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The descriptive epidemiology of orofacial clefts (OFC) is an essential prerequisite towards improved
care, investigations into the etiology, and eventually prevention. In the present study the distribution of
OFC in sub-Saharan Africa using post-surgical data from the Smile Train organization, was examined.
Data from 46,502 individuals from Ethiopia (16,049), Nigeria (8,209), Uganda (5,138), Kenya (4,084),
Tanzania (2,750), Congo DR (1,371), Zambia (1,319), Somalia (1,039), and a total of 6,543 individuals
from another 26 African countries were available for analysis. Individuals without a cleft diagnosis and
those who indicated non-black African as their racial group were excluded, and a total of 46,502
individuals were available for analysis. There was a significant difference in frequency between
unilateral cleft lip and palate (70.24%) versus bilateral cleft lip and palate (29.76%; p < 0.0001), and these
were also significant within each sex (p < 0.0001). In the database, there were more females (53.50%)
with cleft palate only than males (46.50%) (p = 0.0002). Data reported here did not take into account
infant mortality during the perinatal period. Nonetheless, this study provides estimates from the largest
recorded body of data for clefts in the continent, therefore providing valuable information on the need
for comprehensive cleft registries in Africa.
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INTRODUCTION

Africa is the second most populous continent in the world, estimated by the United Nations to reach 2.4 billion by
with a population of over 1 billion people as of 2012 and 2050 (United Nations report World population prospects,
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2012). Broadly, Africa can be divided into North Africa
and sub-Saharan Africa. There are 54 countries in Africa
according to the United Nations, and most of these
countries are classified as developing (International
Monetary Fund, 2014). Sub-Saharan Africa has a
population of over 900 million people, with a growth rate
of 2.7% per annum (David and Murray, 2013). The
gender distribution in sub-Saharan Africa is equal (50%
male and 50% female), and over 65% of the entire
population is rural. The rural population correlates with
over 50% of births delivered outside the hospital (Ahmed
et al.,, 2004; Bukar and Jauro, 2013), as most hospitals
and delivery centers are located in urban centers.

Infant mortality rates in African countries are among the
highest in the world as a result of health, political, and
economic challenges (United Nations Inter-agency Group
for Child Mortality Estimation, 2013). The health
challenges include infectious diseases like HIV/AIDS,
tuberculosis, and malaria. However, infant mortality due
to infectious diseases is reducing and being controlled
successfully worldwide. Nonetheless, infant mortality is
increasing globally due to the rising tide of birth defects
such as orofacial clefts (OFCs) (WHO, 2005). Infant
mortality as a result of birth defects in Africa could be due
lack of infrastructure, limited number of trained personnel
and cultural beliefs. Cultural beliefs such as witchcrafts,
evil spirits and the devil have been reported to contribute
to infanticides. In some instances, children have been
deliberately ignored to starve to death or allowed to
aspirate during breast feeding (Akinmoladun et al., 2007;
Oginni et al., 2010). Therefore, it is a matter of life and
death for children with birth defects in a resource low
setting in Africa. This is because majority of the
population have limited knowledge on the causes of the
defects and availability of support for individuals and
families (Awoyale et al., 2016).

OFCs are the most visible and most common
congenital birth defects in the head and neck region.
OFC affects 1 in 700 live births worldwide (Mossey and
Modell, 2012). However, there are variations in reported
prevalence across geographical and ethnic regions. In
Asia, the rates are as high as 1.4/1000 (Dai et al., 2010);
in Europe around 0.7/1000 (Calzolari et al., 2004), and in
Africa 0.5/1000 (Butali et al., 2014). The difference in
prevalence across the world provides support for the role
of multiple genetics and environmental factors that
increases the risk for OFCs. OFCs occur following
disturbances of the normal genomic architecture during
palatal development in the embryonic (primary palate)
and fetal (secondary palate) phases of development. An
environmental insult around this time increases the risk
for OFCs.

In Africa, there have been various attempts to examine
the incidence, prevalence, and distribution of OFCs in
different countries (Butali et al., 2014; Spritz et al.,
2007;Carneiro and Massawe, 2009; Agbenorku et al.,
2011; Eshete et al., 2011; Manyama et al., 2011). Here, a
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descriptive report of 46,502 cleft cases in the Smile Train
database from all countries in sub-Saharan Africa was
presented. To our knowledge, this is the largest
descriptive study for clefts in the African continent. This
study provides valuable information on the need for
holistic care. It also renders an opportunity for proper
surveillance and for the establishment of registries in
order to provide accurate estimates of prevalence rates.
Finally, it is hoped that this report will attract the attention
of governmental and non-governmental organizations in
Africa and other parts of the world to the plight of
individuals with this condition and the need for team care.

