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Abstract

Inborn errors of metabolism are individually rare but collectively common, often inherited recessively and
causing severe early-life illness. Using gnomAD v4 data from 86,254 South Asian individuals across 696
genes, this study estimates their birth prevalence and carrier frequency, with findings validated against
Genomelndia summary statistics. Pathogenic variants were analysed in three groups—ClinVar P/LP,
LOFTEE-HC, and predicted-damaging missense variants (AlphaMissense/REVEL)—using strict quality
filters and ClinVar-validated predictors. Under random mating, the estimated birth prevalence is 255 per
100,000 people (1 in 392): 40.6 for ClinVar pathogenic or likely pathogenic variants, 41.3 for high-
confidence loss-of-function variants, and 62.7 for predicted-damaging missense variants; the remainder
involves compound heterozygosity. In the Genomelndia cohort (n = 9,768; 83 endogamous groups),
prevalence was 139.6 per 100,000 (1 in 716), rising to 151.5 (1 in 660) when India-specific ClinVar P/LP
alleles absent from gnomAD were included. Consistent per-gene allele loads between cohorts
(Spearman p = 0.83) yielded a pooled estimate of 189.1 per 100,000 (1 in 529). Because consanguinity
varies across South Asia, it was modeled using F =0.01-0.0625 scenarios rather than a single estimate.
Overall, 84.2% of South Asians carry at least one pathogenic allele — the highest collective carrier
frequency among eight global ancestries, though closely clustered with other outbred continental
populations (82.1%—-84.0%), while founder populations exhibited lower rates (63.6%-64.8%). Cross-
ancestry comparison places South Asian prevalence mid-distribution and reveals a Eurocentric
ascertainment bias in ClinVar. All analyses are reproducible from the accompanying code and data.

1. Introduction

Inborn errors of metabolism (IEMs) are rare single-gene disorders that disrupt cellular biochemical
pathways. Although individually uncommon, they collectively cause significant illness, intellectual
disability, and childhood mortality. Most are autosomal recessive, and early detection through newborn
or carrier screening can enable treatments that prevent irreversible complications [1-3, 16—19].

Estimating IEM prevalence in South Asia is difficult because studies vary in design, screening coverage,
and case identification. Reported estimates range from 1 in 1,000 to 1 in 2,500 live births, while earlier
models estimated approximately 1in 3,100 in India. These figures may be understated because they
often exclude predicted pathogenic variants and do not account for nonrandom mating [1, 2].

High rates of endogamy and consanguinity in South Asian populations increase autozygosity and the
likelihood that recessive variants occur in a homozygous state. To improve prevalence estimates, this
study analyzed 696 autosomal-recessive IEM genes using gnomAD v4 sequencing data. It incorporated
inbreeding corrections, ClinGen gene-validity tiers, structural-variant detection gaps, comparisons across
eight global populations, and calibration against newborn-screening registries [1, 2, 4-6, 15-19].

2. Methods
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2.1. Gene Panel Curation

The gene panel was derived from the Genomics England PanelApp “Likely inborn error of metabolism”
panel (R98) [15]. Diagnostic-grade (“green”) genes with confirmed autosomal-recessive inheritance
yielded 696 AR-IEM genes. Gene symbols and coordinates were mapped to GRCh38, with obsolete
HGNC symbols reconciled to gnomAD v4 nomenclature, including MUT to MMUT, GBA to GBA1, and
G6PC to G6PC1.

2.2. Allele-Frequency Extraction and Quality Control

South Asian (SAS) variant data were obtained from the gnomAD v4 GraphQL API using gnomad,.4.
PASS-only exome and genome allele counts (AC) and allele numbers (AN) were aggregated, and allele
frequency (AF) was calculated as AC/AN. Observed homozygote counts were also recorded.

Two filters were applied:

e Homozygote-only artifact filter: Variants observed in no more than two homozygotes and no
heterozygotes were excluded.

» Allele-frequency ceiling: Variants with AF > 0.5% were excluded to remove common hypomorphic or
mild variants, such as MTHFR ¢c.677C>T.

