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Spatiotemporal Distribution of Non-syndromic Orofacial Clefts
in Villa Clara Province, Cuba, 2013-2018

Noel Taboada-Lugo MD MS, Manuela Herrera-Martinez MD PhD, Geni Hernandez-Gonzalez MD, Hartley Ledesma-Hernandez

ABSTRACT

INTRODUCTION To discern environmental factors that, along
with genes influencing susceptibility, drive the occurrence of non-
syndromic congenital disorders, it is important to identify clusters of
these abnormalities.

OBJECTIVE Determine the adjusted prevalence of orofacial
clefts in Villa Clara Province, Cuba, and identify and describe their
spatiotemporal variability during January 2013—-December 2018.

METHODS Cases were selected from a total of 46,007 births that took
place in the province’s four maternity hospitals during the study period.
Of these, 36 cases of newborns with either prenatal or postnatal non-
syndromic orofacial cleft diagnoses were obtained from hospital and
community registries. We applied spatial statistical analysis techniques with
the aim of identifying areas within the province with the highest prevalence.

INTRODUCTION

Non-syndromic orofacial cleft (NSOFC) refers to a congenital
abnormality of multifactorial origin attributed to a combination of
genetic and environmental factors, in which a monogenic or chro-
mosomal cause has not been identified, characterized by a cleft
lip with or without palate involvement. Its Online Mendelian Inheri-
tance in Man (OMIM) designation is 119530.[1-3]

NSOFC results when structures that give rise to the upper lip
and secondary bone palate fail to fuse during fetal development.
Its clinical phenotype varies from small abnormalities on the ver-
million border of the lip (bilaterally, unilaterally or centrally) to
large spreading clefts reaching toward the nostril floor through
the maxilla’s alveolar portion, which can cause complete palatal
clefts encompassing the secondary or posterior palate, extend-
ing over the entire soft palate and reaching the anterior incisive
fossa.[4,5]

In 1942, Fogh-Anderson classified NSOFCs as cleft lip with cleft
palate (CL with CP), cleft palate (CP) and cleft lip (CL). Early in the
21st century, NSOFCs were already being classified into two groups:
either CL, with or without non-syndromic CP; or non-syndromic CP
according to different embryological and environmental factors
and genetic studies. The CL group with or without non-syndromic
CP includes both persons with CL only (unilateral or bilateral) and
those with CL accompanied by CP. Cases with non-syndromic CP
show a separation in either the hard palate, soft palate or uvula

IMPORTANCE

Detecting spatio-temporal orofacial cleft clusters allows
the planning of more targeted investigations aimed at iden-
tifying genetic, epigenetic, or environmental factors related
to the origin of these congenital abnormalities.

RESULTS Adjusted prevalence was 0.78 per 1000 births. The
most common non-syndromic orofacial congenital abnormality
was cleft lip with or without cleft palate. Frequency of congenital
abnormalities increased during the first two years of the study and
decreased during the last two years. A primary spatiotemporal
cluster was identified in two contiguous municipalities in 2017 and
a secondary one in two other neighboring municipalities between
2014 and 2016.

CONCLUSIONS Spatiotemporal analysis of non-syndromic orofacial
clefts in Villa Clara Province, Cuba, identified two spatiotemporal
clusters, constituting an opportunity to better understand the etiology
of orofacial clefts.

KEYWORDS Cleft lip, cleft palate, congenital abnormalities, disease
hotspot, spatial analysis, Cuba

without lip involvement, pointing to the highly variable phenotypic
expression of this kind of congenital abnormality.[1,2,6]

The most serious morphological abnormality among NSOFCs is
bilateral CL and total CP (10% of cases) and the most frequent is
unilateral CL with total CP (40%). Syndromic abnormalities have
dysmorphic patterns which are associated with other congenital
abnormalities; more than 300 different syndromes associated with
NSOFCs have been identified. However, most cases present as
non-syndromic abnormalities (70%).[7—10]

