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Abstract

Background Gender inequality may be associated with the burden of orofacial clefts (OFCs), particularly in low-and
middle-income countries (LMICs). To investigate the OFCs'burden and its association with gender inequality in the
Eastern Mediterranean region (EMR).

Methods Country-specific data on the OFCs'prevalence and Disability-Adjusted Life Years (DALYs) from 1990 to
2019 were gathered from the Global Burden of Disease database by age and gender. Estimated annual percentage
change (EAPCs) was used to investigate the OFCs'trends. The association of the Gender Inequality Index (Gll) with
prevalence and DALY rates was determined using multiple linear regression. Human Development Index (HDI), Socio-
Demographic Index (SDI), and Gross Domestic Product (GDP) were also considered as potential confounders.

Results In 2019, the overall regional OFCs'prevalence and DALYs (per 100,000 person-years) were 93.84 and 9.68,
respectively. During the 1990-2019 period, there was a decrease in prevalence (EAPC =-0.05%), demonstrating a
consistent trend across genders. Moreover, within the same timeframe, DALYs also declined (EAPC =-2.10%), with a
more pronounced reduction observed among females. Gender differences were observed in age-specific prevalence
rates (p-value=0.015). Gll was associated with DALYs (.= -0.42, p-value =0.1; B ae = 048, p-value =0.036) and
prevalence (B,,,.= -1.86, p-value <0.001, Br.mae= -2.07, p-value <0.001).

Conclusions Despite a declining prevalence, the burden of OFCs remained notably significant in the EMR. Gender
inequality is associated with the burden of OFCs in the Eastern Mediterranean region. Countries in the region should
establish comprehensive public policies to mitigate gender inequalities in healthcare services available for OFCs.
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Introduction

Orofacial clefts (OFCs) including cleft lip and palate
are among the most common congenital head and neck
anomalies, accounting for 652,000 disability-adjusted life
years (DALYs) worldwide [1]. In addition to debilitating
physical effects, such as appearance, speech, and hear-
ing, OFCs can expose children to several psychologi-
cal problems like anxiety and depression. Moreover, the
stigma attached to OFCs disadvantages afflicted children
in education, employment, marriage, and community [2].
Addressing the needs of children with OFCs necessitates
a multidisciplinary approach due to their susceptibility
to diverse health and mental health adversities. However,
providing comprehensive care poses financial challenges
for both healthcare systems and patients’ families, par-
ticularly in resource-constrained settings [3].

The disproportionate burden of OFCs is prevalent in
low- and middle-income countries (LMICs), accounting
for about 84.0% of cases and nearly 94.1% of the overall
disease burden attributed to OFCs [1].

Financial constraint is the primary impediment to
comprehensive cleft care delivery in LMICs [4]. Nota-
bly, financial resources are unequally distributed across
genders, resulting in gender discrepancies in the utili-
zation of screening services and other facilities. Gender
inequalities affect health outcomes from early life due to
differential healthcare access, health-risk behaviors, gen-
der biases in healthcare systems, and unequal resource
allocation in health research and data collection [5-8].
Accordingly, gender discrepancies may lead to a higher
burden attributed to OFCs among female patients [9].

Most countries in the Eastern Mediterranean Region
(EMR) are categorized as low- and middle-income coun-
tries. Although these countries differ in terms of gross
domestic product (GDP), socioeconomic standing, and
degree of gender disparity, they all share nearly the same
genetic foundation, culture, and behavioral tendencies
and are categorized as in-transition countries. Previous
research has suggested that EMR countries face higher
levels of gender inequality than countries in most other
parts of the world [10]. In EMR countries, women have
lower levels of education, employment, health literacy,
health facility utilization, and poorer health outcomes
than men [11].

Many barriers are associated with providing efficient
and effective care for patients with OFCs in the EMR.
Identifying factors associated with the OFC’s burden
in the EMR would help regional planners, implement-
ers, and assistance organizations in taking evidence-
informed and targeted action for vulnerable populations.
This study aimed to investigate the correlation of gender
inequality with the burden of OFCs in the EMR. Addi-
tionally, we sought to assess changes in the prevalence
and DALYs of OFCs in the EMR over the preceding three
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decades based on age groups and gender, compared with
the global trends.