2.3. Pathogenic Variant Classification

Variants were evaluated in two sets:

e Broad Panel Set: Included ClinVar Pathogenic/Likely Pathogenic (P/LP) variants without conflicting
interpretations, LOFTEE high-confidence loss-of-function variants, and missense variants classified
as AlphaMissense “likely pathogenic” with REVEL > 0.75. ClinVar Benign/Likely Benign
classifications took precedence.

e ClinVar-Only Set: Included P/LP variants supported by an expert panel or clinical submission.

Variant classes were retained separately. Against 20,329 cleanly classified ClinVar missense variants,
the combined AlphaMissense—REVEL criterion achieved 98.9% specificity and positive predictive value.
Among cleanly classified loss-of-function variants, 99.3% were ClinVar P/LP, supporting the inclusion of
LOFTEE high-confidence variants.

2.4. Population Genetics and Consanguinity Modeling

For each gene, the aggregate pathogenic allele frequency (q) was calculated as: q = a_i where a_i is the
frequency of the i-th pathogenic allele.

Under Hardy—Weinberg Equilibrium (random mating), genetic prevalence (GP) was calculated using the
full allele-pair matrix model accounting for both true homozygotes (¥ a_i?) and compound heterozygotes
(> 2a_i a_j), which simplifies to: GP = q2.
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To model inbreeding, Wright's coefficient of inbreeding (F) was incorporated: GP_F = g2+ F q(1 - q)

Because South Asia comprises many endogamous sub-populations with different inbreeding levels, a
single inbreeding coefficient is not assumed. Instead, F is evaluated as an explicit set of what-if
scenarios — outbred (F = 0), low (F = 0.01), moderate (F = 0.02), high (F = 0.03), and a first-cousin
reference (F = 0.0625) — and the collective birth prevalence is reported for each scenario separately.

Per-gene carrier frequency (CF) was calculated as: CF=1-(1-q)2- g2

Collective carrier frequency and collective genetic birth prevalence across all 696 independent disease
loci were calculated using the independence aggregation formula: Collective Burden =1 -1 (1 - x_g)
[from g = 1 to 696] where x_g represents either CF or GP_F for gene g. Non-parametric binomial
bootstrap resampling (B = 1,000 iterations, seed 42) was performed on raw allele counts to derive 95%
confidence intervals (Cls).

2.5. Cross-Ancestry Comparison

The pipeline was repeated for AFR, AMR, ASJ, EAS, FIN, MID, and NFE gnomAD v4 ancestry groups. The
0.5% AF threshold and homozygote-artifact filter were reassessed independently for each group.

2.6. Gene Validity, Discovery Gap, and Newborn-Screening
Calibration

Genes were stratified by ClinGen validity:

Tier A: Definitive or Strong (n = 452)

Tier B: Moderate (n =75)

Tier C: Limited, Disputed, Refuted, or No Known Disease Relationship (n =27)
Tier U: Uncurated (n = 142)

Tier U genes were cross-referenced with Genomics England PanelApp panels. Curated ClinVar
pathogenic variants were classified as SNVs/indels or CNVs to estimate structural-variant discovery
gaps. Predicted genetic prevalence for 15 IEM conditions was compared with newborn-screening
incidence estimates to derive an empirical clinical-to-genetic scaling factor 16—19]. Analyses used
Biomni [20] and Google Antigravity (Google, 2025, [https://antigravity.google/).

2.7. Independent Replication in the Genomelndia Cohort

The estimators were independently applied to Genomelndia summary allele frequencies [21, 22] from
9768GI_SummaryStats (Apr 2025)". The dataset included 129.9 million quality-filtered variants from
9,768 unrelated individuals across 83 endogamous Indian populations. Data were aligned to GRCh38
and obtained from the Indian Biological Data Centre.
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Two variant sets were queried using exact chromosome-position-reference-alternate matching with
minimal indel normalization:

e The 20,859 classified pathogenic panel alleles.

e ClinVar P/LP variants absent from the gnomAD-derived panel (n = 50,429), restricted to
Genomelndia AF < 0.5%.

Absent variants were assigned AF = 0. Per-gene allele loads, collective carrier frequency, prevalence, and
consanguinity estimates were then recalculated.

