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Abstract
Background: In French Guiana, pregnant women may be exposed to infectious, environmental, and social risks
leading to congenital malformation. The objective of the study was to study mortality rates from congenital
malformations among infants < 1 year and to compare them with those in mainland France.
Methods: We used the CEPI DC (INSERM) database, which compiles annual data from death certificates in all
French territories using the International Classification of Diseases. Annual deaths for French Guiana and mainland
France between 2005 and 2015 were compiled. The age category studied was children less than 1 year and deaths
from congenital malformations, deformations and chromosomal abnormalities were compiled. Crude risk ratios and
95% confidence intervals were calculated to quantify the excess risk of disease in French Guiana.
Results: In French Guiana between 2005 and 2015 there were 666 deaths of children aged < 1 year, among which,
132 (19.8%) were due to congenital malformations and chromosomal anomalies. Overall the risk ratio of death from
congenital malformations and chromosomal anomalies between French Guiana and mainland France was 2.7 (1.5–4.7),
P < 0.001 for neurological congenital malformations it was 4.8 (1.2–19.7), P = 0.01 and for congenital malformations of
the circulatory system it was 3.3 (1.5–6.9), P = 0.001.
Conclusions: The incidence of death from congenital malformations or chromosomal anomalies in French Guiana was
significantly higher than in mainland France. Explanations for this may be infections, genetic causes, nutritional causes,
and toxic causes that are prevalent. There is a need to identify factors that predispose children born in French Guiana
to having a higher risk of congenital malformations and chromosomal anomalies.
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Introduction
Congenital heart defects (CHD) account for nearly one
third of babies with major congenital anomalies diagnosed
in Europe [1, 2]. In France the estimated prevalence was
estimated at 8.30 (8.00–8.61) per 1000 births [2]. In the
USA, congenital heart defects (CHDs) are diagnosed in
‘10 in 1000 to 1500 newborns [3]. In Barbados, congenital
malformations of the circulatory system are estimated to
be 1.2 per 1000 births (1–1.5) [4]. In Latin America, there
are heterogeneities in congenital heart defects ranging
from 0.037 to 2.7 per 1000 births [5]. There has been a
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substantial increase in the prevalence of congenital heart
disease worldwide [6]. Proven risk exposures are maternal
pre-gestational diabetes mellitus, phenylketonuria, febrile
illness, infections, various therapeutic drug exposures,
vitamin A use, marijuana use, and exposure to organic
solvents. In recent decades progress has led to a decrease
in infant mortality and an increase in children with CHD,
which raises increasing challenges to care for these patients. In the USA, mortality thus declined from 92.16 per
100,000 population of that age in 1979–1981 and 56.46
per 100,000 population of that age in 1995–1997 [7].
French Guiana is a French overseas territory located
on the Guiana shield. Although it has the highest GDP
per capita in Latin America, there is a structural lag with
mainland France and marked health inequalities within
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French Guiana. This is often linked with poor pregnancy
follow up and preterm delivery [8]. There is a great
demographic mix with 2/3rds of the population born
outside of French Guiana, a third of the population
being foreign born, Creole populations from French
Guiana and the Antilles, French Europeans, Maroon
populations (descendents of runaway slaves) and indigenous Amerindians. There is widespread admixture,
with some populations remaining much more endogamous [9]. This is potentially linked with a greater risk of
congenital anomalies [10]. Recently, we described a very
high incidence of Pompe’s disease among the Maroon
population of French Guiana attributed to a combination
of founder effect and endogamy, [11] circumstances that
may affect the incidence of other genetic anomalies.
French Guiana has the highest fertility rate in Latin
America (3.45) and has an enduring preterm birth problem (13%) and higher rates of infant mortality (9.3 per
1000) than in mainland France(3.5 per 1000) [8, 12].
Despite a free follow-up of all pregnancies with systematic folate supplementation, actual pregnancy follow-up
is late and incomplete for a third of women, notably for
the most socially vulnerable women [8]. In addition to
the recent results on Pompe’s disease, and to recent
reports of lead poisoning in pregnant women in French
Guiana [13], the Zika virus epidemic focused the attention on pregnancy outcomes of women in French
Guiana [14]. In this context, the objective of the present
study was to study mortality rates from congenital
malformations among infants < 1 year and to compare
them with those in mainland France using the same data
source to minimize bias.

