-specific sex ratios (I have chosen these countries because they rep-
resent by far the most missing women and have different sex ratio pat-
terns by age). For example, the graph includes sex ratio by age for the
1982 birth cohort in China—their sex ratio at birth and then in sub-
sequent years. In general, these data are taken from less-than-complete
censuses (in China, e.g., these are data from the yearly 1 percent cen-
suses), but they should give a good sense of the sex ratio patterns over
the early part of the life cycle. Figure 2 mirrors figure 1: The sex ratio
bias in China is clearly evident at birth and declines only through child-
hood, whereas the sex ratio in India is low at very young ages and
increases through childhood.

Figures 1 and 2 generally demonstrate that there appears to be some
sex ratio bias at birth, at least in a subset of the missing women countries.
In particular, in most of these countries the average sex ratio at birth
is above 1.059, which is the fixed sex ratio that Coale (1991) uses to
calculate the number of missing women. As noted in Section II, increases
in the sex ratio at birth will lead directly to increases in the sex ratio
later in life. When reestimating the missing women, I assume exactly
the same mortality patterns as in Coale’s study and use hepatitis B–
adjusted sex ratios at birth to explore the effect on overall sex ratios.

In general, the results in this paper suggest that the number of missing
women in China in particular has been overestimated. Given this, it is
worth briefly exploring whether the sex ratio bias at birth in China is
naturally occurring. It has been argued that the sex ratio bias in China
has been rising over time and that imbalanced sex ratios are due largely
to sex-selective abortion (Hull 1990; Yi et al. 1993; Junhong 2001). While
measurement is extremely difficult (for one attempt on a small scale,
see Junhong [2001]), there can be no doubt that there has been some
use of sex-selective abortion technology in China. For example, the sex
ratio at birth in the 2000 census is close to 118 boys for 100 girls, much
higher than that reported in 1989 or 1982 and even in 1995. The in-
teraction between the one-child policy and the increased availability of
ultrasound technology has had some effect on these ratios. For example,
authors have noted higher sex ratios among later children, although
this does not seem to be strongly true earlier in the century (Coale and
Banister 1994).

However, the fact that the sex ratio at birth has increased over the
last 15 years does not necessarily imply that sex ratios prior to this time



Fig. 2.—Sex ratio by age, Indian and Chinese cohorts. The China 1982 line shows sex ratios at each age for the cohort born in China in 1982. Data
for India come from United Nations (1997, 2001). Data for China come from the overall Chinese census and the Chinese 1 percent census.
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period were normal. The missing women estimates presented in Coale
(1991) and Sen (1992) rely on population sex ratios estimated between
1981 and 1991. In general, most or all of the cohorts alive in those years
would not have been affected by either availability of sex-selective abor-
tion or the one-child policy. As a result, what is relevant for comparisons
to these estimates is the sex ratio at birth before the increased availability
of sex-selective technology. Here, I present a number of pieces of evi-
dence suggesting that the sex ratio at birth has been high in China
historically and, more generally, evidence suggesting that the bias at
birth prior to the latest censuses is organic.5

In an early study of the effect of geography on offspring sex ratio in
humans, Chambliss (1949) notes the generally high sex ratio at birth
in China. In five regions of China, Chen (1947) reports sex ratios at
birth that range from unity to 123 men per 100 women. Most are sub-
stantially higher than normal, and the average is 108 men per 100
women. Chiao (1934) reports a ratio of 110.4 boys for 100 girls in his
study of 12,000 farm families in 11 provinces between 1929 and 1931.
He additionally reports the results of three sources of hospital registra-
tions (average sex ratio of 111.6 boys for 100 girls), three registration
surveys (average sex ratio of 114.7), and three general surveys (average
sex ratio of 115.2). It is notable that even the hospital registrations report
a very high sex ratio in this time period in the late 1920s.

These papers, however, generally report the results of particular cen-
suses and individual studies that focus on one time period. In contrast,
Coale and Banister (1994) do an extensive study of the path of sex ratios
at birth over five decades in China. Using two retrospective fertility
surveys from the 1980s, they report imputed sex ratios at birth for co-
horts born between 1936 and 1989 and find high sex ratios at birth
from the earliest cohorts (see table 1).6

An alternative way to explore the importance of underreporting and
infanticide in China is to look at the offspring sex ratios of native Chinese
women in the United States. There is good evidence that hepatitis B
rates among Chinese immigrants to the West are similar to those in
China (Gjerdingen and Lor 1997; Hayes et al. 1998; Kent 2000), and

5 The first thing to note is that sex-selective abortion technology (ultrasound) was not
widely available in China prior to the 1980s (Junhong 2001), and it dispersed over the
1980s and 1990s. The preceding analysis uses sex ratios at the 1982 and 1989 birth cohorts;
this first cohort is unlikely to be heavily influenced by this technology, and yet the sex
ratio is abnormally high (close to 1.09).

6 Table 1 reports some of the data from their paper, showing sex ratios at birth starting
with the 1936–40 cohort and going through the 1985–89 cohort. The sex ratio is high in
all cohorts. Although it declines a bit in the 1960s, the overall average is 1.095. It is worth
noting that, although retrospective data can be problematic, Coale and Banister provide
evidence suggesting that the retrospectively reported sex ratios at birth line up well with
actual sex ratios from later censuses, suggesting that the data are reliable.
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TABLE 1
Historical Estimates of Sex Ratio

at Birth: Data from Coale and
Banister (1994)

Year of Birth
Sex Ratio at Birth

(Boys/Girls)

1936–40 1.138
1941–45 1.114
1946–50 1.083
1951–55 1.094
1956–60 1.096
1961–65 1.065
1966–70 1.079
1971–75 1.073
1976–80 1.088
1981–85 1.086
1985–89 1.128
Average 1.095

Source.—The data here are taken directly from
Coale and Banister (1994, table 3). The data are drawn
from a retrospective fertility survey run in China in 1982
in which women were asked the gender of their children
and the child’s birth year. Sex ratio at birth is the ratio
of boys to girls reported born in each period.

it is difficult to believe that there is infanticide among these groups in
the United States.7 This suggests that high sex ratios among children
of these immigrants would support the hypothesis of naturally occurring
high sex ratios at birth.

I explore two measures of sex ratios at birth for children of Chinese
immigrant mothers: vital statistics and the U.S. Census Individual Public
Use Microdata Sample (IPUMS). The Center for Disease Control Vital
Statistics Natality Detail Files report on all births in the United States
from 1985 onward. Information on the sex of the child and the race
and origin of the mother and father, as well as basic demographic in-
formation, is included. The main drawback from the perspective of this
exercise is the extremely limited data about national origin and race.
It is possible, however, to estimate sex ratios among children born to
mothers whose race is “Chinese” and who were not born in the United
States. There are two important caveats: first, the racial coding of “Chi-
nese” includes not only those who identify themselves as Chinese, but

7 Concerns about selective migration should be somewhat alleviated both through in-
formation on high rates of hepatitis B among immigrants and by the fact that there seems
to be little evidence that hepatitis infection is related to socioeconomic status. Lee et al.
(2002) find a weak positive association between hepatitis and income in Korea; C. Wang
et al. (2002) echo these findings in Taiwan; Rahman et al. (1997) find no relationship in
Bangladesh; Amini et al. (1993) find a negative relationship in Iran; and Shaoling et al.
(1988) find no relationship among barbers in China. Since the hepatitis B carrier state
does not generally cause active illness, there is no good reason to believe that carriers
would be less likely to migrate than others.
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TABLE 2
Offspring Sex Ratios among Immigrants and Natives in

the IPUMS

Year
Number of
Children

Sex Ratio
(Boys/Girls)

A. Offspring Sex Ratios among
Chinese Immigrants

1880–1930 51 1.31
1940–70 1,144 1.047
1980 1,109 1.136
1990 1,312 1.092
2000 2,823 1.119
Average 1.105
Average, 1980–2000 1.115

B. Offspring Sex Ratios among
Immigrants from Low-HBV

Countries and Native Whites

Other immigrants,
1900–2000 1.041

Natives, 1900–2000 1.044

Note.—This table reports sex ratios among children aged 1–5 observed in the U.S.
Census IPUMS 1 percent and 5 percent samples. Panel A is limited to children who
were born in the United States to mothers who are Chinese immigrants. In order to
be in the sample, the child must have a reported birthplace somewhere in the United
States and the mother must have a reported birthplace in Mainland China. The first
row of panel B shows the sex ratio among children aged 1–5 born in the United States
to mothers born in several places with low HBV carrier rates. The countries included
are Australia, Canada, Finland, France, Germany, Greece, Ireland, Israel, Japan, Mexico,
Netherlands, Poland, Spain, and the United Kingdom. The second row shows the
average for children who were born in the United States to white women who were
themselves born in the United States. Sex ratio is the number of boys divided by the
number of girls.

also those from Taiwan, Macao, and other places, which may have very
different (and lower) hepatitis B rates. Second, since birthplace outside
the United States is identified only as “rest of the world,” it is hard to
know whether women were actually born in China. Both of these factors
will bias the sex ratio downward relative to that for Chinese women
immigrants from mainland China, but the sex ratio at birth is still sub-
stantially higher than normal, at 1.082. This is strongly significantly
different from the sex ratio for whites.

In contrast to the vital statistics, the IPUMS data (which give detailed
information on 1 percent or 5 percent of U.S. households) provide very
detailed information about country of origin; the downside is a smaller
sample size and the fact that it is necessary to use data on sex ratios
among young children rather than at birth. With limited infant mor-
tality, the sex ratio among young children should mirror the sex ratio
at birth, so this may not be a concern, particularly in later time periods.
Panel A of table 2 shows sex ratios from the IPUMS for U.S.-born chil-
dren under age 6 with Chinese mothers. The sex ratio overall is quite
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high—1.105. In the last three censuses, it is even higher, at 1.115. In
all periods except 1940–70, the sex ratio is very high. As a comparison,
panel B presents the sex ratio of births to immigrant mothers from low–
hepatitis B countries and the sex ratio of births to native whites. Both
are normal—around 1.04—and significantly different from the rate for
Chinese mothers. The comparison to other immigrant mothers is par-
ticularly noteworthy, since it suggests that the high sex ratio among
Chinese mothers is not driven by their immigrant status.8

IV. Hepatitis B and Offspring Sex Ratio

This section discusses the hepatitis B virus and the effect of the virus
on the offspring sex ratio. Subsection A provides background on the
virus; I then discuss the evidence for an effect of hepatitis B on the
offspring sex ratio (subsections B–D). Subsection E calibrates the size
of the effect of hepatitis B on the sex ratio and uses data on the prev-
alence of hepatitis B to estimate the share of the bias in the sex ratio
at birth that is explained by hepatitis rates.