METHODOLOGY
Data

An application form to the Smile Train Organization requesting for
data from sub-Saharan Africa was completed. This form was
submitted in May 2013 and approval was received in June 2013.
The data requested did not contain identifiable data and qualifies as
a non-human subject research according to the University of lowa
IRB. The data was stratified into countries. All the cleft types based
on the clinical information provided in the database were also
classified.

Statistical analysis
Study design

This is a retrospective study using the Smile Train data for clefts
treated in Africa.

Study population

All cleft cases treated at Smile Train centers in Africa. Only Africans
with racial indication as “Black” and individuals with a cleft diagnosis
in the database in the final analysis (N = 46,502) were included.

Data collection and classification

Data collected from June, 2007 to December, 2013 was used for
analyses. The cleft types was classified into the various broad
categories: Bilateral cleft lip and palate (BCLP), left cleft lip and
palate (LCLP), right cleft lip and palate (RCLP), bilateral cleft lip
only (BCLO), left cleft lip only (LCLO), right cleft lip only (RCLO),
and cleft palate only (CPO). Each of these cleft types was divided
into males and females.

Data analysis

Frequency data was generated and a frequency distribution table
with the observed and expected data was constructed. Estimated
prevalence for each country was not conducted due to the lack of
live births data (denominator data) in the current data set. Test for
differences in proportions were performed to see if there was a
significant difference in the proportion of BCLP and unilateral cleft
lip and palate (UCLP; LCLP and RCLP was combined). The test
was done for all individuals first and then for each gender. Cleft lip
only categories (BCLO, LCLO, and RCLO) were combined under
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Table 1. The distribution into the various cleft types.

Frequency BCLP BCLO CPO LCLO LCLP RCLO RCLP
Female 1541 2672 1538 6784 2060 2403 2001
Female expected 1761.3 2520 1174.6 6852.8 2119.2 2532.7 2038.3
Male 2770 3496 1337 9989 3127 3796 2988
Male expected 2549.7 3648 1700.4 9920.2 3067.8 3666.3 2950.7
Total 4311 6168 2875 16773 5187 6199 4989
Percent 9.27 13.26 6.18 36.07 11.15 13.33 10.73

Table 2. Distribution and comparison between individuals with unilateral and bilateral cleft lip and palate and cleft lip only.

Cleft lip and palate

Frequency Percent Frequency of females Frequency of males

Bilateral 4311 29.76 1541 2770
Unilateral 10176 70.24 4061 6115
Total 14487 100 5602 8885

BCLP percent Confidence Interval Exact p-value
Bilateral vs Unilateral 29.76 (29.01, 30.51) <0.0001

Cleft lip only

Bilateral 6168 21.17 2672 3496
Unilateral 22972 78.83 9187 13785
Total 29140 100 11859 17281

BCLP percent Confidence Interval Exact p-value
Bilateral vs Unilateral 21.17 (20.70, 21.64) <0.0001

unilateral and bilateral in a similar way and the analogous tests
were performed (Table 2). The types of clefts alone was also
compared, that is, RCLO versus LCLO, BCLO versus LCLO, BCLO
versus RCLO, RCLP versus LCLP, BCLP versus LCLP, and BCLP
versus RCLP. All these categories were stratified by gender, and
laterality tests were performed within each gender. Chi square
statistics was used to compare the equality of frequencies of
laterality, and p < 0.002 was considered significant (Bonferroni
corrected p-value for 25 different tests where 0.05 is significant for
each test). A distribution of clefts in first degree and second degree
relatives was also analyzed. A breakdown of the frequency of clefts
and distribution of cleft types in eight of the countries with highest
number of treated cases and 26 others was also conducted.

RESULTS

Table 1 shows the distribution of clefts into the different
types observed in the database and an estimate of the
expected frequency for males and female under the null
hypothesis.

Overall test for equality

Unilateral vs bilateral

Table 2 presents the frequencies for the unilateral and
bilateral cleft lip and palate (CLP), and cleft lip only (CLO),

followed by the test results. The binomial test showed
that the proportion of BCLP cases was not the same as
the proportion of UCLP (p < 0.0001). In fact, the
proportion of unilateral cases was greater than the
proportion of bilateral cases. A similar result was found
for the cleft lip (CL) cases (p < 0.0001).

Binomial test comparing pairs of classifications
based on gender and laterality

For each pair of categories based upon laterality (among
bilateral, left or right) the exact binomial test was used to
test the hypothesis that the proportions in each pair of
categories are 0.5. That is, considering individuals with
CLP, with frequencies given below, a test was carried out
to determine significant differences in the proportion of
CLP based on the location (bilateral, left, and right).
Then, these evaluations were repeated among patients
with CL.

