Liu et al. International Journal for Equity in Health (2025) 24:50 International Journal for EqUIty
https://doi.org/10.1186/512939-025-02412-7 in Health

Check for
updates

Emerging trends and cross-country health
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Abstract

Background Previous studies predominantly focused on single types of congenital birth defects (CBDs) or specific
national prevalence. This study adopts a holistic perspective to assess current trends and health inequalities in birth
incidence rate of various types of CBDs, providing novel insights to inform public health policy formulation.

Methods Global, socio-demographic index (SDI) regional, and country-specific estimates incidence cases and rate at
birth of CBDs from 1990 to 2021 were derived from the Global Burden of Disease (GBD) 2021. Joinpoint analysis and
autoregressive integrated moving average predictive models were employed to evaluate temporal trends in the birth
incidence rate of CBDs for the period 2022-2031. Additionally, analysis of associations and health inequalities were
conducted to examine the relationship between SDI and the birth incidence rate of CBDs across countries.

Results Globally, the birth incidence rate decreased from 5811.17/100k population in 1990 to 5563.72/100k
population in 2021, with low SDI regions recording the lowest rate and cases. Joinpoint analysis revealed a global
decrease in the birth incidence rate of CBDs (average annual percentage change, AAPC: -0.14%, 95%C/- -0.15% to
-0.12%). The most significant decline was observed in neural tube defects (NTD) (AAPC: -1.35%, 95%C/: -1.42% to
-1.28%). However, only birth incidence rate of orofacial clefts (OC) is projected to decrease globally the next decade.
Within the five SDI regions, the birth incidence rate of OC is also projected to decrease probably. The analysis revealed
negative correlations between congenital heart anomalies (CHA), NTD, and SDI, with NTD showing both absolute and
relative health inequalities.

Conclusions Despite the general decline in overall birth incidence rate of CBDs, projections suggested a probable
increasing trend for all types except OC. This underscores the necessity for enhanced surveillance and intervention
measures. Furthermore, the successful prevention policies implemented for NTD could serve as effective models for
addressing other types of CBDs, thereby improving the current global situation of CBDs.
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Introduction

Congenital birth defects (CBDs) encompass structural
or functional abnormalities that arise during the embry-
onic or fetal stages, significantly impacting physical or
intellectual development [1, 2]. Annually, approximately
8 million infants are born with CBDs worldwide, and
deaths due to CBDs contribute to about 10% of neonatal
deaths [3, 4]. Although advancements in diagnosis, treat-
ment, and care have alleviated some fatal birth defects,
survivors often face potential social discrimination and
long-term complications, necessitating ongoing medi-
cal support throughout their lives [5-7]. For example,
children with congenital heart anomalies (CHA) have an
increasing risk of developing chronic heart failure and
acquiring cardiovascular diseases in the future. Conse-
quently, CBDs impose a substantial burden on affected
individuals and their families [8, 9].

CBDs result from genetic and environmental factors
and represented a significant health burden that can
be mitigated through effective intervention strategies.
Maternal folic acid supplementation during the peri-
conceptional period, for example, can prevent neural
tube defects (NTD) in offspring [10]. Establishing robust
medical surveillance systems to accurately identify CBDs
was crucial for implementing targeted interventions to
alleviate the burden. However, socioeconomic dispari-
ties hinder the development of comprehensive CBDs
surveillance systems in many developing countries [11,
12]. Consequently, many intervention measures were
inadequately implemented, making it challenging to con-
trol the incidence of CBDs. While developed countries
have seen a significant reduction in the burden of CBDs,
approximately 94% of severe cases occur in low- and
middle-income countries [13]. Monitoring the incidence
of CBDs across regions and countries and comparing
differences is essential for adjusting relevant policies
effectively.