Although practically all types of Mendelian inheritance have been
considered for these congenital abnormalities, many of their
characteristics are those of a classic multifactorial threshold trait,
where complex interactions between genetic and environmental
factors influence phenotypes. Evidence of genetic contributions
to phenotypic expression are supported, for example, by varia-
tions in frequency between ethnic groups, an increased risk of
recurrence of the most severe phenotypes within families (from
4.0% in unilateral CL without CP to 8.0% in cases with both CL
and bilateral CP), a greater concordance between monozygotic
or identical twins (25%-40%) than between dizygotic or fraternal
twins (3%—6%), a greater risk of recurrence in first-degree rela-
tives and a 76% heritability rate.[1,7]

On the other hand, various environmental risk factors have been
identified in NSOFC etiology, many of which are both prevent-
able and tend to vary depending on the specific congenital defect.
Among these are maternal alcohol consumption, habitual smok-
ing, maternal comorbidities like diabetes and obesity, use of
certain medications, exposure to environmental pollutants and
pesticides, and deficiencies in folic acid and other micronutrients
in the first trimester.[1,2,11-15]

The consideration of space is implicit when calculating incidence
and prevalence rates. Statistical techniques for detecting spa-
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tial, temporal or spatiotemporal clusters provide opportunities to
quantify aspects related to the abnormalities’ spatial and temporal
distributions. Variability patterns in the timing and geographic dis-
tribution of health events are essential for understanding exposure
and preventing future events, whether the underlying process is
contagious, environmental or related to genotypic variability.

Information about spatial patterns is just as useful as information
about demographic or temporal patterns, allowing deeper explo-
ration of the interactions among people, time and space.[16]

Villa Clara Province is in central Cuba, and at 8411.81 km? is the
fourth-largest Cuban province, representing 7.6% of the country’s
total landmass. It is divided into 13 municipalities and has a popu-
lation of 780,749. From January 2013 through December 2018, a
total of 46,007 births occurred in the province.[17]

Malformations involving orofacial structures account for three-
quarters of all congenital abnormalities, which can be attributed
to the intricate genetic and epigenetic mechanisms involved in
assembling the orofacial region.[18,19] NSOFCs affect approxi-
mately 135,000 newborns annually worldwide, with prevalence
ranging from 1 in 2500 to 1 in 500 births. Average prevalence
worldwide is 1 in 700 newborns, although there is considerable
geographic, ethnic and sociocultural variation.[6,7,8,20,21]

The most commonly-treated congenital abnormalities in Cuban pediat-
ric maxillofacial surgery services are labial and palatal fissures.[22,23]
Herrera,[24] in a 2009—2013 cohort study of congenital malformations
and cognitive disability in Villa Clara Province, found a frequency of 1
in 1115 newborns, with an adjusted prevalence of 1.7 per 1000 births.

There are no studies analyzing the spatiotemporal variability of
these congenital disorders in Cuba. Our research was carried out
to determine the adjusted prevalence of NSOFCs in Villa Clara
Province, and identify and describe their spatiotemporal variability
in the years 2013-2018.

METHODS

Study type We carried out a retrospective descriptive observa-
tional study using data from 2013-2018 obtained from the Cuban
Congenital Malformation Registry (RECUMAC) and the Cuban
Congenital Malformation Prenatal Registry (RECUPREMAC). Both
RECUMAC and RECUPREMAC are hospital-based registries
in operation since 1985, allowing for clinical and epidemiological
surveillance of congenital abnormalities in Cuba. These registries
include all live newborns, stillbirths and elective abortions after 20
weeks’ gestation, weighing 2500 grams who presented with one
or more major congenital abnormalities upon physical examination
during the first few hours after delivery.

Data collection RECUMAC data were compiled using results of
physical and dysmorphological examinations performed at one
month and three months of age by genetic counselors as part of the
National Program for the Diagnosis, Management and Prevention of
Genetic Diseases and Congenital Disorders. This program was first
implemented in the 1980s and provides community-based information
from all medical genetics departments in all Cuban municipalities.[25]

Congenital abnormalities were coded according to the ICD-10.
[26] All cases with syndromic NSOFC were excluded from the

study. In all cases, diagnosis was confirmed by clinical genet-
ics specialists at the Villa Clara Provincial Medical Genetics
Center.

