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Introduction. Worldwide, surveys have shown that the frequency of chromosomal disorders among births with congenital
anomalies varies greatly from country to country. It is well known that chromosomal disorders are an important cause of
premature death or life-long disability; however, the absence of local epidemiological data on their birth prevalence and outcomes
impedes policy and service development in many countries and continents. Therefore, the current systematic review and meta-
analysis intend to show the pooled proportion of chromosomal disorders among births with congenital anomalies in Africa.
Methods. From PubMed, Cochrane Library, and Google Scholar, we systematically reviewed and meta-analyzed the studies that
examined the incidence, prevalence, and types of chromosomal disorders using PRISMA guidelines. A weighted inverse variance
random-effects model was used to estimate the pooled proportion of chromosomal disorders among births with congenital
anomalies. Results. From the total of 3,569 studies identified, 1,442 were from PubMed, 108 were from Cochrane Library, 1,830
were from Google Scholar, and 189 were from other sources. After duplication was removed, a total of 844 articles remained (2725
were removed by duplication). Finally, 144 full-text studies were reviewed and 60 articles with 52,569 births having congenital
anomalies met the inclusion criteria and were selected for this meta-analysis. The pooled proportion of chromosomal disorders
among births with congenital anomalies was 8.94% (95% CI; 7.02, 10.86; I?=98.8%; P <0.001). Conclusions and Future Im-
plications. In the current systematic review and meta-analysis, the pooled proportion of chromosomal disorders among births
with congenital anomalies in Africa was small. Down syndrome (trisomy 21) accounted for more than 80% of chromosomal
disorders. The pooled proportion of chromosome disorders was the highest in North African regions and countries compared to
other regions of the continent. Healthcare managers should focus on establishing proper cytogenetic diagnostic facilities in
collaboration with well-trained genetic counseling services in the continent.

1. Introduction

Chromosomal anomalies are the leading causes of con-
genital anomalies, whether inherited or newly discovered
[1, 2]. Worldwide, among the diverse causes of congenital
anomalies, genetic/chromosomal disorders are still on
a disturbing rise, which leads to a major health problem;
indeed, critical control of environmental diseases has been
realized [3]. Nowadays, with the enduring control of
communicable diseases and malnutrition, chromosomal

disorders associated with congenital anomalies are making
a relatively noticeable impact on poor childhood health [4].
Available evidence suggests that congenital and genetic
disorders are responsible for a major proportion of infant
mortality, morbidity, and handicap and are 20% higher in
sub-Saharan Africa than in industrialized countries [5].
Chromosomal disorders can occur in any pregnancy spo-
radically, but the risk of having a pregnancy affected by T21,
T13, or T18 is known to increase with maternal age [6-9].
Recently, environmental factors such as air pollution and
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proximity to hazardous waste sites have been reported to
increase the risk of structural birth defects and chromosomal
disorders [3, 4].

In low-income/middle-income countries like Africa,
they are likely to be underestimated due to the absence of
accurate cause of death data [10, 11]. It has a huge impact on
general health and wellbeing, causing multiple problems
including either mental retardation and/or physical dis-
abilities, especially in low-income countries. The disorders,
especially, aneuploidy in the conceptus or fetus, occur in
5-10% of all pregnancies and are the most common re-
productive problem in human beings [12]. Most embryos
with chromosomal disorders die in utero, resulting in early
pregnancy loss [13]. Cytogenetic evaluation of spontaneous
abortions has shown that 50-70% are chromosomally ab-
normal [14, 15]. Although disorders of the sex chromosomes
have a lesser effect on survival, they can cause infertility and
congenital malformations such as congenital heart disease
[16], as well as have neurodevelopmental and psychological
impacts [16-18].

Most autosomal disorders cause death before the age of
5 years or are characterized by multi-domain disability.
Despite the treatment and rehabilitation of children with
these disorders being costly and complete recovery being
usually impossible [19], the availability of appropriate
medical care in high-income settings is responsible for fewer
deaths before the age of five years [20-22].

In fact, chromosomal disorders are an important cause
of premature death or life-long disability; however, the
absence of local epidemiological data on their birth prev-
alence and outcomes impedes policy and service develop-
ment in many countries and continents [23]. Besides this,
advances in the knowledge of the causal pathway leading to
congenital anomalies can be the basis for better primary
prevention interventions, resulting in longer and better lives.
For clinicians and parents, it is important to understand
what can be done today to prevent congenital anomalies, in
particular the role of preconception care focusing on optimal
women’s health (including screening/treating chronic ill-
nesses, etc.). In addition, investigation of potential causes of
congenital anomalies at the time of diagnosis (such as when
a genetic condition is present) can help to better plan
management and appropriately counsel families, including
the relief of anxiety related to unfounded information and
fault [24].

Although there are perinatal studies on the birth prev-
alence of congenital anomalies in different regions of Africa
till now, only limited data are available on the birth prev-
alence of chromosomal disorders in births with congenital
anomalies. To the best of our knowledge and search, there is
a paucity of data on the pooled proportion and pattern of
chromosomal disorders in Africa. Thus, the main aim of the
present systematic review and meta-analysis was to estimate
the pooled proportion and patterns of the chromosomal
disorders in the African continent. Therefore, the result of
this meta-analysis and systematic review will help stake-
holders, policymakers, and concerned bodies in planning
and implementing strategies.
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2. Methods

2.1. Review Question. 'The review question of this systematic
review and meta-analysis was as follows:

What are the pooled proportion and patterns of chro-
mosomal disorders in the African context?

2.2. Study Selection and Screening. Endnote version 8 ref-
erence managers were used to remove duplicated studies
after retrieval of the studies. Two investigators (T'G and GS)
autonomously screened the selected studies using the arti-
cle’s title and abstracts before retrieval of full-text papers.
The authors used pre-specified inclusion criteria to further
screen the full-text articles. Disagreements were resolved
during a consensus meeting for the final selection of studies
to be included.

