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Abstract
The goal of our study is to describe the prevalence of congenital anomalies (CA) in hospitals of the City of Buenos Aires, Argentina,
according to two proxy variables of the socioeconomic level: health subsector, public (PUB) versus private/social security (PRI), and
geographical location, northern (N) versus southern (S). The source of data was the National Network of Congenital Anomalies of
Argentina (RENAC) (period 2010–2016). From a total of 228,208 births, 4872 newborns with CA were detected (2.14%). The
prevalence in PRI-N, PUB-N, PRI-S, and PUB-S hospitals were 1.59%, 1.91%, 2.20%, and 2.43%, respectively. Prevalence of neural
tube defects, abdominal wall defects, and oral clefts was significantly higher in PUB than in PRI hospitals. Prevalence of critical heart
defects was significantly lower in PUB-N and in PRI-S hospitals. Prevalence of anencephaly, encephalocele, hydrocephalus, micro-
cephaly, gastroschisis, cleft lip and palate, ductus arteriosus, and bilateral renal agenesis was higher in PUB hospitals, both N and S, as
well as microphthalmia/anophthalmia and ambiguous genitalia, spina bifida, anotia/microtia, postaxial polydactyly, and diaphragmatic
hernia had higher prevalences in PUB-S hospitals. Omphalocele was more frequent in PUB-N hospitals. Results suggest that vulner-
able populations in the public and southern subsectors of the city still require a greater support to reinforce resources and strategies that
lead to greater equity in access to health.
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Introduction

Congenital anomalies are structural or functional alterations,
sporadic or inherited, of prenatal origin, which occur from
birth, even when they may be detected later in life. Their
determinants are genetic factors, maternal diseases, infections,
exposure tomedications during pregnancy, and environmental

pollutants, among others (Stevenson et al. 1993). Around 94%
of newborns with birth defects are born in low- and middle-
income countries, placing an additional burden on families,
communities, and health systems (Christianson et al. 2006).

In Argentina, infant mortality (IM) was 9.3 per 1000 births
in 2017; neonatal mortality (NM) accounted for approximately
two thirds of the total IM (6.7 per 1000 births). IM decreased by
27% between 2007 and 2016; however, the reduction was dif-
ferent according to the main causes; infant deaths due to con-
genital anomalies were reduced by only 8.4% in that period
(Dinamia, Ministry of Health 2018). Congenital anomalies are
currently the 2nd cause of IM in Argentina and represent ap-
proximately 28% of total infant deaths (DEIS) 2016).

The City of Buenos Aires is the capital city of Argentina,
and it has the highest human development index (0.889) and
the lowest percentages of population with unsatisfied basic
needs (7.0%) and illiteracy (0.5%) (Dirección General de
Estadísticas y Censos de la Ciudad de Buenos Aires n.d.).
The IM and the NM in the City of Buenos Aires were 6.7‰
and 4.8 ‰, respectively in 2017, values that are among the
lowest of the country. In turn, the City of Buenos Aires is
the jurisdiction with the lowest percentage reduction of the
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MN in the period 2007–2016 (Dinamia, Ministry of Health
2018). A recent study for the 2010–2015 period showed a
higher specific infant mortality for congenital anomalies in
the southern region of the Buenos Aires City (2.9‰), when
compared with the northern region (2.1‰) (Bronberg and
Dipierri 2019).

The association between congenital anomalies and socio-
economic status has been previously reported (Mage et al.
2019; Baldacci et al. 2018; Yu et al. 2014; Vrijheid et al.
2000). In Argentina, a study identified a significant associa-
tion between low socioeconomic status and an increased risk
of cleft lip with or without cleft palate and ventricular septal
defect (Pawluk et al. 2014).

The contribution of congenital anomalies in the IM and
NM supports analyzing groups by geographic region and sub-
sectors of health care to assess the effect of socioeconomic
status. The objective of this study is to describe birth preva-
lence of total congenital anomalies and by specific categories,
and compare these prevalences among hospitals, according to
the health subsector, public (PUB) versus private/social secu-
rity (PRI), and their geographical location, northern region (N)
versus southern region (S) of the city.

