METHODS
The study data were obtained from two sources. First, we
used vital registration data from 12 former Soviet states
for the years 1985 to 2009; these data were supplied to
the World Health Organization by the respective countries. Second, we obtained data from Demographic and
Health Surveys (DHS) conducted in Armenia, Azerbaijan
and Moldova, the three post-Soviet Caucasus states for
which DHS data are available. The surveys asked women
and men aged 15–49 about a wide range of demographic
and other characteristics, including their reproductive history; full details of the sampling and content of each survey
are available elsewhere.25 Our analysis focused on women
who had had at least one birth. The survey in Armenia
was conducted in 2010 and included 3,780 mothers; the
survey in Azerbaijan was conducted in 2006 and included
5,252 mothers; and the survey in Moldova was conducted
in 2005 and included 4,948 mothers.
We performed two analyses. First, we evaluated trends
in sex ratios at birth for 12 former Soviet states to identify
countries that may be exhibiting son preference. Second,
for the states that had elevated sex ratios at birth (more
than 115 boys per 100 girls), we calculated conditional sex
ratios—that is, sex ratios at birth according to the number
and sex of the mother’s previously born children. We present these data using “decision trees” that show the probability of male and female births, and the equivalent sex
ratios, for the first two birth orders. We then used these
estimates to compare expected and observed sex ratios
and to calculate the number of “missing” females in each
country. We calculated the expected number of female
births by dividing the observed number of male births by
the natural birth ratio of 105 male per 100 female births.
The difference from the observed number of female births
yielded the number of missing females.
RESULTS

FIGURE 2. Proportions of male and female children, and corresponding sex
ratios at birth, by birth order, Armenia
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Note: Values in parentheses are 95% confidence intervals.

sex ratio increased or remained elevated with increasing
birth order in Armenia (Figure 2) and Azerbaijan (Figure
3), but not in Moldova (Figure 4, page 100). No increases
were apparent if the first child was male.
The overall sex ratio at birth in Armenia was 118 (not
shown), slightly higher than that calculated from vital regFIGURE 3. Proportions of male and female children, and corresponding sex
ratios at birth, by birth order, Azerbaijan
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Time Trends in Sex Ratios at Birth
Of the 12 post-Soviet states, three—Armenia, Azerbaijan
and Georgia—had sex ratios at birth of at least 116 in 2005–
2009 (Figure 1). These ratios are as high as or higher than
those reported in China and India (118 and 111, respectively).26 In all three of these Caucasus states, sex ratios
have risen substantially since the late 1980s. No evidence
of a similar phenomenon is apparent in Kazakhstan, Moldova or Ukraine (Figure 1), nor in any of the other former
Soviet republics (see Web Appendix Figure 1), despite the
fact that these countries have many characteristics in common with Armenia, Azerbaijan and Georgia.

Conditional Sex Ratios at Birth
According to the Demographic and Health Surveys, the
mean number of children ever born to women with at least
one birth was 2.4 in Armenia and 2.6 in Azerbaijan, but
only 2.0 in Moldova (not shown). Decision-tree representations of sex ratio by birth order reveal markedly different
patterns across countries. If the first child was female, the
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