A. Background on Hepatitis B

The hepatitis B virus (HBV) is a viral infection of the liver that is spread
through exchange of blood or bodily fluids. The virus can be spread
through sexual contact and needle exchange and from mother to child,
as well as through more casual contact (sharing saliva etc.). There is an
important distinction between ever being infected with HBV and being
a carrier. For many infected individuals, the virus clears from their system
in a relatively short period of time; however, for some infected individ-
uals—even those who do not show symptoms—the virus does not clear,
and they go on to become chronic carriers. Chronic viral infection leads
to serious liver problems for around 25 percent of carriers. The chance
of becoming a carrier of the virus conditional on infection decreases
with age of infection: it is close to 90 percent for infants, but under 10
percent for those infected as adults (World Health Organization 2001).
Since the late 1970s a vaccine for HBV has been available. It has been
widely used in a number of places—Alaska, China, Taiwan, Singapore,
and some countries in southern Europe—although it is rarely used in
countries in which HBV prevalence is not high.

Cross-country HBV rates vary significantly. High-hepatitis regions in-
clude eastern Asia, sub-Saharan Africa, parts of the former Soviet Union,

8 I elaborate on this in Sec. IV.D, which demonstrates that the prevalence of hepatitis
B in the home country strongly predicts sex ratios at birth for immigrant women from a
wide variety of countries in the IPUMS.
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parts of eastern Europe, northern South America, Alaska, and northern
Canada. From the perspective of this paper, it may be important to
understand why HBV carrier rates vary across space; for example, how
important is the frequency of risky sexual behavior in carrier rates?

In Appendix A, I present a simplified model of the transition path
of the virus across generations and use it to inform the question of both
cross-space and cross-time variation in carrier rates. As is mentioned
above, the variation in the chance of becoming a carrier (given infec-
tion) over the life cycle is crucial. Infants who are infected by their
mothers have a 90–100 percent chance of becoming a viral carrier,
children who are infected by siblings or playmates have around a 30
percent chance of becoming a carrier, and adults who are infected have
only a 5–10 percent chance of becoming a carrier. Given these facts, it
is shown in Appendix A (and should be intuitively clear) that differences
in the share of infants and children infected are crucial to differences
in carrier rates.

The necessary follow-up question is why infection rates among infants
and children vary across space. The answer here is less clear, but it may
have to do with differences in viral or human genotype. Hepatitis B has
eight known genotypes (A–H), and there is some circumstantial evi-
dence that their distribution is correlated with HBV prevalence (Mi-
yakawa and Mizokami 2003) and that the genotypes differ in their trans-
mission patterns (Kobayashi et al. 2003; Duong et al. 2004). Human
genetic differences in susceptibility are also a possible explanation for
the variation in epidemicity. Geneticists have identified a number of
polymorphisms9 that appear to affect susceptibility to HBV (for a review,
see Andrade and Andrade [2004]). One implication of this, and of the
discussion in Appendix A, is that choices about sexual behavior are
unlikely to play a major role in determining carrier rate.10

Related to the issue of cross-space variation is the issue of cross-time
variation. Implicitly, when adjusting the number of missing women in
Section V, I assume that the sex ratio at birth in all currently living
cohorts was the same. If carrier rates have not been stable over time,
this may be unrealistic. The same model of viral transmission that is
used in Appendix A can be used to infer whether it is likely—given the
transmission path and the age of the virus—that current infection rates
are in a steady state. In general, the results there indicate that the system
would move relatively quickly into a steady state, generally in less than

9 Polymorphisms are mutations in the human genetic code that appear in at least 1
percent of the human population. Human blood groups are an example.

10 In fact, HBV prevalence across countries seems to be largely uncorrelated with the
prevalence of other sexually transmitted infections; e.g., the correlation with the preva-
lence of herpes in a subset of the countries in the sample is around �0.06.
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a tenth of the time since the virus was introduced, implying that current
infection rates are likely to represent long-established stability.

B. Individual-Level Evidence

The relationship between HBV carrier state and offspring sex ratio was
first noticed in four studies on families of carriers and noncarriers (Hes-
ser, Economidou, and Blumberg 1975; Drew et al. 1982; Drew, Blum-
berg, and Robert-Lamblin 1986; Chahnazarian, Blumberg, and London
1988). The methodology in these studies is relatively simple. In each
case, married women with children were identified in villages with
known high HBV rates. A sample of women and (in all cases except
Greenland) their husbands were tested for HBV carriage and were given
a detailed survey about their reproductive history. Subsequently, two
additional studies (Cazal, Lemiare, and Robinet-Levy 1976; Livadas et
al. 1979) specifically sought to test the results using the same meth-
odology and came to the same conclusions. All six studies tabulate the
gender of all children of carrier and noncarrier parents and compare
the sex ratio across the two groups.11 It is worth noting that there is no
a priori reason to expect carrier and noncarrier families to be different
from each other, in the absence of HBV. In nearly all cases, adults would
not know about their HBV status and would have no symptoms during
childbearing years.

The estimated offspring sex ratios for carrier and noncarrier parents
in each of the six studies cited above are presented in table 3. Overall,
families with an HBV carrier parent had 355 male children and 248
female children (sex ratio of 1.44), whereas families without an HBV
carrier parent had 2,083 male children and 2,043 female children (sex
ratio of 1.02). The difference is statistically significant overall and in
each individual study.

Although using individual-level data is the most straightforward way
to test the hepatitis–sex ratio connection, the existing evidence has
significant problems. First, the sample sizes are quite small—in most
cases not more than a few hundred children total—and the studies took
place in only a limited set of locations.

Further, the first four studies in table 3 were not specifically designed
to test this theory, and for this reason, the data are not ideal for the

11 There is one further study of this issue that employed a slightly different procedure
(Mazzur and Watson 1974). In the British Solomon Islands, families were tested for HBV,
and the sex ratio among carriers and siblings of carriers was explored. If it is assumed
that the transmission of the virus to the carriers was parent-to-child, then the families with
siblings who are carriers will be offspring of HBV-positive individuals. In this study, the
sex ratio among siblings of carriers was much higher than among siblings of noncarriers
(1.61 vs. 0.97). I have not included this study because the parents were not tested directly,
but it is comforting that the magnitude of the effect is similar.
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TABLE 3
Hepatitis B and Sex Ratio: Individual-Level Estimates

Location and
HBV Status Sons Daughters Sex Ratio

Greenland:
Positive 64 60 1.07
Negative 174 194 .90

Kar Kar Island:
Positive 63 54 1.17
Negative 163 206 .79

Greece 1:
Positive 90 51 1.77
Negative 287 255 1.13

Philippines:
Positive 66 41 1.61
Negative 304 301 1.01

Greece 2:
Positive 52 30 1.73
Negative 1,006 955 1.05

France:
Positive 20 12 1.66
Negative 149 122 1.22

Source.—Greenland: Drew (1986); Kar Kar Island: Drew et al. (1982); Greece 1: Hesser et
al. (1975); Philippines: Chahnazarian et al. (1988); Greece 2: Livadas et al. (1979); France:
Cazal et al. (1976).

Note.—This table shows sex ratios among the children of carrier and noncarrier parents in
four regions. Data were collected by testing married women and, in all cases except for Green-
land, their husbands for HBV. Detailed reproductive histories were also collected. The table
represents all births to women in these samples, with generally more than one birth to each
woman. The last two studies (Greece 2 and France) were designed specifically to test the hy-
pothesis that HBV affects the offspring sex ratio and were run after the original theory was
published.

purpose. As discussed more extensively in Chahnazarian et al. (1988),
the data quality varies significantly across studies and is particularly prob-
lematic in Greenland and Kar Kar Island. They also worry that the high
sex ratio among noncarriers in the Greece 1 study and the low sex ratio
in the Kar Kar Island study are results of sample selection or systematic
underreporting. As I discuss more extensively in subsection E, this prob-
lem is somewhat (although not completely) mitigated by the inclusion
of study-specific fixed effects in the regressions. Despite this, low data
quality is problematic in general and may point to more serious issues.
Some comfort is provided, perhaps, by the Greece 2 and France studies,
both of which were designed specifically to test the hepatitis–sex ratio
connection and for which the methodologies are more suited.

A third, and perhaps more obvious, concern is that the mechanism
by which hepatitis affects the offspring sex ratio is not known. There
are several hypotheses in the literature; for example, a number of papers
have suggested that female fetuses of HBV carrier parents are much
more likely to spontaneously abort early in the pregnancy, resulting in
more male live births (Drew et al. 1978; Livadas et al. 1979), but this
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has not been medically confirmed. An alternative theory suggests that
carrier women are less likely to conceive daughters. Without a direct
mechanism, the weaknesses of the individual-level data become more
problematic, and further confirmation seems necessary.

In summary, while the existing scientific evidence is clearly suggestive
of a hepatitis–sex ratio connection, it is not conclusive. In the next two
subsections of the paper I use new data and new methodologies to test
this connection. The paper will not endeavor to prove the biological
mechanism. Instead, I rely on population-level data and methodologies
that will be familiar to economists to test the strength of the hepatitis
B–sex ratio relationship. In subsection C, I use a natural experiment
suggested by the hepatitis B vaccination campaign to estimate the effects;
subsection D presents further cross-country evidence.

C. Time-Series Evidence

A vaccine for HBV became available very shortly after the virus was
discovered in the late 1970s. To the extent that vaccinated women are
now of childbearing age, this provides a natural experiment to explore
the effect of HBV on the sex ratio. In general, universal vaccination
programs (in Singapore, Italy, Spain, etc.) did not start until the mid-
1980s or early 1990s. However, there are two areas that allow me to
consider variation over time: Alaska and Taiwan.

The Native Alaskan population has historically been the only popu-
lation in the United States with high hepatitis rates—as high as 16–20
percent in some villages—whereas non-Native Alaskans have very low
HBV rates. Further, HBV prevalence varied considerably across Alaska
(McMahon et al. 1993), with particularly high prevalence in western
and central areas and much lower in the far north and east. The United
States began vaccination of the entire Native population in 1982, and
the vaccination campaign included not only infants but adolescents and
adults (Harpaz et al. 2000).

In contrast to vaccination campaigns that focus only on infants, the
overall coverage of this campaign meant that the incidence in the pop-
ulation overall fell (effectively to zero) immediately. The share of carriers
(prevalence) among women of childbearing age decreased gradually,
since anyone who was infected already would remain infected even after
the vaccination campaign. However, by the end of the 1990s, nearly all
women who were giving birth would have been vaccinated and therefore
would not be carriers. In addition, over the period from the early 1980s
through the late 1990s, the number of infected women giving birth
would have decreased gradually, as carriers were replaced by vaccinated
individuals in the population of women of childbearing age. It may
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therefore be possible to see changes in the offspring sex ratio over time,
even if one considers only the last 20 years.

