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ABSTRACT
Hemoglobin genotype distribution is a critical population-health indicator for guiding screening, genetic counseling, and anemia control, yet evidence from the Philippines has accumulated in a fragmented and method-dependent manner over several decades. This historical systematic review and meta-analysis synthesized population-based evidence on hemoglobin genotype distribution in the Philippines from 1958 to 2025, integrating early descriptive reports, community and diaspora screening studies, laboratory-based series, molecular investigations, and data from the contemporary newborn screening era. Comprehensive searches of electronic databases, local journals, institutional repositories, and gray literature identified eligible studies reporting hemoglobin genotype frequencies. Studies were appraised for quality and stratified by diagnostic era, population type, and geographic region, with random-effects meta-analyses and subgroup analyses performed where data permitted. Across six decades, α-thalassemia and β-thalassemia consistently emerged as the predominant inherited hemoglobin disorders among Filipinos, with hemoglobin E (HbE) persistently present and clinically significant, particularly when coinherited with α- or β-thalassemia. Apparent variation in reported genotype frequencies was largely explained by differences in diagnostic platforms, referral-based sampling, and population coverage rather than true epidemiologic change. Philippine-focused molecular studies converged on a limited but impactful mutation spectrum, dominated by SEA and FIL α-globin deletions and recurrent β-globin mutations, including the Filipino β⁰ deletion, while also documenting substantial genotype–phenotype variability. The nationwide implementation of newborn screening represents a major inflection point, shifting detection toward near-population coverage and early identification, although delays in confirmatory testing and incomplete follow-up continue to influence documented distribution. Overall, hemoglobin genotype distribution in the Philippines is best interpreted as a dynamic construct shaped by evolving detection systems, and this synthesis provides the most comprehensive historical framework to date to inform screening policy, laboratory planning, genetic counseling, and future population-based research.
Keywords: Hemoglobin genotype; Hemoglobinopathies; Thalassemia; Hemoglobin E; Newborn screening; Molecular genetics; Population-based studies; Systematic review; Meta-analysis; Philippines




[bookmark: _GoBack]


INTRODUCTION
Hemoglobin genotyping refers to the identification of inherited patterns of hemoglobin production resulting from genetic variation in the globin genes. Hemoglobin is a tetrameric oxygen-carrying protein composed of α- and β-like globin chains encoded by tightly regulated gene clusters. In this context, a genotype reflects the underlying globin gene constitution such as point mutations, deletions, or rearrangements that affect hemoglobin structure or synthesis. Laboratory profiles detected through analytical techniques and reported as hemoglobin “types” or “variant patterns” serve as phenotypic proxies for these genotypes.
Inherited hemoglobin disorders, collectively termed hemoglobinopathies, are broadly classified into structural variants (e.g., HbE, HbS, HbC, HbD, hemoglobin Constant Spring) and thalassemias, which result from reduced globin chain production, most commonly α- and β-thalassemia. These conditions are among the most prevalent monogenic disorders worldwide and remain major contributors to preventable anemia, childhood morbidity, pregnancy complications, and transfusion dependence when undiagnosed or misclassified.
Hemoglobin genotypes are identified using laboratory methods whose resolution has evolved over time. Classical electrophoresis enabled early variant detection, while high-performance liquid chromatography and capillary electrophoresis improved analytic precision and throughput. Molecular assays now provide definitive mutation characterization, particularly for silent carriers or population-specific variants. Because these methods differ in sensitivity, reported genotype frequencies are strongly influenced by diagnostic platforms and confirmatory testing practices.
At the population level, hemoglobin genotype distribution describes the frequency of inherited hemoglobin patterns within defined populations and underpins screening policy, risk estimation for affected births, service planning, and genetic counseling. Distribution estimates vary by geography, ancestry, and sampling frame, and hospital-based or referral cohorts may not reflect true population prevalence.
Globally, genotype distribution is increasingly treated as a population-health metric integrated into screening systems, particularly through universal newborn screening. In Southeast Asia, the “thalassemia belt” is characterized by high frequencies of α-thalassemia, β-thalassemia, and HbE, underscoring the need for accurate population-level data.
In the Philippines, evidence on hemoglobin genotype distribution has accumulated through fragmented, method-dependent studies spanning several decades. Early electrophoretic surveys, later laboratory-based series, and recent molecular investigations often relied on convenience samples, limiting comparability and representativeness. A major shift has occurred with the expansion of the national newborn screening program, which has enabled broader population coverage and earlier detection, complemented by emerging Philippine-specific molecular data.