Three sensitivity analyses were performed:

* Non-observation sensitivity: Absent variants were assigned AF = 1/19,536, the single-allele detection
limit.

e Pooled estimate:, a two-cohort pooled estimate was derived by pooling allele counts per variant —
pooled AF = (AC_SAS + AC_GI)/(AN_SAS + AN_GI), with Genomelndia allele counts recovered by
rounding AF x 19,536 and Gl-only ClinVar variants pooled with AC_SAS = 0 at the median SAS allele
number — and per-gene loads and collective prevalence were recomputed from pooled allele
frequencies using the same estimators.

e Curation of candidate enriched alleles: Genomelndia AF = 0.1% with at least two-fold enrichment
over gnomAD SAS, or Genomelndia AF = 0.5%) were curated: consequences were annotated on
MANE Select/canonical transcripts with Ensembl VEP, population frequencies and homozygote
counts were examined across gnomAD v4 ancestry groups, ClinVar records were reviewed, and the
literature was searched for founder reports [23, 24].

3. Results

3.1. Primary Estimates of Carrier Burden and Birth
Prevalence

Quality filtering identified 20,859 unique pathogenic alleles across 695 active genes in the South Asian
gnomAD sample: 9,225 predicted-damaging missense, 6,777 high-confidence LoF, and 4,857 ClinVar
P/LP alleles. NDUFAFS, the only inactive gene in the 696-gene panel, had no qualifying alleles and was
excluded from burden calculations.

Overall, 84.2% of individuals carried at least one pathogenic allele (95% CI: 83.8%—84.6%). Assuming
random mating, the estimated genetic birth prevalence was 255 per 100,000 live births (1 in 392; 95% CI:
251-269): 40.6 for ClinVar P/LP, 41.3 for high-confidence LoF, and 62.7 for predicted-damaging
missense variants (Fig. 1).
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The combined estimate is 255.1 per 100,000, reported as 255, exceeding the within-category total of
144.6 because compound heterozygosity contributes an additional 110.5 cases per 100,000—
approximately 43% of the total. Under random mating, 82% of predicted affected infants are compound
heterozygotes and 18% are homozygotes, highlighting the allelic diversity of IEM loci and the importance
of biallelic matrix modelling.

Because inbreeding varies across South Asia, consanguinity is represented through scenarios.
Prevalence rises from 255 per 100,000, or 1 in 392, under random mating to 1,168 at F = 0.01, 2,072 at F
=0.02, 2,968 at F = 0.03, and 5,824 per 100,000, or 1 in 17, among offspring of first-cousin unions (F =
0.0625). The appropriate scenario depends on the population; random mating provides the conservative
baseline.

Table 1
Collective AR-IEM genetic birth prevalence in South Asians across increasing inbreeding coefficients (F)
Mating / Inbreeding Model Collective Prevalence (per Rate 95% CI (per
100,000) 100k)
Hardy—Weinberg (Random 255 1in 251-269
Mating) 392
F=0.01 1,168 1in 86 —
F =0.02 (Population Average) 2,072 1in48  2043-2112
F=0.03 2,968 1in 34 —
F =0.0625 (First-Cousin Unions) 5,824 1in17 -

[Note: 95% bootstrap confidence intervals (B = 1,000 iterations) were empirically derived for the random-
mating baseline (Hardy—Weinberg) and the representative South Asian population-average
consanguinity scenario (F = 0.02); intermediate and extreme consanguinity scenarios (F = 0.01, F=0.03,
and F =0.0625) are evaluated as deterministic scenario projections across the reported inbreeding
range.]

3.2. Top Contributing Genes
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Table 2
Top 12 AR-IEM genes in South Asians ranked by consanguinity-adjusted (F = 0.02) genetic prevalence

Gene Pathogenic Aggregate q Carrier HW Prevalence F=0.02
Variants (n) (per 1,000) Frequency (per 100k) Prevalence (per
(%) 100Kk)
MAN2B2 69 10.09 2.00% 10.2 30.2
DPYD 98 9.72 1.93% 9.4 28.7
PYGL 116 8.59 1.70% 7.4 24.4
ATP7B 150 7.91 1.57% 6.3 21.9
PAH 82 7.42 1.47% 5.5 20.2
MMUT 107 7.14 1.42% 5.1 19.3
PYGM 126 7.03 1.40% 4.9 18.9
DHCR24 33 6.97 1.39% 49 18.7
SPG7 103 6.58 1.31% 4.3 17.4
SACS 154 6.42 1.28% 4.1 16.9
GLDC 109 6.34 1.26% 4.0 16.6
MLYCD 55 6.31 1.25% 4.0 16.5

No single gene accounts for most of the burden. Major contributors include PAH, ATP7B, MMUT, GLDC,
and glycogen-storage-disease genes such as PYGL, PYGM, and GYS2; MAN2B2 and DPYD are also
predicted to contribute substantially.