Data on the number and gender of births are available across regions
in Alaska from 1980 through 2000. I compare the changes in the sex
ratio at birth across three groups: high-native, high-HBV regions (Yukon-
Koyukuk, Aleutians East Borough, Lake and Peninsula, and Bristol Bay),
high-native, low-HBV regions (Prince of Wales, Skagway-Hoonah-
Angoon, and Wrangall Peterson), and a low-native region (Anchorage).
The effect of the vaccination program on these three groups can be
seen in figure 3.

While sex ratios are relatively constant in the high-native, low-HBV
and low-native regions, they decrease dramatically in the high-native,
high-HBV region. The sample sizes are small, but it is possible to reject
equality between the normal sex ratio at birth and the ratio observed
in the high-native, high-HBV regions in the earliest time periods.

It is also possible to use the IPUMS to explore the changes in the sex
ratio for young children among the two groups over this time period.
I consider the sex ratio among very young children born to whites and
Natives in Alaska from the 1980–2000 censuses. These data span the
time period preceding and following the vaccination campaign. I expect
a pattern similar to that seen in the vital statistics: decreases in the sex
ratio among Natives between 1980 and 1990 and then between 1990
and 2000. More specifically, I estimate the following equation:

male p a � b nat � b d1980 � b d1990 � b nat # d1980i,t 1 i,t 2 i,t 3 i,t 4 i,t i,t

� b nat # d1990 � XW,5 i,t i,t

where malei,t is a dummy for whether child i observed in census year t
is a boy, and nati,t is a dummy for whether that child is an Alaskan Native.
In addition, there are two year dummies: a dummy for census year 1980
( ) and a dummy for census year 1990 ( ). The omittedd1980 d1990i,t i,t

category is the 2000 census. The coefficients of interest are b4 and b5,
which measure the additional positive effect of being a Native on the
probability of being a boy in the 1980 and 1990 censuses. The theory
suggests that the effect of being a Native Alaskan on the probability of
being male should be highest in 1980 and then decreasing to 1990 and
2000 (so both b4 and b5 should be positive, and b4 should be greater
than b5). The term X is a vector of controls, including a full set of
maternal and child age dummies and dummies for child year of birth.

Column 1 of table 4 reports the results of this regression. The overall
effect of native is zero, but the interactions are both positive and sig-
nificant. The sex ratio among Natives is higher than that among non-
Natives in the 1990 census and higher still in the 1980 census. In column
2, I limit the regression to Eskimos, the ethnic group that is generally



Fig. 3.—Changes in sex ratio at birth in Alaska by region type. The figure compares overall sex ratios at birth across three region types: high-native,
high-HBV regions (Yukon-Koyukuk, Aleutians East Borough, Lake and Peninsula, and Bristol Bay), high-native, low-HBV regions (Prince of Wales,
Skagway-Hoonah-Angoon, and Wrangall Peterson), and a low-native region (Anchorage). Sex ratio is the number of boys born divided by the number
of girls.
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TABLE 4
Sex Ratio and HBV Vaccination: Alaskan Natives

and Non-Natives
Dependent Variable: Child Is Male

Explanatory Variable (1) (2)

Native (0/1) .003
(.37)

.024***
(4.19)

Native#yearp1980 .034***
(6.76)

Native#yearp1990 .019***
(9.27)

.006***
(4.12)

Yearp1980 .031***
(7.33)

Yearp1990 .034***
(6.46)

.02***
(18.65)

Constant .489***
(85.58)

.492***
(125.04)

Observations 5,041 3,163

Note.—The estimating equation is in Sec. IV.C. The regression is limited
to children under the age of 4, and all data come from the IPUMS 1980,
1990, and 2000 5 percent samples. In both columns, the non-Native (omitted)
category is whites. In col. 1, the Native category includes anyone who identifies
as “American Indian/Alaskan Native” in the census. In col. 2, the Native
category includes only those who identify as “Eskimo.” The HBV vaccination
program covered all Alaskan Natives beginning in the early 1980s. t-statistics
are in parentheses. Controls are added for maternal and child age dummies,
birth year dummies, and a marital status dummy.

* Significant at 10 percent.
** Significant at 5 percent.
*** Significant at 1 percent.

thought to have the highest HBV rate (McMahon et al. 1993). Although
sufficiently detailed racial identifiers are not available until the 1990
census, it is nevertheless possible to get a sense of the pattern using
1990 and 2000. In this case, the dummy on native is positive, as is the
interaction: this ethnic group has a higher offspring sex ratio during
both 1990 and 2000, but it is even higher in 1990 (when the vaccination
program would have covered fewer people) than later.

There is some similarly suggestive evidence on HBV and the sex ratio
from Taiwan. Taiwan was historically among the highest-HBV regions
in the world (with a carrier rate of 15–20 percent) and began universal
vaccination of at-risk newborns in July 1984 and then of all newborns
in 1986 (Lin et al. 2003). In addition, some catch-up vaccination was
done among school-age children and adults in the late 1980s (Ni et al.
2001). The extensive vaccination program in such a high-risk country
suggests another opportunity to explore the effect of vaccination on sex
ratios. Data on the gender of births by maternal age group (15–19, 20–
24, etc.) are available for all births in Taiwan (Republic of China 1974–
2002). Since women who are vaccinated in 1984 would be 15 by 1999,
there is potential scope for exploring the effect of the vaccination pro-
gram on births to young mothers late in the 1990s.
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In theory, one could use the discontinuity associated with the intro-
duction of vaccination in 1984 to analyze births to vaccinated and non-
vaccinated mothers. This is not possible for two reasons. First, the catch-
up vaccination among school-age children means that there are serious
limits to the discontinuity. Second, and more important, there will always
be “bleeding” of the vaccination program among children of similar
ages. Given that a large portion of infections in any given cohort will
be a result of horizontal (child-to-child) contact, vaccination among
children born in July 1984 will lead to lower infection rates not only
among those children but also among children born in the months
(and potentially years) before them.

This issue is not insurmountable, however. There has been extensive
work on the changes in infection rates among vaccinated birth cohorts
and unvaccinated cohorts close in age. Using data from a number of
papers (Hsu et al. 1999; Ni et al. 2001; Lin et al. 2003), I construct
carrier rates by birth cohort. These data indicate that the decrease in
carrier rate begins in the 1979 birth cohort, although this decrease
accelerates after 1984, as expected. It is worth noting that the bleeding
of the program into earlier birth cohorts is potentially advantageous
since it implies that older women (for whom there are more birth data)
are also affected.

Using the information on carrier rates by birth cohorts and births by
maternal age, I construct a panel data set on carrier rates and sex ratio
at birth. Data from 1979–2002 are used and crossed with births to women
15–19 years old, 20–24, 25–29, and 30–34. The final cohort is not af-
fected by the vaccination program, whereas all others are affected to
some extent. The only wrinkle is that, because births are available only
by five-year age group for women, average carrier rates for the entire
group are constructed by averaging over the birth years included in
each cohort.

Before I move on to a discussion of the results, it is important to note
a second caveat to this analysis: The vaccination program coincides quite
closely with an increased availability of fetal sex-determination tech-
nology and a probable increase in sex-selective abortion. Given a perfect
sex-selection technology, it is not clear that the vaccination program
would have any effect: if women are able to perfectly choose the gender
of their child, then decreasing the naturally occurring sex ratio in the
womb may not have any effect on the realized sex ratio at birth. However,
there is still potential for the program to have an effect if there is
variation across the population in the degree of preference for sons or
in the willingness to abort. In particular, if a share a of the population
is willing to abort (and this propensity is at least partially orthogonal to
expected carrier status), then there is still scope for decreases in the
other share. It is worth noting, however, that the magnitude of(1 � a)
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TABLE 5
Sex Ratio and HBV Vaccination: Taiwan

Dependent Variable: Share of Births That Are Male

Explanatory Variable (1) (2)

Hepatitis B prevalence (%) .00056***
(2.76)

.00040*
(1.90)

Year .00026***
(4.85)

Constant �.016
(�.14)

.511***
(144.32)

Cohort fixed effects yes yes
Year fixed effects no yes
Observations 96 96

2R .49 .68

Note.—The regressions here estimate the effect of hepatitis prevalence on the share of boys
born by cohort-year in Taiwan. An observation in the table is a cohort-year, with age cohorts
15–19, 20–24, 25–29, and 30–34 and years 1979–2002. HBV vaccination of infants began in 1984,
and there are decreases in HBV rates beginning for cohorts born slightly before this due to
spillovers. HBV prevalence for each cohort-year is calculated using data on HBV infection rates
for groups of children tested in the late 1980s and 1990s (Hsu et al. 1999; Ni et al. 2001; Lin
et al. 2003). Col. 1 includes cohort fixed effects and a linear control for year. Col. 2 includes
both cohort and year fixed effects. t-statistics are in parentheses.

* Significant at 10 percent.
** Significant at 5 percent.
*** Significant at 1 percent.

the effect of hepatitis on the sex ratio at birth is likely to be smaller in
this analysis than elsewhere since there is almost surely some counter-
vailing behavior.

Table 5 reports the results of a regression of the percentage of births
that are male by cohort-year on hepatitis B prevalence. In both columns,
cohort fixed effects are included; in column 1 I include linear controls
for year, and column 2 includes year fixed effects. In both columns
there is a significant effect of HBV prevalence on the share of children
that are male; this effect is significant at the 1 percent level in column
1 and at the 6 percent level in column 2. In addition, as predicted, the
effect is smaller than would be implied by the data on individuals pre-
sented in table 3. Here, the implied sex ratio at birth among HBV
carriers is around 1.25 boys for each girl; as is discussed in more detail
later, both the individual-level data and the cross-country data imply an
estimate of around 1.5 boys for each girl.

Obviously it is still quite early to draw conclusions from the Taiwan
experience, and more data on future years will be necessary. Neverthe-
less, the existing data are suggestive and consistent with an effect of
HBV on the sex ratio at birth.

D. Cross-Country Evidence

The individual-level and time-series evidence points to an effect of HBV
on the offspring sex ratio. If HBV has such an effect, it should be possible
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to see a cross-country relationship between HBV prevalence and the
share of boys born.