The test for differences in proportions showed that
there were more LCLP than BCLP (p < 0.0001; Table 3).
There was also more RCLP than BCLP (p-value <0.0001;
Table 3). However, proportion of left vs right CLP was not
too different from 0.5, there was no significant difference
(p = 0.05; Table 3). The test for differences in proportions
showed that there was more LCL than BCL (p < 0.0001;
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Distribution and comparison between left versus right and between each side versus bilateral cleft lip and palate

Frequency Percent Frequency of females Fregquency of males
Bilateral 4311 29.76 1541 2770
Left 5187 35.80 2060 3127
Right 4989 34.44 2001 2988
Total 14487 100 5602 8885
Percent of first category Confidence interval Exact p-value
Bilateral vs Left 45.39 (44.38, 46.40) <0.0001
Bilateral vs Right 46.35 (45.34, 47.37) <0.0001
Left vs Right 50.97 (50, 51.95) 0.05
Distribution and comparison between left versus right and between each side versus bilateral cleft lip only
Frequency Percent Frequency of females Frequency of males
Bilateral 6168 21.17 2672 3496
Left 16773 57.56 6784 9989
Right 6199 21.27 2403 3796
Total 29140 100 11859 17281
Percent of first category Confidence interval Exact p-value
Bilateral vs Left 26.89 (26.31, 27.47) <0.0001
Bilateral vs Right 49.87 (48.99, 50.76) 0.78
Left vs Right 73.01 (72.44, 73.59) <0.0001

Table 3). There was more LCL than RCL (p < 0.0001;
Table 3). However, the proportion of BCL was not
different from the proportion of RCL (p = 0.78; Table 3).

By gender

The test for differences in proportions was used to
determine if the proportion of cleft was greater in one
category than in another category. Among females, the
proportion of BCLP was lesser than the proportion of
LCLP and RCLP (p < 0.0001 in both cases; Table 4). The
proportions of CLP among males were similar to those for
females (Table 4).

Among females, the proportion of BCL was less than
the proportion of UCL (p < 0.0001; Table 4). However,
the proportion of BCL was slightly greater than the
proportion of RCL (p = 0.0002). Also, the proportion of
LCL was greater than the proportion of RCL (p < 0.0001;
Table 4).

In males, the proportion of BCL was smaller than the
proportion of LCL (p-value <0.0001; Table 4). The
proportion of BCL was lesser than the proportion of RCL
(p-value 0.0005; Table 4). The proportion of LCL was
greater than the proportion of RCL (p-value <0.0001;
Table 4). There was a significant difference between
males and females with CPO (p-value 0.0002).

Affected relatives

Table 5 shows the distribution and percentages of first

and second degree relatives with a cleft diagnosis
recorded in the database. Frequency of clefts and
distribution of cleft types in eight of the countries with
highest number of treated cases and 26 others are
presented in supplementary Table 1.

DISCUSSION
Epidemiology

In the absence of established population based birth
defects registries in most countries in sub-Saharan
Africa, hospital based registries supported by non-
governmental organizations provide a reliable estimate of
birth defects including OFCs. In this study, post-surgical
data from the Smile Train organization was obtained and
these data by cleft type, gender and countries in SSA
was analyzed. In the overall distribution of OFCs, it was
observed that in major cleft types such as CLP, CLO and
CPO is similar to what has been reported in some
populations around the world (Butali et al., 2014; Eshete
et al.,, 2011; Doray et al., 2012; Yafiez-Vico et al., 2012;
Bell et al., 2013; McDonnell et al., 2014). Our observation
for UCLP versus BCLP is not different from other studies
(Yafez-Vico et al., 2012; Lithovius et al., 2014).
Nonetheless, there was no significant difference between
RCLP and LCLP.

Gender difference for CPO has been consistently
reported in the literature (Butali et al., 2014; Lithovius et
al., 2014; Matthews et al., 2014). A statistically significant
difference for CPO in our cohort even after applying the
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Table 4. Distribution and comparison between females and males with left versus right and between each side versus bilateral

cleft lip and palate and cleft lip only.