2.3. Inclusion and Exclusion Criteria. In this systematic re-
view and meta-analysis, the authors included cross-
sectional, case-control, RCT, and cohort studies conduct-
ed on populations residing in Africa that reported the
prevalence, proportion, incidence, and patterns of chro-
mosomal disorders among births with congenital anomalies
in Africa or had enough data to compute these estimates.
Studies that reported the prevalence of at least one chro-
mosomal disorder published in the English language from
January, 2000 to October, 2021 were included in this meta-
analysis. Citations without abstract and/or full-text, anon-
ymous reports, editorials, letters, commentaries, reviews,
and qualitative studies were excluded from the analysis. In
addition, studies conducted among populations of African
origin but residing outside the continent and studies without
advanced diagnostic tools (cytological and detailed clinical)
for confirmation of chromosomal disorders (e.g., suspected
but nonconfirmed disorders) were excluded from this review
and analysis. Articles that were not retrievable from the
internet and did not report an outcome of interest were
excluded after a detailed review of their full texts.

Study area: Only articles conducted on people living in
the African continent.

Study design: Observational studies (cross-sectional
and case-controls and cohort) and RCTs that contain
original data reporting the prevalence, incidence, and
patterns of chromosomal disorders among births with
congenital anomalies in Africa were considered.

Language: Articles published in the English language
were included.

Population: Studies conducted on congenital anoma-
lies/birth defects which reported chromosomal disor-
ders were counted in.

Publication condition: Both published and un-
published articles that reported incidence, prevalence,
and patterns of chromosomal disorders among births
with congenital anomalies in the African continent
were considered.
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2.4. Search Strategy. This review identified studies that
provide data on the prevalence, incidence, and patterns of
chromosomal disorders among births with congenital
anomalies in the context of Africa. In the search engine,
mainly PubMed, Google Scholar, and Cochrane library were
retrieved. The search included keywords that are combi-
nations of PICO (population, intervention, condition/con-
text, and outcome). A snowball search of the references of all
relevant papers for linked articles was also performed. The
search terms or phrases included were as follows: “in-
trauterine,” “birth,” “newborn,” “infant,” “congenital
anomalies,” “birth defects,” “congenital disorders,” “con-
genital malformations,” “chromosomal disorders,” “chro-
mosomal aberrations,” “Down syndrome,” “Edwards’
syndrome,” “Patau syndrome,” and “Africa”. Using these
key terms, the following search map was applied: (prevalence
OR magnitude OR incidence OR pattern) AND (birth
(MeSH Terms) OR intrauterine OR infant) AND (congenital
anomalies (MeSH Terms) OR birth defects (MeSH Terms)
OR congenital disorders (MeSH Terms) OR congenital
malformations (MeSH Terms) OR chromosomal disorders
(MeSH Terms) OR Down syndrome (MeSH Terms) OR
Edwards’ syndrome (MeSH Terms) OR Patau syndrome
(MeSH Terms) OR Turner syndrome (MeSH Terms) AND
African countries on PubMed database. Thus, the PubMed
search combines I AND *2 AND *3. These search terms
were further paired with the names of each African country.
On both Cochrane Library and Google Scholar, a built-in
text search was used in the advanced search section of the
sources.

2.5. Quality Assessment. The Newcastle-Ottawa scale as-
sessment tool, as modified for observational studies, was
used by the researcher to assess the quality of the papers
included in this systematic review and meta-analysis [25].
The tool is divided into three main sections that are intended
to evaluate methodological quality, study comparability, and
original article quality for statistical analysis. Each original
article’s quality was assessed by the researcher using the tool
as a checklist. Finally, articles that met at least 50% of the
quality assessment criteria were deemed appropriate for the
analysis [25].

2.6. Data Extraction. 'The country, year of publication, study
design, prevalence/incidence, and patterns of chromosomal
disorders among births with confirmed congenital defects
were taken into consideration by the authors while they
created a data extraction form on the Excel sheet. Using four
papers chosen at random, the data extraction sheet was
tested and then modified. Together, the authors used the
extraction form to extract the data. The accuracy of the data
was independently verified by the authors as well. Any
discrepancies between reviewers were settled through point-
by-point talks as necessary. Cross-referencing the data with
the accompanying publications allowed the authors to fix the
data’s typos [26].

2.7. Synthesis of Results. The authors exported the data to
STATA 14 for analysis after they were was extracted in an
Excel sheet. The authors pooled the overall proportion
estimates of chromosomal disorders and their patterns
(Down syndrome, Edwards’ syndrome, Patau syndrome,
Turner syndrome, chromosomal deletions, and all other
unclassified chromosomal disorders) using a random
effect meta-analysis model. The authors conducted the
heterogeneity of effect size using Q statistics and the I*
statistics for the general proportion of chromosomal
disorder. In this study, the I* statistic value of zero in-
dicates true homogeneity, whereas the values of 25, 50,
and 75% represented low, moderate, and high heteroge-
neity, respectively [27]. Subgroup analysis was done by the
study country, region of the continent, study design, and
year of publication. Sensitivity analysis was employed to
examine the effect of a single study on the overall pro-
portion estimation. Publication bias was checked by
a funnel plot and more objectively through Egger’s re-
gression test [28].

3. Results

A total of 3,569 studies were identified; 1,442 were from
PubMed, 108 were from Cochrane Library, 1,830 were from
Google Scholar, and 189 were from other sources. After
duplication was removed, a total of 844 articles remained
(2725 were removed by duplication). Finally, 144 full-text
articles were reviewed and 60 articles with 52,569 congenital
anomaly cases met the inclusion criteria and were selected
for this meta-analysis (Figure 1).

3.1. Characteristics of Included Studies. In this systematic
review and meta-analysis, 60 articles, which included about
3,091,946 births and 52,569 congenital anomalies, were
analyzed. Of these, 4 studies were conducted in Ethiopia
[30-33]; 16 studies were conducted in Nigeria [34-48]; 9
studies were conducted in Egypt [49-59]; 3 studies were
conducted in South Africa [60-64]; 5 studies were con-
ducted in Morocco [65-69]; 6 studies were conducted in
Libya [70-75]; 2 studies were conducted in Tunisia [76-79];
and 7 studies were conducted in Mozambique [80], Bot-
swana [81], Cameroon [82], the DRC [83], Malawi [84],
Zambia [85], Gabon [86], and Uganda [87]. Two studies
were from Sudan [88, 89]. Three studies were from Tan-
zania [90-92] and the remaining 3 studies were conducted
in Kenya [93-95]. Based on the study design used, 2 studies
were conducted by the case-control study design, 3 studies
were conducted by cohort study, and 1 study was con-
ducted by a randomized control trial; in contrast, the
remaining 54 studies were conducted by the cross-sectional
study design. Thirty-nine (65%) studies were published
between 2015 and 2021 and the remaining 21 (35%) were
published between January 2000 and December 2014. The
total number of births/participants with congenital
anomalies in the included studies ranged from 17 [38] to
13,543 [49] (Figure 2, Table 1).
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FiGUure 1: PRISMA-adapted flow diagram showing the results of the search and reasons for exclusion [29].
4. Meta-Analyses

4.1. Chromosomal Disorders

4.1.1. Proportion of Chromosomal Disorders. All studies
(n=60) included in this review and meta-analysis have
reported the prevalence of chromosomal disorders among
births with congenital anomalies. Therefore, the pooled
proportion of chromosomal disorders ranged from 0.69 [61]
to 55.6 [71]. The random-effects model analysis from those
studies revealed that the pooled proportion of chromosomal
disorders among births with congenital anomalies in Africa
was 8.94% (95% CI; 7.02, 10.86; I*=98.8%; p<0.001)
(Figure 2).