Current research on the Global Burden of Disease
(GBD) related to CBDs has focused on single types, with-
out conducting in-depth analyses across different types
of CBDs [2, 14]. Additionally, the scope of such studies
tends to be limited, covering specific countries or terri-
tories and lacking a comprehensive global perspective
[15]. This study provides a detailed evaluation of the dis-
tribution of CBDs by leveraging birth incidence cases and
rate from various types, aiming to optimize the allocation
of healthcare resources and to inform the development
of public health strategies for monitoring and prevent-
ing these defects. The GBD 2021 offers new data on the
incidence at birth of CBDs worldwide, providing a com-
prehensive perspective on the epidemiological magni-
tude of these defects. This study adopts a holistic view to
assess current epidemiological trends and various types
of CBDs, thereby offering novel insights to inform public
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health policy formulation. Reevaluating and predicting
trends in the birth incidence rate of CBDs at global, SDI
regional, and national levels, along with assessing health
inequalities between countries, is crucial for achieving
a global consensus on preventing CBDs, fostering inter-
national health cooperation, and advancing the United
Nations’ Sustainable Development Goals.

Methods

Data sources

This study utilized data from GBD 2021 (https://vizhub.
healthdata.org/gbd-results/). In the GBD database, CBDs
were diagnosed according to the International Classifi-
cation of Diseases, 10th Revision, specifically within the
coding range Q00-Q99. More details were available in S1
table. The data sources included literature reports, mul-
tiple international birth defect registries, surveillance
systems, inpatient hospital data and MarketScan claims
data [16]. These defects included various types such as
CHA, congenital musculoskeletal and limb anomalies
(CMLA), urogenital congenital anomalies (UCA), diges-
tive congenital anomalies (DCA), orofacial clefts (OC),
Down syndrome, NTD, Turner syndrome, Klinefelter
syndrome, and other chromosomal abnormalities. For
this study, data on Down syndrome, Turner syndrome,
Klinefelter syndrome, and other chromosomal abnormal-
ities were consolidated into a single group for subsequent
analysis (Total chromosomal congenital birth defects,
TCCBD) [16]. Given the unique onset timing of CBDs,
the GBD2021 database recalculated the incidence rate
at birth. Birth incidence cases and rate were reported in
the form of point estimate and 95% uncertainty intervals
(UI). The 95% uncertainty intervals (UI) in the GBD study
were produced based on the 25th and 975th ordered val-
ues of 1000 random draws of the posterior distribution.
The models and estimation processes for this indicator
were detailed in other publications [16]. This study pro-
ceeds with further analysis based on this recalculated
indicator.

The GBD 2021 provided specific SDI values for 204
countries and territories and categorized them into 5
categories based on the socio-demographic index (SDI),
reflecting epidemiological similarity. The SDI classifica-
tions are: High SDI, High-middle SDI, Middle SDI, Low-
middle SDI, and Low SDI. The values of these quintile
can be found on the aforementioned website. The SDI
was a composite indicator reflecting the social and eco-
nomic conditions that impact health in each country and
region, including per capita income, average educational
attainment for the population aged 15 and over, and fer-
tility rate for women under 25 [16].
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Statistical analysis

Joinpoint regression model (JRM) was employed to
assess the temporal trends of CBDs and each type in
global and SDI regions over the period 1990-2021. Join-
point Software (version 4.8.0.1; National Cancer Insti-
tute, Rockville, MD, USA) was used to systematically
evaluate these trends and determine the statistical sig-
nificance of changes at connection points. The annual
percentage change (APC) and average annual percentage
change (AAPC) were calculated to quantify the direction
and magnitude of trends. Based on this, the Autoregres-
sive Integrated Moving Average(ARIMA) model was
applied to predict future trends in the incidence rate at
birth of CBDs from 2022 to 2031. The ARIMA model, a
combination of autoregressive and moving average mod-
els, is widely used for forecasting disease trends due to
its efficacy. The Ljung-Box test was used to evaluate the
model’s fit, with p>0.05 indicating a good fit. Predic-
tion accuracy was assessed using root mean square error
(RMSE), mean absolute error (MAE), and mean absolute
percentage error (MAPE), with lower values indicating
higher precision.