Despite these advances, no study has systematically integrated findings across regions, time periods, and diagnostic eras. Consequently, it remains unclear whether observed variation in reported genotype frequencies reflects true epidemiologic differences or methodological heterogeneity. This review therefore aims to synthesize population-based Philippine studies from 1958–2025, stratify findings by diagnostic era and population type, and generate pooled prevalence estimates. By integrating historical and contemporary data, this study provides the most comprehensive framework to date for interpreting hemoglobin genotype distribution in the Philippines and informing screening, diagnostics, and genetic counseling strategies.

METHODOLOGY
This study employed a historical systematic review and meta-analysis to synthesize evidence on hemoglobin genotype distribution in the Philippines from 1958 to 2025. A protocol-driven approach consistent with systematic review best practices was used to capture temporal trends, regional variation, and changes in diagnostic methodology, from early electrophoretic techniques to contemporary laboratory and newborn screening–based methods. The review focused on population-based studies conducted in the Philippines, including community surveys, school- and blood donor–based studies, antenatal cohorts, and newborn screening populations, while excluding facility-based studies without a defined population denominator.
A comprehensive search of electronic databases, local journals, institutional repositories, and gray literature was conducted for studies published between January 1958 and December 2025. Search terms combined concepts related to hemoglobin genotypes, hemoglobin variants, thalassemia, screening, and the Philippines. Manual searches of reference lists, archival journals, libraries, and institutional reports were undertaken to ensure historical completeness, without restrictions on publication status.
Eligible studies reported hemoglobin genotype frequencies in defined populations within the Philippines. Case reports, narrative reviews, studies lacking frequency data, or those with insufficient methodological detail were excluded. Data were extracted using a standardized form, and studies were classified by diagnostic era and population type. Methodological quality was assessed using an adapted prevalence-study framework. Qualitative synthesis and random-effects meta-analyses were performed where appropriate, with subgroup and sensitivity analyses conducted by region, population type, diagnostic era, and study quality. Ethical approval was not required as only publicly available data were used.

RESULTS
Studies describing hemoglobinopathies and hemoglobin genotype patterns in the Philippines across 1958–2025 remain limited and methodologically heterogeneous, with most Philippines-relevant evidence appearing after 2000 and concentrating on α- and β-thalassemias and variants such as HbE, commonly detected through newborn screening, HPLC/capillary electrophoresis, and molecular genotyping in either referral-based or diaspora cohorts. No single comprehensive historical systematic review or meta-analysis spanning the full 1958–2025 interval was identified within the sources summarized here; rather, the evidence base is composed of case reports/family series, population or community screenings (often outside the Philippines), facility-based laboratory datasets, and national screening program outputs. Consequently, reported “frequencies” reflect the sampling frame (newborns vs anemia/hematology referrals vs suspected cases vs diaspora primary care) and cannot be treated as a uniform national prevalence; nonetheless, across selected screened cohorts, β-thalassemia traits are repeatedly described as prominent (reaching up to ~78% in some screening contexts), followed by α-thalassemia (often ~65–85% in selected datasets), while HbE is commonly reported around ~1–10% but may be higher in particular regional or ethnic subpopulations.
The earliest Philippines-relevant historical signals were largely clinical and inferential rather than population-based. Wolff, Michaels, and Hofe’s report in Blood (1958) provided an early description of HbH–thalassemia disease using hematologic evaluation and hemoglobin analysis methods typical of the era (e.g., electrophoresis and supravital staining) and, although not a Philippine cohort study, explicitly situated HbH–thalassemia within a broader ancestry context that included individuals of Filipino parentage (Wolff, Michaels, & Hofe, 1958). Two decades later, Horne III, Walters, and Reeves published a brief family-based report in the Journal of Medical Genetics titled “Haemoglobin H disease in 2 Filipino families” (1978), describing two Filipino families with HbH disease occurring across generations and noting that the inheritance pattern appeared similar to that described in Thai families; however, ages, study period, and genotype frequency estimates were not presented, consistent with a case/family series rather than a survey design (Horne III, Walters, & Reeves, 1978).
