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Birth defects: Risk factors and consequences
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Abstract. Birth defects (BDs) or congenital anomalies include all structural and functional alterations in embryonic or fetal
development resulting from genetic, environmental or unknown causes, which result in physical and/or mental impairment.
BDs occur in about 3% of newborn babies and in most cases of pregnancy loss. BDs are a very complex and heterogeneous
group of single or multiple changes that, in most cases, are of unknown etiology. Among the risk factors are advanced maternal
and paternal ages, parental consanguinity, teratogenic agents such as infectious agents and drugs, and poor nutrition, in particu-
lar folic acid deficiency. One of the consequences of these defects is the high death rate within the first year of life. Information
on BDs is becoming increasingly more important throughout the world so that preventive measures can be taken. Knowledge of
BDs enables the development of therapeutic and preventive strategies besides adequate genetic counseling.
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1. Classification and etiology

Congenital anomalies or birth defects (BDs) include
all functional and structural alterations in embryonic or
fetal development resulting from genetic, environmen-
tal or unknown causes that originate during pregnancy,
are present at birth and that cause physical or mental
impairment [1].
BDs are a very complex and heterogeneous group

of single or multiple changes that, in most cases, are
of unknown etiology. The genetic etiology of BDs is
relatively well known and includes monogenic cau-
ses (about 20% of cases), chromosomal alterations
(approximately 25%), which may be numerical or struc-
tural and multifactorial causes (about 50% of cases).
The etiology of environmental factors responsible for

disruptive effects exists in approximately 5% of cases
and these cases are the most difficult to investigate.
Aneuploidy is the cause of BDs in more than 30% of
all cases; most are monosomy of chromosome X and tri-
somies of chromosomes 16, 21 and 22, and are respon-
sible for about 60% of gestational losses. Although
trisomies of chromosomes 13, 18 and 21 are responsible
for many pregnancy losses, they also have an impact at
birth, as they are present in approximately 0.3% of all
births together with trisomy of chromosome X [2–4].

Thus, genetic factors are among the most common
causes of BDs and are one of the main causes of infant
mortality. BDs are observed in about 3% of newborns
and are the cause of 50% of spontaneous neonatal
deaths [5–8].

Stillbirths occur in between 1 in 1000 and 1 in 160
pregnancies and are related to maternal, fetal, and pla-
cental causes; in half of the cases, no cause can be deter-
mined. BDs occur in 14% of these cases with genetic
diseases being a common cause [9,10]. Stillbirths can
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typically be defined according to gestational age at birth:
early stillbirths (20–28 wk gestation) and late stillbirths
(>28 wk). However, there is no standard international
classification system that takes into account cause of
death, nor is there agreement about the lower limits of
birth weight or gestational age to define stillbirth, mak-
ing comparisons of causes, and rates over time or
between sites problematic [11]. Many systems include
both stillbirths and neonatal deaths. These variations in
the lower gestational age limit the ability to compare
findings between different studies [12].
According to Reece [8], an estimated 185,000 chil-

dren are born with BDs in the United States annually
and about 8 million worldwide. Studies in underdeve-
loped and developing countries are sparse and are
usually hospital-based and not population-based. In
Brazil, for example, between 1.7% and 5% of newborns
have BDs; this variation is probably a reflection of dif-
ferences in the methodologies used to classify BDs
[13–16].
As classification into subgroups is complex, the

most commonly used methods are based on severity
and categorize BDs into major and minor disorders.
According to the classification of Opitz, anomalies that
result in the impairment of health, those that require
medical or surgical treatment, or have aesthetic and
social impact, such as anencephaly, cleft lip or palate,
hydrocephalus and heart defects are considered major.
These disorders are responsible for high morbidity and
mortality rates and physical and intellectual disabilities
[17]. Minor birth defect, such as polythelia (super-
numerary nipples), micrognathia and clinodactyly, do
not require medical intervention although they may,
in some individuals, be aesthetically important. These
minor symptoms serve as indicators of more serious
problems such as the occurrence of three or more
minor anomalies can signify the presence of malforma-
tion syndromes [18]. Another classification, proposed
by Czeizel et al. [19] divides BDs in three groups:
lethal, when the defect causes stillbirth or infant death
in more than 50% of cases; severe if, without medical
intervention, the defect causes handicap or death; mild
if the defect requires medical intervention but life
expectancy is good. Lethal and severe defects together
constitute major congenital abnormalities. It is clear
that the use of different methods can affect the percen-
tage of cases.
The individual may present with single or multiple