To analyze association, spearman correlation and
locally weighted linear regression model were used to
examine the relationship between the birth incidence
rate of CBDs and each type and SDI. Further analysis
of health inequality in the birth incidence rate of CBDs
and each type was conducted using the slope index of
inequality and the concentration index, as recommended
by the WHO in the Health Inequality Monitoring Man-
ual. Slope index of inequality was calculated by regress-
ing the birth incidence rate of CBDs and each type on
a relative SDI scale related to income, representing the
absolute difference in a health measure between a sub-
group with the highest level of education or wealth and
a subgroup with the lowest. The concentration index
was obtained by fitting the Lorenz curve to the cumu-
lative distribution of the population ranked by SDI and
the cumulative fraction for the birth incidence rate of
CBDs and each type. Integrating the area under the curve
indicates the degree to which a health indicator is con-
centrated in a disadvantaged or advantaged group [17].
Repeated iterative weighted linear regression was used to
account for heteroscedasticity. A positive value indicates
higher birth incidence rate in subgroups with higher SDI,
whereas a negative value indicates higher birth incidence
rate in subgroups with lower SDI. The greater the abso-
lute value, the greater the inequality. ARIMA forecasts,
association analysis, and health inequality analysis were
performed using R software (version 4.3.1) and Stata/MP
16.0 (StataCorp, College Station, TX), with p<0.05 con-
sidered statistically significant.
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Result

The birth incidence cases and rate of CBDs and its types
Globally, the birth incident cases of CBDs decreased from
7658372.57 (95%ULI: 6649818.93 to 8882947.09)in 1990 to
7198542.23 (95%UI: 6203686.76 to 8356382.81)in 2021.
Correspondingly, the birth incidence rate decreased from
5811.17/100k population (95%UI: 5045.88 to 6740.38)
in 1990 to 5563.72/100k population (95%UI: 4794.80 to
6458.61) in 2021. Among the five SDI regions, Low SDI
region recorded the lowest birth incidence rate and cases,
as depicted in Table 1 and S2 Table.

At the country level, the top five countries with the
highest birth incidence rate of CBDs in 2021 were the
Central African Republic, Tajikistan, Brunei Darussalam,
Turkmenistan, and Haiti. The countries with the highest
cases of CBDs were India, China, Nigeria, Pakistan, and
Indonesia. There was considerable overlap with the top
five countries in birth incidence rate and cases in 1990.
Detailed data for other countries and types of CBDs were
showed in S3 Table.

Temporal trend and projection in the birth incidence rate
of CBDs and its types

Joinpoint analysis revealed that the global birth inci-
dence rate of CBDs declined during 1990-2021 (AAPC:
-0.14%,95%CI: -0.15% to -0.12%, p<0.001). The most
significant decline was observed in NTD (AAPC:
-1.35%,95%CI: -1.42% to -1.28%, p <0.001).

Overall, the birth incidence rate of CBDs declined in all
SDI regions, with the most substantial decrease observed
in the middle SDI region (AAPC: -0.33%,95%CI: -0.35%
to -0.31%, p<0.001). Specific types of CBDs such as
CHA, NTD, OC, UCA, and TCCBD saw the most signifi-
cant declines in the high-middle SDI regions. In contrast,
CMLA decreased most in the middle SDI region, while
DCA showed the greatest decline in the low SDI region.
Among all types and regions, the high-middle SDI
region for NTD exhibited the largest decrease (AAPC:
-2.74%,95%CI: -2.86% to -2.61%, p<0.001). However, it
was noteworthy that UCA displayed an upward trend
globally and across all five SDI regions during 2016—2021.
The high SDI region experienced the highest increase in
birth incidence rate of UCA during this period (AAPC:
5.59%, 95%CI:4.13 to 7.07%, p<0.001). More details are
shown in Fig. 1 and S4 Table.

The ARIMA model was used to forecast the birth inci-
dence rate of CBDs and its types globally and across five
SDI regions for the period 2022-2031. The residuals of
all models passed the Ljung-Box test, indicating a good
fit (Fig. 2 and S5 Table). The projected birth incidence
rate of CBDs and its types from 2022 to 2031 are detailed
in the table. Globally, the birth incidence rate of CBDs
was expected to decrease from 5551.95 /100k popula-
tion (95%CI: 5542.9 to 5561.0) in 2022 to 5446.00 /100k
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population (95%CI: 5139.23 to 5752.77) in 2031. The five
SDI regions also exhibited a downward trend, with the
most significant decline observed in the low SDI region
(from 6379.08 /100k population (95%CI: 5456.46 to
5602.09) in 2022 to 6241.31 /per 100k population (95%Cr:
6132.27 to 6350.34) in 2031).