Statistical analysis Prevalence rates adjusted at birth were cal-
culated by dividing the numerator (NSOFC live births, stillbirths
or elective terminations among 2013-2018) by the denominator
(total live births and stillbirths in the same period). Prevalence
rates were expressed as the number of cases per 1000 births.
Adjusted prevalence rates were calculated for each of the spatial
analysis units (municipalities) based on the number of births (live
or stillbirths) that occurred in each municipality during the study
period. Temporal units of analysis were divided by year.

To detect spatiotemporal NSOFC clusters, we used specific sta-
tistical techniques for spatiotemporal analysis available in the
freeware SaTScanv7.01. Probability of clusters in each spatial
analysis unit was compared with the probability of clusters occur-
ring outside the unit, and we estimated maximum likelihood ratios
using the Kulldorff method[27] to check if the number of cases
observed in each municipality exceeded the number of cases that
would have been expected for the year. Areas with statistically
significant maximum values were considered primary clusters,
where case frequency could not be attributed to chance. In all
other cases, they were considered secondary clusters. We set the
significance level at a = 0.005.

Expected case number in each municipality was calculated using
the following expression:

E()=pxC/p

...where c is the observed number of NSOFC cases in each spa-
tial unit; p is the reference population (live births, stillbirths, and
elective pregnancy terminations) in each municipality; and C and
P correspond to the total number of NSOFC and births (live births
and stillbirths), respectively.

Relative risk (RR) for each spatial unit was calculated by dividing
the observed number of cases by the expected number of cases,
using the following formula:

c/E(c)
RR=—o/lc-201]
...where c is the observed number of NSOFC cases, E is the
expected number of cases, and C is the total number of cases
within the cluster.[28] Cartographic representations were made
using Maplnfo v. 8.5 by exporting statistical results to the pro-
gram’s geographic information system. Primary and secondary
clusters were represented via red-to-pink color degradation.

Ethics This study is based on data analysis of records from
which all identifying information had been removed, guaran-
teeing complete patient anonymity. Additionally, all mothers of
newborns (live births and stillbirths) included in the study gave
written informed consent, in accordance with the Helsinki Decla-
ration’s ethical standards for human research.[29,30] The study
was approved by the Ethics Committee of Villa Clara Medical
University’s Biomedical Research Unit, as part of the project
entitled Interrelation of genetic and environmental factors in con-
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genital malformations with probable association to folic acid and
other micronutrient deficiencies in Villa Clara Province.

RESULTS

A total of 36 NSOFC cases were registered and included in this
study from January 2013 through December 2018. Live births
accounted for 30 (83.3%) of congenital abnormalities and 6
(16.7%) were elective pregnancy terminations (in all cases,
combined with cardiovascular congenital abnormalities, with-
out evidence of underlying syndromic etiology). No NSOFC
were observed in stillbirths. Other congenital abnormalities were
observed in 8 cases (22.2%). CL with or without CP was observed
in 28 cases (77.8%) (Figure 1).

There were 46,007 births during the study period (45,692 live births
and 315 stillbirths), for an adjusted NSOFC prevalence of 0.78 per
1000 births, and an overall prevalence of 1 per 1277 newborns
(Table 1). In general, NSOFC prevalence increased until 2016 and
then decreased between 2016 and 2018 in cases of CL with or
without CP, while adjusted prevalence of non-syndromic CP varied
little, save for two peaks in the curve in 2014 and 2016 (Figure 2).