The World Health Organization (WHO) categorizes countries into
high (8–20 percent carriers), medium (2–7 percent), or low (! 2 per-
cent) HBV prevalence. Appendix table B1 lists the countries in each
group.12 These data on hepatitis are combined with data on the share
of boys born from the United Nations Demographic Yearbook Historical
Supplement (United Nations 1997). This covers the late 1960s through
the present.13

Figure 4 shows the share of males at birth by WHO category. The left-
hand set of columns includes all countries. The share of births that are
male in high-HBV countries is 51.8 percent versus 51.3 percent in coun-
tries with medium prevalence and 51.2 percent in countries with low
prevalence. The middle set of columns presents the world sex ratio
excluding China to ensure that the results are not driven by this one
high-population outlier, and the results are still very strong. The third
set of columns limits the analysis to Europe, which has substantial var-
iation in HBV rates but less racial or income-level heterogeneity. The
share of boys–HBV relationship holds strongly even in this limited sam-
ple: the share of births that are male in high-HBV countries is around
51.7 percent versus 51.5 percent for medium- and 51.3 percent for low-
HBV countries.14

The HBV–sex ratio relationship in the WHO data is suggestive, but,
as discussed, the data may not be very precise. In addition, this type of
evidence is limited by the fact that HBV prevalence may vary quite widely
even within a category. I therefore now consider more continuous mea-
sures of HBV prevalence. Although no centralized database with cross-
country HBV rates is available, I have created such a database by ag-
gregating published studies that report HBV carrier rates. To this end,
HBV estimates for each country were constructed by searching “HBsAg
country name” in PubMed and extracting all published studies that re-
ported a prevalence rate and sample size and did not include high-risk
groups.15 The overall prevalence rate for each country is a weighted

12 Although these data are useful in the sense that they cover all countries, there are
drawbacks. The methodology for assigning countries to groups is not made obvious. In
addition, in some cases, no studies have been done on hepatitis B in a given country, and
yet the WHO assigns the country to a group on the basis of its geographic location.

13 For South Korea and China the data are truncated at 1990 because of clear evidence
of increases in the sex ratio at birth after that time, likely as a result of sex-selective abortion.
If all data are truncated at 1990, the results look very similar; i.e., South Korea and China
seem to be the only places evidencing large increases in the sex ratio over time.

14 All differences discussed here are significant at less than the 1 percent level in a test
of equality of proportions.

15 HBsAg is the HBV surface antigen that is present in HBV carriers.



Fig. 4.—Share male at birth by WHO HBV prevalence categories. Information on HBV prevalence comes from the WHO, and countries in each
category are listed in App. B. Data on births come from United Nations (1997). Share male for each category is weighted by the total number of births
in each country included in the category.
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average of the prevalence rates for all studies. A list of studies used is
available on the author’s Web page.

Although data were available for 63 countries, in many cases the total
number of individuals tested was very small. To avoid attenuation bias
from measurement error as much as possible, the data were limited to
countries in which at least 2,500 people were tested. This results in a
sample of 38 countries. Figure 5 shows a graph of the share of male
births on hepatitis rate for these countries. The graph is clearly upward
sloping, even if China is excluded. In fact, China is not a particular
outlier and lies quite close to the regression line. The major outliers
are Iran and Mexico, for which the sex ratios at birth are quite low. The
data from both countries are known to be incomplete, which may ex-
plain this somewhat (I discuss completeness more below). In addition,
in Mexico, the gender of infants who die within the first few days is not
recorded. Since these infants are much more likely to be boys (because
of higher male neonatal mortality), this may explain the low recorded
sex ratio. In figure 6, the data are limited to OECD countries to avoid
the suggestion that income- and development-level differences may be
driving the results. The relationship has a similar magnitude (although
slightly weaker statistically) if the data are limited to European countries.

Table 6 reports estimates of the effect of HBV on the share of boys
born using these continuous prevalence data. Column 1 reports the
overall relationship between HBV and share of boys born without any
controls. The coefficient is 0.0009, implying that a one-percentage-point
increase in HBV prevalence would increase the share of boys born by
around one-tenth of a percentage point. It is worth noting that this is
quite a large effect. It means, for example, that increasing the prevalence
of HBV from 0 percent to 10 percent implies an increase in the share
of boys born from around 51 percent to 52 percent; in the language
of sex ratios, this is a move from 1.04 boys for each girl to 1.08 boys
for each girl. The coefficient is strongly statistically significant. In ad-
dition, HBV alone appears to explain close to 40 percent of the cross-
country variation in sex ratios; if Mexico and Iran are excluded, the

is 60 percent.2R
In the remaining columns the robustness of this result is explored.

Column 2 adds a number of controls for socioeconomic status and
fertility; they include log gross domestic product per capita, infant mor-
tality, life expectancy, and fertility rate.16 The coefficient is increased
very slightly and more precisely estimated. This is encouraging; in ad-
dition to showing robustness to these particular controls, the fact that

16 This result is also robust to other measures of socioeconomic status, such as male and
female literacy rates.
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Fig. 5.—Share male at birth and HBV prevalence. HBV prevalence is calculated by aggregating published studies; studies for each country appear
in a Web appendix. Only countries with more than 2,500 people used to calculate HBV prevalence are included. Share male at birth is the share of
babies born who are boys; data on births come from United Nations (1997) for all available years from the 1960s through the present. For South Korea
and China, years after 1990 are excluded because of the clear use of sex-selective abortion technology and large increases in the sex ratio at birth.
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Fig. 6.—Share male at birth and HBV prevalence, OECD. HBV prevalence is calculated by aggregating published studies; studies for each country
appear in a Web appendix. Only OECD countries with more than 2,500 people used to calculate HBV prevalence are included. Data on births come
from United Nations (1997) for all available years from the 1960s through the present. For South Korea, data after 1990 are excluded because of
concerns about increases in sex-selective abortion.
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TABLE 6
Cross-Country Hepatitis B Prevalence and Share Male at Birth

Dependent Variable: Share of Births That Are Male

Explanatory Variable
All
(1)

All
(2)

OECD
(3)

All
(4)

All,
Complete

(5)

Hepatitis B prevalence
(%)

.0009***
(4.63)

.0010***
(4.88)

.0014***
(4.03)

.0011***
(3.91)

.0012***
(9.87)

Log GDP per capita,
1995

�.0020
(�1.46)

�.0027
(�1.32)

�.0017
(�1.14)

�.0016**
(�2.54)

Total fertility rate �.0008
(�1.04)

.0005
(.14)

�.0002
(�.28)

�.0006
(�1.52)

Life expectancy .0010*
(1.9)

.0003
(1.04)

.0006*
(1.84)

.0004***
(2.76)

Infant mortality .0000
(.43)

.0000
(�.92)

.0000
(.5)

.0001*
(�1.71)

Constant .512***
(717.08)

.492***
(29.1)

.511***
(23.26)

.486***
(26.01)

.502***
(63.15)

Region fixed effects no no no yes no
Observations 38 38 18 38 30

2R .37 .51 .73 .54 .86

Note.—An observation in this table is a country. HBV prevalence is calculated by aggregating published studies;
studies for each country used appear in a Web appendix. Only countries with more than 2,500 people tested for HBV
(combining all studies) are used in the analysis. Studies are limited to non-high-risk groups, and HBV prevalence in
each study is weighted by the number of individuals in the study. Share male at birth is the share of boys born, with
data coming from United Nations (1997) for all available years in the 1960s through the present. For South Korea and
China, births in years after 1990 are excluded because of clear increases in the use of sex-selective abortion. In col. 5
the data are restricted to country-years with complete birth reporting. Controls are taken from the World Development
Indicators. t-statistics are in parentheses.

* Significant at 10 percent.
** Significant at 5 percent.
*** Significant at 1 percent.

the coefficient is largely unchanged suggests that socioeconomic status
in general is unlikely to seriously affect this relationship.

Column 3 limits the regression to OECD countries only; the coeffi-
cient is slightly larger and still strongly statistically significant. In column
4 I return to using all countries but include regional dummies. The
coefficient is unchanged. Finally, in column 5 I limit the data to country-
years in which the United Nations reports a complete census (more
than 90 percent of births recorded). It is not obvious why this is nec-
essary; if a random sample of births are recorded, then this should give
an unbiased estimate of the share of boys born. However, it is worth
considering the robustness of the finding to a restriction of the data.
As is clear from column 5, the results are, if anything, stronger: the
estimate is almost exactly the same size and is significantly more
precise.17

Despite the results above, there remains the possibility that cultural

17 The analysis is very similar when historical sex ratios—from the first half of the century
or earlier—are used rather than present-day ratios. This is encouraging since it suggests
that the patterns are long-lived, which is consistent with an explanation relying on an old
disease.
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differences across countries drive differences in the sex ratio and HBV
prevalence. In order to somewhat alleviate this concern, it is possible
to replicate the results using data on sex ratios among children of im-
migrants to the United States. This analysis also allows me to consider
additional controls in a way that was not possible in the overall cross-
country analysis. Using the data from the IPUMS (discussed in more
detail in Sec. III), I link HBV rate in maternal country of birth to the
chance that a child is male.18 In this way it is possible to create a cross-
country data set on sex ratio that is at least not contaminated by cross-
country differences in the circumstances of pregnancy and birth.

One possible problem with using data from the IPUMS is the possi-
bility that immigrants are selected on, among other things, low hepatitis
rates. To the extent that the data are available, they generally do not
support this. In particular, there is good evidence that immigrants from
Asia to North America have very high HBV rates.19 In the case of Asian
immigrants, these studies cite HBV rates as high as 20 percent, which
is actually higher than what is typically seen in the home country. Fur-
ther, as discussed in Section III, there is little evidence that HBV infec-
tion and socioeconomic status are negatively correlated, so the concern
that only the rich emigrate to the United States and have a lower disease
burden probably does not hold in the case of HBV.

The relationship between hepatitis and sex ratio holds in the IPUMS.
Figure 7 replicates figure 5 using the IPUMS data on sex ratios from
1990 and 2000 rather than the actual country data (the sample is some-
what truncated because of data limitations: there are not sufficiently
large numbers of immigrants in many countries). The simple relation-
ship between HBV and sex ratio is positive and significant at the 1
percent level.

In addition to the obvious advantage of eliminating cross-country
variation in pregnancy and birth conditions, using the IPUMS allows
me to adjust for other individual-level factors that have been argued to
affect the sex ratio, including female social status, marital status, and
age. To do this, I extend the sample back through the twentieth century
and control for year of birth in order to allow more countries to be
used in the analysis. In table 7 I present estimates from a regression

18 This includes all children under 6. As long as I assume that childhood mortality in
the United States is not different for immigrants from high-hepatitis countries and those
from low-hepatitis countries, then using sex ratio among young children rather than at
birth will not be a problem. Although using vital statistics would provide sex ratios at birth,
the information about country of origin is extremely limited and would make this type
of analysis impossible.