However, among the various types of CBDs, only the
birth incidence rate of OC. were anticipated to decrease
globally. In contrast, the birth incidence rate of CHA,
CMLA, DCA, NTD and TCCBD were projected to
increase globally, with UCA showing the largest rise
(from 850.14 in 2022 to 889.86 in 2031). Notably, within
all the five SDI regions, the birth incidence rate of UCA
was projected to increase, while the birth incidence rate
of OC was expected to decline. The high SDI region was
forecasted to exhibit the largest increase in UCA and the
most substantial decline in OC.
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Correlation between the birth incidence rate of CBDs and
their types and the SDI

Figure 3 illustrated the relationship between the birth
incidence rate of CBDs, its various types, and the SDI
across 204 countries in 1990 and 2021. The analysis
revealed no association between birth incidence rate
excluding DCA and OC in 1990 and excluding OC in
2021 with SDI. In contrast, CBDs and its types exhibited
a negative correlation with SDI. In 2021, the negative cor-
relation between the birth incidence rate of CBDs and
SDI was stronger (p=-0.63, p<0.001) compared to 1990
(p=-0.59, p<0.001). This indicated a greater decline in
birth incidence rate of CBDs with increasing SDI in 2021
than in 1990. Notably, the birth incidence rate of CHA
and NTD had the highest negative correlation with SDI
in both 1990 and 2021. Notably, the birth incidence rate
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Fig. 3 Association between birth incidence rate of CBDs and its types and SDI'in 1990 and 2021. Note: A-H:1990; I-P:2021; A & I: Congenital birth defects,
B & J: Congenital heart anomalies, C & K: Congenital musculoskeletal and limb anomalies, D & L: Digestive congenital anomalies, E & M: Neural tube
defects, F & N: Orofacial clefts, G & O: Urogenital congenital anomalies, H & P: Total chromosomal congenital birth defects, SDI: Socio-Demographic Index
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Table 2 Measures for health inequality in birth incidence rate of congenital birth defects and its types

Cause Health inequality metrics Year Value(95%Cl)
Congenital birth defects Slope index 1990 -2326.01(-2670.58 to -1981.43)
2021 -2296.16(-2622.67 to -1969.65)
Concentration index 1990 -0.04(-0.03 to -0.05)
2021 -0.06(-0.05 to -0.07)
Congenital heart anomalies Slope index 1990 -984.44(-1109.91 to -858.97)
2021 -1007.91(-1128.95 to -886.88)
Concentration index 1990 -0.08(-0.07 to -0.09)
2021 -0.09(-0.08 to -0.1)
Congenital musculoskeletal and limb anomalies Slope index 1990 -684.03(-872.31 to -495.74)
2021 -808.21(-995.22 t0 -621.19)
Concentration index 1990 0.01(0.03t0-0.01)
2021 -0.03(-0.01 to -0.04)
Digestive congenital anomalies Slope index 1990 -3.27(-50.44 t0 43.91)
2021 -32.09(-78.13t0 13.94)
Concentration index 1990 0.03(0.05 t0 0.01)
2021 0.03(0.04 t0 0.01)
Neural tube defects Slope index 1990 -212.63(-229.4 10 -195.86)
2021 -117.14(-128.37 t0 -105.91)
Concentration index 1990 -0.25(-0.22 t0 -0.28)
2021 -0.33(-0.29t0 -0.37)
Orofacial clefts Slope index 1990 -26.63(-56.11 to0 2.84)
2021 -15.75(-35.67 t0 4.17)
Concentration index 1990 -0.04(-0.02 to -0.07)
2021 -0.04(-0.02 to -0.06)
Urogenital congenital anomalies Slope index 1990 -240.59(-327.78 to -153.4)
2021 -203.38(-292.05t0 -114.71)
Concentration index 1990 -0.08(-0.06 to -0.1)
2021 -0.08(-0.06 to -0.1)
Total chromosomal congenital birth defects Slope index 1990 -110.80(-156.31 to -65.28)
2021 -107.85(-148.39 to -67.31)
Concentration index 1990 -0.03(-0.02 to -0.04)
2021 -0.06(-0.05 to -0.07)