Figure 1: NSOFC relative frequency, Villa Clara Province, Cuba,
2013-2018

m Cleft lip with or
without nor-
syndromic cleft
palate

B Non-syndromiccleft
palate

NSOFC: Non-syndromic orofacial clefts

Table 1: Adjusted NSOFC rates, Villa Clara Province, Cuba,
2013-2018

Congenital Adjusted
prmal Cases | prevalence per | ICD-10 codes
abnormality 1000 birthe

Q36, Q36.0, Q36.1,

CL with or Q36.9, Q37, Q37.0,

: 28 061 Q37.1.Q372,
WS EP Q37.3, Q374
Q37.5, Q37.8, Q37.9
. Q35, Q35.1, Q35.3,
Non-syndromic CP 8 0.17 Q35.5, Q35.9
Total NSOFC 36 7 | EEET (e

Q35.7: bifid uvula)
CL: cleft lip CP: cleft palate ICD-10[26] NSOFC: Non-syndromic orofacial cleft

Both primary and secondary spatiotemporal NSOFC clusters
were observed in Villa Clara from 2014 through 2016 (Figure 3),
and we collected information on these clusters (municipalities,
observed and expected case numbers, statistical analysis results
related to relative risk, p-values) (Table 2).

Figure 2: Annual adjusted NSOFC prevalence, Villa Clara Province,
Cuba, 2013-2018
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DISCUSSION

Other associated congenital abnormalities were observed in 8
(22.2%) NSOFC cases. Congenital heart disease (CHD) was
the most common. In six of these infants, the abnormalities were
detected in utero and the couple requested termination. Prenatal
fetal health monitoring provides information necessary for detect-
ing congenital abnormalities and in estimating their effects on
postnatal life.[31]

CHD frequency in our study coincides with that observed by
Jamalian in their work in Iran, who found that CHD, at 38%, was
the most frequent congenital abnormality co-occurring with orofa-
cial clefts, while CHD was only observed in 2% of cases without
orofacial clefts.[32]

However, a 22-year longitudinal hospital-based series carried out
in the Manzanillo municipality (Granma Province, Cuba) found
that the congenital abnormalities most frequently associated
with lip-palatal clefts were those of the osteomyoarticular system
(5.4%), followed by CHD (3.9%).[33]

CL frequency with or without non-syndromic CP in the present
study (77.8% of cases) was 3.5 times higher than that of non-
syndromic CP, similar to rates observed in Brazil (78.6% of
cases, 2.6 times the frequency).[2] Aggregate data from 9
South American countries in the Latin American Collaborative
Congenital Malformation Study (ECLAMC) found CL frequency
with or without non-syndromic CP (82.7% of cases) to be 4.7
times higher than non-syndromic CP.[20]

In Villa Clara Province, CL case frequency, with or without CP,
was higher than rates in the eastern province of Santiago de Cuba
from 2000 to 2009 (71.4% of cases, 2.5 times higher than CP fre-
quency).[34] A US population-based study conducted from 1989
to 2010 in 8 California counties found an overall frequency of CL
with or without CP of 65%, 1.9 times higher than the frequency of
isolated CP, although this study was limited by its failure to include
stillbirths or elective terminations.[35]

As CP is less evident upon external examination, non-syndromic
CP prevalence could be underestimated in studies basing their
data on initial newborn inspection.[8] However, this is unlikely to
be the case in our study, as all live births are evaluated before dis-
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Table 2: Spatiotemporal NSOFC rates, Villa Clara Province, Cuba, 2013-2018

MunICIpallty ExpeCted ﬂ
cases cases

Corralillo,
Primary Quemado de Glines 2017
Secondary  Cifuentes, Encrucijada 2014-2016 4

NSOFC: Non-syndromic orofacial cleft RR: Relative risk

Figure 3: Spatiotemporal NSOFC clusters, Villa Clara Province,
Cuba, 2013-2018
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charge in neonatology services, at one month and three months
of life in community genetics services, and all elective pregnancy
terminations are carried out at the provincial maternity hospital,
where all fetuses undergo an exhaustive morphological study by
pathology services.