defects that occur as components of syndromes,
sequences or associations (complex) [19]. With rare
exceptions, the clinical diagnosis of malformation

patterns cannot be conducted based on a single defect.
Even if it is a rare event, it may be characteristic of
several different syndromes. The specific diagnosis
usually depends on the recognition of the global pat-
tern of the defect and detection of minor defects can
be as useful as major malformations [17].

2. Risk factors

There are a number of risk factors related to the
appearance of BDs in progeny. Advanced maternal
and paternal age (more than 35 and 40 yr, respectively)
constitutes the most studied risk factors. A progres-
sively greater number of women are postponing
motherhood, resulting in a gradual increase in the
annual percentage of live births to mothers aged 35 yr
or more [20].

Advanced maternal age is related to the risk of
numerical chromosomal disorders in offspring, with
the most prevalent being trisomy 21 (Down syn-
drome). At birth, the incidence of this syndrome in
newborns of women with ages between 25–30 yr is
about 1:1000; among those with 35 yr it is 1:385 and
for over 45-year-old women it is 1:25 [21,22]. One of
the false beliefs in the general population is that the
babies of these women are only at risk for Down syn-
drome; other aneuploidies are not considered nor are
other types of birth defects. The results of a study
developed by Miller et al. [21] demonstrated a signifi-
cant association for maternal age of 35 yr or older with
cardiac abnormalities and with other BDs. However
although many biological factors involved in increased
age and predisposition to BDs are suggested, they have
not yet been truly elucidated [22].

Advanced paternal age has been associated with an
increased risk for spontaneous congenital disorders
and common complex diseases (such as some cancers,
schizophrenia, and autism), but the mechanisms that
mediate these changes are poorly understood. A small
group of other disorders including Apert syndrome
(caused by FGFR2 mutations), achondroplasia, and
thanatophoric dysplasia (FGFR3 mutations), and
Costello syndrome (HRAS), which are collectively
termed “paternal age-effect” disorders, provide a good
model to study the biological and molecular basis of
this phenomenon. All are caused by a small number
of dominantly acting point mutations in key develop-
mental regulators, which cluster within the growth
factor receptor-signaling pathway; moreover, causa-
tive point mutations originate almost exclusively from
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unaffected fathers, indicating that the original muta-
tional events take place during spermatogenesis (de
novo mutation). Among the biological phenomena to
explain the higher mutagenic risk in older man are
reduced activity of anti oxidative enzymes in seminal
fluid and spermatozoa, decreased ability to respond
to mutagens with apoptosis to avoid genetically
altered spermatozoa, the reduced ability of the deoxy-
ribonucleic acid repair system in late spermatids and
spermatozoa and the hypermethylation of ribosomal
deoxyribonucleic acid in spermatozoa [23–27].
Another risk factor for BDs is parental consangui-

nity. The influence of parental consanguinity on BDs
has been known from ancient times. The rate of con-
sanguineous marriages varies depending on the coun-
try and involves several factors, such as ethnicity,
type of population, geographical location, cultural fac-
tors, religious beliefs, etc. Consanguineous marriages
that are rare in developed countries are still a challenge
in some populations with around 1.1 billion people
currently living in countries where consanguineous
marriages are customary [28,29]. In the offspring of
consanguineous couples, BDs arise as a result of the
homozygosity of deleterious recessive genes that both
parents (heterozygous) have in common [30].
Exposure during pregnancy to some environmental