Materials and methods

The design of the study was ecological. We investigated the
relationship between the prevalence of congenital anomalies
at birth and the socioeconomic level, in the City of Buenos
Aires. Two proxy variables of the socioeconomic level were
considered, the health subsector (PUB versus PRI), and the
geographic location of birthing hospitals (northern region ver-
sus southern region of the Buenos Aires City, using Rivadavia
Avenue as an artificial boundary).

The source of data was the National Network of Congenital
Anomalies of Argentina (RENAC), the national surveillance
system for congenital anomalies (Groisman et al. 2013).
RENAC is a hospital-based system which includes approxi-
mately 150 hospitals in the 24 jurisdictions of the country,
with coverage of around 40% of total births and 60% in the
public subsector.

In RENAC, the calculation of prevalence is based on the
number of cases with congenital anomalies detected in each
participating hospital (numerator) and the total number of
births of the same hospitals (denominator). The case definition
includes all newborns and stillbirths weighing 500 g or more
withmajor structural anomalies, external or internal, identified
from delivery to hospital discharge, and detected by physical
examination or complementary studies, surgeries, or autop-
sies. Cases with minor or functional congenital anomalies
are excluded. The detection and description of the anomalies
is carried out by the local staff of the hospitals; the clinical
review (coding and classification of cases), by two geneticists

of the coordination (MPB and PB). Coding is done using the
International Classification of Diseases, Tenth Revision (ICD-
10), adapted by the Royal College of Pediatrics and Child
Health. The clinical classification of cases includes three mu-
tually exclusive categories: isolated anomalies, multiple
anomalies, and syndromes (Rasmussen et al. 2003). RENAC
does not include routine information about risk factors or the
socioeconomic status of families.

For the present study, the 22 hospitals belonging to
RENAC in the City of Buenos Aires were included; 13 were
PUB (6 from the north and 7 from the south), which reported
in the period October 2010–December 2016; and 9 were PRI
(7 from the north and 2 from the south), which reported be-
tween January 2013 and December 2016 (Fig. 1). The cover-
age of RENAC in the City of Buenos Aires public subsector is
close to 100%, because all the maternity hospitals of this sub-
sector are included; in the private subsector, coverage is 35%.

Four groups of cases with congenital anomalies born in city
hospitals were defined: cases born in PRI-N hospitals, cases
born in PUB-N hospitals, cases born in PRI-S hospitals, and
cases born in PUB-S hospitals. In these four groups, the prev-
alence of congenital anomalies was calculated for the total
cases, for 6 categories of congenital anomalies grouped, and
for 34 specific anomalies with more than 25 cases selected
according to their impact on morbidity and mortality. The prev-
alence was calculated according to the Poisson distribution,
with a 95% confidence interval. In these four groups, we also
calculated the percentages of mothers with advanced age (≥
35 years), young mothers (≤ 19 years), multiparous mothers
(≥ 4 children), preterm (≤ 37 weeks), low weight (≤ 2500 g),
prenatal detection, and cases that died before hospital discharge.

To compare the prevalence of total anomalies and specific
selected anomalies among the four groups of hospitals, a chi-
square test was used, with a significance level of 0.05. For
each specific selected anomaly, a “Z” score was obtained con-
sidering the prevalence of PRI-N hospitals as a reference (ex-
pected value), and the other three groups as comparison
values: PUB-N hospitals (Z1), PRI-S hospitals (Z2), and
PUB-S hospitals (Z3) (observed values) [Z = (observed value
of expected value)/square root (expected value)]. A p value of
0.0005 was established using Bonferroni’s correction for mul-
tiple comparisons.

To graphically show the differences in prevalence among
the four groups for specific selected anomalies, the Equiplot
chart, developed to visualize health inequalities (International
Center for Health Equity), was used. The statistical software
Stata version 13 was used.

