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Table 1 shows the main types of intervention for prevention and care of endogenous congenital disorders, their timing in relation to pregnancy, and the method used to estimate their effects.
Table 1. Interventions that can reduce the burden of endogenous congenital disorders, and methods for assessing their effects.
	Timing in pregnancy
	Intervention
	Effect of intervention based on:

	Obligatory pre-pregnancy
	Folic acid food fortification
	Data on changing prevalence of neural tube defect

	
	Anti-D for rhesus negative mothers
	Estimated access to antenatal care

	
	Genetic risk assessment and counselling
	Basic population genetic theory

	Before or during pregnancy
	Carrier screening for Hb disorders
	Surveillance data from established programmes

	
	Genetic risk assessment and counselling
	Basic population genetic theory

	Only during pregnancy
	Prenatal diagnosis (with or without the option of termination of pregnancy)
Genetic counselling
	Surveillance data from high income settings

	After birth
	Early diagnosis and access to 
therapeutic or surgical cure, supportive
care
	Reported effects of care on length and quality of life


[bookmark: _Toc167861875][bookmark: _Toc192721158]Estimating the power of interventions
The power[footnoteRef:1] of an intervention can be assessed by comparing outcomes with no care and in a setting with approximately equitable access and high-quality surveillance as in most of Western Europe. In the MGDb this level of care is taken to represent “100% access to services”. [1:  The power of an intervention = its quantitative effect on outcomes when fully deployed at the population level.] 

Table 2 shows the estimated power of current interventions in Western Europe by disorder group. Collectively, they result in an approximately 60% reduction in fetal deaths and more than 80% reduction in under-5 deaths due to congenital disorders. The table also shows wide differences in effect on disability because reduced mortality may increase the proportion of survivors living with disability at 5 years of age. Furthermore, there is often a very substantial increase in the length and quality of life of these survivors.

Table 2. Estimates for Western Europe. Outcomes of endogenous congenital disorders with no care, and with estimated actual care (2020-24)
	Disorder group
	Baseline births /1,000
	Baseline (no care) % outcomes
	% outcomes if 100% access to services
	Total % reduction in early death and disability

	
	
	Fetal death
	U-5 death
	Disabil @ 5 yr
	Pre-preg reduction
	TOP
	Fetal death
	Effective cure
	Under-5 death
	Disabil @  yr
	Fetal death
	U-5 death
	Disabil @ 5 yr

	Down
	2.98
	14.0
	53.7
	33.9
	 
	56.4
	6.1
	 
	2.3
	35.1
	56
	96
	-4

	Other autosomal
	1.52
	22.4
	62.2
	15.3
	 
	67.3
	6.9
	
	9.8
	16.0
	69
	84
	-4

	Sex chromosomal
	1.12
	6.5
	1.1
	92.1
	 
	14.5
	3.5
	
	0.7
	81.0
	47
	32
	12

	Severe congen malfns
	15.44
	3.2
	81.3
	15.5
	3.9
	10.8
	1.6
	61.5
	2.4
	19.7
	48
	97
	-27

	Less severe malfns
	5.19
	0.7
	4.7
	94.2
	 
	3.7
	0.6
	89.2
	0.1
	6.3
	4
	98
	93

	Rare single gene
	5.70
	7.0
	57.9
	35.0
	4.7
	4.2
	6.4
	
	29.8
	54.7
	8
	48
	-56

	Hb disorders
	0.21
	0
	72.6
	27.3
	7.7
	41.3
	0.0
	
	1.2
	49.6
	83
	98
	-82

	Rhesus haem dis
	2.88
	25.0
	37.5
	37.4
	99.0
	
	0.3
	
	
	0.7
	99
	100
	98

	G6PDd NN jaundice
	0.10
	0
	50.0
	49.8
	 
	
	
	100
	
	 
	 
	100
	100 

	Total 
	35.13
	7.0
	56.8
	36.2
	10.6
	14.4
	2.8
	40.5
	6.5
	25.1
	60
	88
	31


[bookmark: _Toc167861876][bookmark: _Toc192721159]Actual effects of interventions, 2020-24 estimates
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Folic acid food fortification that delivers an average of at least 100 parts per million (ppm) reduces neural tube defect birth prevalence to approximately 0.77/1,000, whatever the pre-fortification birth prevalence (Williams et al. 2015, Arth et al. 2016). The MGDb applies this general principle to estimate (a) the potential effect of folic acid food fortification and (b) its actual impact using the reported actual reach of fortification in 2017 (Kancherla et al 2018) (Table 3).[footnoteRef:2] [2:  The method may not apply universally, e.g. there is insufficient observational data for the effect in populations of African origin with a relatively low NTD baseline birth prevalence.] 