3.3. Sensitivity Analyses and Quality-Control Validation
Sensitivity analyses tested alternative variant-filtering thresholds (Supplementary Table S1).

Variant-definition thresholds: Restricting the panel to 4,857 ClinVar-curated P/LP variants across 590
genes reduced prevalence to 41 per 100,000 (1 in 2,461) under random mating. At F = 0.02, prevalence
was 551 per 100,000 (1 in 181), with a 40.1% carrier frequency (Supplementary Figure S1).

Impact of the AF ceiling: Removing the 0.5% allele-frequency limit inflated random-mating prevalence
approximately 350-fold, to 88,948 per 100,000, largely because of common variants such as MTHFR
c.677C>T.

Missense criteria: Estimates were 255 per 100,000 using AlphaMissense plus REVEL = 0.75, 473 per
100,000 using AlphaMissense alone, and 499 per 100,000 using REVEL =0.75 alone.

Predictor validation against ClinVar: The combined missense criterion achieved 98.9% specificity and
positive predictive value, with 59.1% sensitivity across 20,329 cleanly classified ClinVar missense
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variants. These results indicate few false positives and suggest that prevalence is conservatively
estimated. High-confidence loss-of-function variants were also strongly supported: 99.3% were ClinVar
P/LP variants (Fig. 3).

3.4. Cross-Ancestry Comparison and Ascertainment Bias

Across eight gnomAD ancestries, South Asians had the highest collective carrier frequency (84.2%),
followed by AFR (84.0%), EAS (83.5%), AMR (83.0%), NFE (82.6%), and MID (82.1%). Founder populations
had lower frequencies: 64.8% in Finnish and 63.6% in Ashkenazi Jewish populations. South Asians had
an estimated Hardy—Weinberg birth prevalence of 255 per 100,000, comparable to European, African,
and Latino populations.

ClinVar-only analysis instead placed NFE populations highest for disease prevalence (85 per 100,000;
52.5% carrier frequency), while the South Asian estimate fell to 41 per 100,000. This reversal likely
reflects Eurocentric ascertainment bias, given the larger number of curated NFE alleles than SAS alleles.
Ancestry-neutral pipelines may reduce this imbalance, while cross-ancestry heatmaps identified regional
founder effects involving MAN2B2 and DPYD in South Asians and genes with substantial variation in
pathogenic-allele burden.

3.5. Gene Validity Tiering, Discovery Gap, and NBS
Calibration

ClinGen Gene Curation: The 452 ClinGen Tier A genes yielded a random-mating prevalence of 167 per
100,000; adding 142 validated Tier U genes (Tier A + B+U+, n = 669) increased it to 240 per 100,000.

Structural Variant Discovery Gap: Of 54,554 curated ClinVar alleles, 37.2% (n = 20,310) were structural
variants or CNVs undetectable by short-read exome sequencing, while gnomAD SAS captured a median
of only 14% of known SNVs/indels per gene; accounting for these gaps raised the estimated upper-
bound prevalence to 406 per 100,000 (1 in 247) (Supplementary Figure S3).

Newborn Screening Calibration: Across 15 standard NBS conditions, the median clinical-to-genetic
prevalence ratio was 0.65x (IQR: 0.25-1.22), supporting agreement between Hardy—Weinberg
predictions and observed incidence; applying this factor yielded a calibrated incidence of 165 per
100,000 live births (1 in 608; 255 x 0.65) (Supplementary Table S2) [16-19].

