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Background. Congenital malformations (CMs) are a group of structural or functional anomalies present at birth. These anomalies
result in a high rate of mortality, morbidity, and disability in children. CMs are a major public health problem and place a heavy
burden on healthcare systems in both developed and developing countries including Morocco, which has had a CMs surveillance
system in place since 2011. The aim of this study is to determine the prevalence of CMs in Morocco. Methods. In this study, the
epidemiology of CMs in Morocco was assessed retrospectively using the national surveillance system data gathered from case
notification forms from 2017 to 2021. Results. The main results showed that the prevalence of CMs in Morocco is 3.91/1000 live
births (LBs), and the minimum annual prevalence of CMs was reached in 2017 (3.10/1000 LBs) while the maximum annual
prevalence was recorded in 2018 (4.55/1000 LBs). The majority of CMs are unspecified CMs (68.55%), neural tube defects (NTDs)
account for (21.13%), and orofacial clefts (OFCs) account for (10.32%). In addition, the majority of CMs (61.73%) were from rural
areas. According to region, the Dakhla-Oued Eddahab region recorded the highest prevalence of CMs in Morocco, with 8.81/1000
LBs, while the lowest prevalence was recorded in the Rabat-Sale-Kenitra region, with 2.02/1000 LB. Conclusions. This study reveals
that the national prevalence of CMs is high and may be underestimated, as most of the CMS reported is unspecified. The use of
a CM registry with detailed reporting of all CMs and the promotion of preventive measures are urgently recommended.

1. Context

Congenital malformations (CMs) are part of congenital
anomalies, also known as birth defects, and are defined as
a group of structural or functional abnormalities present at
birth [1, 2] often classified by a system type according to the
International Classification of Diseases ICD-10 [3]. These
anomalies lead to a high rate of mortality and morbidity in
children, with lifelong disability, having a direct impact on
the newborn, parents, family, and healthcare systems. The
World Health Organization (WHO) estimated that in 2017,
CM was the cause of death of 283,582 newborns within
28 days of birth, as well as the death of 474,229 children
under 5years of age [4].

According to March of Dimes on birth defects [5], 8
million children are born worldwide with major congenital
malformations every year, with the prevalence ranging from
47.2 in developed countries to 64.2 per 1,000 live births (LBs)
in low-income countries [5]. The highest prevalence of CMs
is in the Middle East and North Africa [5].

The etiology of CMs remains unknown in 50% of the
cases [2]. Nevertheless, genetic factors, environmental ter-
atogenic factors, and multifactorial causes are thought to be
at the origin of some CMs [6]. Fortunately, the prevention of
some CMs is still possible through the adoption of pre-
ventive measures [1, 7] such as a healthy diet, folic acid (FA)
and iodine fortification and supplementation, rubella vac-
cination, prevention of certain infections such as syphilis
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and toxoplasmosis, preconception health care, and genetic
counselling.

According to the Moroccan Ministry of Health, in 2020,
CMs constitute a public health problem, representing the
cause of death for 19.3% of children under the age of 5 [8]
and 1.4% of the general population [8].

The national prevalence of CMs is not available to date
despite the establishment of a CD surveillance system in
2011, whose reports are limited to neural tube defects
(NTDs) and orofacial clefts (OFCs), without specifying the
types of other CMs [9]. However, local studies concentrated
in the capital Rabat have attempted to give the prevalence of
CMs. Thus, Sabiri et al. [10] in 2013 found that CMs rep-
resented 4% of births and then in 2020, Forci et al. [11] found
that the prevalence of these anomalies was 5.58/1000 births,
while Elghanmi et al. [12] found the prevalence to be 10.2/
1000 births in 2020.

A number of preventive measures have been introduced
in Morocco, such as the fortification of flour with folic acid
(FA) in 2005 and FA supplementation in 2008, as well as
iodine fortification. Other preventive measures have been
implemented, such as rubella vaccination and prevention of
sexually transmitted infections; currently, screening for
neonatal hypothyroidism and screening for congenital
deafness have been implemented.

However, the impact of these measures on children’s
health can only be assessed by means of epidemiological
indicators such as the prevalence of CMs.