Results

From a total of 228,208 births examined in the hospitals that
reported to RENAC in the City of Buenos Aires, 98,728 (43%)
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were born in hospitals of the north, and 129,480 (57%) in
hospitals of the south; in turn, 174,090 (76%) births occurred
in public hospitals, and 54,118 (24%) in private/SS hospitals.

A total of 4872 newborns with major congenital anomalies
(cases) were detected, with a global prevalence of 2.14%
(95% CI 2.08–2.20). The lowest prevalence was observed in
PRI-N hospitals 1.59% (95% CI 1.48–1.71), followed by
PUB-N hospitals 1.91% (95% CI 1.80–2.04), then by PRI-S
hospitals 2.20 (95% CI 1.87–2.56), and finally by PUB-S
hospitals 2.43 (95% CI 2.35–2.52) (Table 1).

The distribution of the cases according to their clinical
presentation and other associated variables is presented in
Table 2. Among the four groups of birth hospitals, there are
no differences in the clinical presentation, except that the fre-
quency of cases with multiple congenital anomalies is signif-
icantly higher in public northern hospitals. In the four groups,
the proportion of isolated cases is the highest, followed by
syndromic cases and multiple congenital anomalies.

No statistically significant differences were observed
among cases of the four hospital groups in relation tomortality

Fig. 1 Health subsector and
geographic location of the
birthing hospitals included in
RENAC, City of Buenos Aires,
Argentina. PRI, private/social se-
curity; PUB, public; N, northern;
S, southern

Table 1 Prevalence of congenital
anomalies, according to the health
subsector and geographic location
of the birth hospitals. RENAC,
Buenos Aires City

Birth hospitals Examined births (N) Cases with congenital anomalies (N) Prevalence (95% CI)

Northern 98,728 1738 1.76 (1.68–1.85)

PRI1 46,707 743 1.59 (1.48–1.71)

PUB2 52,021 995 1.91 (1.80–2.04)

Southern 129,480 3134 2.42 (2.34–2.51)

PRI3 7411 163 2.20 (1.87–2.56)

PUB4 122,069 2971 2.43 (2.35–2.52)

Total 228,208 4872 2.14 (2.08–2.20)

PRI private/social security, PUB public
1 Hospitals: Alemán, Anchorena, Clínicas, F. Hospitalaria, Otamendi, Suizo, Trinidad Palermo
2Hospitals: Álvarez, Durand, Fernández, Pirovano, Rivadavia, Vélez
3Hospitals: Churruca, Santa Isabel
4 Hospitals: Argerich, Garrahan, Penna, Piñeyro, Ramos Mejía, Santojani, Sardá
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at hospital discharge, the percentage of preterm births, and low
weight. Advanced maternal age (≥ 35) was significantly more
frequent in PRI-N hospitals, while young maternal age (≤ 19)
was significantly higher in PUB hospitals, both northern and
southern. Southern hospitals, both PRI and PUB, had a higher
proportion of multiparous mothers (≥ 4 children). Prenatal di-
agnosis was significantly higher in PRI hospitals, both north-
ern and southern (Table 2).

Prevalence of neural tube defects and abdominal wall de-
fects was significantly higher in PUB hospitals than in PRI
hospitals. Prevalence of critical heart defects was significantly
lower in PUB-N hospitals and in PRI-S hospitals. Oral clefts
had a significantly higher prevalence in PUB-N hospitals, and
even higher in southern, whether PUB or PRI. The chromo-
somal anomalies and talipes did not show statistically signif-
icant differences (Table 3).

Prevalence of anencephaly, encephalocele, hydrocephalus,
microcephaly, gastroschisis, and bilateral renal agenesis was
significantly higher in PUB hospitals, both the northern and
southern. Anencephaly and hydrocephalus also had a high
prevalence in PRI-S hospitals, as well as microphthalmia/
anophthalmia and ambiguous genitalia, spina bifida, anotia/
microtia, postaxial polydactyly, and diaphragmatic hernia had
a significantly higher prevalence in PUB-S hospitals. Cleft lip
and palate and patent ductus arteriosus were significantly
more prevalent in southern hospitals, both PUB and PRI.
Omphalocele was significantly more frequent in PUB-N hos-
pitals (Table 4, Fig. 2).