4.1.2. Subgroup Analysis for the Pooled Proportion of
Chromosomal Disorders among Births with Congenital
Anomalies in Africa. The subgroup analysis was conducted
stratified by the region of the continent, country, study
design, and year of publication. Based on region of the
continent, the pooled proportion of chromosomal disorders
among births with congenital anomalies was 19.08% (95%
Cl:15.74,22.43: P =, P <0.79) in Central African countries,
15.06% (95% CI: 10.65, 19.47: I’ = 98.9, P <0.001) in North
African countries, 5.4.0% (95% CI: 2.01, 8.79: I*=99%,
p<0.001) in Southern African countries, 4.880% (95% CI:
2.56, 7.20: 12=91.1%, p<0.001) in East African countries,
and 4.03% (95% CI: 2.88, 5.18: I* = 38.7%, p =0.05) in West
African countries (Figure 3, Table 2).

Based on the year of publication, the proportion of
chromosomal disorders among births with congenital
anomalies in Africa was 8.32 (95% CI: 4.23, 12.15: I> = 99.5%,
p <0.001) among studies conducted from January, 2000 to
December, 2014, while it was 8.53% (95% CI: 6.95, 10.12:

uary, 2015 to October, 2021 (Figure 4, Table 3).

4.2. Heterogeneity

4.2.1. Sensitivity Analysis. To identify the influence of in-
dividual studies on the pooled proportion of chromosomal
disorders, leave-one-out sensitivity analysis was employed;
the results of this sensitivity analysis showed that the current
findings were not dependent on a single study. The pooled
estimated proportion of chromosomal disorders varied
between 8.05 [49] and 9.14 [61] after the deletion of a single
study (Figure S1).

4.2.2. Publication Bias. A funnel plot revealed a distribution
that was just barely symmetrical. Egger’s regression test
value was 0.060, indicating that publication bias was not
present (Figure 5, Figure S2).

4.3. Patterns of Chromosomal Disorders in Africa

4.3.1. Down Syndrome (Trisomy 21). From the total of 60
included studies, forty-eight (n=48) studies have reported
the prevalence of Down syndrome (Trisomy 21) among
births with congenital anomalies. The pooled proportion of
Down syndrome ranged from 0.45% [85] to 48.1% [74]. The
random-effects model analysis from these studies revealed
that the pooled proportion of down syndrome among births
with congenital anomalies in Africa was 7.67% (95% CI: 5.7,
9.63; I =98.9.5%; p <0.001) (Figure S3).

4.3.2. Edwards’ Syndrome (Trisomy 13). In this review and
meta-analysis, from the total of 60 included studies, sixteen



The Scientific World Journal

Study Weight
D ES (95% CI) %)
Adane&Seyoum (2018) L3 ; 3.15(1.23,5.08) 1.84
Taye et al (2019) | & 6.79 (5.52, 8.05) 1.86
Sileshi et al (2021) & 3.02 (0.64, 5.39) 1.82
Mombo et al (2017) —‘—: 3.13(-2.90, 9.15) 1.58
Ekanem et al (2008) & 3.32(1.67,4.97) 1.85
Ajao et al (2019) | 7.46 (1.17,13.76) 1.56
Ndibazza (2011) ¢ ' 2.22(0.07, 4.38) 1.83
Abbey et al (2017) P 5.66 (2.07,9.25) 1.76
Tunde-II et al (2021) H— 16.39 (7.10, 25.68) 1.30
Obu et al (2012) —— 5.88 (-5.30, 17.07) 1.15
Ekewere et al (2011) B 7.50 (3.85,11.15) 1.76
Onyiriuka et al (2016) - 4.95(0.72,9.18) 1.72
Oluwafemi et al (2019) E— o 10.26 (0.73, 19.78) 1.28
Ekwunife et al (2017) < 2.78 (-0.32, 5.88) 1.79
Okonkwo et al (2011) - 5.88 (0.88, 10.88) 1.66
Mashuda et al (2014) - 6.11 (2.01,10.21) 1.73
Muga et al (2009) - 7.25(3.71, 10.78) 1.76
Shawky et al (2011) | * 24.57 (23.84, 25.29) 1.87
singh et al (2015) 4 1.39 (-1.31, 4.09) 1.81
Waghathu et al (2019) & 1.64 (-1.55, 4.83) 1.78
Nasio et al (2020) 4 1.94 (-0.72,4.61) 1.81
Abdou? et al (2019) <* 6.16 (5.54, 6.79) 1.87
ElAwady et al (2019) —— 10.81 (3.74, 17.89) 1.50
AbouEl-Ella et al (2018) 4 7.00 (2.00, 12.00) 1.66
Mohamed et al (2011) . - 27.18 (18.59, 35.78) 1.36
El Koumi et al (2013) —— 7.94 (1.26, 14.61) 1.53
Shalaby et al (2020) & 1.16 (-0.44, 2.75) 1.85
Afifizet al (2011) L3 9.34 (8.36, 10.31) 1.87
Forci etb al (2020) | 16.33 (11.70, 20.95) 1.69
Abdu &Seyoum (2019) ® 2.58 (0.82, 4.35) 1.85
EHIANU et al (2020) | 3.45(0.94, 5.96) 1.82
Ochoga et al (2018) 4 } 1.39 (-1.31, 4.09) 1.81
Munkonge et al (2007) < 0.99 (0.72, 1.25) 1.87
Anyanwu et al (2015) B 4.88 (-1.72,11.47) 1.54
Kihshimba et al (2015) - 6.49 (0.99, 12.00) 1.63
Saib et al (2021) e 12.82 (6.76, 18.88) 1.58
Mkandawire et al (2002) < 5.92(2.17,9.67) 1.75
Poaty et al (2018) . 19.30 (15.57, 23.03) 1.75
Christianson et al (2002) & ' 0.69 (0.09, 1.30) 1.87
Lebese et al (2016) | & 9.33(8.83,9.82) 1.87
Mombo (2017) —‘—; 3.13(-2.90, 9.15) 1.58
Kitova (2013) - 5.33(1.74, 8.93) 1.76
Singh et al (2000) : —— 23.18 (16.45,29.91) 1.52
Farag et al (2020) i — @ > 5563 (47.46,63.81) 1.40
Ghareba et al (2014) —— 8.22(1.92,14.52) 1.56
HAa EM et al (2019) : . o 41.84 (32.07, 51.60) 1.26
Alkarshouf et al (2019) | — 48.15 (37.27, 59.03) 1.17
EL-SABBAGH et al (2009) < 5.84 (3.22, 8.46) 1.81
Alburke et al (2018) -+ 5.48 (0.26, 10.70) 1.65
Abdellah?et al (2018) + 12.96 (4.00, 21.92) 1.33
Charlotte et al (2015) —— 18.18 (10.58, 25.78) 1.45
Ajibola et al (2017) —o— 3.03 (-2.82, 8.88) 1.60
Zuechner et al (2014) & 12.84 (11.07, 14.61) 1.85
Cavaliere et al (2021) - 11.19 (6.02, 16.36) 1.65
EL Madidi et al (2021) - 5.20 (1.14,9.26) 1.73
Karim et al (2019) —— 7.40 (1.70, 13.10) 1.61
Elghanmi et al (2020) < 12.30 (9.88, 14.72) 1.82
Abd Allah (2016) o 5.00 (-1.75, 11.75) 1.52
Iroha et al (2001) * | 2.83 (1.10, 4.56) 1.85
Mukhtar-Yola et al (2005) -+ 5.30 (0.23, 10.37) 1.66
Overall (I-squared = 98.8%, p = 0.000) <> 8.94 (7.02, 10.86) 100.00
NOTE: Weights are from random effects analysis :
-63.8 0 63.8