In the absence of national CMs prevalence data, our
study aims to determine the national epidemiological sit-
uation, providing a baseline for epidemiological surveillance
of CMS. Consequently, the results will guide local program
managers and international partner organizations in iden-
tifying gaps, implementing effective prevention strategies,
and providing appropriate services.

2. Materials and Methods

2.1. Study Area. This study was carried out in Morocco,
a country located in north-west Africa, with a surface area of
710,850 km?2. In 2022, the Moroccan population was esti-
mated at 36,670,216 and the national number of births in
public establishments was estimated at 684,738 [8].

2.2. Data Collection. To calculate and determine the national
prevalence of CMs in Morocco, a national study was carried
out from 2017 to 2021 based on CMs epidemiological
surveillance data from the Ministry of Health and Social
Protection, whose national program for the prevention and
control of micronutrient deficiencies ensures active sur-
veillance of CMs in all the country’s public health estab-
lishments. This surveillance is based on notification reports
which are systematically transferred each month by the
surveillance program coordinators after the collection of the
notifications from the health personnel. The notification
reports are transferred via an online application to the
Planning and Financial Resources Department of the
Ministry of Health and Social Protection, in particular to the
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Planning and Studies Division, which is responsible for data
processing.

Diagnosis of clinically detectable CMs in newborns is
made through a systemic examination conducted by
healthcare providers such as midwives, pediatricians, gen-
eral practitioners, and nurses. All cases were confirmed by
pediatricians and/or general practitioners.

In order to calculate the prevalence of CMs, the research
also focused on national births registered by region during
the same period, also available from the Planning and Fi-
nancial Resources Department of the Ministry of Health and
Social Protection, in particular the Planning and Studies
Division.

At the level of the CMs surveillance system, prior to 2017,
notification was limited to NTDs and OFCs, so a lack of data
from certain regions was observed. Since 2017, notification
covered all clinically detectable CMs (minor and major), so
data from all regions were available.

2.3. Ethical Considerations. The researchers were authorized
by the Moroccan Ministry of Health and Social Protection to
collect the data (Ref. no. 482/2021).

2.4. Data Analysis. Data were entered and analyzed using
SPSS version 21.0 and Microsoft Excel. Descriptive analyses
were used to describe the distribution of case characteristics.

Prevalence was calculated by dividing the number of
newborns with congenital malformations by the total
number of newborns living during the study period and
included in the study (sample size) multiplied by 1000 [13].

3. Results

Among the 2,244,673 live births recorded in Morocco
covering 5 years, between 2017 and 2021, a total of 8766 cases
of CMs were recorded with a prevalence of 3.91/1000 LBs,
with an average of 1753 cases per year, a variance of 63751.7
cases and a standard deviation of 252.49 cases.

The breakdown by type of CMs concerned by notifi-
cation in Morocco revealed that the majority (68.55%) are
CMs without precision which encompass all clinically de-
tectable CMs, while NTDs represent 21.13% (11.44% for
spina bifida and 9.69% for anencephaly) and OFCs represent
10.32% (2.9% cleft palate (CP), 3.51% cleft lip (CL), and
3.91% cleft palate and lip (CPL)) (Figure 1).

We note that the majority of CMs (61.73%) are located in
rural areas while 38.27% are in urban areas. The overall
prevalence of CMs varied between 2.02 and 8.81/1000 LBs
depending on the region, with the Dakhla-Oued Eddahab
region recording the highest prevalence of cases in Morocco
at 8.81/1000 LB. The lowest prevalence was recorded in the
Rabat-Sale-Kenitra region with 2.02/1000 LBs (Figure 2).

The minimum overall prevalence of CMs was reached in
2017 (3.10/1000 LBs), followed directly by the maximum
overall prevalence of cases in 2018 (4.55/1000 LBs), while the
minimum number was recorded in 2017 (Figure 3).