Females (cleft lip and palate)

Frequency Percent
Bilateral 1541 27.51
Left 2060 36.77
Right 2001 35.72
Total 5602 100

Bilateral vs Left
Bilateral vs Right
Left vs Right

Bilateral
Left
Right
Total

Bilateral vs Left
Bilateral vs Right
Left vs Right

Bilateral
Left
Right
Total

Bilateral vs Left
Bilateral vs Right
Left vs Right

Bilateral
Left
Right
Total

Bilateral vs Left
Bilateral vs Right
Left vs Right

CPO
Males
Females

Percent of first category Confidence interval

42.79 (41.17, 44.43)
43,51 (41.87, 45.16)
50.73 (49.18, 52.28)

Males (cleft lip and palate)
Frequency
2770
3127
2988
8885

Percent of first category Confidence interval

46.97 (45.69, 48.26)
48.11 (46.81, 49.41)
51.14 (49.88, 52.40)

Females (cleft lip only)
Frequency

2672

6784

2403

11859

Percent of first category Confidence interval

28.26 (27.35, 29.18)
52.65 (51.27, 54.03)
73.84 (72.93, 74.74)

Males (cleft lip only)
Frequency
3496
9989
3796
17281

Percent of first category Confidence interval

25.93 (25.19, 26.67)
47.94 (46.79, 49.10)
72.46 (71.71, 73.21)
1337 44.67, 48.35
1538

Exact p-value
<0.0001
<0.0001

0.36

Percent
31.18
35.19
33.63

100

Exact p-value
<0.0001
0.004
0.08

Percent
22.53
57.21
20.26

100

Exact p-value
<0.0001
0.0002
<0.0001

Percent
20.23
57.80
21.97

100

Exact p-value
<0.0001
0.0005
<0.0001

0.0002
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Table 5. Frequencies for the relatives with a diagnosis of cleft reported in the database.

Response Immediate relative with clefts Distant relative with clefts
Do not know 846

No 44,587 44,307

Yes 1,181 1,349

Total 46502 46502

Bonferroni correction was observed. An interesting
finding was the gender difference in CL. It was observed
that more females had BCL than RCL. The opposite was
observed in males.

In the present study, 2.5% reported clefting in first
degree relatives (that is, siblings and 2.9% in second
degree relatives (uncles, cousins and aunties). These
rates are lower than reported rates for positive family
history of 10.4% reported in Nigeria (Butali et al., 2014),
and in other population groups where rates as high as 17
to 35% have been reported (Peterka et al., 1996;
Jaruratanasirikul et al., 2008; Martelli et al., 2010).

Furthermore, data for cleft types in affected relatives
were not available for analysis. This is a limitation
because it is now known that recurrent risk varies in
families according to cleft types. There is a genetic risk
for having another child with cleft in a family with a
positive history of clefting. A family with a particular cleft
phenotype will likely give birth to offspring with the same
phenotype compared to a family with no history of clefting
in the general population, BCLP to BCLP: Recurrent risk
is 4.6% (95% ClI: 3.2-6.1%); CP to CP: recurrent risk is
3.9% (95% CI: 2.5-5.6%) (Grosen et al., 2010). This
information will be valuable during genetic counselling for
affected families. Recurrent risks also provide evidence
supporting the role of genetic underpinnings for the
different type of phenotypes. Therefore, future genetic
studies investigating these phenotypes in separate
cohorts will provide opportunities for novel and
sophisticated strategies for prevention.

Limitations

The data is very limited and the study was unable to
estimate the prevalence for each country since the birth
rates for these countries from Smile Train were not
available. A survival curve which will provide information
on the survival of individuals with clefts in this population
could not be plotted. This is a limitation since the data
was cross-sectional. The estimates provided in this study
are not exact prevalence data for the cleft types, as they
were obtained in only hospitals supported by Smile Train.
In addition, they are prone to bias and may not represent
the true rates. Furthermore, the data do not include infant
mortality data, and it is difficult to estimate the number of
stillbirths with clefts or infants with clefts who died during
the perinatal period prior to surgery. Nonetheless, this

database can be developed further into a hospital birth
defect registry for records of all births (live and stillbirths).
Population-based surveillance and record of all births
should then be linked to the hospital registry. It is only
when this is done that accurate estimates of birth defects
rates including OFCs can be estimated.

Conclusion

Data reported here provides estimates from the largest
recorded body of data for clefts in the African continent,
therefore providing a rationale for the establishment of a
population based registry. These registries when
established will support studies on cleft treatment
outcomes, etiology and prevention.
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Table S1. Frequency of clefts in 8 countries with the highest number of treated cases and 26 others.

Hospital country Frequency Percent Cumulative frequency Cumulative percent
Congo DR 1371 2.95 1371 2.95
Ethiopia 16049 34.51 17420 37.46
Kenya 4084 8.78 21504 46.24
Nigeria 8209 17.65 29713 63.90
Somalia 1039 2.23 30752 66.13
Tanzania 2750 5.91 33502 72.04
Uganda 5138 11.05 38640 83.09
Zambia 1319 2.84 39959 85.93

Other 6543 14.07 46502 100.00