Materials and methods

We analyzed the most updated ecological data available
on the burden of OFCs and gender inequality in the EMR
between 1990 and 2019.

The Global Health Data Exchange (GHDx) query
tool was used to find information on the disease bur-
den of OFCs (available at: http://ghdx.healthdata.org/
gbd-results-tool). Data from the Global Burden of Dis-
eases (GBD) project, conducted by the Institute for
Health Metrics and Evaluation (IHME), are included in
this online tool. GBD is an ongoing global collaboration
that utilizes all available epidemiological data to provide
a comparative assessment of health loss caused by 328
diseases in 195 countries and territories. The GBD meth-
odology is detailed on its official website (http://www.
healthdata.org/gbd).

In brief, the GBD group utilized an optimized Bayes-
ian meta-regression model to estimate the prevalence
of OFCs, encompassing isolated cleft lip, isolated cleft
palate, and combined cleft lip and palate as distinct sub-
groups. These estimations served as inputs for an inci-
dence-prevalence-mortality model within the GBD-2017
study framework [12].

Furthermore, the calculation of DALYs for OFCs
involved assigning disability weights to different condi-
tions, such as unrepaired symptomatic clefts causing
stress, speech issues linked to unrepaired clefts or their
consequences, partially repaired clefts leading to long-
term sequelae, and completely repaired asymptomatic
clefts without sequelae. To capture the uncertainty of
these estimations, a repeated sampling approach was
employed, generating years lived with disability com-
puted through 1000 iterations, each iteration drawing a
unique sample from the data.

[1] Data on the prevalence and DALYs were obtained
for 22 countries located in the EMR. Age and gender-
specific rates, as well as age-standardized rates (ASR),
and their uncertainty intervals (UI), were retrieved. Age
groups were defined as less than one year, 1-4 years, 5-9
years, 10-14 years, 15-19 years, 20—24 years, and older
than 25 years. Worldwide data was also retrieved to com-
pare the patterns in the EMR with the global patterns.

Estimated Annual Percentage Change (EAPC) was
utilized to quantify the trends of the age-standardized
prevalence and DALYs of OFCs. To estimate the EAPC,
a regression line was fitted to the natural logarithm of
rates: In (rate)=a+px+e, where x is the calendar year,
y=In (rate), e depicts error, and « is the intercept. EAPC
is then calculated as 100 x (exp (8)-1), and its 95% confi-
dence interval (CI) is also obtained from a linear regres-
sion model [13].
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We used the United Nations Development Program’s
Gender Inequality Index (GII; GII-2019) to quantify gen-
der inequality. It quantifies gender disparities in three
domains: reproductive health, women’s empowerment,
and economic status. This indicator runs on a continu-
ous scale ranging from 0 to 1, with 0 signifying gender
equality and 1 indicating total inequality for a particular
gender across all measured variables [14].

The Human Development Index (HDI), a compos-
ite index of social and economic achievement, was also
obtained at the national level in 2019 using the United
Nations Development Program’s database. The HDI
comprises four components: a life expectancy index, a
mean number of years spent in education, the expected
number of years spent in school, and an income index.
The Socio-Demographic Index (SDI) measures a coun-
try’s development status based on education, fertility,
and poverty levels and was obtained from the GHDx’s
2019 open database (http://ghdx.healthdata.og/). Gross
domestic product (GDP) per capita was retrieved using
purchasing power parity (constant 2011 international $)
from the World Bank’s open database (http://data.world-
bank.org/).

The average of delta SDI, a potential confounder, and
a proxy measure of the variation of countries’ human
development was computed as the value of the SDI in
2019 minus the SDI in the first year for which the SDI
value was available, divided by the number of years of the
calculated period, and included into the multivariable
models. This variable was considered to be an indicator
of the intensity and magnitude of a country’s develop-
ment progression. We hypothesized that the associations
between GII and the OFC disease burden in countries
with the same development index value may be con-
founded or moderated by the extent and severity of the
country’s progress toward human development during
the last decades.