In 2017, the annual prevalence of other CMs was
minimal (3.10/1000 LBs), peaking in 2018 (4.55/1000 LBs),
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Ficure 1: Distribution of CMs in Morocco between 2017 and 2021.
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FIGURE 2: Prevalence of CMs in Morocco among administrative region from 2017 to 2021.

while a decrease took place between 2019 and 2020 (3.82 and Analysis of the temporal distribution of CMs (by month)
3.78/1000 LBs), followed by an increase in 2021 (4.10/ showed that the maximum number of cases was reached in
1000 LBs). May, followed directly by the minimum number recorded in
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FiGure 3: Annual prevalence of CMs detected by the national
monitoring of CMs from 2017 to 2021.

June. Other peaks were recorded in February, July, and
December (Figure 4).

The national prevalence of NTDs is 0.83/1000 LBs (0.45/
1000 LBs for spina bifida and 0.38/1000 LBs for anencephaly),
the highest being recorded in the Oriental region with 1.77/
1000 LBs and the lowest in the Rabat-Sale-Kenitra region with
0.44/1000 LBs. The highest prevalence was recorded in the
Oriental region at 1.77/1000 LBs, and the lowest in the Rabat -
Sale-Kenitra region at 0.44/1000 LBs (Table 1).

The minimum prevalence of all NTDs was reached in
2017 (0.71/1000 LBs), while the maximum prevalence was
recorded in 2021 (1.02/1000 LBs). Another peak was
recorded in 2018 (0.99/1000 LBs), followed by a decrease in
2019 and 2020 (Figure 3). The maximum number of NTDs
cases was reached in July, with another peak in December.
The lowest number of cases was reached in January, August,
and November. The same pattern was observed for spina
bifida cases. As for cases of anencephaly, the highest number
of cases was also recorded in July (Figure 4).

The national prevalence of OFCs is 0.40/1000 LBs (0.11/
1000 LBs for CP, 0.14/1000 LBs for CL, and 0.15/1000 LBs for
CPL) (Table 2). The highest prevalence of OFCs is recorded
in the Dakhla-Oued Eddahab region with 1/1000 LBs, and
the lowest prevalence of OFCs is recorded in the Rabat-Sale-
Kenitra region with 0.18/1000 LBs (Table 2).

With regards to the prevalence of OFCs, a slight increase
was observed between 2018 and 2020, with 0.01 cases per 1000
LBs per year, followed by a peak recorded in 2021 (0.64/1000
LBs) (Figure 3). It is worth noting that the number of OFCs
gradually declined over the first six months of the year,
gradually increasing until reaching a peak in October, with
a significant drop the following month. The same observation
was made for CPL cases. For CP, a peak was reached in August,
followed by a minimum number of cases in July. The number
of CL cases was high in January and February, followed by
a decrease and quasistability the rest of the time (Figure 5).

4, Discussion

The Millennium Development Goals (Goal 4) and Sus-
tainable Development Goals (Goal 3) include reducing child
mortality and ensuring good health and well-being [14].
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These objectives cannot be achieved without thinking about
CMs, which represent a serious public health problem on
a global scale. Internationally, these anomalies were the
fourth leading cause of death in children under 5 in 2019,
contributing to around 10% of all deaths [15].

In Africa, the percentage of all under-5 mortality at-
tributable to CMs rose from 4.6% in 2000 to 7.6% in 2019.
[16]. Thus, CMs significantly reduces survival and causes
various types of disability [17]. In addition, both major and
minor CMs have been associated with severe maternal
morbidity, such as caesarean delivery, chorioamnionitis, and
postpartum endometritis [18]. In addition, these embryo-
pathies also affect the psychological health of parents,
generating high levels of stress, anxiety, and depression [19].

As reported by March of Dimes on birth defects [5]
worldwide, 8 million children are born each year with major
CMs. The prevalence of CMs depends on the level of na-
tional income. As a result, the prevalence is lower in high-
income countries than in low- and middle-income coun-
tries; in low-income countries, the prevalence of CMs is
64.2/1000 LBs, in developing countries, 55.7/1000LBs, and in
developed countries, 47.2/1000LBs [5]. The highest preva-
lence of CMs is found in the Middle East and North Africa,
more specifically in Sudan with 82/1000LBs [5].