Note: SDI: Socio-Demographic Index; Slope index: It represents the absolute difference in a health measure between a subgroup with the highest level of education
orwealth and a subgroup with the lowest. Concentration index: It indicates the degree to which a health indicator is concentrated in a disadvantaged or advantaged

group

of TCCBD displayed an “inverted V” relationship with
SDJ, initially decreasing and then increasing as SDI rose.

Health inequality in CBDs and its types among 204
countries in 1990 and 2021

At the national level, absolute and relative inequality in
the birth incidence rate of CBDs and its types related to
the SDI were observed. Table 2 showed that, with the
exception of DCA and OC, the birth incidence rate of
CBD and its types were disproportionately shouldered by
countries with lower SDI. As indicated by the SII, the gap
in birth incidence rate of CBD between the highest and
the lowest SDI country increased from -2326.01(95%CI:
-2670.58 to -1981.43) in1990 to -2296.16(95%CI: -2622.67
to -1969.65) in 2021. A significant increase of slope index
in NTD was observed from 1990 to 2021, while no sig-
nificant changed in CBDs and other types. A significant

relative inequality in the birth incidence rate of NTD was
found and it gets worsened from 1990 to 2021, as the
concentration index decreased from -0.25(95%CI: -0.22
to -0.28) in 1990 to -0.33(95%CI: -0.29 to -0.37) in 2021,
whereas the relative inequality in CBDs and other types
was not pronounced.

Discussion

This study offered a comprehensive analysis of birth inci-
dence rate of CBDs from 1990 to 2021.The findings indi-
cated a decline in both the birth incidence rate and cases
of CBDs in 2021 compared to 1990, with an overall down-
ward trend throughout 1990-2021. However, the global
birth incidence rate of all types of CBDs, except for OC,
was projected to increase from 2022 to 2031 probably.
This study examined the relationship between the birth
incidence rate of CBDs, its types, and SDI, highlighting
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existing health inequalities. The analysis revealed a nega-
tive correlation between the birth incidence rate of CBDs
and SDI, except for DCA and OC. Notably, CHA and
NTD exhibited the strongest negative correlations with
SDI. Furthermore, NTD demonstrated both absolute and
relative inequality across 204 countries.

These findings had significant implications for the pub-
lic and policymakers. Firstly, the global decline in birth
incidence rate from 1990 to 2021 reflected improvements
in newborn health, reducing infant mortality and disease
burden among children, and contributing to overall pop-
ulation health. The decrease in CBDs enhanced public
confidence in health initiatives and policies, encouraging
further implementation [18]. However, the study pre-
dicted a probable future rise in the birth incidence rate
of many types of CBDs. This served as a critical public
health warning, highlighting the need for timely action
and strengthened control of risk factors to prevent the
increase [19]. The projected rise underscored the impor-
tance of enhancing international cooperation, with coun-
tries sharing data and experienced to tackle the challenge
collectively. The correlation and health inequality analysis
further stressed the importance of international collabo-
ration. Regions with high birth incidence rate can learn
from the successful strategies of regions with low birth
incidence rate to refine their own approaches, the focus
is on broader strategic measures such as folic acid forti-
fication and rubella vaccination, which are effective and
universally affordable interventions [4]. For example, the
UK introduced mandatory folic acid fortification in 2022
and would result in an approximately 15-22% reduction
in the prevalence of NTD in the forecast [20]. However,
given the heterogeneity of health systems and resources,
as well as socio-economic and cultural contexts, such
single-direction learning may not be effective in the short
term, and therefore, strengthening international coop-
eration, especially in helping disadvantaged countries is
worth advocating. Training doctors, nurses and allied
health professionals in medical genetics through interna-
tional cooperation, helping establish the pre-pregnancy
prenatal screening mechanisms and medical services
during perinatal pregnancy are important measures to
promote equality [13]. Addressing health inequality can
drive the development of new prevention and treatment
methods and diagnostic tools tailored to regional needs,
thereby advancing global medical technology [21].