Statistical analysis

The Wilcoxon signed-rank test was used to compare the
rates. Crude measure of association between GII and the
DALYs/prevalence of OFCs was assessed using ordinary
least square (OLS) regression and demonstrated by scat-
ter plots. Data was stored in a long hierarchical format.
This format provided us an opportunity to consider the
interrelationships of the data available for each coun-
try, which means that reported standard errors were
estimated by applying the variance-covariance matrix
of the estimators (VCE) which allows for intragroup
correlation.

To elucidate the adjusted association between the GII
and the DALYs as well as prevalence rates related to
OFCs within the EMR, multivariable regression models
were employed. Our analysis incorporated DALY and
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prevalence rates spanning the years 1990 to 2019, cap-
turing the longitudinal trends across this time frame.
Based on the available data, potential confounders/
moderators including the 2019 SDI, changes in SDI
(ASDI), 2019 HDI, changes in HDI (AHDI), 2019 GII,
interaction term of HDI and GII, 2019 GDP per capita,
changes in GDP (AGDP), and year were included in the
multivariable models as independent factors. Through
a backward elimination process, the 2019 SDI, changes
in HDI (AHDI), 2019 GDP per capita, and changes in
GDP (AGDP) variables were excluded based on P-value
greater than 0.1. The final regression models were con-
structed with independent variables including the 2019
HDI, 2019 GII, change in SDI (ASDI), interaction term of
HDI and GII, and year. Specifically, six OLS models were
developed to explore the individual relationship between
GII and the prevalence/DALYs, stratified by gender cat-
egories (male, female, and combined), to comprehend
the nuanced impact of gender inequality on the burden
of OFCs within the EMR. Multicollinearity was assessed
using a variance inflation factor (VIF) greater than 1.5.

In addition to assessing the HDI interaction with other
country-level variables, we repeated regression modeling
in three strata including countries with high, medium,
and low HDI scores. A p-value less than 0.05 was consid-
ered statistically significant. The analysis was conducted
using the Python software (version 3.8.7 by the Python
Core Team).

Results

Prevalence

Despite a substantial increase in the absolute prevalence
of OFCs over the last three decades, reaching an esti-
mated 691 x10? (UL 560 to 851x10%) cases with a rate of
95.29 (UL: 77.19 to 117.23 per 100,000) in 2019, there was
a marginal decrease in the age-standardized prevalence
rate observed between 1990 and 2019 (EAPC= -0.05%,
CI: -0.06% to -0.05%; Table 1). Notably, both males and
females exhibited a similar decreasing trend in age-stan-
dardized prevalence rates independently (male EAPC=
-0.05%, CI: -0.06% to -0.04%; female EAPC= -0.06%, CL:
-0.07% to -0.05%), although males consistently demon-
strated a higher prevalence age-standardized rate com-
pared to females across all years (Fig. 1A and B, Fig. S1A).
However, given the EAPC approaching zero, it is appar-
ent that there has been minimal progress in reducing the
incidence of clefts at birth within the EMR.

Analysis of prevalence rates for both genders in various
age groups revealed that in each age group, the preva-
lence rate was considerably greater for males than for
females (p-value=0.015; Fig. 2A and B).