To date, the causes of the majority of CMs are unknown
[2]. However, genetic factors, environmental teratogenic
factors, and multifactorial factors are thought to be at the
origin of some CMs [6]. Fortunately, some CMs can be
prevented by adopting preventive measures [1, 7, 20].

In Morocco, 19.3% of under-5 mortality were attribut-
able to CMs in 2016 [8]. In addition, according to the results
of the second national disability survey [21] done in 2014, the
national prevalence of disability is 6.8%, which means that
CMs are a public health problem.

Some CMs prevention measures have been adopted in
Morocco, such as folic acid fortification of flour in 2005 and
folic acid supplementation in 2008, while other prevention
measures have been implemented, such as rubella vacci-
nation and prevention of sexually transmitted infections.
Furthermore, screening for neonatal hypothyroidism and
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TABLE 2: Prevalence per 1000 LBs of OFCs by type in Morocco from 2017 to 2021.
Number  Total Prevalence Number  Prevalence Number  Prevalence Number of Prevalence of
Regions of birth of of OFCs of cleft of cleft of cleft lio  of clefts li cleft palate  cleft palate
live OFCs palate palate P P and lip and lip
E“:Cg:i;?t"“a““l 243443 93 0.38 34 014 26 011 33 0.14
Oriental 130639 99 0.76 35 0.27 32 0.24 32 0.24
Fes-Meknes 298220 99 0.33 44 0.15 30 0.10 25 0.08
Rabat-Sale-Kenitra 313130 57 0.18 23 0.07 8 0.03 26 0.08
Beni
Mollal-Khenifra 163842 92 0.56 14 0.09 30 0.18 48 0.29
Grand
et lancaSettat 370040 127 0.34 23 0.06 57 0.15 47 013
Marrakech-Safi 346092 131 0.38 31 0.09 46 0.13 54 0.16
Daraa-Tafilalet 123776 80 0.65 19 0.15 27 0.22 34 0.27
Souss-Massa 175294 77 0.44 18 0.10 33 0.19 26 0.15
ggiﬁmm'oued 33748 17 0.50 2 0.06 9 0.27 6 0.18
haaazl‘;zne'sakla EL 3500 20 0.60 4 0.12 5 015 11 0.33
ED(;‘E:}IZbO‘led 12047 13 1.00 7 0.54 5 0.39 1 0.08
Total 2244673 905 0.40 254 0.11 308 0.14 343 0.15
100 - It should be noted that the surveillance system for CMs
90 in Morocco has been in place since 2011 as part of the
% monitoring and evaluation system for the national iron and
folic acid flour fortification program. In addition, reporting
70 was limited to neural tube defects (NTDs) and orofacial
60 - clefts (OFCs) [9]. The monitoring was extended to include
50 - other CMs only in 2017. Medical records and maternal
40 - : interviews were the source of information for active noti-
301 TN T~ N fication, carried out on a monthly basis and covering
ol T W % children of all ages from birth onwards, and including both
10 S T stillbirths and terminations [9]. National surveillance of
CMs is not based on the use of the CMs registry, with the
0 A T T R exception of a single center in the capital Rabat; yet, the
g 1= = < =] a . . . . .
s 5 & & = i E} §D 2 8 t E registry is considered the most effective tool for surveillance,
=1 = o . . . .
< 8 = < 2 38 & g research, and evaluation of public health interventions [22].
2 s A This is the first situational analysis carried out in Mo-
— Cleft palate Cleft palate and lip rocco concerning CMs; the results of this study revealed that
—— Cleftlip _ Total of OFCs the national prevalence of CMs is 3.91/1000LBs, which is

FiGure 5: Distribution of type of OFCs cases by month from 2017
to 2021 in Morocco.

screening for congenital deafness have recently been
implemented. The impact of the various interventions on
birth outcomes should be realized by evaluating a CMs
surveillance system [9].