This study was the first to analyze the birth incidence
rate of CBDs and its types from 1990 to 2021. The Euro-
pean Surveillance of Congenital Anomalies reported an
birth incidence rate of congenital malformations in Euro-
pean countries of approximately 2.39%, [22] Xinyu Li and
colleagues assessed the global prevalence of CBDs in chil-
dren under 14 years of age to be 1,301.66 /100k,[2] Asra
Toobaie and colleagues conducted a systematic review
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estimating the prevalence of congenital anomalies in chil-
dren in low-income and middle-income countries to be
1,850 /100k [23]. The estimations above were significantly
lower than our study’s estimation of 5563.72 /100k, the
observed difference may stems from our study’s inclu-
sion of data from 204 countries, additionally, post-birth
deaths due to CBDs were not included in the multi-age
prevalence calculations. The results indicated that low
SDI region recorded the lowest birth incidence cases
and rate, however, low SDI region may face a shortage of
medical resources, inadequate infrastructure, poor access
to medical services and inadequate birth defect surveil-
lance systems, resulting in inadequate identification and
reporting of the disease, which affects the accuracy of the
data and may underestimate the reality [11, 12].

From 1990 to 2021, a global downward trend in CBDs
was observed across all five SDI regions, with the most
significant decline noted in NTD. The decline was likely
due to extensive epidemiological evidence indicating the
sensitivity of NTD to folic acid. Folic acid supplemen-
tation before and during fetal organogenesis has been
shown to reduce the risk of NTD development signifi-
cantly [24]. The widespread implementation of folic acid
fortification and supplementation programs in the 1980s
contributed substantially to this reduction [25]. Since
2016, however, there was a notable increase in the birth
incidence rate of UCA in all five SDI regions. The rise
was consistent with previous findings and may be attrib-
uted to advancements in ultrasound technology and the
introduction of third-trimester fetal ultrasound scanning,
which enables earlier detection, however, it can also leads
to pregnancy termination, thereby reducing incidence
rate [26]. The use of high-frequency probes has also
reduced the incidence of false-negative diagnoses [27].
The birth incidence rate of DCA initially decreased but
then showed fluctuating increases, necessitating further
investigation into the underlying causes. Predictive mod-
els indicated a probable continued decline in birth inci-
dence rate of CBDs globally and across all SDI regions,
with the most obvious reductions in low SDI region. The
trend was likely due to the establishment of newborn
screening programs in high-income countries, while low-
income countries only recently developed such programs
[28]. In low-income areas, the implementation of acces-
sible, cost-effective, and low-tech screening methods can
yield significant benefits [29]. Enhancing prenatal testing
can rapidly reduce morbidity and improve clinical deci-
sion-making processes [30]. Contrary to the global and
regional downward trend in CBDs, birth incidence rate
of DCA was projected to rise across all five SDI regions
probably, requiring increased societal attention. The
development of the neonatal digestive tract was a com-
plex process from early embryonic life to birth, neces-
sitating a variety of imaging modalities for evaluation
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[31]. A Study suggested that radiological assessments,
although crucial for DCA evaluation, must be carefully
managed to avoid high morbidity and mortality associ-
ated with late diagnosis while minimizing unnecessary
radiation exposure [32]. Current research on DCA pri-
marily focuses on diagnosis and treatment, with limited
studies on population risk factors and etiology. There is a
need for countries to share data to develop more effective
prevention and control measures and strategies. Some
countries have established national birth defects registra-
tion systems that systematically collect and monitor data.
Based on this, it is possible to unite multiple countries to
build a collaborative network and establish a global con-
genital malformation research network to promote data
sharing and experience exchange, enable researchers and
policymakers to more easily access and analyze data to
facilitate further research on congenital malformation
factors and causes, for example, the Latin American Col-
laborative Study of Congenital Malformations [33].
Correlation analysis revealed that, in addition to DCA
and OC, the birth incidence rate of CBDs and other types
were significantly negatively correlated with SDI, align-
ing with previous studies [14, 27]. Among these CBDs,
CHA and NTD demonstrated the strongest associa-
tion with SDI. This may be attributed to income-related
modifiable factors, such as maternal nutritional status