toxic agents (physical, chemical and biological) can
also confer an increased risk of BDs to the offspring.
These disruptive teratogenic agents are able to inter-
fere in the originally normal embryo/fetal develop-
ment, resulting in secondary malformations that do
not compromise the genotype. Among these agents
are ionizing radiation, alcohol, and certain medica-
tions such as anticonvulsants, anticoagulants and che-
motherapeutic drugs, viruses such as rubella and
maternal diseases such as diabetes [31–34].
Some infectious agents are especially harmful to

fetal organogenesis. Rubella is cited as it is the gesta-
tional infection that has the most severe teratogenic
action. It almost invariably affects embryonic and/or
fetal development and can result in central nervous
system lesions, deafness, blindness and heart defects.
The literature also reports the negative action of
herpes simplex, cytomegalovirus, Treponema palli-
dum and Toxoplasma gondii [35,36].
In respect to alcohol, the consumption of which is

becoming ever more common in women of reproduc-
tive age, prenatal exposure can lead to a wide range
of adverse effects that are related to the length of expo-
sure and the amount ingested. This can result in miscar-
riages (prenatal death), low birth weight and stature,

microcephaly, palpebral fissure ptosis, orofacial fis-
sures, overall development delay, intellectual disabil-
ities, and behavior changes, among others. As there is
no estimate as to the safe dose to which the developing
child can be exposed, women should be advised to
abstain from alcohol consumption from conception
[37,38].

Diabetes during pregnancy has well-documented
teratogenic effects and significantly increases the risk
for major BDs. Congenital malformations are up to
10-fold more frequent with preexisting type I, type II,
or gestational diabetes. Diabetic embryopathy can
affect many organ systems, but the most common
malformations affect the heart and the neural tube. Ter-
atogenesis may directly result from hyperglycemia,
aberrant glycosylation, elevated metabolites or changes
in the gene expression profile of the fetus involving
epigenetic factors. Thus, the control of blood sugar
levels during pregnancy is a major preventive strategy
for BDs [39–43].

Maternal hyperthermia is another risk factor for a
wide range of structural and functional BDs. The cen-
tral nervous system is most at risk probably because it
cannot compensate for the loss of prospective neurons
by additional divisions by the surviving neuroblasts; it
remains at risk at stages throughout pre and postnatal
life. The most common defects also included neural
tube, microphthalmia, cataracts, and micrencephaly,
with associated functional and behavioral problems.
Defects of craniofacial development involving clefts,
the axial and appendicular skeleton, the body wall,
teeth, and heart have also been described [44].

Epilepsy, which affects one in every 300 women of
childbearing age, is also considered a maternal disease
that can interfere with originally normal child develop-
ment. This is because anticonvulsants have proven ter-
atogenic effect and represent an additional risk factor
in these cases causing predisposition of orofacial clefts,
distal phalanx hypoplasia and neural tube defects [45].

There are also suggestions that an inadequate diet,
with insufficient nutrients during the gestational period
can increase the risk of BDs. A diet deficient in folate,
for example, increases the risk of neural tube closure
defects in genetically predisposed fetuses [46]. With
400 mcg of folic acid daily in the periconceptional per-
iod, at least one month prior to conception and in the
early days of pregnancy, 50 to 70% of neural tube
defects may be prevented with a decreased risk of heart
and extremity defects [47].

Infantmortality is one of themost important situations
to be considered with congenital anomalies because it is
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indicative of the health of a community or country as it
is directly associated with factors such as maternal
health, quality of and access to health services, socioe-
conomic conditions and public health practices. After
the causes of infant mortality were stratified, decreases
in the total mortality rate, in particular deaths due to
infection, were observed in several regions of the
world. As a result, the proportion of deaths attributable
to BDs is increasing [48,49].