In contrast to the EMR trend, the worldwide preva-
lence of age-standardized rate has slightly grown dur-
ing the past thirty years and reached 60.60 (UI: 49.51 to
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Table 1 Orofacial clefts prevalence and disability-adjusted life years in 1990 and 2019, with estimated annual percentage change

Location Measure Sex Number ASR 1990 (Ul) Number ASR 2019 (Ul) EAPC (95% Cl) P-value
1990 x 10° (Ul) Per 10° 2019x10° (UI) Per 10°
Global Prevalence Male 17.1(140t0209) 6137 (50.01t074.82) 24.1 62.77 011 <0.001
(19.7 10 29.6) (51.28t076.92) (0.10t0 0.12)
Female 15.6 56.94 22.1 5839 0.17 <0.001
(12.7t0 19.0) (46.44 t0 69.54) (17910 27.2) (4759t071.62) (0.16t0 0.19)
Both 32.7 59.14 46.2 60.60 0.14 <0.001
(26.810 39.9) (48.2810 72.15) (37610 56.7) (49.51 to 74.45) (0.13100.16)
DALYs Male 6.87 21.04 273 7.58 -3.73 <0.001
(333t011.7) (1045 to 35.28) (1.82 t0 4.65) (5.03t0 13.44) (-3.78 t0 -3.67)
Female 559 18.14 2.57 745 -3.10 <0.001
(3.69t0 11.1) (12.12t0 35.68) (1.681t04.25) (4.841t012.73) (-3.16t0-3.04)
Both 125 19.63 5.30 7.51 -344 <0.001
(8.07t0 17.5) (12.85t0 27.44) (3.62 t0 7.98) (5.10t0 11.57) (-3.50t0 -3.38)
Eastern Prevalence Male 2.10 102.75 391 10241 -0.05 <0.001
Mediter- (1.70 to 2.55) (84.05 t0 125.91) (3.16 10 4.79) (82.88t0 125.62) (-0.06 to -0.04)
ranean Female 1.65 84.86 3.00 84.56 -0.06 <0.001
Region (13410 2.02) (68.42t0 104.79) (24010 3.68) (67.66t0 104.01) (-0.07 to -0.05)
Both 3.75 94.14 6.91 93.84 -0.05 <0.001
(3.06 t0 4.56) (764010 114.81) (5.60t0 851) (759810 11549)  (-0.06 to -0.05)
DALYs Male 0.386 13.62(6.86 to 26.46) 0.394 9.77 -1.16 <0.001
(0.173 10 0.843) (023910 0.705) (5.98 t0 17.06) (-1.181t0-1.15)
Female 0.615 20.80 0.366 9.58 -2.90 <0.001
(0.263 to 2.00) (9.61t0 62.77) (0.224 t0 0.657) (5.90to 16.72) (-2.95 t0 -2.86)
Both 1.00 17.12 0.760 9.68 -2.10 <0.001
(0484 t02.27) (8.991t036.13) (0486 t0 1.24) (6.23t0 1547) (-2.13t0-2.07)

*Abbreviations: EAPC: Estimated Annual Percentage Change; DALYs: Disability-adjusted life years; ASR: Age-standardized rate; 95%Cl: 95% confidence interval; Ul:

uncertainty interval

74.45) cases per 100,000 population in 2019. Moreover,
after comparing EMR with the world in the context of age
group, in all age groups, the prevalence rate was higher in
EMR than in global (Fig. 2A and B).

Disability-adjusted life-years

Between 1990 and 2019, the DALYs cases and age-stan-
dardized rate decreased (EAPC= -2.10%, CI: -2.13% to
-2.07%), reaching 76 x 10% (UL 46 to 124 10%; rate: 10.46,
UL 6.70 to 10.46 per 100,000) and 9.68 (UI: 6.23 to 15.47
per 100,000) respectively in 2019 (Table 1). Although
both males and females exhibited a decrease in DALYs
age-standardized rate, females experienced a more pro-
nounced drop (male EAPC=-1.16%, CI: -1.18% to -1.15%,
female EAPC= -2.90%, CI: -2.95% to -2.86%; Fig. 1C and
D, Fig S1B).

Analysis of DALY rates for both genders in various age
groups revealed no differences (p-value=0.296; Fig. 2C
and D).

The global DALYs age-standardized rate was higher in
1990 than in the EMR, while this ratio was reversed in
2019 due to the steeper slope of the global trend (Global
EAPC= -3.44%, CI: -3.50% to -3.38% vs. EMR EAPC=
-2.10%, CI: -2.13% to -2.07%). Furthermore, after com-
paring EMR with the world in the context of age group,
no significant difference was observed except for less

than 1 y/o, which was minimally higher global than EMR
(Fig. 2C and D).