19 See, e.g., Kent (2000) on Chinese immigrants to Canada; Gjerdingen and Lor (1997)
on Hmong patients in Minnesota; Hayes et al. (1998) on pediatric refugees to Maine;
Adair and Nwaneri (1999) on African immigrants to Minneapolis; and Patel and Voigt
(2002) on Vietnamese immigrants to the Midwest.



Fig. 7.—Share male and HBV, data on U.S. immigrants from the IPUMS. HBV prevalence is calculated by aggregating published studies; studies for
each country appear in a Web appendix. Only OECD countries with more than 2,500 people used to calculate HBV prevalence are included. Share
male is calculated for each country using children (aged 1–6) of immigrant parents recorded in the IPUMS 5 percent samples for 1990 and 2000.
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TABLE 7
Male Births and Hepatitis: IPUMS

Dependent Variable: Birth Is Male

Explanatory Variable (1) (2) (3) (4)

Hepatitis B prevalence (%) .0013***
(5.37)

.0014***
(4.77)

.0013***
(6.36)

.0013***
(6.66)

Education relative to cohort .00089***
(2.78)

.00088***
(2.73)

Unmarried (0/1) �.0028
(�.84)

Constant .509***
(345.37)

.511***
(10.15)

.509***
(10.14)

.511***
(10.09)

Year of birth dummies yes yes yes yes
Maternal age dummies no yes yes yes
Observations 210,556 210,556 194,220 194,220

Note.—An observation in the table is a child observed in the IPUMS. The sample includes only children aged 1–6
who were born in the United States but whose mothers were born in another country. Child gender is regressed on
hepatitis B prevalence in the maternal country of birth. The data are limited to countries for which there were at least
2,000 births to women from that country in the United States during the twentieth century. HBV prevalence is calculated
by aggregating published studies; studies for each country used appear in a Web appendix. Only countries with more
than 2,500 people tested for HBV (combining all studies) are used in the analysis. Studies are limited to non-high-risk
groups, and HBV prevalence in each study is weighted by the number of individuals in the study. Cols. 3 and 4 are
limited to post-1920 data. t-statistics are in parentheses.

* Significant at 10 percent.
** Significant at 5 percent.
*** Significant at 1 percent.

using the IPUMS sample, regressing whether or not a child is a boy on
the HBV prevalence rate in the maternal county of origin and a number
of controls. In column 1 I include only the hepatitis rate measure and
dummies for year of birth. The coefficient on prevalence is highly sig-
nificant. In addition, the magnitude of the coefficient on prevalence is
quite close to that of the coefficient estimated from the actual cross-
country data.

A number of researchers have noted that maternal age (or birth
order) appears to affect the sex ratio, with older mothers giving birth
to more boys (Lazarus 2002). If the age distribution at maternity across
countries is correlated with HBV prevalence, estimates could be biased.
Column 2 of table 7 includes dummies for maternal age in the regres-
sion, with virtually no change in coefficient size; if anything, the effect
becomes more pronounced.

The Trivers-Willard hypothesis (Trivers and Willard 1973) suggests
that the sex ratio of offspring may be influenced by female status; in
particular, women of higher status have more male children. Although
some studies have supported this, others have not (for a summary, see
Lazarus [2002]). It is worth noting that the hypothesis has to do with
female rank within the particular society, suggesting that it is probably
not responsible for variation across countries. However, in order to
control for this, column 3 in table 7 includes a control for maternal
education relative to her cohort. Although the coefficient is significant
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and positive (more educated women have more male children), there
is no effect on the coefficient on HBV prevalence.

Finally, the presence of a partner in the household has been hypoth-
esized to play a role in the offspring sex ratio. Norberg (2004) presents
extensive evidence that women who live with a spouse or partner are
more likely to have male children than those who do not. If women
from high-hepatitis regions are more likely to conceive children while
not cohabitating, then this could bias the coefficients.20 Marital status
is reported in the IPUMS, and column 4 of table 7 includes a dummy
for married or single. While the coefficient on marital status has the
expected sign, it is not significant and the coefficient on HBV prevalence
is unchanged.

As a final note, it is worth briefly considering the issue of Africa. In
general, although there are a number of North African countries in-
cluded in the analysis above, there are none from sub-Saharan Africa.
This is due to data limitations: data on births in Africa are virtually
nonexistent, and there are limited data on HBV prevalence. However,
to the extent that it is possible to tell, it seems that Africa has relatively
low sex ratios and relatively high HBV prevalence. This seems incon-
sistent with the overall cross-country relationship; however, it may simply
reflect an Africa-specific fixed effect. A number of authors have argued
that for various reasons (much lower income levels, hormonal differ-
ences, etc.), Africa has lower average sex ratios at birth than the rest of
the world (James 1987a, 1987b; Andersson and Bergström 1998).

This is somewhat unsatisfying; it would be more promising if there
was evidence of this positive relationship within Africa. In addition, it
seems important to try to include Africa in the overall analysis, even if
just as a robustness check. Given the absence of birth registration data
from Africa, it is necessary to look elsewhere for information on sex
ratios at birth across countries. I have compiled household survey data
(from the Demographic and Health Surveys) on 18 countries in sub-
Saharan Africa. Women in the surveys are asked about how many chil-
dren of each gender they had (including those who died or no longer
live at home). With these data it is possible to create measures of sex
ratios at birth across countries. Obviously these data suffer from rec-
ollection bias, and the sample sizes are relatively small (usually only a
few thousand women per country). The recollection bias is particularly
relevant if we think that women are more likely to forget children who
die very early, given that male children are more likely to die in infancy.
Regardless, the comparison across countries for which these survey data

20 Obviously cohabitation statuses at conception and after birth are not perfectly cor-
related. This would affect the coefficient on HBV only if the breakup or consummation
of marriage is related to the HBV status of the country of origin, which seems unlikely.
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TABLE 8
Cross-Country Regressions Including Africa

Dependent Variable: Share of Births That Are Male

Explanatory Variable
Africa Only

(1)
All
(2)

All
(3)

Hepatitis B prevalence (%) .00077**
(2.30)

.00053***
(2.68)

.00080***
(3.60)

Log GDP per capita, 1995 �.003**
(�2.46)

�.002**
(�2.23)

Total fertility rate �.002*
(�1.81)

�.001
(�.5)

Life expectancy .001***
(3.72)

.0000*
(1.97)

Infant mortality .0000
(1.13)

.0000
(.58)

Constant .498***
(111.4)

.492***
(40.47)

.505***
(42.52)

Regional fixed effects no no yes
Observations 18 56 56

2R .25 .43 .58

Note.—An observation in this table is a country. HBV prevalence is calculated by aggregating published studies;
studies for each country used appear in a Web appendix. Only countries with more than 2,500 people tested for HBV
(combining all studies) are used in the analysis. Studies are limited to non-high-risk groups, and HBV prevalence in
each study is weighted by the number of individuals in the study. Share male at birth is the share of boys born, with
data coming from United Nations (1997) for all available years in the 1960s through the present. For South Korea and
China, births in years after 1990 are excluded because of clear increases in the use of sex-selective abortion. For Africa,
the data on sex ratio at birth are taken from the Demographic and Health Surveys. These retrospective household
surveys ask women about the number of boys and girls ever born; total sex ratio is calculated from this. In col. 5, the
data are restricted to country-years with complete birth reporting. Controls are taken from the World Development Indicators.
t-statistics are in parentheses.

* Significant at 10 percent.
** Significant at 5 percent.
*** Significant at 1 percent.

are available should be consistent. The cross-country comparison within
Africa is presented in column 1 of table 8. The coefficient on hepatitis
B prevalence in Africa is 0.00077. This is actually quite close in mag-
nitude to the estimate from table 6. In addition, the coefficient is sig-
nificant at the 5 percent level, even with a very small sample size.

This alone provides some comfort on the issue of Africa. However, it
is also worth considering what happens when the data on Africa are
included with the data from other countries. Given that there is some
evidence of genetic differences producing lower sex ratios in Africa and
that the data source is very different, it is not obvious exactly how this
regression should be run. In columns 2 and 3 of table 8 I show two
specifications. In column 2 I simply include the African countries in
the cross-country regression and include the same controls as in table
6. The coefficient on hepatitis is obviously smaller here than in the
regressions shown in the paper, but it is not enormously different and
is still significant at the 1 percent level. In column 3 I also include
regional fixed effects (this mimics col. 4 of table 6). The magnitude in
this case is close to the effect in table 6 and highly significant. In general,
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I think that these results provide some comfort that Africa is not a
particular challenge to the robustness of the HBV–sex ratio connection.

E. Calibrating the Effects of HBV on the Sex Ratio

As outlined in Section II, the effect of HBV on the sex ratio at birth is
estimated from the individual-level data. I have created a data set in
which each child observed in scientific studies is an observation, with
a gender and an indicator for parental HBV carrier status. I also include
study-specific fixed effects. There are two concerns that are worth raising
here. The first is that, as discussed in subsection B, there are data quality
issues in the individual-level studies. The sex ratio among noncarriers
in the Greece 1 study is very high, and it is very low in the Kar Kar
Island study. Chahnazarian et al. (1988) have suggested that this may
be due to sample selection. The use of study-specific fixed effects will
partially avoid this; essentially, this technique assumes that the shift
produced by hepatitis B is the same in all studies, but the level may be
different. In other words, the base on which the hepatitis B effect op-
erates is higher in the Greece 1 study than in the Kar Kar Island study.
As long as the sample selection operates similarly on HBV carrier and
noncarrier parents, this methodology will actually lead to a downward
bias in the estimate of the effect of HBV on the sex ratio.21 Given that
HBV status is unknown to the individuals and there will be no mani-
festation during this period of the individual’s life, the assumption that
the selection operates similarly on both groups does not seem unrea-
sonable.

It is worth noting, however, that if the Greek sample is biased because
of underreporting of girls (rather than because of sample selection),
this could lead to an upward bias in the estimates of the effect of HBV
on the sex ratio (the Kar Kar Island study would still produce a down-
ward bias even if the sample were biased as a result of an underreporting
of boys). Eliminating the Greece 1 sample from the estimation makes
little difference: the estimate of the offspring sex ratio for carriers moves
from 1.54 boys for each girl to 1.52 boys for each girl.