The prevalence of congenital anomalies in each group and
the distance between groups shown in Equiplot (Fig. 2) allow
to compare the absolute inequality in health, observed in the
public and southern sectors of the city.

Discussion

In Argentina, the health sector is comprised of three subsec-
tors. The public subsector, which is financed through taxes, is
available free of charge to the entire population and serves
approximately 46% of people. The social security system is
funded by mandatory contributions from employers and reg-
istered workers and covers about 44% of the population. The
private insurance system is for profit, is paid directly by the
insured, and serves 10% of the population, with higher income
(Bidondo et al. 2015). The three systems have little coordina-
tion among them, which results in overlapping, inefficiency,
and high health expenditure (about 6.61% of the gross domes-
tic product). In the City of Buenos Aires, the three health
subsystems (public, social security, and private) differ regard-
ing the population covered, the provided services, and the
funding sources; however, these subsectors have coordination
issues (Arce 2012).

The city is crossed from east to west by an important
street on Rivadavia Avenue that functions as an artificial
boundary between the northern and southern areas of the
city. On one side and the other of the Rivadavia Avenue,
which originates from the Plaza Mayor, the different neigh-
borhoods that make up the city were formed since the
eighteenth century.

There is a residential segregation closely related to socio-
economic groups, with the middle and upper classes located
close to the northern part of the city. As a result of this resi-
dential segregation, the socioeconomic level of the population
tends to decrease from east to west and from north to south, in
agreement with the Buenos Aires urban development and
population settlement pattern.

Table 2 Clinical presentation, maternal and newborn variables of cases with congenital anomalies, according to health subsector and geographic
location of the birthing hospitals. RENAC, City of Buenos Aires, Argentina

Birth hospitals Northern Southern Total, N (%)

PRI, N (%) PUB, N (%) Z1 PRI, N (%) Z2 PUB, N (%) Z3

Clinical presentation Syndromic (%) 141 (19.6) 173 (18.8) 1.0 30 (19.9) − 0.4 433 (15.9) − 2.8 777 (17.2)

Isolated (%) 499 (69.3) 594 (64.5) − 2.5 102 (67.5) − 1.5 1.971 (72.3) − 0.3 3.166 (70.1)

Multiple (%) 80 (11.1) 154 (16.7) 3.9* 19 (12.6) 0.7 323 (11.8) 0.1 576 (12.7)

Maternal variables Maternal age ≥ 35 years 335 (45.1) 228 (22.9) − 9.0* 42 (25.8) − 7.8* 552 (18.6) − 10.8* 1157 (23.7)

Maternal age ≤ 19 years 15 (2.0) 144 (14.5) 23.9* 10 (6.1) 7.9* 517 (17.4) 29.5* 686 (16.4)

Multiparity (≥ 4) 74 (10.0) 122 (12.3) 2.0 29 (17.8) 6.8* 460 (15.5) 4.8* 685 (14.1)

Newborn variables Preterm (≤ 37 s) 325 (43.7) 427 (42.9) − 0.3 66 (40.5) − 1.3 1153 (38.8) − 2.0 1971 (40.5)

Low weight (≤ 2500) 237 (31.9) 301 (30.3) − 0.8 42 (25.8) − 2.9 875 (29.5) − 1.2 1455 (29.9)

Prenatal diagnosis 280 (37.7) 276 (27.7) − 4.4* 61 (37.4) − 0.1 825 (27.8) − 4.4* 1442 (29.6)

Neonatal death 107 (14.4) 176 (17.7) 2.4 26 (16.0) 1.1 526 (17.7) 2.4 835 (17.1)

PRI private/social security, PUB public

Z values: reference, PRI northern hospitals

*Statistically significant. Statistical significance was established using the Bonferroni adjustment for multiple comparisons, at Z = ± 2.9
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Educational differences regarding geographical areas could
also be observed. The southern area had the highest levels of
school adolescent absenteeism and desertion and the lowest
levels of education among adults. Socioeconomic characteri-
zation of the city with a set of housing indicators (type of
housing, sewer system connection), social composition of
the group (overcrowding, poverty line, family income, educa-
tional level), and educational facilities (type of school, dis-
tance to school, etc.) also revealed poverty towards the south
of the city (Groisman and Suárez 2006; Bronberg et al. 2009).