F1GURE 2: Forest plot on the pooled proportion of chromosomal disorders among births with congenital anomalies in Africa from January,
2000 to October, 2021.

(n=16) studies have reported the prevalence of Edwards’
syndrome (Trisomy 18) among births with congenital
anomalies. The pooled proportion of Edwards’ syndrome
ranged from 0.31% [49] to 4.1% [75]. The random-effects

model analysis from those studies revealed that the pooled
proportion of Edwards’ syndrome among births with con-
genital anomalies in Africa was 0.94% (95% CI: 0.49, 1.40;
P =31.2%; p =0.11) (Table 3, Figure S4).
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TaBLE 1: Distribution of included studies on the proportion and patterns of chromosomal disorders among births with congenital anomalies
in Africa, from January 2000 to October 2021.

Author Year Country Design Sasrir;}e)le Ijaos:sf C;lrr;);n I?r(i;vln Ed,?i z;l;sds l:ra_tf ;1 Un-class Turner gg&
Adane & Seyoum 2018 Ethiopia CRS 19650 317 3.15 3.15

Taye et al. 2019 Ethiopia CRS 76201 1518 6.78

Sileshi et al. 2021 Ethiopia CRS 3346 199 3.0 3.01

Mombo et al. 2017 Gabon CRS 3500 32 31 31

Ekanem et al. 2008 Nigeria CRS 127,929 452 3.3 3.31

Ajao et al. 2019 Nigeria CRS 1057 67 7.4 7.5

Ndibazza 2011 Uganda RCT 2365 180 2.2 22

Abbey et al. 2017 Nigeria CRS 7670 159 5.6 2.51 3.14

Tunde-II et al. 2021 Nigeria CRS 502 61 16.3 8.19 8.1

Obu et al. 2012 Nigeria CRS 607 17 5.8 5.8

Ekewere et al. 2011 Nigeria CRS 200 200 7.5 1 2 2 2.5

Onyiriuka et al. 2016 Nigeria CRS 13,858 101 4.9 2.97 1.98

Oluwafemi et al. 2019 Nigeria CRS 39 39 10.2 7.6 2.56

Ekwunife et al. 2017 Nigeria CRS 5010 108 2.7 2.77

Okonkwo et al. 2011 Nigeria CRS 1513 85 5.8 4.7 1.17

Mashuda et al. 2014  Tanzania CRS 445 131 6.1 23 3.81

Muga et al. 2009 Kenya Cohort 7355 207 7.2 2.9 1.5 0.4 1.45 0.96

Shawky et al. 2011 Egypt CRS 660,280 13543 24.5 18.6 0.31 0.26 1.50 1.05
Singh et al. 2015 Nigeria CRS 10,163 72 1.38 1.38

Waghathu et al. 2019 Kenya CRS 315 61 1.63 1.63

Nasio et al. 2020 Kenya CRS 17,245 103 1.94 0.97 0.97
Abdou et al. 2019 Egypt CCs 5710 5710 6.16

ElAwady et al. 2019 Egypt CRS 1000 74 10.8 9.7 1.35
AbouEl-Ella et al. 2018 Egypt CRS 100 100 7

Mohamed et al. 2011 Egypt CRS 5000 103 271 17.4 1.9 0.97 4.85 1.94
El Koumi et al. 2013 Egypt Cohort 2517 63 7.9 4.7 1.5 1.58

Shalaby et al. 2020 Egypt Cohort 346 173 1.15 1.15

Afifi et al. 2011 Egypt CRS 62,819 3417 9.3 7.3

Forci et al. 2020 Morocco CRS 43,923 245 16.3 14.2 0.4 0.81 0.81

Abdu and Seyoum 2019 Ethiopia CRS 22,624 310 2.58 2.5

Ehianu et al. 2020 Nigeria CRS 3171 203 3.4 34

Ochoga et al. 2018 Nigeria CRS 843 72 1.38

Munkonge et al. 2007 Zambia CRS 1,501,200 5478 0.98 0.45 0.34
Anyanwu et al. 2015 Nigeria CRS 1456 41 4.87 2.4 2.4

