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Abstract

Objectives Introduction of ultrasound equipment has
been associated with higher sex ratio (number of male live
births divided by female live births) for some developing
countries. So far, studies have solely focused in regions
with a cultural preference for males, which may introduce
misleading conclusions about the association between
poverty and sex-selective abortions.

Methods We analyzed poor Brazilian municipalities that
either (a) did not have ultrasound equipment, or (b) had the
introduction of ultrasound equipment for the first time.
Propensity score matching was performed, resulting in 155
pairs of comparable municipalities.

Results We found a sex ratio of 1.039 for municipalities
that had the introduction of ultrasound equipment and of
1.047 for those that did not. The difference between the
two groups was not statistically significant. The use of the
propensity score matching approach was successful in
reducing bias.

Conclusions Concerns about an association between local
poverty and sex-selective abortions should not be a barrier
against access to maternal technology. While sex-selective
abortions are an important concern for some developing
countries, they are not a specific characteristic of poverty.

Keywords Sex ratio - Sex-selective abortions -
Ultrasound equipment - Brazil

A. D. P. Chiavegatto Filho (0<)) - 1. Kawachi
Department of Society, Human Development and Health,
Harvard School of Public Health, Boston, MA, USA
e-mail: alexdiasporto@usp.br

Introduction

The natural sex ratio at birth has been consistently found to
be 1.03-1.07 male per female births (James 1987; Pa-
razzini et al. 1998). For some regions, especially rural parts
of Asia, much higher rates have been reported. Recent sex
ratio imbalances have been particularly high for China
(1.19), South Korea (1.10) and India (1.08) (World Bank
2012). In China alone, it is estimated that an annual excess
of 1 million boys are born each year (Miller 2001).

The consequences of this imbalance include a diverse
range of social and demographic issues. Surplus males in
China have been associated with challenges in maintaining
full employment (Hudson and Den Boer 2004). Lower
availability of reproductive-age women has led to the
emergence of a “bride market”, the expansion of the
number of female sex workers and the dissemination of
sexually transmitted diseases (Tucker et al. 2005).

Some studies have found that, in India and China, sex-
selective abortions have been increasing with ultrasound
presence, but how much of the sex ratio that can be attributed
to its availability is still in dispute (Ganatra 2008; Li and
Zheng 2009; Zhou et al. 2012). A higher than expected sex
ratio for children has been reported in India and China as early
as the mid-20th century, when data first became available
(Junhong 2001; Bhat and Zavier 2007). Even though it has
been historically higher during the last few decades in China,
the sex ratio at birth started to increase steeply by the mid-
1970s, whereas, ultrasound was not available anywhere in the
country (Lofstedt et al. 2004). Reliable data for the presence
of ultrasound equipment in some regions has been historically
nonexistent, as incentives for underreporting its usage are
mutually beneficial for physicians working in private clinics
and families interested in pursuing sex-selection without
governmental regulation (Junhong 2001).
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Along with Korea and Singapore, high sex ratios in
China have been attributed to cultural factors, especially
the influence of Confucianism (Das Gupta 2010), where
tight intergenerational bonds are defined through the male
hereditary line. Sons are also expected to provide economic
support for parents, while daughters are frequently con-
sidered to “belong” to the families that they marry into
(and thereafter provide care for aging parents-in-law) (Lai-
wan et al. 2006). There is evidence that similar cultural
factors may also be influencing India’s high sex ratio at
birth (Das Gupta 1987).

Studies on ultrasound availability and sex ratios have
focused so far in countries with a historically high proportion
of male births. This can distort the conclusions, especially in
the case of China where the One Child Policy may influence
parents not to register female births (Wu et al. 2006).