In Morocco, despite the introduction of a surveillance
system for CMs in 2011 [9] the national prevalence of CMs is
not yet available. However, there are a few local studies
targeting the prevalence of CMs, such as the study carried
out in Rabat in 2020 [11] which estimated the prevalence of
these anomalies at 5.58/1000 births and another study
carried out in the same context [12] found a prevalence of
10.2/1000 births. In Rabat, CMs accounted for 4% of births
in 2010 [10].

close to the prevalence found in local studies carried out
between 2011 and 2016 in the capital Rabat in 2020 [23]
estimating CMs prevalence at 5.58/1000 births, while an-
other study carried out between 2011 and 2014 in the same
context [12] found a higher prevalence than our result of
10.2/1000 births.

A review of sub-Saharan African countries published in
2020 [24] revealed that the pooled prevalence of CMs was
20.40/1000 births, while in Europe, the estimated prevalence
of CMs was 25.0/1000 births [25]. Worldwide, around 3% of
children suffer from major CMs [22].

It should be noted that the national prevalence of total
CMs reported in our research is very low compared with
other prevalence recorded in Africa and Europe. The
prevalence of total CMs found is much lower than the
prevalence estimated by Mach of Dimes for Morocco (72.7/
1000 LBs) [26] indicating a huge underestimation. This
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underestimation may result from a deficiency in the sur-
veillance system, which does not include birth defects of
genetic or partially genetic origin accounting for about 25%
of all of CMs [5], national notification concerns only clin-
ically detectable CMs so that invisible anomalies and
functional disorders are not diagnosed and, therefore, not
taken into account. In addition, notification does not include
CMs in case of abortions [9]. Indeed, among the clinically
detectable CMs identified by the Moroccan surveillance
system, there are no details of all CMs with the exception of
OFCs (three types...) and NTDs (only spina bifida and
anencephaly). In addition, the reporting system does not
cover children born and cared for in the private sector.

During the present study, a significant disparity was
observed between rural and urban areas (61.73% of CMs
were recorded in rural areas). However, according to the
latest population census in Morocco, the urbanization rate is
60.3% [27]. The results of this study suggest that in rural
areas, the high prevalence of CMs may be explained by
precarious living conditions, poverty, lack of hygiene and
medical follow-up before and during pregnancy, the use of
pesticides in agriculture, and the fact that in rural areas, the
total fertility rate is 2.4 children/woman, whereas in urban
areas in Morocco, it is 1.9 children/woman [8].

It should be noted that a significant regional disparity
was recorded. On the one hand, the highest prevalence of all
CMs as well as OFCs is recorded in the Dakhla-Oued
Eddahab region (8.81/1000 LBs and 1/1000 LBs re-
spectively), which can be associated to the highest smoking
rate in Morocco (16.4%) recorded in this region [27].
However, the highest prevalence of NTDs is recorded in the
Oriental region (1.77/1000 LBs). On the other hand, the
lowest overall prevalence of CMs, NTDs, and OFCs are
reported in the Rabat-Sale-Kenitra region, which can be
justified by favorable health conditions, such as the high
urbanization rate (72.2%), the low unemployment rate
(12.2%) in 2021, and the fact that more than half of
Morocco’s practicing physicians are concentrated in the
Rabat-Sale-Kenitra and  Greater  Casablanca-Settat
regions [27].

The national prevalence of NTDs found in our study is
0.83/1000 LBs, which is lower than the estimated prev-
alence of NTDs for Morocco reported by Kancherla [28]
(1.75/1000 LBs); also, this prevalence is notably lower than
the Mach of Dime estimation [26] (2.2/1000 LBs). Our
prevalence is double the prevalence found [29] in
a multicenter study (20 public hospitals in Morocco) with
a duration of three years (2012-2014), i.e., a prevalence of
0.43/1000 LBs. However, this multicenter study excluded
stillbirths, fetal deaths in utero after 22 weeks’ amenor-
rhea, and medical terminations of pregnancy. Other local
Moroccan studies have shown that the annual prevalence
of NTDs [30] has decreased significantly, from 2.17 in
2008 to 1.21/1000 births in 2011. In 2021, another
Moroccan study [31] showed that the prevalence rate of
NTDs was 1 per 1000 LBs in Rabat. It should be noted that
the national prevalence of NTDs detected in our study is
lower than the worldwide prevalence of NTDs, which is
1.86/1000 LBs [28].