In several national and international studies, isolated CP rep-
resents only a third to a half of all observed NSOFC cases.
[8,24,34,36] Other studies show even lower frequencies, includ-
ing one carried out in Villa Clara Province in the 1990s at the
José L. Miranda Pediatric University Hospital’'s orthodontic ser-
vice, where isolated CP represented only 11.4% of all NSOFC
cases.[37]

One possible explanation for this difference is that hard-palate fis-
sures are frequently accompanied by fissures in the lips.[8] Addi-
tionally, the lip and palate have different embryological origins: the
palate is derived from the endodermal lamina, while the lips are
derived from the ectodermal lamina.[2]

Adjusted NSOFC prevalence at birth in Villa Clara Province (0.78
per 1000 births) is within the range described both in Cuba and
worldwide (0.7—1.5 per 1000 newborns).[2,22,29] This frequency
is slightly higher than that found in research on congenital dis-
orders in newborns carried out in Havana from 2000 to 2003, in
which CL with or without CP NSOFC represented 5.4% of all iso-
lated congenital abnormalities, at a prevalence of 0.71 per 1000
births.[38] This coincides with that observed by Cisneros in Santi-
ago de Cuba, who diagnosed 98 NSOFC cases in 138,381 births
over a period of 10 years.[34]

1.28

However, over a five-year period (2007—
2011), researchers in Havana found
an adjusted CL (with or without CP)
prevalence rate of 1.1 per 1000 births
0.004 in Arroyo Naranjo municipality,[39]
lower than observed frequencies in the
years 1998 and 2000 in Octavio de la
Concepciéon de la Pedraja Pediatric
University Hospital in Holguin, a
province in eastern Cuba, at 1.22 and 1.26 per 1000 live births,
respectively.[40]

18.93

3.41 0.965

Frequency of congenital malformations varies greatly by ethnic-
ity: populations of African ancestry have the lowest prevalence,
followed by those of European descent, and then populations of
Native American and Asian ancestry, who have the highest preva-
lence.[6-8,10]

A descriptive analysis using ECLAMC clinical-epidemiological
data from 9 South American countries for 1995-2012, identified
2773 newborns with NSOFC (2293 with CL with or without CP,
and 480 with isolated cleft palate), for an overall prevalence of
1.08 per 1000 newborns.[20]

In Guadalajara, Mexico, which has a large indigenous population,
a 2009-2016 study found a high prevalence of NSOFCs (2.79 per
1000).[41] Other authors studying NSOFC rates in Mexico have
estimated overall frequencies between 0.6-0.9 per 1000 live
births.[28] In the USA, NSOFC rates vary considerably among
different ethnic groups, with higher frequencies among Asian
Americans and Native Americans (2 per 1000), followed by non-
Hispanic whites and Hispanics (1-1.43 per 1000), and with lowest
frequencies among African Americans (0.4 per 1000).[7]

In addition to genetic factors that influence NSOFC-frequency dif-
ferences among ethnic groups, economic and sociocultural fac-
tors play a role in NSOFC spatial variation. For example, NSOFC
rates vary within ethnic groups and nationalities in Africa, from
0.5 per 1000 in Ghana and Nigeria (the latter the most populous
African country and the nation with the largest Black population
worldwide, at >160 million people); 0.7 per 1000 in Malawi; 1.4
per 1000 in Ethiopia; and up to 1.65 per 1000 in Kenya.[21,42]

A recent meta-analysis estimated NSOFC prevalence at 1.38 per
1000 births in low- and middle-income countries.[35] Risk factors
are often interrelated; for example, Chileans with higher NSOFC
rates are in the lowest socioeconomic strata and are also more
likely to be of indigenous ancestry.[5] Possible explanations for
differences in prevalence among geographic regions and socio-
economic statuses include environmental factors like vitamin
intake, nutrition, access to health care and education and life-
style-related factors, like smoking and alcohol abuse.[36,43] The
decrease in cases after 2016 in our study could be attributed, in
part, to increasing consumption of folic acid. In mid-2015, Villa
Clara province implemented a program promoting preconceptive
use of folic acid supplements in all women of childbearing age.