Kihshimba et al. 2015 Tanzania CRS 28217 77 6.49 3.89 2.59

Saib et al. 2021 S. Africa CRS 7516 117 12.8 111 0.85 0.85

Mkandawire et al. 2002 Malawi CRS 9838 152 5.9 6

Poaty et al. 2018 DRC CRS 4785 430 19.3 19.3

Christianson et al. 2002 S. Africa CRS 6692 722 0.69 0.69

Lebese et al. 2016 S. Africa CRS 13252 13252 9.32 9.3

Mombo 2017 Gabon CRS 7712 32 3.1 3.12

Kitova 2013 Tunisia CRS 150 150 5.3 1.3 0.6 33

Singh et al. 2000 Libya CRS 16,186 151 231 21.8 1.32

Farag et al. 2020 Libya CRS 14,262 142 55.6 43.6 0.7 1.4

Ghareba et al. 2014 Libya CRS 4850 73 8.2 8.2

Haa EM et al. 2019 Libya CRS 16765 98 41.8 32.7 4 5.1 1.02
Alkarshouf et al. 2019 Libya CRS 81 81 48.1 48.1

El-Sabbagh et al. 2009 Egypt CRS 18,702 308 5.84 4.2

Alburke et al. 2018 Libya CRS 6239 73 5.47 1.3 41

Abdellah et al. 2018 Sudan CRS 2541 54 12.9 13

Charlotte et al. 2015  Cameroon CRS 6048 99 18.18 18.2

Ajibola et al. 2017  Botswana CRS 2944 33 3.0 3.03

Zuechner et al. 2014  Tanzania CRS 3982 1371 12.8 12.8

Cavaliere et al. 2021 Mozambique  CRS 4767 143 11.18 7 0.7 3.5

EL Madidi et al. 2021 Morocco CCSs 115 115 5.2

Karim et al. 2019  Morocco CRS 1010 81 7.4

Elghanmi et al. 2020  Morocco CRS 68704 706 12.3

Abd Allah 2016 Sudan CRS 2720 40 5 5

Iroha et al. 2001 Nigeria CRS 22288 353 2.83

Mukhtar-Yola 5505 Nigeria  CRs 182 75 53 26 26

et al.

DRC-Democratic Republic of Congo, CRS-cross-sectional study, CCD-case control study, RCT-randomized control trial, CHR delet-chromosomal deletions,
Turner-Turner syndrome, Un-class-unclassified chromosomal disorders, Chrom prop-proportion of chromosomal disorders, Down/T-21 = Down syndrome
or Trisomy 21, Edwards’/T-18 = Edwards’ syndrome or Trisomy-18, and Patau/T-13 = Patau syndrome or Trisomy 13.
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Study Weight
D ES (95% CI) %)
East Africa | :
Adane&Seyoum (2018) ’ ! 3.15(1.23,5.08) 1.84
Taye et al (2019) & 6.79 (5.52, 8.05) 1.86
Sileshi et al (2021) T 3.02 (0.64, 5.39) 1.82
Ndibazza (2011) ! 2.22 (007, 4.38) 1.83
Mashuda et al (2014) | R 6.1 (2.01,10.21) 173
Muga et al (2009) 2 7.25(3.71,10.78) 1.76
Waghathu et al (2019) \ 1.64 (-1.55, 4.83) 1.78
Nasio et al (2020) | 1.94 (-0.72, 4.61) 1.81
Abdu &Seyoum (2019) ! 258 (0.82, 4.35) 1.85
Kihshimba et al (2015) - 6.49 (0.99, 12.00) 1.63
Zuechner et al (2014) ’ 12.84 (11.07, 14.61) 1.85
Subtotal (I-squared = 91.1%, p = 0.000) <> h 4.88 (2.56, 7.20) 19.76
. I
Southern Africa !
Mombo et al (2017) — 3.13 (-2.90,9.15) 158
Munkonge et al (2007) ‘ | 0.99 (0.72, 1.25) 1.87
Saib et al (2021) | B o 12.82 (6.76, 18.88) 1.58
Mkandawire et al (2002) ‘- 5.92(2.17,9.67) 1.75
Christianson et al (2002) ‘ i 0.69 (0.09, 1.30) 1.87
Lebese et al (2016) hESR 3 9.33 (8.83,9.82) 1.87
Mombo (2017) 3.13 (-2.90, 9.15) 1.58
Ajibola et al (2017) 3.03 (-2.82, 8.88) 1.60
Cavaliere et al (2021) - 11.19 (6.02, 16.36) 165
Subtotal (I-squared = 99.1%, p = 0.000) <>: 5.40 (2.01, 8.79) 15.37
: 1
West Africa 1
Ekanem et al (2008) 3 3.32(1.67, 4.97) 1.85
Ajao et al (2019) —— 7.46 (1.17, 13.76) 1.56
Abbey et al (2017) - 5.66 (2.07,9.25) 1.76
Tunde-1I et al (2021) —— 16.39 (7.10, 25.68) 1.30
Obu et al (2012) —— 5.88 (-5.30, 17.07) 115
Ekewere et al (2011) K o 7.50 (3.85, 11.15) 1.76
Onyiriuka et al (2016) - 4.95(0.72,9.18) 172
Oluwafemi et al (2019) —— 10.26 (0.73, 19.78) 1.28
Ekwunife et al (2017) 9 2.78 (-0.32, 5.88) 179
Okonkwo et al (2011) —— 5.88 (0.88, 10.88) 1.66
singh et al (2015) < 1.39 (-1.31,4.09) 1.81
EHIANU et al (2020) K2 3.45 (0.94, 5.96) 1.82
Ochoga et al (2018) ’ | 1.39 (-1.31, 4.09) 1.81
Anyanwu et al (2015) + 4.88 (-1.72,11.47) 1.54
Troha et al (2001) ¢ 2.83 (1.10, 4.56) 1.85
Mukhtar-Yola et al (2005) + 5.30 (0.23, 10.37) 1.66
Subtotal (I-squared = 38.7%, p = 0.057) (o i 4.03 (2.88,5.18) 26.31
. I
North Africa !
Shawky et al (2011) ! '3 24.57 (23.84, 25.29) 1.87
Abdou? et al (2019) ¢ 6.16 (5.54, 6.79) 1.87
ElAwady et al (2019) —— 10.81 (3.74, 17.89) 1.50
AbouEl-Ella et al (2018) + 7.00 (2.00, 12.00) 1.66
Mohamed et al (2011) L —— 27.18 (18.59, 35.78) 136
El Koumi et al (2013) —— 7.94 (1.26, 14.61) 1.53
Shalaby et al (2020) & 116 (-0.44, 2.75) 1.85
Afifizet al (2011) ' 2 9.34 (8.36, 10.31) 1.87
Forci etb al (2020) R - 16.33 (11.70, 20.95) 1.69
Kitova (2013) R 5.33 (174, 8.93) 1.76
Singh et al (2000) . —— 23.18 (16.45, 29.91) 1.52
Farag et al (2020) . . = 55.63 (47.46, 63.81) 1.40
Ghareba et al (2014) - 8.22 (1.92, 14.52) 1.56
HAa EM et al (2019) i —— 41.84 (32.07, 51.60) 1.26
Alkarshouf et al (2019) \ —— 48.15 (37.27, 59.03) 117
EL-SABBAGH et al (2009) 5.84 (3.22, 8.46) 1.81
Alburke et al (2018) 5.48 (0.26, 10.70) 1.65
Abdellah?et al (2018) IR 12.96 (4.00, 21.92) 133
EL Madidi et al (2021) 2 5.20 (1.14, 9.26) 1.73
Karim et al (2019) e 7.40 (170, 13.10) 1.61
Elghanmi et al (2020) '3 12.30 (9.8, 14.72) 1.82
Abd Allah (2016) + 5.00 (-1.75, 11.75) 1.52
Subtotal (I-squared = 98.9%, p = 0.000) : <> 15.06 (10.65, 19.47) 35.36
. I
Central Africa 1
Poaty et al (2018) . 19.30 (15.57, 23.03) 1.75
Charlotte et al (2015) e 18.18 (10.58, 25.78) 1.45
Subtotal (I-squared = 0.0%, p = 0.795) : > 19.08 (15.74, 22.43) 3.20
Overall (I-squared = 98.8%, p = 0.000) é 8.94 (7.02, 10.86) 100.00
1
Mmmdomeﬂec'tsa_nﬂm !
-63.8 0 63.8