A second concern is the standard errors. In most cases, in the indi-
vidual-level data, there are multiple children per family in the study.
Given this, it is arguably appropriate to cluster by family in the regres-

21 It is easy to see why this is in a world in which the sample is selected on having girls
(as in the Kar Kar Island case). Imagine that all families have three children, but only
families with at least one girl are tested. This biases the sex ratio downward more for
carriers, since those families are more likely to have three boys. It may be less clear in a
world in which the sample is selected on having at least one boy (as might be the case
in a situation such as the Greece 1 study). However, in this case the sex ratio is biased
upward more for the noncarriers since noncarrier families are more likely to have three
girls, so the share of the total girls who are not reported is higher for noncarriers.
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TABLE 9
Estimates of Effect of HBV on Sex Ratio at Birth

Estimate

A. Individual-Level Data

Mean 1.54
95% confidence interval (1.29, 1.87)

B. Aggregate Data

Cross-country estimates* 1.40–1.60
Alaskan evidence† 1.96

Note.—Individual-level estimates are calculated from an ordinary least
squares (OLS) regression of gender on parental HBV status, with study-specific
fixed effects. Standard errors are adjusted for clustering at the family level; see
App. C for details. All other estimates are calculated as in eq. (4). Discussion
of the individual-level evidence is in Sec. IV.B, discussion of the cross-country
evidence is in Sec. IV.D, and discussion of the Alaskan evidence is in Sec. IV.C.

* Uses regression results for the effect of hepatitis on sex ratios as reported
in table 5. The low-end estimate pertains to the overall regression without con-
trols; the high end comes from the OECD. Regressions with overall data and
controls yield estimates of around 1.5.

† Uses regression results from table 4, assuming an HBV rate of 10 percent
among Alaskan Natives before vaccination.

sion. Unfortunately, it is not possible to do this in the regression since
I do not observe which child is in which family. Instead, I shall directly
adjust the standard errors using the adjustment formula in Kloek (1981)
and Moulton (1990). Details are in Appendix C. It is worth noting that
the adjustment makes almost no difference. The standard error on the
hepatitis B coefficient before adjustment is 0.0225 and after is 0.0226.
The reason for this is simple. The degree to which the standard errors
are biased down by neglecting to cluster depends on the correlation
within the observations; in this case, it depends on the correlation of
gender across children within a household. This correlation is almost
zero. If the first child is a boy, the second child is generally not more
likely to be a boy. For this reason, the adjustment for clustering is
minimal.

The estimate of the effect of hepatitis B on sex ratio is presented in
panel A of table 9. In addition, I calculate the effects of HBV on the
sex ratio that are implied by the aggregate data using the methodology
outlined in equation (4); these estimates are reported in panel B of
table 9. The estimate of the effect of HBV on the sex ratio is 1.54,
implying that HBV carriers have 1.54 boys for each girl. The 95 percent
confidence interval is relatively large, from 1.29 to 1.87, largely because
of the small samples. However, it is worth noting that even the lower
bound is far above the average sex ratio for noncarriers. The estimates
derived from the aggregate data are consistent with the individual-level
estimates. The cross-country estimates imply a sex ratio at birth for HBV
carriers of between 1.40 and 1.60, very close to the ratio implied by the
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TABLE 10
Estimates of HBV Prevalence and Predicted Sex Ratio at Birth

Country
Estimated HBV
Prevalence (%)

Predicted Sex Ratio
at Birth

Range in Empirical
Sex Ratio at Birth

China 11.24 1.103 1.084–1.14
India 4.33 1.069 1.053–1.11
Pakistan 2.28 1.059 1.025–1.10
Bangladesh 3.80 1.067 1.057–1.076
Nepal 1.22 1.054 .90–1.14
Western Asia 4.05 1.068 1.036–1.091
Egypt 5.26 1.074 1.032–1.112

Note.—HBV prevalence is calculated by aggregating published studies; studies for each country used appear in a
Web appendix. Only countries with more than 2,500 people tested for HBV (combining all studies) are used in the
analysis. HBV prevalence used pertains to pregnant women only, except in Pakistan and Nepal, where the estimate
pertains to all non-high-risk individuals.The predicted sex ratio at birth is calculated as in eq. (3) in Sec. II, assuming
a sex ratio of 1.54 for HBV carriers and 1.048 for noncarriers. The range in the empirical sex ratio at birth is created
from data in United Nations (1997) for countries other than India and Nepal; for those countries the range is the
range of children’s sex ratios across ages as reported in Demographic and Health Surveys for 1990–2000. Western Asia
includes Turkey and Syria.

individual-level data. The ratio implied by the Alaskan data is somewhat
higher.

With the estimates from table 9, it is possible to calculate the predicted
sex ratio at birth using data on HBV prevalence in the missing women
countries. In this case, I use the prevalence for pregnant women only
(where available). Table 10 presents estimates of HBV prevalence, pre-
dicted sex ratio at birth, and the range of empirical estimates of sex
ratios at birth for each country.22 The predicted sex ratios at birth are
all well inside the range of empirical estimates for each country.23 These
results suggest that at least some of the differences in sex ratios at birth
displayed in these countries can be explained by variation in the HBV
rate.

V. Estimating the Missing Women

In subsection A, I use the estimates from previous sections to calculate
the shares of the missing women that are explained by hepatitis B. In
subsection B, I discuss an alternative counterfactual derived from cross-
regional relationships in China and India.

22 The predicted sex ratios assume that carriers have the sex ratio estimated in table 9
(1.54) and noncarriers have a sex ratio of 1.048, which is the sex ratio at birth in the
countries in the cross-country sample with the lowest prevalence of hepatitis B.

23 For all countries but India and Nepal, the range represents the range of sex ratios
across years in the United Nations Demographic Yearbook; for India and Nepal, it represents
the range by maternal age for women in household surveys. In the case of Nepal, there
are relatively few women of any given age in the surveys, which explains the unusually
large range.



hepatitis b 1201

A. Baseline Estimates

The HBV-adjusted number of missing women is calculated exactly as in
Coale (1991), except that in the new estimates I use the sex ratio at
birth predicted by the HBV rate in table 10 rather than a constant of
1.059 for each country. The mortality patterns assumed after birth are
the same as those used in Coale’s study and reflect mortality estimates
from the model life tables in Coale, Demeny, and Vaughan (1983).24

The new estimation appears in table 11, which estimates the missing
women on the basis of population data from 1980–90. In panel A, I
compare the HBV-adjusted estimates to those of Coale (1991). After I
adjust for HBV, roughly 47 percent, or 31 million, of Coale’s missing
women are explained. The country-by-country breakdown reveals a large
variation in the percentage of the puzzle that is accounted for by HBV.
In particular, the high HBV rate in China explains about 75 percent of
the missing women in that country. In contrast, in India, Bangladesh,
Pakistan, and Nepal, less than 20 percent of the puzzle is explained.25

The numbers for Bangladesh, Egypt, and Turkey/Syria are intermediate.
The 95 percent confidence interval on share explained is fairly large—
roughly 13.5–70 percent—but it is worth noting that in China even the
lower bound suggests that around 30 percent of the missing women are
accounted for.

These results are broadly consistent with the evidence presented in
Section III. India and Pakistan present sex ratio patterns by age that
clearly display excess female mortality among young children. In China,
however, the pattern of mortality and the evidence on historical sex
ratios support the possibility that HBV-produced differences in the sex
ratio at birth are largely the root of the gender disparity.

In panel B of table 11, I compare the new estimates to the original
estimates from Sen (1992). In his original work, Sen assumed that sex
ratios from sub-Saharan Africa would prevail in Asia without interven-
tion; in particular, he assumed that the sex ratio would be 0.977. As can
be seen in table 11, relative to that estimate the HBV adjustment ac-
counts for 70 percent of the puzzle, with a 95 percent confidence interval
ranging from 50 percent to 85 percent. More accurately, both combining
realistic mortality rates (as in Coale [1991]) and adjusting for the HBV-

24 These life tables are widely used by demographers. They use historical data on pop-
ulation in a number of regions to calculate population projections given any particular
life expectancy and gross reproductive rate. The tables can be easily used to calculate
expected sex ratios by gender, which are adjusted for sex ratio at birth to give the expected
sex ratio overall.

25 The results suggest that the number of missing women in Nepal actually increases
after adjustment for HBV. The reason is that in the original Coale (1991) estimates, the
assumed sex ratio at birth is actually quite high (1.059). Although Coale’s ratio is lower
than the HBV-adjusted sex ratio for most countries in this region, Nepal has a very low
HBV rate, so the predicted sex ratio at birth is only 1.054.



TABLE 11
Reestimating the Missing Women

Country
Population
Sex Ratio

HBV-Adjusted
Population
Sex Ratio

Actual
Population
Sex Ratio

Female
Population Missing

HBV-Adjusted
Missing

%
Explained

A. Comparison with Coale (1991)

China 1.010 1.052 1.066 548.7 30.42 7.18 76.40
India 1.020 1.030 1.077 406.3 22.71 18.58 18.17
Pakistan 1.025 1.025 1.105 40 3.12 3.11 .28
Bangladesh 1.025 1.032 1.064 42.2 1.61 1.29 19.64
Nepal 1.025 1.020 1.050 7.3 .18 .21 .00
Western Asia 1.030 1.039 1.060 55 1.60 1.13 29.54
Egypt 1.020 1.034 1.047 23.5 .62 .29 53.67
Total 60.26 31.79 47.24
95% confidence interval (17.2, 52.1) (13.5, 71.5)

B. Comparison with Sen (1992)

China .977 1.052 1.066 548.7 49.98 7.18 85.63
India .977 1.030 1.077 406.3 41.59 18.58 55.32
Pakistan .977 1.025 1.105 40 5.24 3.11 40.60
Bangladesh .977 1.032 1.064 42.2 3.76 1.29 65.67
Nepal .977 1.020 1.050 7.3 .55 .21 60.84
Western Asia .977 1.039 1.060 55 4.67 1.13 75.84
Egypt .977 1.034 1.047 23.5 1.68 .29 82.88
Total 107.47 31.79 70.42
95% confidence interval (17.2, 52.1) (51.5, 84.0)

Note.—Col. 1 reports the population sex ratios prediced by Coale (1991) and Sen (1992) in their papers. Col. 2 reports the HBV-adjusted population sex ratio using information on
expected sex ratio at birth from table 9 and model life tables from Coale et al. (1983), as approximated by eq. (2) in Sec. II. Col. 3 reports the actual sex ratio in the populations in the
mid-1980s (these numbers are also taken from the Coale and Sen studies). Col. 4 reports the number of total women in these countries in the mid-1980s, again from the Coale and Sen
studies. Col. 5 reports the number of missing women calculated by Coale and Sen; the methodology is as in eq. (1) in Sec. II. Col. 6 reports the HBV-adjusted number of missing women,
based on the methodology in eq. (1) in Sec. II. Col. 7 reports the share of the original missing women explained by the HBV adjustment. The 95 percent confidence interval is based
on the confidence interval around the individual-level estimates reported in table 9.
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determined sex ratio at birth results in an estimate of 32 million missing
women.26

B. An Alternative Counterfactual

As mentioned in Section I, the estimates above assume that, in the
absence of hepatitis B, there would be no compensating behavior
change affecting sex ratios. This is likely to be unrealistic. Given that
even the least conservative estimates in this paper suggest a significant
role for discrimination in the sex ratio imbalance, it seems extremely
likely that some of the extra girls born in the absence of hepatitis would
die prematurely because of discrimination. In this sense, the estimates
above present the total effect of hepatitis on sex ratios, and we may be
more interested in the partial effect. Calculating this requires a coun-
terfactual world in which gender preference is the same but hepatitis
rates differ (as opposed to the current counterfactual—the West—which
has lower levels of gender bias and lower levels of hepatitis B).27 One
possible way to approach this is to explore cross-country variation in
hepatitis rates within the missing women countries. This is additionally
important since a cross-regional relationship between hepatitis and the
sex ratio at birth would strengthen the case for a relationship.