The burden of the orofacial cleft in EMR, national level
1990-2019

Online Supplementary Table 1 lists the prevalence and
DALYs and their age-standardized rate of OFCs in 22
EMR countries in 1990 and 2019 (Table S1).

In 2019, among the EMR’s 22 nations, Pakistan had
the most significant absolute prevalence number of oro-
facial clefts, and Djibouti had the lowest (2.38x10°, UL
1.91x10° to 2.94x10° (rate: 106.38, UL: 85.27 to 131.42
per 100,000),5.77x10%, UL 4.62x10* to 7.20x10? (rate:
47.97, UL 38.44 to 59.82 per 100,000); respectively).

The prevalence age-standardized rate varied slightly
throughout the EMR, with Palestine having the greatest
prevalence and Djibouti having the lowest (139.41; UL
113.56 to 171.37, 46.59; UL 37.15 to 58.26 per 100,000;
respectively).

In most EMR countries, the age-standardized prev-
alence has remained relatively steady throughout
time, with only minor increases or decreases. Syria
demonstrated the most pronounced upward trend
(EAPC=0.15%, CIL: 0.13-0.16%), while Djibouti had the
most significant downward trend (EAPC= -0.42%, CI:
-0.43% to -0.41%). Although the prevalence rate was
higher in males than in females in all nations in 1990 and
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Fig. 1 The time trend of orofacial clefts prevalence (A, B) and disability-adjusted life years (C, D) in the Eastern Mediterranean region from 1990 to 2019

2019, gender variations in the prevalence trend slope
were negligible in almost all countries (Fig. 3A and C).

In 2019, among the EMR’s 22 nations, Pakistan had
the most significant absolute DALYs number, while Bah-
rain had the lowest (3.08x10% UL 1.69%x10* to 5.33x10*
(rate: 13.51, UIL: 7.54 to 23.78 per 100,000), 8.73x 10", UL
5.51x10' to 1.30x10? (rate: 6.04, UL 3.82 to 8.98 per
100,000); respectively). The DALYs age-standardized rate
varied markedly across the EMR countries, the highest in
Somalia and the lowest in Iran (18.00, UI: 4.51 to 71.60,
5.74, UI: 3.876 to 8.13 per 100,000; respectively).

Between 1990 and 2019, all countries demonstrated
a declining trend in the DALYs age-standardized rate
except for Somalia, while Yemen had the most dramatic
decline (-61.36%; EAPC= -3.79%, CI: -3.94% to -3.64%)
which was accounted for almost exclusively by females.

Additionally, the male-to-female ratio of DALYs was
steady, with women having greater DALYs than males in
most nations in 1990. However, this ratio was flipped in
2019, except for Pakistan (male: female=0.83), Afghani-
stan (male: female=1.70), Djibouti (male: female=1.31),
Sudan (male: female=1.21), Yemen (male: female=1.32),
and Somalia (male: female=1.05). There were also gender

differences in the declining trend between 1990 and 2019,
with females seeing a considerably greater rate of decline
than males. However, in Qatar, Pakistan, and Somalia,
the declining trend for males is steeper (Fig. 3B and D).

The burden of the orofacial cleft and gender inequality
The GII and the trend in DALYs over the last thirty
years as an indicator of orofacial clefts disease burden
revealed a moderate positive association (r?=0.334,
p-value<0.001). Conversely, the prevalence trend dem-
onstrated a slight negative correlation with GII in EMR
(r*=0.095, p-value<0.001; Fig. 4).