The temporal correlation between an increase in the
availability of ultrasound equipment and the sex ratio at
birth has raised ethical concerns about the dissemination of
this technology (Ganatra 2008; Harris and Marks 2009;
Edwards and Thomson 2012), as studies have pointed out
the existence of economic benefits from having a son over
a daughter in very impoverished areas (Edlund and Lee
2009; Frost 2011), especially in those highly dependent on
agriculture (Burgess and Zhuang 2000).

The possibility of maternal technology being used for
fetal sexing is currently considered to be one of the major
hindrances to its dissemination in poor regions (Harris and
Marks 2009). Two recent reports by the United Nations and
the World Health Organization have expressed concerns
that “limitation of technology for sex selective abortion
could lead to a general limitation of access to technolo-
gies”, thereby “exposing women to higher risk of death
and serious injury” (United Nations Population Fund 2010;
World Health Organization 2011).

Brazil has been going through a consistent trajectory of
growth and reduction of income inequality during the last
decades, but its poor residents are still among the poorest in
the world (Milanovic 2007). The absence of access to
contraceptive methods and reproductive information in
poorer regions of Brazil have put its residents in particular
risk of unsafe abortions and its consequences (Fusco et al.
2012). In Brazil, abortions are illegal except when there is
clear maternal death risk, it is a consequence of rape or,
most recently (by a 2012 Supreme Court decision) in the
case of anencephaly. Heated political debates have been
taking place in Congress between defenders of the legal-
ization of abortion and proponents of the criminalization of
any type of abortion (Victora et al. 2011). Nevertheless, the
illegal practice of abortions is considered to be currently
widespread by the government, as it is estimated that more
than one million illegal abortions are performed annually
(Diniz 2008).
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The objective of the analysis is to test the presence of
sex-selective abortion in a very poor area. As far as we are
concerned, there have been no studies that analyzed the
association between the introduction of ultrasound equip-
ment and sex ratios in poor areas without a cultural history
of male preference. We test this by analyzing the poorest
regions of Brazil, a country without a history of unbalanced
sex ratios.

Methods

Brazil has a unified system of universal health care avail-
able for every resident, a basic right provided by its 1988
constitution. Every health institution in the country is
required to inform availability of health professionals and
physical equipment through the national health establish-
ments records (Cadastro Nacional de Estabelecimentos de
Saude, CNES) (CNES 2012a). Employees from the CNES
perform random frequent visits to test compliance. In the
case of misleading or incomplete reports, health institutions
face termination of funding and temporary closures (CNES
2012b).

Presence of active ultrasound equipment by municipal-
ities was provided by the CNES from 2005 to 2010. We
included in the analysis the ten poorest States (out of 26) of
Brazil, as informed by the Census 2010 values for per
capita income (IBGE 2012). The inclusion of only the
poorest (mostly rural) regions meant that at least some of
them did not have ultrasound equipment in the beginning
of the period, which made the analysis possible. The
average monthly income for the ten states was BR$464.2
for residents older than 10 years old, the equivalent of
US$263.3 in July 31 2010 (baseline date of the Census).

A total of 1,832 municipalities were included in the first
part of the analysis. For each of them, presence of active
ultrasound equipment was analyzed. Two groups of
municipalities were selected: the ones that had the intro-
duction of ultrasound for the first time during the
2005-2009 period (and remained with it for at least 1 year
following the introduction, making 2010 the last year
analyzed), and the ones that did not have any ultrasound
equipment during the period. The first group was consid-
ered “exposed” (to ultrasound equipment) the second
“unexposed”. We also excluded municipalities with less
than 100 live births a year (calculated for 2010) to decrease
the effect of random annual variation in the sex ratio. A
total of 534 municipalities matched all the criteria and were
included in the statistical analysis.