3.6. Plausible Range Synthesis

For transparency, a bounded plausible range is presented under random mating. The primary estimate is
the uncorrected random-mating value; the structural-variant and newborn-screening adjustments are
heuristic and are shown only as clearly labelled exploratory bounds, not as validated corrections:

» Conservative Lower Bound: 33 per 100,000 (1 in 3,004) [ClinVar-only, ClinGen Tier Al.
* ClinGen Tier A Reference: 167 per 100,000 (1 in 598) [Broad panel, Tier A].
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 Exploratory bound (not validated) — NBS clinical calibration: 165 per 100,000 (1 in 608) [broad panel
x 0.65 clinical-to-genetic factor; calibrated on published NBS cohorts].

 Central Primary Estimate: 255 per 100,000 (1 in 392) [Broad full panel, HW].
e Structural-Corrected Upper Bound: 406 per 100,000 (1 in 247) [Broad panel X 1.59].

3.7. Independent Replication in the Genomelndia Cohort

Of 20,859 panel alleles, 2,657 (12.7%) were observed in Genomelndia, which had 540 of 50,429 Gl-only
ClinVar P/LP variants. Estimated birth prevalence under random mating was 139.6 per 100,000 (1 in
716) for shared variants and 151.5 (1 in 660) including Gl-only variants, compared with 255.1 (1 in 392)
in gnomAD SAS.

High-confidence LoF variants were slightly more prevalent in Genomelndia than in gnomAD SAS (44.6 vs.
41.3 per 100,000), whereas ClinVar P/LP and damaging missense variants were less common (23.8 vs.
40.6 and 37.8 vs. 62.7). Carrier frequency was also lower (66.1% vs. 84.2%), although per-gene
pathogenic allele loads were strongly correlated (Spearman p = 0.83 across 608 genes).

Three apparently enriched LoF alleles—in XPNPEP3, RBCK1, and GLDC—were classified as population
polymorphisms because their LoF annotations occurred on minor non-canonical transcripts. After
excluding them, high-confidence LoF prevalence was 14.6 per 100,000; panel-only and combined
prevalences were 108.5 and 119.9 per 100,000, respectively. Gl-only variants increased prevalence by
11.9 per 100,000, while consanguinity scenarios raised Genomelndia estimates to 688-3,459 per
100,000 (F =0.01-0.0625).
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Table 3

Collective AR-IEM birth prevalence in Genomelndia versus gnomAD South Asian, by variant set, under
random mating (per 100,000 births)

Variant set gnomAD SAS (per Genomelndia (per Genomelndia /
100,000) 100,000) SAS

Clinvar P/LP 40.6 23.8 0.59

High-confidence LoF (raw) 41.3 44.6 1.08

High-confidence LoF (artifact- 41.3 14.6 0.35

filtered)

Predicted damaging missense 62.7 37.8 0.60

Combined (same variant set, 255.1 139.6 0.55

raw)

Combined (same variant set, 255.1 108.5 0.43

artifact-filtered)

Combined (+ Gl-only ClinVar 255.1 151.5 0.59

P/LP, raw)

Combined (+ Gl-only ClinVar 255.1 119.9 0.47

P/LP, artifact-filtered)

[Note: Artifact-filtered sensitivity estimates recalculate Genomelndia birth prevalence after excluding
three high-frequency loss-of-function variants identified during transcript-level review (Section 3.8) as
non-canonical intronic polymorphisms / annotation artefacts: XPNPEP3 22:40860676:A:G (Gl AF 1.25%),
RBCK1 20:417296:C:T (Gl AF 1.03%), and GLDC 9:6622821:C:A (Gl AF 0.59%). Removing these false-
positive alleles resolves the apparent LoF excess in Genomelndia (dropping LoF prevalence from 44.6 to
14.6 per 100,000; Gl / SAS = 0.35), aligning with the ~ 0.6x capture ratio observed across the other
variant classes due to sample size differences.]

3.8. Sensitivity Analyses, Pooled Meta-Estimate, and
Founder-Variant Review

Assigning undetected panel variants the single-allele detection limit (AF = 1/19,536) increased the panel-
only estimate from 139.6 to a maximum of 549.3 per 100,000. The corresponding ranges were 23.8—
65.0 for ClinVar P/LP variants, 44.6—83.7 for high-confidence LoF variants, and 37.8—143.2 for predicted
damaging missense variants. Thus, the Genomelndia estimate likely falls between 139.6 and 549.3 per
100,000; its difference from the gnomAD SAS estimate of 255.1 is compatible with ascertainment and
sampling differences. The Gl-only ClinVar upper bound of 2,956 per 100,000 is a mathematical worst-
case scenario, not an empirical estimate.