Multivariable linear regression model demon-
strated a positive correlation between GII and DALYs
in females and both genders (female adjusted p=0.48,
p-value=0.036, both adjusted p=0.25, p-value=0.245)
while a negative correlation with prevalence (male
adjusted P= -1.86, p-value<0.001, female adjusted
p= -2.07, p-value<0.001, both adjusted p= -1.75,
p-value<0.001) and DALYs in males (adjusted p= -0.42,
p-value=0.1; Table 2; Fig. S2).
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Fig. 2 Orofacial clefts'prevalence (A, B) and disability-adjusted life years (C, D) in specified age groups in the Eastern Mediterranean region-2019 (EMR)

Discussion

This study quantified the consequences of gender
inequality on orofacial cleft population health indices
in the EMR. In addition, we investigated the prevalence
and DALYs trend from 1990 to 2019 in males, females,
and both genders and compared it with the global trend.
Our findings imply that the correlation of gender dis-
parity with the burden and prevalence of orofacial clefts
should be considered. In almost all models, gender equity
was strongly associated with better outcomes for DALYs
and prevalence for the whole population and males and
females separately [14]. While regional variations in
orofacial clefts and illness burden have been described
earlier [1], our study integrates this information with
accessible country-level indices and gender inequality
data.

The study’s findings indicate that while orofacial preva-
lence has remained relatively stable over the previous
three decades, the EMR’s DALYs showed less reduction
than globally. The difference in DALYs decrease may be
related to a lack of orofacial clefts screening, surgical
and medical facilities, inadequate quantity and quality of
health workforce, mistrust in the health care system, and
gender inequality in low and middle-income countries
[1, 11, 15]. In many low- and middle-income countries,
medical record registration systems confront significant

obstacles that jeopardize the reliability and quality of the
data they supply [16]. Additionally, many cleft-related
consequences, including dental decay, tooth loss, and
hearing loss, have not been included in the orofacial clefts
burden analysis, resulting in a conservative assessment of
the disease’s worldwide burden. Furthermore, as a result
of significant but differential rates of underestimation
of DALYs in different LMICs, the disparity in DALYs
between countries within different income clusters may
be underestimated [1]. Therefore, to overcome the cur-
rent challenges faced by countries in the EMR, long-term
priorities should be to strengthen their healthcare work-
force, establish multidisciplinary orofacial clefts centers
that monitor patients from birth for screening, surgical
palatoplasty, and subsequent follow-up, increase public
trust in the health system, and reduce health-related gen-
der inequality.

Our findings indicate that gender disparity at the
national level has a negative correlation with the preva-
lence of orofacial clefts in males, females, and both
genders, but a positive association with DALYs in the
female population. The GII is driven by societal issues in
which women confront disadvantages in terms of health,
employment, and political influence [17]. To compen-
sate for the influence of general socioeconomic factors,
excluding those related to gender concerns, the HDI
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adjusted life years (D), 1990-2019. Countries with extreme values were annotated
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Fig. 4 Correlation between gender inequality index and orofacial clefts 1990-2019 prevalence (A) and disability-adjusted life years (B) rate

Table 2 Correlation between country-level indicators and orofacial clefts 1990-2019 prevalence and rate of disability-adjusted life

years
2019 Gll 2019 HDI A SDI GlI-HDI Year
Interaction

Male DALYs Crude B 041 -0.46 -0.54 0.09 -0.15
Adjusted 3 -042 -0.049 -0.53 039 -0076
Std Error 3.56 325 2.7 5.02 0.019
P-value* 0.10 0.002 0.00 0.023 0.082

Prevalence Crude B -0.25 0.539 0.55 0.19 -0.52

Adjusted 3 -1.86 -0.64 0.20 1.54 -0.07

Std Error 23.71 21.64 17.93 33.38 013

P-value* <0.001 <0.001 <0.001 <0.001 0.09

Female DALYs Crude B 048 -0.68 -0.33 0.06 -042
Adjusted 3 0.48 -0.35 -0.1 -0.39 -0311