3. Consequences

In fact, BDs play an important role in the morbidity
and mortality of children [50]. Several studies have
reported that more than 20% of newborn deaths result
fromBDs [3,51]. In the United States about seven deaths
occur for every 1000 live births. Congenital anomalies,
leading to the death of about 6000 babies per year, are
the main cause of infant mortality in this country [2].
As an example of the reality of a developing country,

perinatal causes in Brazil in 1980 were responsible for
about 38% of deaths in under 1-year-old children and
congenital anomalies for only 5%. In 1990, this situation
began to change and in 2000, infectious and respiratory
diseases were the cause of less than 10% of deaths and
congenital anomalies for 13%. Thus, between 1980
and 2000, BDs passed from the 5th to the 2nd highest
cause of death in under 1-year-old children [1,52].
In addition to death, another factor related to conge-

nital anomalies is the chronicity, which imposes high
costs of treatment. BDs are among the leading causes
of loss of potential years of life. It is estimated that chil-
dren with these defects represent up to 30% of all
pediatric hospitalizations [53]. However, knowledge
about the economic impact of these defects on society,
including the direct and indirect costs over the lifetime
of the affected, remains scarce in Brazil. The estimated
mean cost-life per child should take into account,
among other things, the need for early stimulation
(usually physiotherapy, speech therapy and occupa-
tional therapy), special or inclusive education needs,
and loss of productivity due to disability or death and
decreased family income of the guardian of the child
[54]. The psychosocial costs, such as psychological
trauma in the family and the difficulties of adapting
to ‘normal’ society with great risk of the family break-
ing up, should also be added to this calculation [50].
The prevalence of BDs is often high due to the lack of

understanding of preventive measures. This difficulty is

summed to an absence of effective public health policies
including reductions in fertility, immunization against
maternal infectious diseases that affect the fetus, family
planning, preconception care, vitamin supplementation
and antenatal diagnosis [55]. Information about conge-
nital defects is becoming increasingly relevant world-
wide because this is an important public health
problem [56]. Hence, identification of the prevalence,
risk factors and consequences of BDs are essential to
plan preventive measures and effective treatment.

The elucidation of specific risk factors may offer
opportunities for prevention. Women who have opti-
mum health prior to conception and are aware of the
risks and possible preventive strategies can reduce
the risk of babies with defects. The study of Czeizel
[57] showed an example of preconception prevention
that significantly reduced the rate of congenital mal-
formations (2.9% versus 4.0%), in particular neural
tube defects and cardiovascular malformations, due to
multiple-vitamin periconceptional supplementation, a
reduction in mothers smoking, the identification of high
risk couples and better access to specialists. In summary,
experience has demonstrated the feasibility and useful-
ness of preconception care in preventing BDs.

The precise diagnosis of this kind of defect is also a
prerequisite for the prognosis and decisions on the
conduct to treat affected infants [58]. When there is
no etiological diagnosis, not only are therapeutic and
preventive strategies impaired, but genetic counseling
will be less effective because it will not be possible to
explain to the family about the source of the problem
and the risk of recurrence. These are sufficient reasons
to encourage epidemiological studies on BDs through-
out the world.

Further research should evaluate the health policies
and preventive measures related to BDs and their
potential benefits. It is very important to train clini-
cians to diagnose BDs and to offer genetic counseling
services to this population because of the complexity
of the information to be conveyed in the context of
a dynamic and emotional process of adaptation to
the diagnosis and prognosis.

References

[1] Calone A,Madi JM, Araújo BF, Zatti H,Madi SRC, Lorencetti J,
et al. Malformações congênitas: aspectos maternos e periatais.
Revista da AMRIGS 2009;53(3):226–30 (in Portuguese).

[2] NussbaumRL,McinnesRR,WillardHF.Thompson&Thompson:
Genética Médica. 7th ed. Rio de Janeiro: Elsevier; 2007.

88 C.I.F. Oliveira and A.C. Fett-Conte / Birth defects

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



[3] Lelong N, Thieulin AC, Vodovar V, Goffinet F, Khoshnood B.
Epidemiological surveillance and prenatal diagnosis of conge-
nital anomalies in the Parisian population, 1981–2007]. Arch
Pediatr 2012;19(10):1030–8 (in French).

[4] Wiener-Megnazi Z, Auslender R, Dirnfeld M. Advanced
paternal age and reproductive outcome. Asian J Androl 2012;
14(1):69–76.

[5] Rajangam S, Devi R. Consanguinity and chromosomal
abnormality in mental retardation and or multiple congenital
anomalies. J Anat Soc India 2007;56(2):30–3.