We included covariates to control for the effects of
socioeconomic characteristics, as low income and high risk
pregnancies have been associated with a naturally higher
male fetal mortality (Di Renzo et al. 2007; Navara 2010;
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Chiavegatto Filho and Laurenti 2012). Data for percentage
of residents living in households with piped water, per-
centage of residents living in households with electricity,
percentage of residents living in households with garbage
collection, average income for residents older than
10 years old, percentage of white residents and literacy rate
for residents older than 10 years old, were calculated using
data from the 2010 Census (IBGE 2012). Data for per-
centage of teenage mothers (younger than 20 years old),
percentage of mother with less than 8 years of education
(the minimum required for Brazil), percentage of single
(non-married) mothers, percentage of premature births
(<37 weeks), percentage of low birth weight (<2,500 g),
total number of births and female fertility (per 1,000
reproductive-age women, 1549 years old), were calcu-
lated using data from the Ministry of Health for 2010
(Datasus 2012). After the selection of the variables, no
further changes were made (i.e. no variables were included
or excluded during the propensity score analysis). Sex
ratios were presented by dividing the number of male live
births by the number of female live births, e.g. if 105 boys
and 100 girls were born the sex ratio is 105/100 = 1.05.

Statistical analysis

We used propensity score matching to identify and pair
municipalities that could be considered as similar, condi-
tional on exposure (defined as introduction of ultrasound
equipment during the period) (Rubin 1997). The propensity
score methodology allows the reduction of a large set of
covariates into a single scalar summary variable, and as it
does not make assessments about the prediction of indi-
vidual variables, it avoids multicollinearity (Conniffe et al.
2000).

We first estimated the probability of being exposed
given the covariates by calculating the propensity scores
for each municipality. We then matched municipalities on
a one-by-one basis using a caliper width of 0.01 (the most
frequently found in the literature). The area under the ROC
curve (or c-statistic) was 0.75, the exact midpoint between
0.5, a coin toss classification, and 1.0, perfect classification,
which allowed a desirable amount of overlap between the
municipalities. Of the 228 exposed municipalities, 155 had
a propensity score within the caliper width of 0.01 of an
unexposed municipality and were included in the analysis.
This allowed the comparison of 155 pairs of exposed
and unexposed municipalities with similar covariates
distribution.

After identifying the pairs by the propensity score
matching approach, we calculated the sex ratios for the
year after the introduction of ultrasound equipment (same
year for pairs of exposed and unexposed, e.g. if the exposed
municipality had the introduction in 2006, the sex ratio was

calculated for 2007 for both exposed and unexposed). This
was followed by a paired ¢ test analysis of difference.

We also conducted a sensitivity analysis for average
treatment effects using Mantel-Haenszel bounds to iden-
tify hidden bias due to the effect of unobserved variables
on exposure and the outcome variable (Becker and Cali-
endo 2007). We found the final result to be very robust,
being statistically insensitive to a bias that would increase
up to six times (I' = 6) the odds of exposure to ultrasound
equipment.

Results

Table 1 shows the results for the covariates before
matching by the propensity score approach for the 534
municipalities first selected for the statistical analysis.
Before the matching process, exposed municipalities had
statistically higher (p < 0.05) numbers of live births, lit-
eracy rate and per capita income than unexposed ones,
indicating that municipalities with better socioeconomic
status and more live births were more likely to be intro-
duced to ultrasound equipment during the period. Six of the
13 covariates analyzed (mothers with less than 8 years of
education, single mothers, live births, literacy rate, garbage
collection and per capita income) had a standard difference
higher than 10 % between the two groups, which is con-
sidered undesirable for comparison (Normand et al. 2001).

Table 2 includes the municipalities after propensity
score matching (n = 310, corresponding to 155 pairs). In
this case, no covariate was considered to be statistically
different between the two groups. All the standardized
differences remained below the 10 % threshold. It is
important to notice that the municipalities included in the
final analysis were extremely poor (US$148.74 monthly
per capita income for unexposed and US$149.09 for
unexposed).

Table 3 shows the bias reduction for the six covariates
that had a standardized difference higher than 10 % before
the propensity score matching approach. The results indi-
cate that the methodology was successful in reducing bias
in every case, the most notable being number of live births
where exposed had 130 more than unexposed before pro-
pensity score matching, changing to —1.6 afterwards.