Std Error 6.69 6.1 5.06 942 0.03

P-value* 0.036 0.027 0.034 0.00 0.00

Prevalence Crude B -0.05 0.33 0.50 0.30 -0.07

Adjusted 3 -2.07 -0.98 0.24 1.78 -0.03

Std Error 19.83 18.1 15 2792 0.10

P-value* <0.001 <0.001 <0.001 <0.001 044

Both gender DALYs Crude B 0.50 -0.71 -046 0.08 -0.40
Adjusted 3 0.25 -0.37 -0.28 -0.18 -0.266
Std Error 404 3.69 0.022 5.69 0.022

P-value* 0.245 0.004 0.00 0.253 0.00

Prevalence Crude B -0.20 0.50 0.54 0.22 -0.06
Adjusted 3 -1.75 -0.62 0.21 1.50 0.066
Std Error 22.15 20.22 16.76 31.19 0122

P-value* <0.001 <0.001 <0.001 <0.001 0.13

Abbreviation: DALYs: Disability-adjusted life years; Gll: gender inequality index; HDI:
error

*Estimated for adjusted

and other country-level metrics were first incorporated
into the model. The influence of GII grows when HDI is
added to the statistical prevalence regression model, as
seen by the change in the standardized coefficients. Due
to the significant association between HDI and GII, the

human developmental index; SDI: socio-demographic index; Std Error: standard

findings indicate that gender inequality alone may be a
macro-determinant of orofacial cleft prevalence and bur-
den in EMR nations.

Economic studies document a U-shaped cross-country
association between economic development and gender
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equality. This suggests that while economic progress will
eventually increase gender equality, it will initially result
in gender disparity as a consequence of decreased female
labor force participation [18, 19]. By examining the
trends of the OFCs prevalence over the last three decades
and its relationship to gender inequality at all levels of
gender, we hypothesized that some countries in EMR are
at a level of social development that enables them to pro-
vide adequate diagnosis and screening services to both
sexes equally. However, the attributed disease DALYs rate
was correlated with gender inequality only in females,
indicating that gender imbalance occurs in the timely
diagnosis and post-diagnostic care of females.

Although the prevalence experienced a decreasing
trend over time in both genders, the slope was steeper
among females. Despite the higher prevalence rate in
males compared with females, the DALYs rate in females
is still higher. This result would magnify that gender
inequality has a greater impact on females than males.
There are several pathways in which gender inequality
could affect the orofacial cleft burden. Epidemiologi-
cal studies have suggested that while males and females
have higher cleft-lip and cleft-palate ratios, respectively,
parents of children born with cleft-lip were significantly
more likely to seek care than parents of children born
with isolated cleft-palate, owing to the palatal defect’s less
visible nature, resulting in delayed diagnosis in females
[20-22]. Additionally, in developing societies such as
those in the EMR, parents are more inclined to seek
medical treatment for a sick boy than a sick girl, owing
to patrilocality and patrilineality concerns [18] Another
study found that primary palatoplasty (primary lip, pal-
atal, and alveolar repair) was equally prevalent in males
and females, but secondary palatoplasty (aesthetic and
functional revision), was considerably skewed toward
females due to social stigma-induced beauty satisfac-
tion [23] The issue of gender inequality in OFC is further
complicated by that there are no epidemiological data
available regarding the different subtypes of OFC, CLP,
and CP. Counting CLP and CP in the single entity of OFC
can confound the real issues of gender disparity among
the various features of this disorder, from neonatal diag-
nosis, suitability, and type of surgery to prognosis. To
date, no study has evaluated the epidemiological charac-
teristics of different subtypes of OFC and the deficiency
of data about this matter is a widespread limitation of
these studies and also the GBD [1, 24] Therefore, collect-
ing more epidemiological data on the OFC subtypes is
highly needed to deal with these two major subgroups of
OEFC as separate entities. While existing literature high-
lights sex-based differences in the prevalence of OFCs,
our decision to conduct separate analyses for males and
females stems from the necessity to delve deeper into
the nuanced aspects of gender disparities within this
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condition. Although general prevalence rates may dem-
onstrate variations between genders, the underlying fac-
tors influencing diagnosis, treatment approaches, and
long-term outcomes could potentially exhibit multifac-
eted distinctions between males and females. Moreover,
while the prevalence of OFCs might differ between gen-
ders, the impact of sociocultural factors, access to health-
care, and individual responses to treatment remains
understudied concerning sex-specific variations. There-
fore, our decision to perform separate analyses is driven
by the intent to explore beyond the surface-level preva-
lence differences and uncover potential gender-specific
intricacies that may significantly influence the diagnosis,
management, and prognosis of orofacial clefts.