[6] Gill SK, Broussard C, Devine O, Green RF, Rasmussen SA,
Reefhuis J; National Birth Defects Prevention Study. Asso-
ciation between maternal age and birth defects of unknown
etiology: United States, 1997–2007. Birth Defects Res A Clin
Mol Teratol 2012;94(12):1010–8.

[7] Mozafari Kermani R, Nedaeifard L, Nateghi MR, Shahzadeh
Fazeli A, Ahmadi E, Osia MA, et al. Congenital anomalies in
infants conceived by assisted reproductive techniques. Arch
Iran Med 2012;15(4):228–31.

[8] Reece EA. Diabetes-induced birth defects: what do we
know? What can we do? Curr Diab Rep 2012;12(1):24–32.

[9] Fretts RC. Etiology and prevention of stillbirth. Am J Obstet
Gynecol 2005;193(6):1923–35.

[10] MacDorman MF, Kirmeyer S. Fetal and perinatal mortality,
United States, 2005. Natl Vital Stat Rep 2009;57;(8):1–19.

[11] McClure EM, Saleem S, Pasha O, Goldenberg RL. Stillbirth
in developing countries: a review of causes, risk factors and
prevention strategies. J Matern Fetal Neonatal Med 2009;
22(3):183–90.

[12] O’NeillSM,KearneyPM,KennyLC,KhashanAS,HenriksenTB,
Lutomski JE, Greene RA. Caesarean delivery and subsequent
stillbirth or miscarriage: systematic review and meta-analysis.
PLoS One 2013;8(1):e54588.

[13] Moreira LMA, Dias AL, Ribeiro HBS, Falcão CL, Felício TD,
Stringuetti C, et al. Associação entre o uso de abortifacientes
e defeitos congênitos. Rev Bras Ginecol Obstet 2001;23(18):
517–51 (in Portuguese).

[14] CarvalhoMH, Brizot ML, Lopes LM, Chiba CH,Miyadahira S,
Zugaib M. Detection of fetal structural abnormalities at the
11–14 week ultrasound scan. Prenat Diagn 2002;22(1):1–4.

[15] Costa CM, da Gama SG, Leal Mdo C. Congenital malforma-
tions in Rio de Janeiro, Brazil: prevalence and associated fac-
tors. Cad Saude Publica 2006;22(11):2423–31.

[16] Oliveira CI, Richieri-Costa A, Carvalho Ferrarese VC, Móz
Vaz DC, Fett-Conte AC. Birth defects in newborns and still-
borns: an example of the Brazilian reality. BMC Res Notes
2011;4:343.

[17] Jones K. Smith’s recognizable patterns of human malforma-
tion. 6th ed. Philadelphia: WB Saunders; 2005.

[18] Ramos JL, Carvalho MH, Zugaib M. Socio demographic
characterization and perinatal outcome of pregnancies with
ultrasonographic diagnosis of major fetal malformation in a
referral centre. Rev Assoc Med Bras 2009;55(4):447–51 (in
Portuguese).

[19] Czeizel AE, Intôdy Z, Modell B. What proportion of conge-
nital abnormalities can be prevented? BMJ 1993;306(6876):
499–503.

[20] Hamilton BE, Martin JA, Ventura SJ. Births: Preliminary
Data for 2010. Natl Vital Stat Rep 2011;60(2):1–26.

[21] Miller A, Riehle-Colarusso T, Siffel C, Frías JL, Correa A.
Maternal age and prevalence of isolated congenital heart
defects in an urban area of the United States. Am J Med
Genet A 2011;155A(9):2137–45.

[22] Green RF, Devine O, Crider KS, Olney RS, Archer N,
Olshan AF, et al. Association of paternal age and risk for
major congenital anomalies from the National Birth Defects
Prevention Study, 1997 to 2004. Ann Epidemiol 2010;20(3):
241–9.

[23] Wickens AP. Ageing and the free radical theory. Respir Phy-
siol 2001;128(3):379–91.

[24] Goriely A, Wilkie AO. Paternal age effect mutations and selfish
spermatogonial selection: causes and consequences for human
disease. Am J Hum Genet 2012;90(2):175–200.