Methods
We used the CEPI DC (INSERM) database, which compiles annual data from standardized death certificates in
all French territories using the 10th International Classification of Diseases [15]. The death certificates are filled
in by a physician who must fill the initial cause of death
and the associated causes having contributed to death.
Annual deaths for French Guiana and mainland France
between 2005 and 2015 were obtained from http://
www.cepidc.inserm.fr, which gives the statistics regarding the underlying cause of death. The age category
studied was children less than 1 year, which represents
the infant mortality from congenital malformations and
chromosomal anomalies. The number of deaths attributed to Q20-Q28, or Q00-Q07, or Q00-Q99 was divided
by the average number of births over the period. This
allowed making comparisons between mainland France
and French Guiana. Crude risk ratios and 95% confidence intervals were calculated using Stata’s CSI command in order to quantify the excess risk of disease in
French Guiana. The spatial distribution of deaths may
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have allowed generating hypotheses, but in French
Guiana, it was not possible to obtain data about the residence of the children which could have led to inferences
regarding the ethnicity. Given the small size of some
villages, such data would have made it possible to identify the child, which is forbidden by the Commission
Nationale Informatique et Libertés. The data used did
not allow us to determine whether there was an autopsy
or a dysmorphic evaluation. The analysis uses aggregated data which is publicly available and thus does
not require ethical clearance. The analysis was mostly
descriptive. Risk ratios were also used to search for a
sex-related difference. In order to look for a trend the
data was plotted and the Cocchran-Armitage test was
used using Royston’s ptrend package for STATA
(STATA Corp, College Station, Texas).

Results
In French Guiana between 2005 and 2015 there were
666 deaths of children aged < 1 year, among which, 132
(19.8%) were due to congenital malformations and
chromosomal anomalies. Among these congenital malformations and chromosomal anomalies 71 (10.6%) were
attributed to “congenital malformations of the circulatory apparatus”, 17 (2.5%) were neurological congenital
malformations, and 44 (6.6%) were other malformations
and chromosomal anomalies. In mainland France, in the
same time frame there were 29,614 deaths of children
aged < 1 year, among which 6200 (20.9%) were attributed
to congenital malformations and chromosomal anomalies. Among these 2583 (8.7%) were attributed to “congenital malformations of the circulatory apparatus”, 663
(2.2%) were caused by neurological congenital malformations and 2954 (9.8%) by other malformations and
chromosomal anomalies.
When factoring in the number of births, in French
Guiana the annual incidence rate of death from “congenital malformations and chromosomal anomalies” was
higher than in Mainland France (Table 1). The annual
incidence rates of death from “congenital malformations
of the circulatory apparatus”, from neurological congenital malformations, and other congenital malformations
or chromosomal anomalies were significantly higher
than in mainland France.
When comparing male and female deaths there was
no statistically significant difference for “congenital malformations of the circulatory apparatus” (p = 0.24),
neurological congenital malformations (p = 0.13), other
malformations and chromosomal anomalies (p = 0.25).
When comparing risk ratios for deaths by gender there
was no significant difference (risk ratio = 0.95 (95%
CI = 0.6–1.5), risk ratio = 0.8 (95% CI = 0.3–2), and
risk ratio = 1. 3 (95% CI = 0.7–2.3), for cardiac, neurological, and other malformations, respectively.