We then compared the sex ratio between exposed and
unexposed 1 year after the introduction of ultrasound
equipment. The sex ratio for the exposed municipalities
was 1.039 (95 % CI: 1.02-1.06) and for the unexposed
1.047 (95 % CI: 1.02-1.07). This resulted in a difference of
0.008, or less 0.008 male births for every female. When the
paired sex ratios were compared, the difference was con-
sidered small to the point that it can be easily attributed to
chance (p = 0.65).
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Table 1 Covariate imbalance before the use of the propensity score matching approach for selected Brazilian municipalities, 2010

Covariates Unexposed Exposed Difference Standardized
difference
Mean SD Mean SD
Teenage mothers (%) 25.38 6.17 25.88 5.76 0.50 8.39
Mothers with less than 8 years of education (%) 56.21 10.76 55.09 10.68 —1.12 —10.46
Single mothers (%) 68.46 16.10 70.04 14.96 1.58 10.17
Premature births (%) 5.22 3.27 5.31 4.44 0.09 2.32
Low birth weight (%) 6.70 2.36 6.74 1.99 0.03 1.46
Live births 197.76 98.89 327.73 235.68 129.97* 71.92
Fertility 63.66 14.79 65.08 15.15 1.43 9.54
White residents (%) 25.10 10.60 25.78 10.00 0.68 6.58
Literacy rate (%) 73.84 5.61 76.00 6.78 2.16* 34.63
Residents with electricity (%) 93.50 8.47 93.47 8.03 —0.03 —0.38
Residents with garbage collection (%) 48.14 20.46 50.99 19.84 2.85 14.14
Residents with piped water (%) 58.39 20.91 57.13 20.56 —1.26 —6.08
Per capita income (BR$) 259.43 51.23 269.23 58.77 9.80%* 17.77

*p <0.05

Table 2 Covariate imbalance after the use of the propensity score matching approach for selected Brazilian municipalities, 2010

Covariates Unexposed Exposed Difference Standardized
difference
Mean SD Mean SD
Teenage mothers (%) 25.22 6.46 25.52 6.05 0.30 4.81
Mothers with less than 8 years of education (%) 55.62 10.52 55.54 9.77 —0.08 —0.80
Single mothers (%) 68.59 17.11 69.21 15.21 0.62 3.83
Premature births (%) 5.52 3.36 5.62 5.02 0.10 2.30
Low birth weight (%) 6.62 224 6.81 2.09 0.19 8.83
Live births 233.26 117.69 231.70 105.79 —1.56 —1.40
Fertility 63.20 13.91 62.73 14.07 —-0.47 —3.38
White residents (%) 26.83 10.88 26.54 10.27 —0.29 -2.71
Literacy rate (%) 74.85 5.14 74.66 6.36 —0.19 —3.26
Residents with electricity (%) 93.98 8.91 93.66 8.04 —0.32 -3.75
Residents with garbage collection (%) 48.67 20.15 48.90 19.09 0.23 1.15
Residents with piped water (%) 57.31 21.92 55.83 20.83 —1.47 —6.89
Per capita income (BR$) 262.22 53.64 262.84 49.17 0.62 1.21

Discussion

Municipalities that had the introduction of ultrasound
equipment had a sex ratio no different than similar
municipalities that did not have the equipment during the
period. In fact, municipalities with ultrasound presented a
slight higher proportion of female births, albeit statistically
non-significant. The inclusion of only the poorest regions
of Brazil was important to test the presence of an associ-
ation between extreme poverty and sex-selective abortions.
Despite being considered an emerging country, Brazil has
high socioeconomic differences, with its poor residents
being among the poorest in the world (Milanovic 2007).
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Male preference has been reported even for rich coun-
tries such as the US, even if not strong enough to induce
sex-selective abortions. Dahl and Moretti (2008) found that
parents who have a girl as the first-born are significantly
more likely to get divorced, and women who have taken an
ultrasound test are more likely to be married by delivery if
expecting a boy. Mammen (2011) analyzed paternal leisure
time and concluded that fathers with boys invest more time
with their children than those with only daughters.