Folic acid food fortification can have an important effect even where access to health services is very limited, as in AFR. The majority of preventable neural tube defects are actually prevented in AMR (where baseline birth prevalence is relatively low) but there may have been relatively little effect in SEAR where baseline birth prevalence is highest.[footnoteRef:3] [3:  If folic acid food fortification were policy in Western Europe (with the lowest baseline birth prevalence) around 20% of neural tube defects would be prevented. Most of these avoidably affected pregnancies currently end in termination of pregnancy for fetal impairment.] 

Table 3. Estimated baseline birth prevalence of NTD, rate /1,000 births, proportions potentially preventable and actually prevented in 2019 by WHO region (based on Kancherla et al.2018)
	WHO region
	Baseline NTD /1,000
	FA prevent-able /1,000
	% FA prevent-able
	NTD actually prevented /1,000
	% of NTD actually prevented
	% of prevent-able NTD prevented

	AFR
	1.42
	0.65
	46
	0.55
	39
	84

	AMR
	1.44
	0.67
	47
	0.74
	52
	111

	EMR
	2.92
	2.15
	74
	0.53
	18
	24

	EUR
	1.48
	0.71
	48
	0.14
	9
	20

	SEAR
	3.11
	2.34
	75
	0.00
	0
	0

	WPR
	2.00
	1.23
	61
	0.01
	0
	1

	World
	2.14
	1.37
	64
	0.31
	14
	22

	W Europe
	0.89
	0.12
	13
	0.000
	0
	0


Notes. Folic acid food fortification was/is not implemented in most of Western Europe.
The more than 100% estimate for prevention in AMR demonstrates the approximate nature of the calculation 
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Table 4 shows the distribution of rhesus genotypes and estimated baseline birth prevalence of rhesus haemolytic disease by WHO region. Though rhesus negativity is commonest in EUR and AMR, the baseline birth prevalence of rhesus haemolytic disease may now be higher in EMR and AFR where fertility is relatively high, because risk of rhesus haemolytic disease increases with pregnancy number (Mourant et al 1976, Bhutani et al. 2013). 
Table 4. Proportion of the population with the three rhesus genotypes, and estimated baseline birth prevalence of rhesus haemolytic disease. 
	
	% of the population
	Total fertility rate, 2013
	Rh haemolytic disease If no intervention (2013)

	WHO  region
	Rhesus negative  (dd)
	Heterozygous rhesus positive (dD)
	Homozygous rhesus positive (DD)
	
	Est. fetuses with sensitised mother /1,000
	Est. rhesus haemolytic disease /1,000

	AFR
	4
	31
	64
	5.23
	6.7
	3.0

	AMR
	12
	44
	44
	2.12
	6.3
	2.9

	EMR
	9
	40
	51
	3.66
	8.5
	3.8

	EUR
	14
	46
	40
	1.86
	6.2
	2.8

	SEAR
	4
	30
	66
	2.43
	3.2
	1.4

	WPR
	1
	13
	86
	1.77
	0.5
	0.2

	World
	6
	31
	63
	3.08
	4.8
	2.2

	 W Europe
	16
	48
	36
	1.72
	6.5
	3.0


In high income settings, rhesus haemolytic disease is practically eliminated by routine administration of anti-D to rhesus negative mothers during pregnancy and immediately after birth (Clarke 1983). It is difficult to estimate its current birth prevalence elsewhere for three reasons: (1) The accepted rate of maternal iso-immunisation is based on observations in Northern European populations but there is evidence of ethnic differences. (2) Control of rhesus haemolytic disease does not appear to be explicitly recommended in parts of SEAR and WPR. (3) Since maternity services lie somewhere between primary care and specialist services, access to care is likely to exceed the MGDb estimation of access. Nevertheless, the attempt to estimate its effect described in Article 11 (Rhesus Negativity) suggests that less than 50% of affected births may be avoided world-wide.
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The key objectives of a genetics service are to provide accurate diagnosis, promote care for affected individuals, detect genetic risk for relatives and the general population, and provide information and counselling on managing genetic risk. The potential reach of a genetics service is therefore determined by local possibilities for genetic diagnosis and risk detection.
The ability to detect reproductive risk of single gene disorders depends on whether carriers can be identified before the birth of any affected child (prospectively) or only after the diagnosis of an affected child (retrospectively) (WHO 1966b).
[bookmark: _Toc167861880]Retrospective risk detection
At present risk for most rare single gene disorders is only identified after the diagnosis of an affected child. Retrospective risk detection and genetic counselling are very valuable for the parents. However only subsequent affected births can be avoided, so any possible effect at the population level depends on the population norm for final family size. Experience with the haemoglobin disorders shows that when a severe disorder is concerned informed at-risk couples stop further reproduction once they have one or two unaffected children. Figure 1 shows the calculated effect of this behaviour on affected birth prevalence in relation to average final family size. (Population total fertility rate (TFR) is used as a proxy for final family size.)
[image: A graph of different colored lines