[25] Leduc F, Nkoma GB, Boissonneault G. Spermiogenesis and
DNA repair: a possible etiology of human infertility and
genetic disorders. Syst Biol Reprod Med 2008;54(1):3–10.

[26] Colin A, Barroso G, Gómez-López N, Duran EH, Oehninger S.
The effect of age on the expression of apoptosis biomarkers
in human spermatozoa. Fertil Steril 2010;94(7):2609–14.

[27] Kong A, Frigge ML, Masson G, Besenbacher S, Sulem P,
Magnusson G, et al. Rate of de novo mutations and the
importance of father’s age to disease risk. Nature 2012;488
(7412):471–5.

[28] Strauss BS. Genetic counseling for thalassemia in the Islamic
Republic of Iran. Perspect Biol Med 2009;52(3):364–76.

[29] Hamamy H, Antonarakis SE, Cavalli-Sforza LL, Temtamy S,
Romeo G, Kate LP, et al. Consanguineous marriages, pearls
and perils: Geneva International Consanguinity Workshop
Report. Genet Med 2011;13(9):841–7.

[30] Zlotogora J, Shalev SA. The consequences of consanguinity
on the rates of malformations and major medical conditions
at birth and in early childhood in inbred populations. Am J
Med Genet A 2010;152A(8):2023–8.

[31] Hackshaw A, Rodeck C, Boniface S. Maternal smoking in
pregnancy and birth defects: a systematic review based on
173 687 malformed cases and 11.7 million controls. Hum
Reprod Update 2011;17(5):589–604.

[32] Tinker SC, Reefhuis J, Dellinger AM, Jamieson DJ. Maternal
injuries during the periconceptional period and the risk of
birth defects, National Birth Defects Prevention Study,
1997–2005. Paediatr Perinat Epidemiol 2011;25(5):487–96.

[33] Xiu XH, Yuan L, Wang XM, Chen YH, Wan AH, Fu P. Case-
control study on influence factors of birth defects. Zhonghua
Fu Chan Ke Za Zhi 2011;46(7):481–6 (in Chinese).

[34] Morales-Suárez-Varela MM, Toft GV, Jensen MS, Ramlau-
Hansen C, Kaerlev L, Thulstrup AM, et al. Parental Occupa-
tional Exposure to Endocrine Disrupting Chemicals and Male
Genital Malformations: A Study in the Danish National Birth
Cohort Study. Environ Health 2011;10:3.

[35] Gandhoke I, Aggarwal R, Hussain SA, Pasha ST, Sethi P,
Thakur S, et al. Congenital CMV infection; diagnosis in
symptomatic infants. Indian J Med Microbiol 2009;27(3):
222–5.

[36] Fernández Ibieta M, Ramos Amador JT, Bellón Cano JM,
González-Tomé MI, Guillén Martín S, Navarro Gómez M,
et al. Birth defects in a cohort of uninfected children born to
HIV-infected women. An Pediatr (Barc) 2009;70(3):253–64
(in Spanish).

[37] LandgrenM, Svensson L, Strömland K, Andersson GrönlundM.
Prenatal alcohol exposure and neurodevelopmental disorders in
children adopted from eastern Europe. Pediatrics 2010;125(5):
e1178–85.

[38] Feldman HS, Jones KL, Lindsay S, Slymen D, Klonoff-
Cohen H, Kao K, et al. Prenatal alcohol exposure patterns
and alcohol-related birth defects and growth deficiencies: a
prospective study. Alcohol Clin Exp Res 2012;36(4):670–6.

C.I.F. Oliveira and A.C. Fett-Conte / Birth defects 89

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



[39] Metzger BE, Buchanan TA, CoustanDR, de LeivaA, Dunger DB,
Hadden DR, et al. Summary and recommendations of the Fifth
International Workshop-Conference on Gestational Diabetes
Mellitus. Diabetes Care 2007;30(Suppl 2):S251–60.

[40] Dode MA, Santos Ida S. Risk factors for gestational diabetes
mellitus in the birth cohort in Pelotas, Rio Grande do Sul
State, Brazil, 2004. Cad Saude Publica 2009;25(5):1141–52
(in Portuguese).