In this study, the prevalence of congenital anomalies was
analyzed according to the health subsector and the geographic
location of the birthing hospital, including both resident and
non-resident mothers in the City of Buenos Aires. Prevalence
of congenital anomalies showed a differential behavior ac-
cording to the health subsystem and the region of the newborn
hospital. The lowest prevalence was observed in PRI-N hos-
pitals, while the highest in PUB-S hospitals.

The only congenital anomaly that presented a higher prev-
alence in PRI-N hospitals was critical heart defects (19.5 per
1000), a finding that may be due to better detection capacity in
these centers. Undiagnosed cases of severe heart disease have
an impact on infant morbidity and mortality. The fact that PRI-
N has better detection generates inequality and probably a
higher mortality due to severe congenital heart defects in fa-
cilities that are not part of PRI-N.

The percentage of prenatal detection of critical heart de-
fects was 55% in PRI-N hospitals, similar to the 50% reported
in an international study including 12 countries from Europe,
North and South America, and Asia (Bakker et al. 2019).
Prenatal detection of critical heart defects in PUB hospitals
was lower, 33% in the north and 40% in the south. In the
south, one maternity hospital (Sardá Maternity) contributed
with a high proportion of cases. This maternity hospital is a
center for the referral of high-risk pregnancies from different
provinces, and it shows a relatively high prevalence of critical
heart defects (14.7 per 1000).

Neural tube defects, as a category, are significantly more
prevalent in PUB hospitals in both regions. The same was
observed when anencephaly and encephalocele were analyzed
separately. Spina bifida also had a higher prevalence in PUB
hospitals, but without statistical significance in the north. The
prevalence of anencephaly in PRI-N hospitals is strikingly
low (0.6 × 1000), which could be due to a higher proportion
of prenatal ultrasound detection and subsequent elective ter-
mination of pregnancy, coupled with a better nutritional status
and more adequate periconceptional folic acid intake in a pop-
ulation of higher socioeconomic status. Then, in spite of the
universal fortification of wheat with folic acid, there would be
worse nutrition and probably less vitamin supplementation in
the public subsector population. In this sense, the National
Survey of Nutrition and Health revealed that poor folate intake
is higher in households with unsatisfied basic needs (NBI)Ta
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than in households without NBI (ENNyS, National Survey on
Nutrition and Health 2007). In a study based on 314 pregnant
women who attended the Sardá Maternity between 2000 and
2002 for prenatal control before the 16th week of gestation,
near half of them did not reach minimal levels of serum folate
(Perego et al. 2005). In our study, the majority (82%) of neural
tube defects were isolated cases, therefore sensitive to fortifi-
cation. As with anencephaly, renal agenesis (a single case) and
holoprosencephaly (no cases observed), in PRI-N and PRI-S
hospitals, could be due to better prenatal ultrasound detection
and subsequent termination of affected pregnancies in a pop-
ulation of higher socioeconomic status.

The prevalence of gastroschisis is higher in PUB hospitals,
especially in the south. There is evidence that gastroschisis is
associated with young maternal age (< 20 years) (Goldbaum
et al. 1990; Castilla et al. 2008; Baer et al. 2015) and probably
with recurrent genitourinary infections in young women
(Feldkamp et al. 2019). In our study, maternal age under 20
was 14.5% and 17.4% in PUB-N and PUB-S hospitals, re-
spectively, and 2.0% and 6.1% in PRI-N and PRI-S hospitals,
respectively. These data are consistent with publications by
the National Health Statistics of the City of Buenos Aires,
which show that maternal age < 20 years is 11.7% and
14.4% in PUB-N and PUB-S hospitals, and 1.4% and 4.3%
in PRI-N and PRI-S hospitals, respectively (DEIS) 2016). A
study related to genitourinary infections in public hospitals of
the south of the City of Buenos Aires showed positive per-
centages of VDRL above 4%, consistent with the higher inci-
dence rates of syphilis in pregnant women from the south of
the city. Two public hospitals in the northern region had the
lowest rates, with less than half of syphilis cases than the

average in the city (Health Situation Análisis de Situación de
la Salud de Buenos Aires 2016).