F1GURE 3: Forest plot on the pooled proportion of chromosomal disorders among births with congenital anomalies in Africa from January,
2000 to October, 2021.
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TaBLE 2: Subgroup analysis on the pooled proportion and patterns of chromosomal disorders among births with congenital anomalies: by
country, region, and year of publication in Africa from January, 2000 to October, 2021.

Variables Characteristics Pooled prevalence I (P value)
Libya 30.12 (13.17, 47.07) 96.9% (<0.001)
DRC 19.3 (15.5, 23.03) —
By country Cameroon 18.18 (10.58, 23.7) —
Egypt 10.91 (4.04, 17.76) 99.5% (<0.001)
Morocco 10.41 (5.8, 14.8) 80.7% (0.001)
Central Africa 19.08% (95% CI: 15.74, 22.43) —
North Africa 15.06% (95% CL: 10.65, 19.47) 98.9 (<0.001)
By region Southern Africa 5.4.0% (95% CI: 2.01, 8.79) 99% (<0.001)

East Africa
West Africa

4.880% (95% CI: 2.56, 7.20)
4.03% (95% CI: 2.88, 5.18)

91.1% (<0.001)
38.7% (=0.05)

2000-2014

By year of publication 2015-2021

8.32 (95% CI: 4.23, 12.15)
8.53% (95% CI: 6.95, 10.12)

99.5% (p < 0.001)
93.8% (p <0.001)

DRC-Democratic Republic of Congo.

4.3.3. Patau Syndrome (Trisomy 18). Among the 60 articles
included in this review and meta-analysis, only eleven
(n=11) have reported the prevalence of Patau syndrome
(Trisomy 13) among births with congenital anomalies. The
pooled proportion of Patau syndrome ranged from 0.26%
[49] to 5.8% [38]. The random-effects model analysis from
those studies revealed that the pooled proportion of Patau
syndrome among births with congenital anomalies in Africa
was 0.92% (95% CI 0.34, 1.51; I’=49.7%; p<0.03)
(Figure S5).

4.3.4. Turner Syndrome. In the current review and meta-
analysis, among the 60 included studies, only five (n=5)
have reported the prevalence of Turner syndrome among
births with congenital anomalies. The pooled proportion of
Turner syndrome ranged from 0.97% [93] to 4.85% [52]. The
random-effects model analysis from these studies revealed
that the pooled proportion of Turner syndrome among
births with congenital anomalies in Africa was 1.50% (95%
CL: 1.30, 1.71; I’ = —; p<0.5) (Table 3, Figure S6).

4.3.5. Chromosomal Deletions. Eight (n=238) out of 60 in-
cluded studies have reported the prevalence of chromosomal
deletions among births with congenital anomalies. The
pooled proportion of chromosomal deletions ranged from
0.35% [85] to 3.0% [50]. The random-effects model analysis
from these studies revealed that the pooled proportion of
chromosomal deletions among births with congenital
anomalies in Africa was 0.92% (95% CI:. 0.37, 1.47;
I*=82.3%; p<0.001) (Figure S7).

4.3.6. Unclassified Chromosomal Disorders. In this system-
atic review and meta-analysis, the authors merged “others”
and unclassified chromosomal anomalies” into “unclassified
chromosomal disorders.” Ten studies (n=10) out of 60
included articles were reported the prevalence of unclassified
chromosomal disorders among births with congenital
anomalies. The pooled proportion of unclassified chromo-
somal disorders ranged from 0.81% [65] to 8.1% [48]. The
random-effects model analysis from these studies revealed

that the pooled proportion of unclassified chromosomal
disorders among births with congenital anomalies in Africa
was found to be 1.78% (95% CI: 0.97, 2.60; I> = —; p=0.36)
(Figure S8).

5. Discussion

Congenital anomalies are a global problem, but their impact
is particularly severe in middle- and low-income countries
where more than 94% of the births with serious congenital
anomalies and 95% of the deaths of these children [96]. This
systematic review and meta-analyses identified the pro-
portion of chromosomal disorders among births with
congenital anomalies, highlighting the extent of this serious
and vastly underappreciated public health problem in Africa.