[41] Pavlinkova G, Salbaum JM, Kappen C. Maternal diabetes
alters transcriptional programs in the developing embryo.
BMC Genomics 2009;10:274.

[42] Correa A, Gilboa SM, Besser LM, Botto LD, Moore CA,
Hobbs CA, et al. Diabetes mellitus and birth defects. Am J
Obstet Gynecol 2008;199(3):237.e1–9.

[43] Salbaum JM, Kappen C. Diabetic embryopathy: a role for the
epigenome? Birth Defects Res A Clin Mol Teratol 2011;91(8):
770–80.

[44] Edwards MJ. Review: Hyperthermia and fever during preg-
nancy. Birth Defects Res A Clin Mol Teratol 2006;76(7):
507–16.

[45] Smith J, Whitehall J. Sodium valproate and the fetus: a case
study and review of the literature. Neonatal Netw 2009;28(6):
363–7.

[46] Au KS, Ashley-Koch A, Northrup H. Epidemiologic and
genetic aspects of spina bifida and other neural tube defects.
Dev Disabil Res Rev 2010;16(1):6–15.

[47] López-Camelo JS, Castilla EE, Orioli IM; INAGEMP (Instituto
Nacional de Genética Médica Populacional); ECLAMC (Estu-
dio Colaborativo Latino Americano deMalformaciones Congé-
nitas). Folic acid flour fortification: impact on the frequencies of
52 congenital anomaly types in three South American countries.
Am J Med Genet A 2010;152A(10):2444–58.

[48] Horovitz DD, Llerena JC Jr, Mattos RA. Birth defects and
health strategies in Brazil: an overview. Cad Saude Publica
2005;21(4):1055–64 (in Portuguese).

[49] Mathews TJ, MacDorman MF. Infant mortality statistics
from the 2005 period linked birth/infant death data set. Natl
Vital Stat Rep 2008;57(2):1–32.

[50] Herbert DL, Lucke JC, Dobson AJ. Birth outcomes after spon-
taneous or assisted conception among infertile Australian
women aged 28 to 36 years: a prospective, population-based
study. Fertil Steril 2012;97(3):630–8.

[51] Wang Y, Hu J, Druschel CM, Kirby RS. Twenty-five-year
survival of children with birth defects in New York State: a
population-based study. Birth Defects Res A Clin Mol Tera-
tol 2011;91(12):995–1003.

[52] Horovitz DD, Cardoso MH, Llerena JC Jr, de Mattos RA.
Birth defects in Brazil and health care: proposals for public
policies in clinical genetics. Cad Saude Publica 2006;22(12):
2599–609 (in Portuguese).

[53] Colvin L, Bower C. A retrospective population-based study
of childhood hospital admissions with record linkage to a
birth defects registry. BMC Pediatr 2009;9:32.

[54] Case AP, Canfield MA. Methods for developing useful esti-
mates of the costs associated with birth defects. Birth Defects
Res A Clin Mol Teratol 2009;85(11):920–4.

[55] GrosenD,ChevrierC, SkyttheA,BilleC,MølstedK, SivertsenA,
et al. A cohort study of recurrence patterns among more than
54,000 relatives of oral cleft cases in Denmark: support for the
multifactorial threshold model of inheritance. J Med Genet 2010;
47(3):162–8.

[56] Hansen CA, Barnett AG, Jalaludin BB, Morgan GG. Ambi-
ent air pollution and birth defects in Brisbane, Australia.
PLoS One 2009;4(4):e5408.

[57] Czeizel AE. Experience of the Hungarian Preconception Ser-
vice between 1984 and 2010. Eur J Obstet Gynecol Reprod
Biol 2012;161(1):18–25.

[58] Resta N, Memo L. Chromosomal microarray (CMA) analysis
in infants with congenital anomalies: when is it really helpful?
J Matern Fetal Neonatal Med 2012;25(Suppl 4):124–6.

90 C.I.F. Oliveira and A.C. Fett-Conte / Birth defects

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