The combination of male preference and extreme pov-
erty could lead to enough incentives to induce sex-selective
abortions, but our analysis indicates that this is not the case.
A literature review could also be misleading in this
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Table 3 Percent reduction in bias for variables with initial stan-
dardized bias greater than 10 % for selected Brazilian municipalities,
2010

Initial Bias after Percent
bias matching reduction

Covariates

Mothers with less than —1.12 —-0.08 92.73
8 years of education (%)

Single mothers (%) 1.58 0.62 60.76

Live births 129.97 —1.56 101.20

Literacy rate (%) 2.16 —0.19 108.74

Residents with garbage collection (%)  2.85 0.23 92.07

Per capita income (BR$) 9.80 0.62 93.65

direction, as studies that have tested the association of
ultrasound equipment and presence sex-selective abortions
have focused only on countries with a history of unbalanced
sex ratios.

We propose here that, while there may be some eco-
nomic advantages in having a male offspring in poor rural
areas, sex selection will only be widespread if a combi-
nation of deep-rooted cultural reasons is present. In fact,
historical and cultural preferences for males could be even
more important than economic factors. This is supported by
studies that analyzed sex ratios in immigrant populations
living in developed countries. A study by Egan et al. (2011)
of US live births, found significant difference in sex ratios
for Whites (1.050) in relation to US residents of Chinese
(1.078), Korean (1.071) and Asian Indian (1.066) origins.
Another study by Ray et al. (2012) of live births in Ontario,
Canada, also found higher sex ratios for mothers that were
originally born in South Korea and India.

A limitation of this study is that it does not analyze
abortions directly. As mentioned, that is due to the fact that
induced abortions are illegal in Brazil. Therefore, mothers
and some physicians will have an incentive to hide this
information from public records and hospitals, despite death
certificates being mandatory for fetal deaths. Another limi-
tation was the use of only the poorest (mostly rural) regions
of Brazil. This was needed to guarantee the existence of at
least some municipalities without ultrasound equipment
before 2005, but introduces a limitation of not comparing the
results with more educated regions, which in India have been
associated with higher sex ratios (Bhat and Zavier 2007).

Another limitation is the extrapolation of the results to
other emerging countries. It is well established that many
cultural and socioeconomic factors influence the practice of
abortions, such as religious presence and education levels
(Bartkowski et al. 2012; Sousa et al. 2010). Some charac-
teristics of Brazil such its historical catholic influence and
high illiteracy rates could make the results of the study a
particular characteristic of the country.

The strength of the study comes from the fact that Brazil
has a unified system of birth records with national cover-
age. Another important fact is that Brazilian mothers do not
have an incentive to underreport female births, as is the
case in China because of the One Child Policy (Wu et al.
2006).

The introduction of the propensity score matching
methodology was successful in pairing municipalities with
similar characteristic. The exposed and unexposed munic-
ipalities included in the final analysis had a very similar
distribution of covariates, all with a standardized difference
below the 10 % threshold, as suggested in the literature.

Conclusion

Concerns about an association between local poverty and
sex-selective abortions should not be a barrier in slowing
access to potentially life-saving maternal technology.
Improvements in maternal and infant health are a part of the
millennium development goals, and may be one of the
hardest to achieve (United Nations 2010). While sex-
selective abortions are an important concern for some
countries, they are not a widespread characteristic of pov-
erty. We propose here that the local existence of a cultural
history towards male preference may be a more important
factor than absolute poverty in determining the widespread
practice of sex-selective abortions. Future concerns about
the possibility of a direct association between poverty and
sex selection should take this into consideration.
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