In the current review, the pooled proportion of chro-
mosomal disorders in Africa was 8.94 (CI: 7.02, 10.86: I
98.8%; p <0.001). The result of this meta analyses is com-
parable with a large-scale study conducted in Bulgaria: in
which the proportion of chromosomal disorders was 8.2%
among births with congenital anomalies [97]. The current
result is higher compared to the study conducted in in-
dustrialized nations, in which only 6% of chromosomal
disorders accounted for among births with congenital
anomalies [98]. The reason might be due to the sharp dif-
ferences in maternal health and other significant risk factors,
including poverty, a high percentage of older mothers, and
a greater frequency of consanguineous marriages in low- and
middle-income countries [99]. However, the current result
was lower compared to the large population-based study
conducted in Atlanta, USA, in which 12.3% of births had
a chromosomal abnormality among those with congenital
heart diseases [100], The difference implies that, due to
limited access to family planning and deficient or absent
prenatal cytogenetic screening, diagnosis, and associated
services in developing countries; local registry data are also
low compared to developed countries [99], and in developed
regions where cytogenetic technology advances and more
discoveries are made on the genetic causes of birth defects,
the proportion of congenital anomalies with a known cause
would be increased [24]. On the other hand, possible in-
vestigation and recording of the cause of congenital
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Study o Weight
D ES (95% CI) (%)
2015-2021 [

Adane&Seyoum (2018) & 3.15(1.23,5.08) 1.84
Taye et al (2019) | & 6.79 (5.52, 8.05) 1.86
Sileshi et al (2021) < 3.02 (0.64, 5.39) 1.82
Mombo et al (2017) . o 3.13(-2.90, 9.15) 1.58
Ajao et al (2019) —— 7.46 (1.17, 13.76) 1.56
Abbey et al (2017) R 5.66 (2.07,9.25) 1.76
Tunde-1I et al (2021) E I G 16.39 (7.10, 25.68) 1.30
Onyiriuka et al (2016) B 4.95(0.72,9.18) 1.72
Oluwafemi et al (2019) — 10.26 (0.73, 19.78) 1.28
Ekwunife et al (2017) < 2.78 (-0.32, 5.88) 1.79
singh et al (2015) R 3 : 1.39 (-1.31, 4.09) 1.81
Waghathu et al (2019) 4 1.64 (-1.55, 4.83) 1.78
Nasio et al (2020) < 1.94 (-0.72, 4.61) 1.81
Abdou? et al (2019) 3 6.16 (5.54, 6.79) 1.87
ElAwady et al (2019) - 10.81 (3.74, 17.89) 1.50
AbouEl-Ella et al (2018) - 7.00 (2.00, 12.00) 1.66
Shalaby et al (2020) $ | 1.16 (-0.44, 2.75) 1.85
Forci etb al (2020) Lo 16.33 (11.70, 20.95) 1.69
Abdu &Seyoum (2019) & 2.58 (0.82, 4.35) 1.85
EHIANU et al (2020) I+ | 3.45 (0.94, 5.96) 1.82
Ochoga et al (2018) 4 1.39 (-1.31, 4.09) 1.81
Anyanwu et al (2015) - 4.88 (-1.72,11.47) 1.54
Kihshimba et al (2015) e 6.49 (0.99, 12.00) 1.63
Saib et al (2021) S 12.82 (6.76, 18.88) 1.58
Poaty et al (2018) ) 19.30 (15.57, 23.03) 1.75
Lebese et al (2016) 3 9.33(8.83,9.82) 1.87
Mombo (2017) Lo 3.13 (-2.90, 9.15) 1.58
Farag et al (2020) I —4@—>  55.63(47.46,63.81) 1.40
HAa EM et al (2019) ! — 41.84 (32.07, 51.60) 1.26
Alkarshouf et al (2019) | R . S 48.15 (37.27, 59.03) 1.17
Alburke et al (2018) —0+ 5.48 (0.26, 10.70) 1.65
Abdellah?et al (2018) —— 12.96 (4.00, 21.92) 1.33
Charlotte et al (2015) ; - 18.18 (10.58, 25.78) 1.45
Ajibola et al (2017) S 3.03 (-2.82, 8.88) 1.60
Cavaliere et al (2021) e o 11.19 (6.02, 16.36) 1.65
EL Madidi et al (2021) - 5.20(1.14,9.26) 1.73
Karim et al (2019) e 7.40 (1.70, 13.10) 1.61
Elghanmi et al (2020) ;-‘- 12.30 (9.88, 14.72) 1.82
Abd Allah (2016) R 5.00 (-1.75, 11.75) 1.52
Subtotal (I-squared = 93.8%, p = 0.000) Q 8.53 (6.95,10.12) 64.12
. I
2000-2014 }
Ekanem et al (2008) <® 3.32(1.67,4.97) 1.85
Ndibazza (2011) 4 2.22(0.07, 4.38) 1.83
Obu et al (2012) ——— 5.88 (-5.30, 17.07) 1.15
Ekewere et al (2011) = 7.50 (3.85, 11.15) 1.76
Okonkwo et al (2011) —&— 5.88 (0.88, 10.88) 1.66
Mashuda et al (2014) —— 6.11 (2.01, 10.21) 1.73
Muga et al (2009) = 7.25(3.71, 10.78) 1.76
Shawky et al (2011) ] L 24.57 (23.84, 25.29) 1.87
Mohamed et al (2011) ! — 27.18 (18.59, 35.78) 1.36
El Koumi et al (2013) —— 7.94 (1.26, 14.61) 1.53
Afifizet al (2011) < 9.34 (8.36, 10.31) 1.87
Munkonge et al (2007) ¢ 0.99 (0.72, 1.25) 1.87
Mkandawire et al (2002) | 5.92(2.17,9.67) 1.75
Christianson et al (2002) ¢ 0.69 (0.09, 1.30) 1.87
Kitova (2013) -9 5.33(1.74, 8.93) 1.76
Singh et al (2000) ! . o 23.18 (16.45,29.91) 1.52
Ghareba et al (2014) - 8.22(1.92, 14.52) 1.56
EL-SABBAGH et al (2009) < 5.84 (3.22, 8.46) 1.81
Zuechner et al (2014) i 2 12.84 (11.07, 14.61) 1.85
Iroha et al (2001) < 2.83 (1.10, 4.56) 1.85
Mukhtar-Yola et al (2005) —Q+ 5.30 (0.23, 10.37) 1.66
Subtotal (I-squared = 99.5%, p = 0.000) <> 8.32(4.23,12.41) 35.88
Overall (I-squared = 98.8%, p = 0.000) <> 8.94 (7.02, 10.86) 100.00
NOTE: Weights are from random effects analysis ! |

-63.8 0 63.8

FIGURE 4: Forest plot on the pooled proportion of chromosomal disorders among births with congenital anomalies in Africa from January,

2000 to October, 2021.

anomalies is more likely for live births than terminated or
dead embryos, particularly where there is the widespread use
of private maternity services or termination of pregnancy is
illegal or a highly politicized issue. Therefore, the combined
effects of these scenarios could be the cause of the reported
total birth prevalence being substantially lower than pre-
dicted and the reported proportion of terminations and

stillbirths being substantially lower than the expected pro-
portion of chromosomal disorders in Africa.