Although advanced maternal age (≥ 35 years) was much
prevalent in PRI-N hospitals, the frequency of Down syn-
drome did not show significant differences among the 4
groups. We interpret that this would be due to better prenatal
detection and subsequent termination of affected pregnancies
in the population of higher socioeconomic status. Previous
studies suggest that inequality in access to prenatal diagnosis
and subsequent termination of pregnancy, due to socioeco-
nomic differences, has created disparities in the prevalence
of Down syndrome (Khoshnood et al. 2006).

Oral clefts were more prevalent in PUB-N hospitals, and
even more in southern hospitals, whether PUB or PRI hos-
pitals. Specifically, cleft lip and palate were more frequent
in PUB-N hospitals (although without statistical signifi-
cance) and significantly more prevalent in southern hospi-
tals, both PUB and PRI. Oral clefts in Argentina have been
associated with low socioeconomic status, mainly due to
poor prenatal care, low educational level, lifestyle factors,
acute maternal diseases, and native ancestors (Pawluk et al.
2018). Other studies also detected a high frequency cluster
of oral clefts in the NOA region (Poletta et al. 2007,
Groisman et al. 2017). Many families that attend PUB hos-
pitals of the City of Buenos Aires, especially those in the
south, have native ancestors and come from that region of
the country. In recent studies, parental consanguinity was
associated with the appearance of non-syndromic oral
clefts (Silva et al. 2019; Saeed et al. 2019). In a study that
evaluated the genetic structure of the City of Buenos Aires
by the method of isonymy, a greater inbreeding and a

Fig. 2 Equiplot graph of the prevalence (%) of selected congenital anomalies, according to health subsector and geographic location of the birthing
hospitals in RENAC. PRI, private/social security; PUB, public; N, northern; S, southern
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smaller variety of surnames were observed in the districts
located in the south of the city (Bronberg et al. 2009).

The relatively high prevalence of microphthalmia/
anophthalmia and ambiguous genitalia in PRI-S hospitals could
be due to random variations, since there are few cases with
those congenital anomalies. Diaphragmatic hernia has a signif-
icantly higher prevalence in PUB-S hospitals, but 29% of these
cases come from the Garrahan Hospital, which has a special
prenatal referral program for postnatal surgical treatment.

According to a recent study (Golubicki et al. 2018),
49% of neonatal mortality of the Buenos Aires City was
due to congenital anomalies, which represented the leading
cause in 2016. From the total neonatal deaths due to con-
genital anomalies, 43% of cases had prenatal diagnosis,
55% were treated in non-public establishments, and 39%
had congenital heart defects.

In developing countries, maternal and child health cov-
erage remains highly inequitable and access to services is
influenced by factors such as income, level of education,
and place of residence (Adegbosin et al. 2019). The factors
that determine the prevalence of congenital anomalies are
multiple. Low socioeconomic level is a risk factor of con-
genital anomalies through different mechanisms: young
maternal age, malnutrition, and greater exposure to terato-
genic agents. Additionally, low socioeconomic level is as-
sociated to lower detection of congenital anomalies, due to
the lack of prenatal diagnosis or postnatal detection in low-
er complexity of health effectors.

There are different programs in Argentina for the primary
prevention of congenital anomalies (supplementation of
wheat flour with folic acid, immunization for congenital ru-
bella) and secondary–tertiary prevention (neonatal screening
of inborn errors of metabolism, national congenital heart dis-
ease program, early detection of congenital hearing loss).
However, the results of our study suggest that vulnerable pop-
ulations in the public and southern subsectors of the city still
require greater efforts by the authorities and health effectors to
strengthen resources and design strategies that lead to more
equity in access to health.
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