A significant strength of this research is the robustness
of the findings, as the analysis covered all EMR nations
over an extended period. Thus, the findings represent a
range of socio-historical circumstances. Moreover, all
data were extracted from valid international databases.
Additionally, gender inequality was quantified using an
extensively used indicator in the literature. Finally, by
employing a stepwise multiple linear regression model,
we were able to observe gender inequality in a variety of
scenarios.

Despite these strengths, our study faces some draw-
backs. Firstly, our estimation of DALYs associated with
OFCs may be conservative due to the exclusion of related
morbidities such as dental or auditory disorders. This
underestimation is compounded by variations in DALYs
across different subgroups of OFCs, though these sub-
group-specific DALYs were not individually assessed.
Secondly, the potential underestimation of the OFC
burden might vary among countries, with geographi-
cal location potentially acting as a confounding vari-
able affecting this estimation. To partially address this
issue, we employed macro-level proxy measures like the
HDI and SDI to gauge a country’s overall development,
which indirectly reflects healthcare systems and poten-
tial underestimation of disease burden. However, despite
adjusting for these indices in our modeling, the possibil-
ity of flawed results remains.

Thirdly, limitations in the 2019 Global Burden of Dis-
ease methodology prevented the differentiation between
various degrees and types of OFCs, such as unilateral
or bilateral clefts, cleft lip, cleft palate, and severity lev-
els, which could significantly impact morbidity, surgical
outcomes, and prognosis. Although our study segregated
data by gender to examine gender disparities, the inabil-
ity to differentiate OFC types and severity levels could
potentially mask inequalities, particularly affecting
females, in global data. Fourthly, incomplete HDI data for
multiple countries limited our ability to incorporate com-
prehensive developmental measures over time, necessi-
tating the use of 2019 data, which may introduce residual
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confounding effects in the interpretation of our findings.
Despite statistical adjustments, the lingering impact of
long-term developmental changes remains a consider-
ation in our study’s interpretation.

Lastly, the methodological limitations of the GII in
fully capturing societal gender norms hindered a more
nuanced analysis of gender-related impacts. Regrettably,
comprehensive gender indicators like the Social Institu-
tions and Gender Index (SIGI) and Gender Social Norms
Index (GSNI) were unavailable for inclusion.

Future research is better to focus on comparative stud-
ies examining OFCs prevalence across diverse ethnicities
such as Caucasians, Africans, and other distinct groups.
These studies could explore genetic, environmental, and
socio-economic factors contributing to varying preva-
lence rates. Large-scale, standardized studies would
deepen our understanding of global OFC distribution,
guiding targeted interventions and healthcare strate-
gies tailored to specific populations. These investigations
promise insights into complex OFC etiology, advancing
prevention and management approaches.

Conclusion

The burden of orofacial clefts has increased significantly
over the previous three decades, despite a decreasing
prevalence trend in EMR countries. There is still a strong
correlation between the burden and prevalence of OFCs
and gender inequality in EMR. Thus, promoting gender
equality in public policies and decision-making is criti-
cal for the population-level optimization of OFCs’ sta-
tus. Among the public policies, boosting the resource
allocation to the entire population, especially the female
population, might be mentioned. In addition, the imple-
mentation of projects to reduce the gender gap by inter-
national agencies, especially the World Bank, should
be considered. Furthermore, the WHO regional office
should request from all countries an action plan to reduce
the prevalence and burden of the OFCs, which it should
then tailor for each country and provide implementation
guidance. We also recommend that researchers in this
field including the GBD investigators should consider
collecting data related to cleft palate disease based on its
subtypes and cleft-specific severities.
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