Pooling the two cohorts yielded a collective birth prevalence of 189.1 per 100,000 (1 in 529) and a carrier
frequency of 78.1%. Because gnomAD SAS contributes approximately 4.4 times more alleles, this

estimate is weighted toward its value. The pooled LoF prevalence was 28.3 per 100,000, reflecting
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dilution of alleles enriched in Genomelndia and the absence of gnomAD SAS-specific alleles from
Genomelndia. Under consanguinity assumptions, the estimate rose from 943 per 100,000 at F =0.01 to
4,808 per 100,000 at F =0.0625. These pooled values are weighted averages, not definitive pan-Indian
estimates.

Twenty-one potentially enriched alleles were reviewed (Supplementary Table S3). Transcript review
showed that all three tier-1 LoF-annotated alleles are intronic in MANE Select or canonical transcripts,
with LoF effects limited to minor non-canonical transcripts. XPNPEP3 and RBCK1 are also common East
Asian polymorphisms, making severe, highly penetrant disease unlikely; they were therefore considered
annotation artefacts. NAXD showed a similar pattern, while the LDHA splice-region deletion is common
worldwide at approximately 0.1%.

Three candidates remained. The canonical DYM stop-gained variant is enriched in South Asians, but no
homozygotes were observed, so independent replication is needed. The MMACHC c.848del termination-
loss variant occurs at 0.31% in Genomelndia versus 0.009% elsewhere but remains a variant of uncertain
significance. The BTD 3'-UTR variant occurs at 0.154% in Genomelndia, is nearly absent globally, and has
conflicting ClinVar classifications supported by evidence from a single family [24].

The known North Indian cbIC founder variant MMACHC R132 (c.394C > T) [23] was detected in both
cohorts, at 0.08% in gnomAD SAS and 0.036% in Genomelndia, supporting the enrichment-based
approach. Population-frequency enrichment can help identify Indian founder alleles, but transcript-aware
review is essential before making clinical interpretations.

4. Discussion

4.1. Principal Findings and Biological Significance

This study estimates that 84.2% of South Asians carry at least one pathogenic allele linked to
autosomal-recessive metabolic disorders. Under random mating, the expected prevalence is 255
affected births per 100,000, similar to estimates for outbred populations worldwide.

The higher clinical prevalence in some South Asian populations is therefore likely driven mainly by
consanguinity and endogamy, which increase the chance that two carriers have an affected child. With
reported inbreeding coefficients of F =0.01-0.03, projected prevalence rises to 1,168-2,968 per 100,000
births—approximately 1 in 86 to 1 in 34. These estimates vary among sub-populations and should not be
applied uniformly to all South Asians.

4.2. Within-Region Population Heterogeneity and Founder
Effects

gnomAD groups diverse South Asian populations into one cohort, although the region contains
thousands of endogamous communities with distinct histories of separation and founder bottlenecks
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[4-6]. Studies report rare homozygous variants at rates up to 100 times higher than in outbred
populations, along with population-specific disease loci [4-7].

Key findings include:

» Canavan disease: An ASPA founder mutation (c.526G > A, p.Gly176Ser) contributed to juvenile cases
in the Telugu Devanga Chettiar community [7].

* Wilson disease: ATP7B variants show regional distributions and distinct founder origins across India
[8-10].

e Phenylketonuria: Indian patients have a distinctive PAH variant spectrum, including more splice-site,
insertion/deletion, and nonsense variants than commonly reported in European populations [11].

 Tribal populations: Odisha cohorts show elevated inbreeding (F = 0.0156), extended ROH (> 8 Mb),
and potentially pathogenic variants in BTD and hemoglobinopathy-related genes [13].

e Carrier screening: Panels based mainly on European populations have reduced sensitivity and
higher residual carrier risk in South Asia, supporting population-specific panels [12, 14].