Nacher et al. BMC Pediatrics

(2018) 18:393

Page 3 of 5

Table 1 Death rates for different congenital or chromosomal
anomalies: comparison between French Guiana and France,
2005–2015
Death rate in children
under 1 year of age
per 1000 births

Risk ratio French
Guiana/France
< 1 year

Congenital malformations and chromosomal anomalies (overall)
French Guiana

2.17

Mainland France

0.69

2.6 (2.2–3.1),
P < 0.0001

Neurological congenital malformations
French Guiana

0.28

Mainland France

0.07

3.17 (1.9–5.1),
P < 0.0001

Congenital malformations of the circulatory apparatus
French Guiana

1.17

Mainland France

0.29

3.4 (2.7–4.3),
P < 0.0001

Other congenital malformations or chromosomal anomalies
French Guiana

0.72

Mainland France

0.33

1.8 (1.3–2.5),
P < 0.0001

Discussion
The main finding of the present study was is that the
incidence of congenital malformations of the circulatory
apparatus and of neurological congenital malformations
are significantly higher than what is observed in Mainland France with the same data source. The high incidence of mortality due to “congenital malformations of
the circulatory apparatus” in French Guiana among
children aged< 1 year was over 3 times higher than in
mainland France. The frequency of death from congenital neurological malformations was also 4.8 times higher
in French Guiana than in mainland France, which also
raises questions about maternal exposure to infections,
toxins, inadequate nutrition and antenatal care that
predisposes their infants to develop these congenital
malformations. Folate supplementation has been the
norm throughout the study period but follow up of
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Figure 1 plots the temporal evolution of deaths for
congenital malformations of the circulatory apparatus,
neurological congenital malformations, and other malformations and chromosomal anomalies. In 2005
there were 3 deaths from circulatory malformations, 5
from neurological malformations, and 4 from other

malformations, the number of deaths from circulatory
malformations peaked twice at 12 per year, for neurological malformations the highest number of deaths
was 8 per year and for other malformations the highest number was 8 per year. In 2015, there were 4
deaths of children aged < 1 year from circulatory malformation, 7 from neurological malformations and 5
from other malformations or chromosomal anomalies.
There was no significant temporal trend for the number of deaths from cardiac malformations (P = 0.18),
neurological malformations (p = 0.15), or other malformations (P = 0.19).

2005

2010
Year
Cardiac malformations

2015
Other malformations

Neurological malformations

Fig. 1 Temporal evolution of the number of deaths of children aged < 1 year in French Guiana caused by congenital malformations
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pregnancies is often not optimal, notably in the first trimester [8, 16]. These differences using the same instrument could hypothetically be linked to biases in death
certificate filling habits, in a context of fewer physicians
in French Guiana relative to France. In this scenario, a
bias in the diagnostic accuracy of certificates from
French Guiana relative to mainland France would inflate
the differences. However, physicians in French Guiana
are trained in the same university system as those from
France therefore this seems an unlikely explanation. It is
also possible that there are fewer pregnancy terminations
for fetal anomaly for reasons pertaining for lack of access or for cultural barriers. However, another explanation could be that “congenital malformations of the
circulatory apparatus” and other congenital pathologies
could really be more frequent in French Guiana than in
mainland France. We have shown that 3.25% of all
mothers in Western French Guiana were heterozygotes
for Pompe disease, thus presumably nearly 5% of Maroon mothers being heterozygotes [11]. If we assume
prevalence is equivalent in Maroon men and 1 in 4 children of a couple of heterozygotes would get the disease,
then 0.05*0.05*0.25*3000 pregnant Maroon women
every year the number would be close to 2 per year,
which seems to fall short from the observed numbers.
Other explanations such as the very high frequency of
lead poisoning in French Guiana [13], the frequency of
fetal alcohol syndrome [17] the frequency of preterm
delivery [18, 19] could be alternative/complementary hypotheses. We did not find any difference between males
and females. There was no significant– temporal trend
observed. Given the small population of French Guiana
and the small number of events annual fluctuations may
require a longer observation period to demonstrate any
trend. Perhaps a registry of congenital malformations
would help understanding and prevention through the
collection of individual and detailed information on malformations in French Guiana.
The present study has some important limitations.
The use of aggregate data did not allow getting detailed
information about each case and thus only gives a crude
estimate that would require additional investigation. We
only estimated crude risk ratios and could thus not
adjust for potential confounding or search for significant
effect modifiers. Finally, the quality of the information in
death certificates may be variable, notably in remote
areas in the interior where health professionals may not
always be available to fill death certificates.