or folic acid supplementation programs [34]. Numerous
studies showed that folic acid supplementation can pre-
vent NTD and significantly reduce the risk of CHA [35,
36]. Nevertheless, the relationship between the birth
incidence rate of CBDs and SDI is uncertain, but it still
suggested health inequalities in the birth incidence rate
of CBDs across countries with different income levels
may exist. Further analysis corroborated that the birth
incidence rate of CBDs, excluding DCA and OC, was
disproportionately high in economically disadvantaged
countries. This aligned with earlier research showing
that socio-political-economic factors and policies sig-
nificantly impacted health and its determinants [37]. A
study by Nick Golding et al. highlighted that although
development assistance for neonatal and maternal health
increased in Africa recently [38], funding remains inad-
equate, and intervention coverage was lowest in many
slower-developing countries [39], potentially exacerbat-
ing health inequalities. Given the disparities in health
and other factors across countries, local effective stud-
ies and the introduction and expansion of cost-effec-
tive interventions were essential for addressing health
inequalities [40]. However, the lack of clear modifiable
causes for certain birth defects, such as DCA and OC,
posed challenges for implementing targeted preven-
tion measures globally [41-43]. Significant differences in
health inequalities were particularly noted in NTD, likely
due to the unequal distribution of health resources across
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income levels for other types of CBDs. Low-income
groups faced persistent barriers, such as limited aware-
ness of CBDs and high fertility rate, maintaining a high
absolute burden of NTD [44]. The lack of pre-pregnancy
or perinatal health networks in primary healthcare in
most developing countries hindered effective early pre-
vention. Conversely, effective and widespread folic acid
supplementation education campaigns can help expect-
ant mothers increase their use of folic acid during the
perinatal period [45]. However, the coverage of folic acid
interventions was significantly better in developed coun-
tries compared to developing regions. A review indicated
that folic acid supplement intake among women of child-
bearing age reached 50% in developed countries, while in
regions like the Middle East and Africa, the proportion
was only 0-34%. As of 2020, only 58 countries worldwide
mandated folic acid fortification in staple foods [24, 34].
Therefore, to effectively address disparities in the birth
incidence rate of CBDs across different socioeconomic
contexts, it is essential to implement comprehensive,
evidence-based public health strategies. Policymak-
ers and healthcare professionals should prioritize the
development and expansion of maternal and newborn
health programs, particularly in low-income regions.
This include enhancing access to and awareness of folic
acid supplements and other nutritional interventions to
reduce the risk of congenital abnormalities such as NTD
and CHA. Additionally, investing in robust pre-preg-
nancy and perinatal care networks can facilitate early
detection and prevention of CBDs. International cooper-
ation and increased funding are crucial to support these
initiatives and ensure the equitable distribution of health
resources and intervention coverage. By adopting a mul-
tifaceted approach that addresses both socio-economic
and health-related factors, health inequalities can be sig-
nificantly reduced, leading to improved outcomes and a
decrease in the prevalence of CBDs globally.

This study’s strength lied in its pioneering analysis of
birth incidence rate of CBDs from 1990 to 2021, pro-
viding insight into current disease trends. Additionally,
analysis of health inequality was employed to identify
regional and type-specific disparities in CBDs based on
association analysis. However, there were several limi-
tations. The study relied on the GBD database, which
recalculated original data to produce new estimates. For
example, data for some low SDI countries may based on
unverified estimates, which may introduce bias. Addi-
tionally, future predictions were solely based on existing
data, without accounting for other influencing factors,
potentially leading to significant deviations from actual
outcomes. Finally, the study did not explore the causes of
health inequality, highlighting the need for further inves-
tigation to address underlying issues and aid in prevent-
ing related diseases.
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Base on this, promoting interdisciplinary collabora-
tion among epidemiologists, geneticists, public health
experts, and policymakers will integrate diverse perspec-
tives and methodologies, thereby enhancing research
robustness. Future research addressing these areas will
contribute to a deeper understanding of CBDs and lead
to improved prevention and intervention strategies.
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