The theory here is simple, although it requires some significant as-
sumptions: if we are willing to assume that average gender preference
is constant across regions within a country, then the relationship be-
tween hepatitis and sex ratios across regions should help capture the
partial effect. Said differently, the sex ratio in the regions with little or
no hepatitis should reflect the sex ratio that would prevail everywhere
in the absence of hepatitis. To explore this, I make use of some (limited)
data on cross-regional variation in India and China. I shall focus in
particular on the Chinese case, since the data in India are even more
limited, and the baseline estimates suggest that HBV is substantially less
important in explaining the gender imbalance there.

For India, estimates of the HBV rate are available from eight states
(World Health Organization 2002), and they are matched with data on
the share of boys among children aged 0–6 from Drèze and Sen (2003).

26 More recently, Klasen and Wink (2002) have updated the number of missing women
to reflect sex ratios and population sizes in the late 1990s. They use a slightly different
set of life tables than in Coale (1991) and do not use a fixed sex ratio at birth. They
estimate a total of 93 million missing women. The comparison with their estimates yields
results similar to the others: HBV explains about 55 percent of the missing women.

27 It is worth noting that while intuitively the counterfactual is the West, the true coun-
terfactual is the sex ratio at birth assumed in Coale (1991). This is 1.059, well above the
estimate of around 1.050 that is generally assumed in Western countries. In this sense
there has already been some upward adjustment of the sex ratio to reflect behavior in
these countries.
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TABLE 12
HBV and Sex Ratio across Region: India and China

Explanatory Variable

Dependent
Variable:

Share Boys,
Aged 0–6:

India
(1)

Dependent Variable:
Share Boys at Birth

China
(2)

China
(3)

Hepatitis B prevalence (%) .0036*
(1.88)

.0010***
(2.50)

.00097**
(2.31)

Share agriculture �.009
(�.66)

Per capita income (yuan) �3.55 �6e
(�1.15)

Constant .505***
(68.42)

.516***
(125.82)

.525***
(47.18)

Observations 8 60 60

Note.—HBV prevalence for Indian states is taken from World Health Organization (2002). For China, HBV prevalence
data are taken from Campbell et al. (1990). Data on sex ratio among young children in India are taken from Drèze
and Sen (2003) and, for China, from the 1990 Chinese census. Controls for share of the region engaged in agriculture
and income for China are also taken from the 1990 Chinese census. t-statistics are in parentheses.

* Significant at 10 percent.
** Significant at 5 percent.
*** Significant at 1 percent.

In China, one study has done HBV testing in 60 of the roughly 2,300
Chinese counties (Campbell et al. 1990), although only about 100 peo-
ple were tested in each county. These HBV rates are matched with births
from 1989 and 1990, as reported in the 1989 Chinese population census.
There are, of course, reliability issues associated with all these data. In
addition, even in China, they cover only a small subset of regions, im-
plying that the analysis here should be viewed as suggestive.

Table 12 shows a simple regression of sex ratio on HBV across region
in India (col. 1) and China (cols. 2 and 3). In both cases the relationship
is positive. In the case of India the relationship is significant at the 10
percent level (although with only eight observations, it is difficult to
draw conclusions). In China, however, this relationship is significant at
the 1 percent level (the significance of the relationship is not driven by
outliers: it remains strongly significant in quantile and outlier-robust
regressions). In addition, in column 3 I show the regression for China
including controls for the share of the population in agriculture and
the income in the province. The point estimate is largely unaffected,
and it is still statistically significant. It is worth noting that the size of
the hepatitis effect in the Chinese data is similar to that in the overall
cross-country regressions.

Although the estimates in table 12 support the hepatitis–sex ratio
connection and suggest that hepatitis explains some of the cross-regional
variation in sex ratios, they do not directly address the counterfactual
issue. To do this, it is necessary to get an estimate of the sex ratio in
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China without HBV. There are two ways to do this: either extrapolate
from the regression coefficients in column 3 of table 12 or simply ob-
serve the sex ratios in low-HBV regions in China. Extrapolating from
the regression gives a non-HBV sex ratio at birth of 1.066; using the
average sex ratio in counties with low (less than 5 percent) levels of
hepatitis gives 1.059. These are a bit higher than the sex ratios at birth
in the West. However, 1.059 is the sex ratio at birth used by Coale (1991)
to calculate the number of missing women. As a result, if that is the
best estimate of the non-HBV sex ratio in China, then the partial esti-
mate of hepatitis is the same as the total (at least in China) and is given
in table 11.

If, instead, the correct counterfactual is 1.066, then the partial effect
of hepatitis is less than the total effect. To calculate the partial effect,
I compare the number of missing women implied by the HBV-adjusted
sex ratio at birth to the number of missing women implied by a sex
ratio at birth of 1.066. Doing this for China indicates that the partial
effect of hepatitis is to explain 18 million missing women, or around
62 percent of those estimated by Coale (1991) (in contrast to the 75
percent that represents the total effect).

Clearly this methodology for creating the counterfactual world is not
perfect, and the data are quite limited. Nevertheless, the results here
suggest that while the partial effect of hepatitis may be slightly lower
than the total effect because of compensating behaviors, it is still rea-
sonable to think that it is larger than zero.

VI. Discussion and Conclusion

The results above clearly have implications for the puzzle of the missing
women. Introducing heterogeneity in hepatitis B rates into the model
decreases the number of missing women by around one-half. In addi-
tion, after adjustment for different rates of hepatitis B, the problem of
the missing women may be more heavily focused on India and Pakistan.
This focus may help target policy interventions and better understand
the dynamics of this important issue.

This paper largely focuses on the mechanical connection between
HBV and sex ratios. It is interesting to consider, however, that there
may be scope for interactions between parental preferences and HBV
(other than the compensating behavior issue). In particular, the com-
bination of a gender-biased “stopping rule” for fertility and a high prev-
alence of HBV could have important implications for population growth
and gender balance within families.28 A gender-biased stopping rule in

28 A gender-biased stopping rule is a general description of a fertility pattern in which
parents continue to have children until they have the desired number of boys or girls and
then stop.
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a homogeneous population will not alter the overall population sex
ratio. However, the same stopping rule in a population affected by HBV
can both mitigate the effect of HBV on sex ratios and affect population
growth.

Imagine that 20 percent of the population are carriers of HBV and
parents use a male-biased stopping rule in which they stop after the first
boy. Then, in the first birth, 60 percent of the HBV carriers and 51
percent of the noncarriers will give birth to boys. This implies that more
people stop having children after the first birth than would be implied
by a non-HBV model. However, the population of people going on to
have a second birth will contain only 16 percent HBV carriers. This
means that, on average, later births will be more female biased (relative
to the HBV rate in the population). The overall interaction has two
effects: a slower population growth rate and more all-female families
than would be predicted by the overall sex ratio at birth. In addition,
if this is an important effect, the overall sex ratio in the population will
be lower than would be produced naturally by HBV, since fertility re-
sponds endogenously.

Interestingly, this interaction seems to be more than just a theoretical
possibility. In particular, in some of the individual-level data on HBV
and sex ratios, it is possible to see the effects of what appears to be
exactly this interplay between a stopping rule and HBV infection. For
the case of Plati, Greece—where the effect of HBV on the sex ratio was
first noted—London et al. (1982) report the number of boys and girls
born to carrier and noncarrier parents. The data indicate a roughly
similar number of boys born to each type (1.8 boys for carrier families,
1.6 for noncarriers) but differences in the number of girls (0.7 for carrier
families, 1.3 for noncarriers).

Given the sex ratios reported for carrier and noncarrier families, the
observed data are quite close to what one would expect with a simple
stopping rule: stop when you have two boys or three children. This rule
predicts around 1.7 boys and 0.9 girl for carrier families and 1.4 boys
and 1.3 girls for noncarrier families. Given that there is obviously ad-
ditional individual-level heterogeneity and imperfect fertility control,
this seems like a very good fit to the data. It is also worth noting that
we see both the population growth rate effect and the overall sex ratio
effect in this population: the average number of children per family is
2.9 rather than the three that prevails for the non-HBV carriers alone,
and the overall population sex ratio is 1.16 rather than the 1.20 that
would be predicted by the overall HBV rate.

In general, this discussion and evidence suggest that there may well
be scope for exploring the relationship between preferences and bio-
logical heterogeneity in fertility outcomes. To the extent that economists
have used gender-biased stopping rules to explore the relationship be-
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tween family size and outcomes (see, e.g., Jensen 2005), the hetero-
geneity introduced by HBV may provide additional insights.

Among other things, the results in this paper suggest that HBV vac-
cination may have effects on future sex ratios. Already the vaccine is
widely administered across the world, and as the estimates in Section
IV.C suggest, the effects can be seen already. As fewer and fewer carriers
are giving birth, naturally occurring sex ratios in these countries may
continue to decline. With a strong tradition of a preference for sons,
one might expect even more sex-selective abortion and other behavioral
responses that increase the probability of a male child.

The introduction of the vaccine has implications outside of these
countries as well. A number of European countries are also likely to see
some decrease in their sex ratio: fewer women of childbearing age are
HBV carriers. If one takes seriously the theory in Becker (1981) and
the evidence presented in Angrist (2002) and Chiappori et al. (2002),
then these changes may have consequences for marriage markets and
labor market outcomes in these countries.

The missing women problem has historically been understood as aris-
ing from a difference in preferences: some countries value women less
than others, and in these places women are mistreated to the point of
excess mortality. While there can be no doubt that gender bias plays a
significant role in this gender imbalance, the results here suggest that
differences in biology may play a role as well. Understanding both mech-
anisms, and their interaction, seems crucial to moving forward on this
important problem.