Conclusions
The present paper showed that in French Guiana the
incidence of death from congenital malformations of the
cardiovascular and neurological system was significantly
higher than in mainland France. There are several

Page 4 of 5

potential explanations for this high incidence of deaths
from congenital malformations: infections during pregnancy [14, 20, 21], exposure to toxic metals [13, 22, 23],
fetal alcohol syndrome, diabetes, nutritional deficiencies,
social precariousness, preterm birth [8], and endogamy
[9, 11]. The policy implications of this observation are
that spontaneous abortions, stillbirths, and congenital
malformations, should be the focus of specific individual
data collection to better describe their nature. Moreover,
in a French territory where infant mortality is much
higher than in mainland France [24] and where child
development and failure in school are also of great
concern [25], longitudinal studies should be funded to
disentangle the web of potential determinants and find
ways to reduce infant mortality and developmental
abnormalities in French Guiana.
Funding
No funding was received.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
MN conceived the study, analyzed data and drafted the manuscript; VL, AF,
GC, NE critically revised the manuscript for intellectual content; all authors
approved the final manuscript; MN is the guarantor of the paper.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
CIC INSERM 1424, Centre Hospitalier Andrée Rosemon, Cayenne, French
Guiana. 2Centre hospitalier de l’Ouest Guyanais, Saint Laurent du Maroni,
French Guiana. 3Service de néonatalogie, Centre Hospitalier Andrée
Rosemon, Cayenne, French Guiana. 4Service de Gynécologie Obstétrique,
Centre hospitalier de l’Ouest Guyanais, Saint Laurent du Maroni, French
Guiana. 5Service de pédiatrie, Centre Hospitalier Andrée Rosemon, Cayenne,
French Guiana.
Received: 5 June 2018 Accepted: 14 December 2018

References
1. Dolk H, Loane M, Garne E. The prevalence of congenital anomalies in
Europe: Rare diseases epidemiology. Basel: Springer; 2010. p. 349–64.
2. Dolk H, Loane M, Garne E, Group ESoCAW. Congenital heart defects in
EuropeClinical perspective: prevalence and perinatal mortality, 2000 to 2005.
Circulation. 2011;123:841–9.
3. Boneva RS, Botto LD, Moore CA, Yang Q, Correa A, et al. Mortality
associated with congenital heart defects in the United States: trends and
racial disparities, 1979–1997. Circulation. 2001;103:2376–81.
4. Singh K, Krishnamurthy K, Greaves C, Kandamaran L, Nielsen AL, et al. Major
congenital malformations in Barbados: the prevalence, the pattern, and the

Nacher et al. BMC Pediatrics

5.
6.

7.

8.

9.

10.
11.

12.
13.

14.

15.
16.

17.
18.

19.

20.

21.

22.

23.

24.
25.