Genomelndia supports these findings despite having a sample approximately one-ninth the size of the
comparator cohort. It showed a similar disease burden (139.6—151.5 versus 255.1 per 100,000) and
comparable gene rankings (Spearman p = 0.83). Its lower estimate likely reflects reduced detection of
ultra-rare alleles in smaller cohorts. Unlike gnomAD SAS, Genomelndia includes 83 Indian endogamous
groups.

The apparent excess of loss-of-function (LoF) alleles was mainly attributable to XPNPEP3, RBCK1, and
GLDC. Transcript review identified these as non-South-Asian polymorphisms affecting minor, non-
canonical transcripts, suggesting annotation artefacts rather than founder-effect disease alleles (Section
3.8).

Three candidates—DYM ¢.1488T > A, MMACHC c.848del [1:45509213 TG > T], and BTD ¢.159G > A—
require functional and clinical validation. Future studies should assess all 83 groups, validate these
variants, and compare newborn-screening yields with Genomelndia-based predictions.

4.3. Ascertainment Disparities and Genomic Equity

ClinVar-only analyses substantially underestimate South Asian carrier frequency (40.1%) and make the
Non-Finnish European burden appear highest. This reflects Eurocentric biases in clinical testing and
database submissions, leading to under-ascertainment among South Asian patients [14]. Validated
predictors such as LOFTEE, AlphaMissense, and REVEL provide a more equitable basis for genomic
modelling.

4.4. Clinical and Public Health Policy Implications

Newborn Screening (NBS) Programme Expansion:
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Expanded Carrier Screening (ECS): North American and European panels may have lower sensitivity in
South Asian populations because of differing mutation spectra [12, 14]. Priority loci include DPYD,
ATP7B, PAH, SACS, BTD, and PYGL (Supplementary Figure S4).

Targeted Sequencing Priorities: Panels for endogamous populations should balance diagnostic yield
with sequencing feasibility. DPYD, ATP7B, and PAH require pipelines capable of detecting copy-number
variants (CNVs).

4.5. Study Limitations

Genetic prevalence versus clinical incidence: Genetic models count predicted biallelic genotypes,
including hypomorphic, late-onset, or incompletely penetrant variants.

Population heterogeneity: The gnomAD SAS dataset pools South Asian samples, although the region
contains many endogamous subpopulations with distinct founder effects and inbreeding coefficients (F)
[4-6].

Structural and intronic variants: Exome data miss deep-intronic and complex structural variants, which
account for up to 37% of known pathogenic alleles in IEM loci.

Consanguinity scenarios and adjustments: Because inbreeding varies across subpopulations,
consanguinity estimates are exploratory scenarios rather than a single South Asian estimate. The
structural-variant (approximately 1.59x) and clinical-to-genetic (approximately 0.65x) adjustments are
heuristic and excluded from the headline estimate.

5. Conclusions

Under random mating, the estimated combined birth prevalence of autosomal-recessive inborn errors of
metabolism among South Asians is 255 per 100,000 births, or 1 in 392. Under the modelled
consanguinity scenarios, it rises to 1,168-2,968 per 100,000 (approximately 1in 86 to 1 in 34) for F =
0.01-0.03. At F = 0.02, the estimate is 2,072 per 100,000; among offspring of first-cousin unions (F =
0.0625), it reaches 5,824 per 100,000, or 1 in 17. An estimated 84% or more of individuals carry at least
one pathogenic allele among the 696 genes studied. These findings may inform genomic policy, carrier
screening, and newborn-screening programmes across South Asia.

Declarations

Data and Code Availability
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Figure 1

Collective AR-IEM birth prevalence by variant type under random mating (left), and decomposition of the
combined estimate into within-type and cross-type compound-heterozygous components (right;
illustrating why combined prevalence [255] exceeds the within-type sum [145]).
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AR-IEM birth prevalence under what-if consanguinity scenarios
(no single South Asian F; shown as a scenario grid)
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Figure 2

Collective AR-IEM birth prevalence under what-if consanguinity scenarios. No single inbreeding
coefficient represents all of South Asia; each bar is a labelled scenario.
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Figure 3

Validation of the computational variant classes against ClinVar. Left: sensitivity and specificity of each
missense criterion; the study criterion (AlphaMissense intersect REVEL=0.75) is the most conservative.
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Right: positive predictive value; high-confidence LoF is supported by 99.3% ClinVar P/LP enrichment.
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