The current meta-analysis result was also lower than the
large-scale population-based study conducted by Utah’s
population-based surveillance in the USA, where chro-
mosomal disorders accounted for 15.3%, out of the total
congenital anomalies [24]. In developing countries, due to
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TaBLE 3: Pooled proportion and patterns of chromosomal disorders among births with congenital anomalies in Africa from January, 2000 to

October, 2021.

Variables proporggr?l?gS% an % P value
Chromosomal disorders 8.94 (7.02, 10.86) 98.8 <0.001
Down syndrome 7.6 (5.70, 9.67) 98.9 <0.001
Edwards’ syndrome 0.94 (0.49, 1.40) 31.2 0.11
Patau syndrome 0.92 (0.34, 1.51) 49.7 0.03
Turner syndrome 1.51 (1.3, 1.71) — 0.56
Unclassified chromosomal disorders* 1.78 (0.97, 2.60) — 0.36
Chromosomal deletions 0.92 (0.37, 1.47) 82.3 <0.001

*Unclassified chromosomal disorders—others and unclassified chromosomal anomalies.

Egger’s test

Std_Eff Coef. Std. Err. t P> |t| [95% Conlf. Interval]
slope 3.723632 9960038 3.74 0.000 1.729914 5.717351
bias 2.746729 1.433888 1.92 0.060 -.1235096  5.616968

FIGURE 5: Egger’s test to show publication bias on the pooled proportion of chromosomal disorders among births with congenital anomalies

in Africa from January, 2000 to October, 2021.

the absence/deficiency of advanced cytogenetic in-
vestigation, most cases of chromosomal anomalies are
missed; the resulting underestimation of the burden of
disease can have serious policy implications and hinder
investments in research and interventions for better pre-
vention and treatment of these major threats to childhood
survival and life-long health. Based on country, the pooled
proportion of chromosomal disorders was 30.12% (95% CI:
13.17, 47.07) in Libya compared to other countries in the
continent. The reason might be due to the high prevalence
of consanguineous marriage; the survey of family clinic
data showed that 37.6% of all marriages were intrafamilial
in the city of Benghazi, Libya [101]. The high prevalence of
consanguineous marriage resulted in the higher expression
of dominant and recessive genetic disorders [5, 102, 103].
On the other hand, in this meta-analyses, the regional
proportion of chromosomal disorders among births with
congenital anomalies was the highest in central African
countries 19.08% (95% CI: 15.74, 22.43), the pooled result
was analyzed by only the two available studies from the
region. Therefore, the pooled proportion of chromosomal
disorders in North African countries was plausibly higher
at 15.06% (95% CI: 10.65, 19.47: I*; 98.8%, p<0.001) an-
alyzed by incorporating 22 available studies from the re-
gion. In this case, the possible suggestion might also go to
the dominance of consanguineous marriage (22% in
Algeria, 35.5% in Egypt, 37.6% in Libya, 47.2% in Maur-
itania, 19.9% in Morocco, and 38% in Tunisia) in the region
[104].

Based on the year of publication, in the current meta-
analyses, the pooled proportion of chromosomal disorders
was higher among the studies conducted from 2015 to 2021
than the studies published from 2000-2014. The possible
reason might be due to the advancement and increase in
attention given to determining the cause of congenital
anomalies.

In the current systematic review and meta-analyses,
Down syndrome (trisomy 21) was the most common
chromosomal disorder reported; the pooled proportion
among births with congenital anomalies was 7.6% (95% CI:
5.70, 9.67). The result was supported by the studies con-
ducted in the USA, which reported that Down syndrome is
the most commonly identified genetic form of mental re-
tardation and the leading cause of specific birth defects and
medical conditions [105], and it was in line with the studies
conducted in the Arab world [1, 106, 107] and Europe [108].

5.1. Strength and Limitations. As a strength, the authors used
a prespecified protocol for search strategy, data abstraction,
and quality assessment. The included studies were at low risk
of bias based on the Newcastle-Ottawa quality assessment
checklist. Moreover, the authors employed subgroup anal-
ysis based on study country, study design, and year of
publication and sensitivity analysis to identify the small
study effect and the risk of heterogeneity. Nevertheless, there
may be a publication bias because not all pieces of grey
literature, unpublished, and non-retrievable articles are
included. Another foreseeable limitation of this meta-
analysis is that it does not really cover the entire African
continent and population. In this meta-analyses, the absence
and scarcity of studies from each country are the main
limitations. In addition, language bias was also a limitation,
since all the included studies were published in English.

6. Conclusions

Based on the current meta-analyses, the pooled proportion
of chromosomal disorders in Africa is small. Regarding its
patterns, Down syndrome accounted for a higher proportion
than other chromosomal disorders. The pooled proportion
of chromosome disorders was the highest in North African
countries and regions compared to other regions of Africa.
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6.1.  Recommendations and  Future  Implications.
Healthcare managers should establish proper cytogenetic
diagnostic facilities in collaboration with well-trained ge-
netic counseling services to provide information and in-
crease community awareness.

Continued recording and investigation of all children
with congenital anomalies should be part of an effort to
establish the true figures, and this helps define the extent of
the problem and helps with policy-making, program pri-
oritization, and resource allocation.

The current review and meta-analyses highlighted the
large gaps in the reported and the expected proportion of
chromosomal disorders among births with congenital
anomalies. This gap in turn could be an opportunity for both
basic and public health researchers, which can be very
powerful if conducted by combining surveillance programs
enriched with clinical and cytogenetic expertise for better
case identification.
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