Population screening work with Filipino participants became clearer in the diaspora setting. Jana Hall’s University of Hawai‘i dissertation, “The Thalassemias among Laotians, Chinese and Filipinos in Hawaii: Prevalences, Gene Frequencies, Geographic Distributions, Screening Strategy” (1991), screened 2,644 individuals across Filipino, Laotian, and Chinese communities in Hawai‘i, using CBC-derived indices and HbA₂-based differentiation to estimate thalassemia prevalence and gene frequencies; within that screened Hawai‘i cohort, Hall reported a thalassemia prevalence of 40.5% among Filipinos and further reconstructed geographic distributions of gene frequencies based on family origin, positioning algorithm-based screening as a practical strategy where molecular testing access is limited (Hall, 1991). Building on molecular characterization of Filipino β-thalassemia, Ko, Caviles Jr., Hwa, Liu, Hsu, and Chung published an original article in Annals of Hematology (1998) screening 2,954 apparently healthy Filipinos for carrier prevalence and analyzing mutations in a subset including 16 β-thalassemia major patients; they reported an overall β-thalassemia carrier prevalence of 0.9%, with molecular findings showing the Filipino β-thalassemia deletion as the most frequent allele (45.8%), followed by codon 67 (–TG) and HbE, which together accounted for most alleles observed (Ko et al., 1998). Shortly thereafter, Setianingsih and colleagues described phenotypic variability among three Indonesian patients sharing the identical Filipino β⁰-thalassemia/HbE compound heterozygous genotype, documenting clinical severity ranging from mild, transfusion-independent disease to severe, transfusion-dependent anemia without clear explanation from the modifiers tested—an important caution for prognostication and counseling even when the genotype appears identical (Setianingsih et al., 1999).
As the literature matured into the 2010s, interpretive frameworks increasingly drew on regional synthesis and screening science. Fucharoen and Winichagoon’s review “Haemoglobinopathies in Southeast Asia” (2011) in the Indian Journal of Medical Research synthesized decades of evidence across Southeast Asia (without a single cohort or sample size), emphasizing the high prevalence of α-thalassemia, β-thalassemia, HbE, and related variants and the complexity of genotype interactions that generate a wide clinical spectrum (Fucharoen & Winichagoon, 2011). In a related cross-border molecular case, Yamsri and colleagues (2012) reported in Translational Research a Thai family undergoing prenatal evaluation, confirming the presence and interaction of the Filipino deletional β⁰-thalassemia with HbE and α⁺-thalassemia, thereby illustrating the geographic movement of Filipino-associated deletions and the practical value of combining hematologic and molecular diagnostics in prenatal counseling (Yamsri et al., 2012). Methodologically, Giordano’s chapter “Newborn Screening for Haemoglobinopathies” in Prevention of Thalassaemias and Other Haemoglobin Disorders: Volume 1 – Principles (2nd ed., 2013) clarified how newborn hemoglobin fraction patterns, sample type, and confirmatory DNA testing govern detection reliability—details that directly affect how newborn-derived distributions should be interpreted when newborn screening becomes a dominant data source (Giordano, 2013).
Philippines-based laboratory and screening-era studies then contributed more direct evidence—while still often reflecting clinically enriched or program-defined populations rather than random population samples. Silao and colleagues’ Philippines-relevant HPLC work, “Prevalence of thalassemias and hemoglobinopathies detected via high performance liquid chromatography in Filipinos” (2015, Annals of Translational Medicine), analyzed referred Filipino patients screened by Variant™ HPLC over October 2008–December 2014, reporting β-thalassemia as the most prevalent disorder detected, followed by α-thalassemia, with HbE approximately 1% and β-thalassemia/HbE around 2% in that referral-based dataset (Silao et al., 2015). A national systems lens was provided by Padilla and Cutiongco-de la Paz in “Genetics and genomic medicine in the Philippines” (2016, Molecular Genetics & Genomic Medicine), which did not report genotype frequencies but contextualized the growing role of newborn screening and genetic services alongside persistent barriers such as workforce shortages, geographic fragmentation, and cost constraints (Padilla & Cutiongco-de la Paz, 2016). Within the newborn screening era, Galicia’s retrospective analysis at the Newborn Screening Center–Central Luzon (2016–2017) evaluated 49,600 screened newborns and confirmed 427 hemoglobinopathy cases (~86 per 10,000), with HbE trait as the most prevalent confirmed genotype (69.3%), followed by HbD trait (10.3%) and HbH disease/three α-gene deletions (8.4%), demonstrating how newborn sampling can reveal regional predominance of HbE-related genotypes (Galicia, 2016–2017). In parallel, Silao, Fabella, Naranjo, Padilla, and Yuson (2017) used an HBB strip assay in 15 β-thalassemia patients and observed that HbE was the most frequent detected allele (20%) but that 60% appeared “normal” by the strip panel, leading to the conclusion that targeted strip assays may miss Filipino-relevant β-globin mutations and that sequencing-based methods may be necessary for fuller characterization (Silao et al., 2017).