Spatiotemporal variability analysis using spatial epidemiology
techniques can offer important clues as to environmental disease
etiologies. Numerous geospatial cluster studies have been con-
ducted examining the effect of environmental factors on different
congenital abnormalities.[16,20,28]
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A primary spatiotemporal NSOFC cluster was identified in two
municipalities in the extreme northwest corner of Villa Clara Prov-
ince in 2017. Secondary spatiotemporal clusters were observed in
the northern municipalities of Cifuentes and Encrucijada between
2013 and 2016, which merits further study.

These findings are similar to others that have identified geospa-
tial variations for this type of congenital abnormality. For example,
there are significant differences in NSOFC prevalence in different
regions of China, with higher prevalence in the country’s interior
(frequencies of 3.0-4.7 per 1000) compared to coastal areas (at
frequencies of 0.98—1.29 per 1000).

Researchers believe that environmental pollution, economic condi-
tions, health service coverage and diagnostic capacity could con-
tribute to geographic variation.[8] Even within the same Chinese
province, great spatial variability has been reported; as an example,
NSOFC prevalence in Jiayuguan (3.9 per 1000) and Dingxi (2.71
per 1000) were higher than other cities in Gansu Province. In that
case, researchers did not observe significant correlations between
economic conditions and NSOFC prevalence.[44]

Descriptive analysis of high NSOFC prevalence in South America
found a spatial NSOFC cluster encompassing two cities in south-
ern Ecuador (Cafiar and Azogues). Different genetic and environ-
mental risk factors were associated with NSOFCs in this area,
including advanced maternal and paternal age, parental consan-
guinity, low maternal education level and use of drugs such as
antimicrobials in the first trimester of pregnancy.[20]

Other NSOFC risk factors are low serum zinc concentrations and
inadequate maternal levels of folic acid and other vitamins. In fact,
according to WHO, 94% of congenital abnormalities occur in devel-
oping countries, where mothers are more vulnerable to malnutri-
tion. In particular, micronutrients have a decisive influence on the
health of pregnant women and normal fetal and placental develop-
ment.[15,45,46] Zinc is an important micronutrient in embryo-fetal
development and zinc deficiency is linked to nonsyndromic CP and
other congenital abnormalities in animal studies.[21]

An exploratory ecological study of NSOFC spatial variability in the
metropolitan area of Monterrey, Mexico, showed a marked con-
centration of cases in the urban periphery that resulted in several
spatial clusters in the northeast territory showing a strong spatio-
temporal association with environmental pollution.[28]

Although NSOFC spatiotemporal analyses do not offer causal
explanations for identified clusters, they often generate working
hypotheses that can be tested in future research. More targeted
research designs, such as population-based case-control studies,
should be used to explore potential causes of NSOFC clusters in
Villa Clara Province. This study lays the foundation for future stud-
ies of specific NSOFC risk factors, including alcoholic beverage
consumption; smoking; nutritional disorders, including deficien-
cies in zinc, folic acid, or other micronutrients; and heavy metal
and nitrate levels in the soil and in drinking water in the territories
under study.

Identifying NSOFC causal factors is the first step to NSOFC pri-
mary prevention. This study’s strength is the high reliability and
coverage level of the Cuban prenatal and postnatal records of
congenital abnormalities, as well as absence of unregistered
NSOFCs due to the network of community genetics services
located in every municipality, whose counselors evaluate all new-
borns at one and three months of age. This study’s limitations are
similar to those of all spatial analysis research, including biases
related to extrapolating aggregate-level associations to the indi-
vidual scale, as well as expected limitations of spatiotemporal
analyses, namely the inability to provide causal explanations for
the study’s results.

CONCLUSIONS

NSOFC frequency in Villa Clara Province, Cuba from 2013-2018
fell within expected Cuban and worldwide prevalence ranges.
NSOFCs increased during the first four years of the study and
began decreasing in 2016. Our research identified primary and
secondary spatiotemporal NSOFC clusters in several geographi-
cally close municipalities. Although the underlying cause of this
clustering remains unknown, identification of these clusters allows
for more targeted investigations aimed at pinpointing factors relat-
ed to NSOFC etiology.
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