Appendix A

Cross-Space and Cross-Time Variation

This appendix addresses issues of cross-space and cross-time variation in the
prevalence of HBV carriers. I first present a simple model of viral transmission
over time. I then calibrate the model for three areas and demonstrate the
importance of infection rates at different ages in the overall carrier prevalence.
Finally, I discuss the steady-state properties of viral prevalence.

Assume that there are three age groups: infant, child, and adult. In each
group there is a share infected (a share who are carriers) and a share uninfected
(those who are not carriers). I therefore have six groups and can write the
existing infection profile as a vector. Denote m as the carrier rate among6 # 1
infants, g as the carrier rate among children, and d as the carrier rate among
adults. The vector describing the current state of the system can therefore be
written as
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infant carrier rate m   
uninfected infant rate 1 � m

infected children rate g
p .

uninfected children rate 1 � g

infected adult rate d   
uninfected adult rate 1 � d   

It is necessary to define a transition process for the system. Very generally, this
will be a matrix that maps infection rates this period into infection rates6 # 6
in the next period. Note that the matrix is restricted by the fact that infant
infection rates map into child infection rates, child infection rates map into
adult infection rates, and adult infection rates map into infant infection rates
(through mother-to-child transmission). The most general form of the transition
matrix is

0 0 0 0 a b 
0 0 0 0 1 � a 1 � b
c d 0 0 0 0

A p .
1 � c 1 � d 0 0 0 0

0 0 e f 0 0 
0 0 1 � e 1 � f 0 0 

The matrix can be simplified still further by the assumption (consistent with
the disease) that once infected an individual stays infected for his or her entire
life. This means that (all infected infants become infected children) andc p 1

(all infected children become infected adults). In addition, I note thate p 1
uninfected women cannot transmit the virus to their children. This implies that

. In order to calibrate the model, however, it will be helpful to simplifyb p 0
still further and separate the remaining parameters a, d, and f into their com-
ponents. In particular, it will be useful to differentiate between the chance of
becoming infected and the chance of becoming a carrier given that infection
takes place.

The chance of becoming a carrier of the virus given infection varies by age.
The typical parameters cited in the literature are a 90–95 percent chance of
becoming a carrier conditional on infection for infants, 25–50 percent for very
young children, 20 percent for older children, and 2–10 percent for adults
(World Health Organization 2001; Ranger-Rogez and Denis 2004). In this ex-
ercise, I shall assume 90 percent for infants, 30 percent for all children, and 5
percent for adults. Denote the chance of infection as an infant as x, the chance
of infection as a young child as y, and the chance of infection as an adult as z.29

The matrix A above can now be rewritten as

0 0 0 0 0.9x 0 
0 0 0 0 1 � 0.9x 1
1 0.3y 0 0 0 0

A p .
0 1 � 0.3y 0 0 0 0
0 0 1 0.05z 0 0 
0 0 0 1 � 0.05z 0 0 

29 It is worth noting that a child’s chance of becoming infected is a function of the
share of infants who are infected (since often infection will come from other children of
the individual’s age group). For simplicity, I abstract from this here, while recognizing
that this fact means that the importance of the infection rate among infants is understated.
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The first two rows show the transition from the adult infection rate to the infant
infection rate. The second row shows the transition from infant to child: all
infected infants are infected children, and there is an additional possibility of
infection and carrier state as a child. A similar logic follows for adults. To learn
the steady state for the epidemic, I simply consider the limit of as ,n(A )v n r �
where v is the initial state of the epidemic. I note that in this type of transition
matrix, stability implies that the initial starting values do not affect the final
steady state.

The structure of the transition matrix should make it clear that infections
among infants and children are far more important in the steady state of the
epidemic than infections among adults. Since only 5 percent of adults who are
infected become carriers, the vast majority of carriers in a given area will be
infected as infants or as children. This is consistent with the evidence that sexual
behavior within a country (the primary method of infection for adults) is not
an important determinant of HBV carrier rate.

Examples of Transmission

I now provide some estimates of x, y, and z for two areas (China and Alaska) in
an effort to provides some insight into why HBV prevalence varies across these
areas. The value of x is the simplest parameter to estimate. The chance of
maternal transmission to an infant is largely a function of whether the mother
is currently replicating the virus. For mothers who are replicating the virus, the
chance of infecting the infant is around 90 percent; for those who are not
replicating, the chance is 10–30 percent (Ranger-Rogez and Denis 2004). Here,
I shall assume that the chance of passing the virus for nonreplicating women
is 20 percent and use estimates about the share of those who are replicating in
each area to estimate x (it is worth noting that whether a woman is actively
replicating the virus seems to be largely determined by which genotype of HBV
she has; those with genotype C, e.g., are likely to be replicating the virus, whereas
those with genotype D or A are much less likely).

Estimating y and z is more complex. Fortunately for this exercise, the virus
leaves its mark even in those in whom it clears from their system. In particular,
those who have been infected but are not carriers will nevertheless test positive
for the antibody to HBV. It is therefore possible to use information about the
prevalence of antibodies by age to determine the infection rate.

Guangxi Province, China

Calibrations.—x: Around half of HBV carriers in China actively replicate the virus
(Zhuo et al. 2000; Z. Wang et al. 2003). This suggests that the transmission rate
to infants is .x p 0.55

y: Results from Zhuo et al. (2000) indicate that roughly 36 percent of children
of noninfected parents have been exposed to the virus, implying that y p

.0.36
z: Results from Zhuo et al. (2000) suggest that, overall, around 65 percent of

adults have been exposed to the virus (but are not carriers). This implies that
(since the total exposures among adults are the sum of those exposedz p 0.3

as children and those exposed as adults).
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Given these parameter values, the stable steady state of the system is

infant carrier rate 0.106
infected children rate p 0.202 .[ ] [ ]

infected adult rate 0.214

The actual carrier rates among children and adults in this area are 20 percent
and 20 percent, remarkably close to the stable steady state suggested above.

Alaska

All data for this calibration come from McMahon et al. (1993), in which data
on HBsAg and antibodies are reported for all Alaskan Natives.

x: The share of women who are positive for viral replication is around 23
percent, implying that .x p 0.36

y: The available data on antibodies among young children suggest that y p
.0.06

z: Data suggest that the overall prevalence of antibodies is 17 percent, which
is compared to 6 percent and implies that .z p 0.11

Given these parameter values, the stable steady state is

infant carrier rate 0.011
infected children rate p 0.029 .[ ] [ ]

infected adult rate 0.034

This is quite close to the overall prevalence of around 3 percent.
Obviously the calculations here are quite loose, but they do give some sense

of what influences carrier rates across space. In particular, the much higher
infection rate among infants and children in that area of China seems to be
largely responsible for the high infection rate there.

Cross-Time Variation and Stability

A final question is whether the speed of convergence of the system described
here, combined with information about the age of the virus, is consistent with
the possibility that the current infection rates are a steady state. Estimates suggest
that the virus is at least 3,000 years old (Simmonds 2001). With a generation
length of 30 years, this implies 100 generations. If I consider the example of
China, 100 generations are sufficient to get to the steady state. In fact, in this
case, stability is achieved within roughly 15 generations and is very close within
10. At least in the case of this approximate process, convergence is relatively
fast compared to the age of the virus, and the transition process is consistent
with current stability.
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TABLE B1
Hepatitis Rate Categories: Countries

High (1 8 Percent)

Armenia Georgia Malaysia Seychelles
Azerbaijan Greenland Maldives Singapore
Bahrain Hong Kong Mali South Korea
Bolivia Israel Mauritius Tajikistan
Botswana Jordan Moldova Thailand
Brunei Kyrgyzstan Mongolia Togo
Bulgaria Kazakhstan North Korea Uzbekistan
Cape Verde Liberia Peru Zimbabwe
China Macao Philippines
Colombia Malawi Reunion

Medium (2–7 Percent)

Albania Gibraltar Macedonia Suriname
Algeria Greece Morocco Syria
Bangladesh Guatemala Pakistan Tunisia
Bosnia Guyana Poland Turkey
Brazil Honduras Portugal United Arab Emirates
Croatia Iran Qatar Venezuela
Cyprus Iraq Romania Yugoslavia
Dominican Republic Italy Russia India
Egypt Japan Slovenia Nepal
El Salvador Kuwait Spain
French Guiana Libya Sri Lanka

Low (! 2 Percent)

American Samoa Cuba Jamaica Puerto Rico
Antigua Czech Republic Jersey Samoa
Argentina Czechoslovakia Latvia San Marino
Australia Denmark Lithuania Scotland
Austria Dominica Luxembourg Slovakia
Bahamas Ecuador Malta St. Lucia
Belarus Estonia Martinique Sweden
Belgium Fiji Mexico Switzerland
Belize Finland Netherlands Tonga
Bermuda France New Caledonia Trinidad
Canada Germany New Zealand Ukraine
Cayman Islands Guadeloupe Nicaragua United Kingdom
Channel Islands Guam Northern Ireland United States
Chile Hungary Norway Uruguay
Cook Islands Iceland Panama
Costa Rica Ireland Paraguay
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Appendix C

Standard Error Adjustment

Following Kloek (1981), Moulton (1990, eq. 3) provides a simple formula for
the adjusted OLS covariance matrix in the presence of clustered observations:

2 ′ �1C p j (X X ) [1 � (m � 1)r].

As usual, is the standard OLS covariance matrix; is the2 ′ �1j (X X ) 1 � (m � 1)r
adjustment factor, with m representing the number of observations per group
and r the intergroup correlation. This formula will hold strictly only when the
number of observations per group is the same. However, as Moulton points out,
it is a close approximation to the true adjustment factor as long as the groups
are of similar size.

In the example used in this paper, I do not observe the family size for each
child directly. Instead, I observe the average family size for each study. To be
conservative in the adjustment factor, I assume that m is equal to the largest
average family size in the studies used: .m p 6

The other adjustment factor necessary here is r—the interclass correlation.
Essentially, this is simply the correlation of gender across any two randomly
chosen children in the same family. Ideally, this would be done in places with
low levels of hepatitis B. To get some sense of the size of r, I put together
household surveys from several countries with low HBV rates (Nicaragua, Do-
minican Republic, and Guatemala). In this set of countries, I look at the cor-
relation in gender of the first and second children, the first and third children,
and the second and third children in roughly 12,000 families. This correlation
is 0.0025. With this, I have sufficient information with which to adjust the stan-
dard errors, and the corrected standard errors are presented in table 9.
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