(2018) 18:393

resulting morbidity and mortality. ISRN obstetrics and gynecology. 2014:
2014.
Lopez-Camelo JS, Orioli IM. Heterogeneous rates for birth defects in Latin
America: hints on causality. Genet Epidemiol. 1996;13:469–81.
Jenkins KJ, Correa A, Feinstein JA, Botto L, Britt AE, et al. Noninherited risk
factors and congenital cardiovascular defects: current knowledge: a
scientific statement from the American Heart Association Council on
cardiovascular disease in the young: endorsed by the American Academy of
Pediatrics. Circulation. 2007;115:2995–3014.
K-s L, Khoshnood B, Chen L, Wall SN, Cromie WJ, et al. Infant mortality from
congenital malformations in the United States, 1970–1997. Obstet Gynecol.
2001;98:620–7.
Leneuve-Dorilas M, Favre A, Carles G, Louis A, Nacher M. Risk factors for
premature birth in French Guiana: the importance of reducing health
inequalities. J Matern Fetal Neonatal Med. 2017:1–9. https://doi.org/10.1080/
14767058.2017.1403578.
Fortes-Lima C, Gessain A, Ruiz-Linares A, Bortolini M-C, Migot-Nabias F, et al.
Genome-wide ancestry and demographic history of African-descendant
maroon communities from French Guiana and Suriname. Am J Hum Genet.
2017;101:725–36.
Bittles AH. Endogamy, consanguinity and community genetics. J Genet.
2002;81:91–8.
Elenga N, Verloes A, Mrsic Y, Basurko C, Schaub R, et al. Incidence of
infantile Pompe disease in the maroon population of French Guiana. BMJ
Paediatrics Open. 2018;2:e000182.
Roser M. Our world in data. https://ourworldindata.org/life-expectancy.
Rimbaud D, Restrepo M, Louison A, Boukhari R, Ardillon V, et al. Blood lead
levels and risk factors for lead exposure among pregnant women in
western French Guiana: the role of manioc consumption. J Toxic Environ
Health A. 2017;80:382–93.
Hoen B, Schaub B, Funk AL, Ardillon V, Boullard M, et al. Pregnancy
outcomes after ZIKV infection in French territories in the Americas. N Engl J
Med. 2018;378:985–94.
INSERM (2018), CEPIDECES. http://www.cepidc.inserm.fr/.
Castilla EE, Orioli IM, Lopez-Camelo JS, Dutra MG, Nazer-Herrera J, et al.
Preliminary data on changes in neural tube defect prevalence rates after
folic acid fortification in South America. Am J Med Genet A. 2003;123:123–8.
Caetano R, Carlini-Cotrim B. Perspectives on alcohol epidemiology research
in South America. Alcohol Res Health. 1993;17:244.
Laas E, Lelong N, Ancel P-Y, Bonnet D, Houyel L, et al. Impact of preterm
birth on infant mortality for newborns with congenital heart defects: the
EPICARD population-based cohort study. BMC Pediatr. 2017;17:124.
Petrossian RA, Kuehl KS, Loffredo CA. Relationship of birth weight with
congenital cardiovascular malformations in a population-based study.
Cardiol Young. 2015;25:1086–92.
Basurko C, Matheus S, Hildéral H, Everhard S, Restrepo M, et al. (2018)
Estimating the risk of vertical transmission of dengue: a prospective study.
The American journal of tropical medicine and hygiene.
Carme B, Demar M, Ajzenberg D, Dardé ML. Severe acquired toxoplasmosis
caused by wild cycle of toxoplasma gondii, French Guiana. Emerging
infectious diseases. 2009;15:656.
Lambert V, Boukhari R, Nacher M, Goullé J-P, Roudier E, et al. Plasma and
urinary aluminum concentrations in severely anemic geophagous pregnant
women in the bas Maroni region of French Guiana: a case-control study.
Am J Trop Med Hyg. 2010;83:1100–5.
Cordier S, Garel M, Mandereau L, Morcel H, Doineau P, et al.
Neurodevelopmental investigations among methylmercury-exposed
children in French Guiana. Environ Res. 2002;89:1–11.
DREES (2012) La mortalité infantile dans les départements français d’outremer (2000–2008). http://drees.solidarites-sante.gouv.fr/IMG/pdf/er808.pdf.
INSEE (2014) L’état de l’école en Guyane : des progrès à poursuivre. https://
www.insee.fr/fr/statistiques/1285586.

Page 5 of 5