Description automatically generated]
Figure 1. Maximum possible effect of retrospective genetic counselling on the birth prevalence of a severe recessive disorder (a) in the absence of any risk information (red); (b) if parents limit their family after 2 unaffected children (blue), (b) if parents stop after 1 affected child (yellow), (c) if they stop completely after diagnosis of the first affected, or use prenatal diagnosis to avoid further affected births (black). For details of the calculation see Article 9. Haemoglobin disorders epidemiology.
The MGDb calculates potential maximum effect in relation to local total fertility rate (TFR).[footnoteRef:4] The figure shows that when this is 2.5 or less (as is increasingly the case) retrospective risk detection has relatively little effect on affected birth prevalence. Retrospective risk identification is potentially far more powerful in populations where parental consanguinity is common because in this situation extended family studies may identify other at-risk couples prospectively. [4: .] 

[bookmark: _Toc167861881]Prospective risk detection
Haemoglobin disorders are typical recessive single gene disorders distinguished only by the fact that they are common, carriers can be identified prospectively by simple blood tests, and informed carrier couples often take steps to minimise their risk. Therefore, population screening and genetic counselling are cost-effective and widely practised. Since good surveillance data exist, the haemoglobin disorders now provide a model for predicting the potential future effect of DNA-based carrier detection for the full range of rare single gene disorders. 
Figure 2 shows how prospective detection and genetic counselling for reproductive risk of severe single gene disorders could transform outcomes at the public health level. For details of the calculation see Article 9. Haemoglobin disorders: epidemiology.
[image: A graph with different colored lines

Description automatically generated]
Figure 2. Theoretical calculation of the maximum possible effect of prospective genetic risk detection and counselling on birth prevalence of severe recessive disorders. The statistical effect depends on the population average for final family size. If all detected at risk couples decided to separate, or remain childless, or use prenatal diagnosis and termination of pregnancy to ensure a disease-free family, affected birth prevalence could fall to near zero. When the option of termination of pregnancy is not available informed couples tend to limit final family size once they have one or two unaffected children. The middle curves show the maximum possible effects of such behaviour. There may be a marked effect when average final family size is large, but when it is less than 3 prospective risk detection has relatively little effect on affected birth prevalence. 
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EUROCAT and ICBDSR report rates for termination of pregnancy by country, year and disorder group.
Table 5 shows the evolution of termination of pregnancy in Western Europe by disorder group, based on EUROCAT data. Rates rose rapidly from 1980 to 2012: current EUROCAT data indicate that they have since increased only slightly[footnoteRef:5]. Rates are very high for severe incurable disorders but much lower for curable congenital malformations. [5:  https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence_en

] 

Where termination of pregnancy for fetal impairment is not legal most pregnancies that would otherwise be terminated end in fetal death, under-5 death or life-long disability.
Table 5. Evolution of termination of pregnancy for chromosomal disorders and isolated congenital malformations, based on EUROCAT 2015 data.
	Main group
	Disorder group
	1980-84
	1985-89
	1990-94
	1995-99
	2000-04
	2005-09
	2010-12

	Congenital malformations
	Anencephaly
	32.9
	61.2
	81.5
	82.5
	87.0
	91.5
	85.0

	
	Spina bif & e'cele
	8.2
	21.3
	33.6
	50.5
	59.7
	67.4
	48.1

	
	Oro-facial clefts
	0.8
	1.8
	1.7
	1.8
	2.0
	2.9
	2.9

	
	Congen heart disease
	0.5
	2.4
	3.7
	4.1
	4.3
	4.4
	5.4

	
	Severe other malfns
	1.6
	6.0
	8.7
	10.6
	11.3
	11.0
	10.1

	
	Less severe malfns
	0.2
	1.6
	3.2
	3.6
	3.6
	3.6
	3.0

	Chromosomal disorders
	Down syndrome
	4.3
	14.7
	28.3
	45.2
	52.9
	58.7
	61.4

	
	Other trisomies
	8.2
	39.8
	57.1
	67.7
	75.7
	81.4
	82.9

	
	Rare chromosomal
	9.3
	23.7
	54.6
	47.8
	41.7
	42.1
	50.4

	
	Turner syndrome
	32.9
	45.1
	58.2
	64.9
	65.7
	69.9
	72.6


The rates published by EUROCAT and ICBDSR represent the choices of informed at-risk parents and so may be used as a guide for termination of pregnancy rates elsewhere, in the context of access to the service and reported legality of termination for fetal impairment. Table 6 shows the resulting global estimates. These must be viewed as strictly provisional because of the limited availability of relevant information.
Table 6. Estimates of the proportion of affected pregnancies terminated in 2020-24 by disorder group and WHO region.
	WHO region
	Down syndrome
	Other autosomal
	Sex chromo-somal
	Severe congen malfns
	Less severe malfns
	Rare single gene
	Hb dis-orders
	Total % TOP