According to our results, the prevalence of spina bifida
and anencephaly was 0.45 and 0.38/1000 LBs, respectively,
whereas Laamri [29] concluded in a study of NTDs that the
prevalence from 2012 to 2014 of spina bifida and anen-
cephaly was 0.19 and 0.23/1000 LBs, respectively.

With regards to OFCs, the national prevalence in our
study (0.40/1000 LBs) is double the prevalence found in the
Moroccan multicenter study by Laamiri [29] which was
0.25/1000 LBs. Our results are lower than the pooled
prevalence of OFCs in low- and middle-income countries,
which was approximately 1.38/1000 births [32]. In-
ternationally, a recent systematic review published in 2023
concluded that the global prevalence of OFCs was estimated
at 4.6 million children [29].

According to a meta-analysis published in 2021 [33], the
worldwide prevalence of cleft palate, cleft lip, and cleft palate
was 0.33, 0.30, and 0.45/1000 LBs, respectively. In contrast,
our results showed that the national prevalence of cleft
palate, cleft lip, and cleft lip/palate was 0.11, 0.14, and 0.15/
1000 LBs, respectively.

No seasonal variation was detected in our analysis of
OFC cases, whereas in South Africa, a study [34] showed
seasonal variation only for patients presenting with both
FFOs. Another Chinese study [35] showed a seasonal var-
iation in OFC patients, with peak prevalence at birth during
winter. In contrast, a trend towards seasonality was observed
in spring in Brazil between 2008 and 2019 [36].

Another Chinese study [35] found a seasonal variation in
people with OFCs, with peak prevalence at birth during
winter. In contrast, a trend towards seasonality was observed
in spring in Brazil between 2008 and 2019 [36].

In our context, there are many risk factors for the onset
of CMs, such as 30.3% of women suffering from anemia [27],
29% of Moroccan women are obese [27], and 51.3% of
women are illiterate [27]. Moreover, there is a lack of
knowledge about the risk of consuming teratogenic plants
such as fenugreek, which has been associated in Moroccan
studies [10, 37, 38] to the occurrence of CMs, particularly
NTDs, and the same is true for the use of antiepileptic drugs
[10]. Fortunately, only 1% of Moroccan women are
smokers [27].

Similarly, the average age of marriage is high in Mo-
rocco, at 25.5 for women [27]. Consanguineous marriages
are more frequent in Morocco. A Moroccan study [39]
showed that consanguinity is a risk factor for CMs.

A recent study [31] conducted in the Moroccan capital
revealed that none of the mothers of newborns with NTDs
took FA supplements before conception, and only 41% of
them did so during the first trimester of pregnancy.

On the one hand, certain limitations need to be taken
into account when interpreting the results, notably the
fact that unfortunately, the national surveillance system
focuses on NTDs and OFCs notification without giving
details about other CMs. Besides, CMs are not notifiables
diseases and, therefore, omissions from notification are
possible and also that private sector data on CMs are not
available.

On the other hand, the Ministry of Health and Social
Protection has recently introduced the use of computerized



medical records in both the public and private sectors,
enabling more effective national monitoring of CMs.

Based on our findings, it is recommended to generalize
the use of the CMs registry for the whole kingdom to include
all CMs in detail, in particular to establish a network of
registries that plays a key role in coordinating CMs sur-
veillance and research in Morocco. It is also recommended
to increase healthcare provision by ensuring a sufficient
number of genetic study centers to cover the surveillance of
genetic abnormalities.

5. Conclusions

CMs remain a major cause of mortality, infant morbidity,
and disability in Morocco. This study presents the first
situational analysis carried out in Morocco concerning these
embryopathies, revealing that national prevalence is sig-
nificantly underestimated. Health system decision-makers
need to generalize the use of the CMs registry for more
effective epidemiological surveillance, insist on screening
and detailed notification of all CMs, raise awareness among
healthcare professionals about the importance of notifica-
tion, and emphasize the necessity of preventive measures
such as folic acid supplementation before and during
pregnancy.
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