	AFR
	0.23
	0.55
	0.13
	0.10
	0.03
	0.14
	0.27
	0.2

	AMR
	8.99
	9.69
	2.20
	1.29
	0.54
	2.03
	7.96
	2.3

	EMR
	1.57
	3.42
	0.72
	0.67
	0.18
	0.40
	7.33
	0.8

	EUR
	36.49
	49.90
	10.02
	8.68
	2.54
	3.52
	47.40
	10.5

	SEAR
	2.48
	5.62
	1.30
	2.00
	0.33
	0.94
	12.74
	2.0

	WPR
	24.92
	47.79
	10.56
	12.41
	2.64
	3.15
	37.94
	11.7

	World
	8.63
	13.69
	2.88
	3.17
	0.72
	0.92
	2.81
	2.8

	W Europe
	57.03
	64.79
	13.23
	9.11
	3.20
	4.12
	41.25
	14.7
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The ultimate objective of patient care is to enable a normal length and quality of life. This can be fully achieved for neonatal jaundice and the approximately 70% of congenital malformations that can be corrected by paediatric surgery, but is only partially feasible for incurable disorders. In such cases reduction in early mortality leads to a cumulative increase in numbers surviving with disability and with long-term service needs. The progressive increase is particularly marked for single gene disorders.
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Tables 7 and 8 compare estimated actual reduction in adverse outcomes due to interventions in 2020-24, with the potential reduction if all interventions were fully implemented, by type of intervention. Table 7 shows that globally, current interventions may have reduced adverse outcomes of endogenous congenital disorders by around 20%. Table 8 shows that the maximum reduction with full implementation of interventions would be around 55%.
Table 7. Endogenous congenital disorders. Estimated actual reduction in adverse outcomes 2020-24, by type of intervention and WHO.
	WHO  region
	WPP births 1,000s
	Total baseline births /1,000
	Actual reduction due to interventions

	
	
	
	Rates /1,000 births
	Actual % reduction

	
	
	
	Folic acid
	Genet. couns.
	Anti-D
	TOP
	Cure
	Total reduction 2020-24
	

	EMR
	16,906
	52.0
	0.66
	0.22
	1.51
	0.82
	4.44
	7.0
	15

	AFR
	34,647
	46.3
	0.33
	0.14
	0.84
	0.16
	1.15
	2.3
	5

	SEAR
	37,304
	37.8
	0.01
	0.04
	0.43
	0.76
	2.73
	4.0
	11

	EUR
	11,296
	35.8
	0.18
	0.04
	2.54
	3.93
	12.44
	19.0
	53

	AMR
	15,319
	34.5
	0.98
	0.01
	2.20
	1.27
	8.95
	12.4
	36

	WPR
	24,368
	31.4
	0.01
	0.06
	0.17
	3.90
	11.31
	15.5
	49

	World
	139,840
	40.0
	0.29
	0.09
	0.98
	1.48
	5.53
	8.1
	20

	 W Europe
	4,424
	34.9
	0.00
	0.06
	2.87
	5.06
	14.28
	22.3
	64


Table 8. Endogenous congenital disorders. Potential reduction in adverse outcomes if all interventions were fully implemented, by type of intervention and WHO region.
	WHO  region
	WPP births 1,000s
	Total baseline births /1,000
	Potential reduction if all interventions implemented

	
	
	
	Rates /1,000 births
	Potential % reduction

	
	
	
	Folic acid
	Genet. couns.
	Anti-D
	TOP
	Cure
	Total potential reduction /1,000
	

	EMR
	16,906
	52.0
	2.11
	0.84
	3.72
	4.84
	14.10
	25.6
	49

	AFR
	34,647
	46.3
	0.58
	1.71
	2.94
	4.43
	12.73
	22.4
	48

	SEAR
	37,304
	37.8
	2.34
	0.63
	1.40
	4.16
	13.65
	22.2
	59

	EUR
	11,296
	35.8
	0.65
	0.13
	2.72
	4.42
	13.83
	21.8
	61

	AMR
	15,319
	34.5
	0.67
	0.13
	2.79
	4.26
	13.96
	21.8
	63

	WPR
	24,368
	31.4
	1.26
	0.35
	0.20
	4.14
	13.32
	19.3
	61

	World
	139,840
	40.0
	1.37
	0.78
	2.11
	4.34
	13.47
	22.1
	55

	 W Europe
	4,424
	34.9
	0.11
	0.12
	2.87
	4.66
	14.30
	22.1
	64
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