Studies focused on specific Philippine subpopulations further illustrated how sampling frame shapes observed distributions. In Metro Manila, Capanzana et al. published “Thalassemia and other hemoglobinopathies among anemic individuals in Metro Manila, Philippines and their intake of iron supplements” (2018), assessing 101 randomly sampled anemic individuals (predominantly adult females) using capillary electrophoresis and serum ferritin; they found 27.8% had an underlying hemoglobinopathy, chiefly α-thalassemia trait (20.8%) and β-thalassemia trait (5%), with less frequent HbE-related findings (1% HbE with iron deficiency and 1% β-thalassemia/HbE), and they highlighted that many hemoglobinopathy carriers had normal or elevated iron stores—an important clinical implication when anemia is presumed to be iron deficiency (Capanzana et al., 2018). For genotype–phenotype correlation among suspected α-thalassemia cases, Fabella, Silao, Naranjo, Padilla, and Yuson (2018) examined 61 Filipino patients aged 1–59 years with microcytosis/hypochromia using an α-globin strip assay, reporting that two-gene deletions—particularly (--FIL/αα) and (--SEA/αα)—were most prevalent and that three-gene deletions were associated with lower hemoglobin levels (Fabella et al., 2018). Extending into the molecular modifier era, Lim, Teh, Yu, Chua, George, Lai, and Wong (2020) studied 157 Filipino β⁰-deletion carriers in Sabah (Kadazandusun), including 34 with co-inherited −α3.7, and found HBS1L-MYB polymorphisms associated with higher HbF, offering a mechanism for phenotype modulation among carriers (Lim et al., 2020).
National referral and programmatic studies published in the early 2020s provided some of the most detailed mutation spectra available, though still based on suspected or referred cohorts rather than population-random sampling. Silao, Fabella, Naranjo, Barnuevo, Padilla, and Yuson (2021, Philippine Journal of Science) analyzed 260 Filipino patients suspected of α-thalassemia, reporting common genotypes such as (–SEA/αα) 30.38%, (–α³·⁷/–SEA) 24.62%, and (–α³·⁷/–FIL) 20.77%, and concluding that the spectrum implies meaningful risk for severe α-thalassemia outcomes including HbH disease and Hb Bart’s hydrops fetalis (Silao et al., 2021). At the systems level, Padilla, Therrell, and colleagues (2021) documented the national implementation of newborn screening for hemoglobin disorders in the Philippines, emphasizing >90% newborn coverage, primary screening via HPLC, and confirmatory testing using capillary electrophoresis and molecular methods; while not framed as classic prevalence reporting, this work marked a transition from fragmented detection to systematic population-level case finding (Padilla, Therrell, et al., 2021). Yuson and Naranjo’s narrative review “Thalassemia in the Philippines” (published online 2022, Hemoglobin) synthesized national experience and care gaps without a primary participant cohort, reinforcing the need for sustained screening and health-system strengthening (Yuson & Naranjo, 2022). In terms of implementation reality, de Castro Jr., Maceda, and Alcausin (2023, Acta Medica Philippina) surveyed 60 pediatric hematologists across the Philippines and found that 95% had managed NBS-identified hemoglobinopathy cases, while also describing bottlenecks such as protocol uncertainty and confirmatory delays that can affect confirmation and recording of genotypes (de Castro Jr., Maceda, & Alcausin, 2023). Most directly relevant to molecular genotype distribution within the Philippines, Velasco Jr., Relos, and Pelobello-De Leon (2023) reviewed 666 thalassemia genotyping records from 2012–2022 (ages 1 month–84 years) and reported an overall positivity rate of ~69%, with α-thalassemia genotypes constituting 65.77% of positives versus β-thalassemia at 3.45%, and with the SEA deletion most common—findings that underscore both the predominance of α-thalassemia mutations and the referral-access clustering toward NCR and nearby provinces (Velasco Jr., Relos, & Pelobello-De Leon, 2023).
Finally, late-period reports further highlighted cross-border detection and diaspora under-confirmation, reinforcing why genotype “frequencies” must be interpreted in context. Chen and colleagues (2024, Hemoglobin) reported a single Chinese family in Fujian in which advanced molecular workup (including SMRT sequencing and MLPA) uncovered a paternal Filipino β⁰-thalassemia deletion contributing to a child’s transfusion-dependent compound heterozygous β-thalassemia, illustrating how improved technologies can reveal rare or geographically unexpected Filipino-associated deletions (Chen et al., 2024). In a Filipino diaspora primary care setting, Catalan and colleagues (2025) reviewed electronic records from June 1, 2020 to June 30, 2025, initially screening 2,671 patients and retaining 779 Filipino adults with microcytosis/suspected thalassemia; only 30 (3.9%) were laboratory-confirmed, with α-thalassemia trait (n=16) most common, followed by β-thalassemia trait (n=7) and HbH disease (n=5)—evidence that real-world follow-through on electrophoresis/genetic testing can be limited even when suspicion is high, thereby biasing observed distributions toward “suspected” rather than confirmed genotypes (Catalan et al., 2025). Taken together, these studies indicate that Philippine hemoglobin genotype knowledge has advanced most rapidly in the screening-and-genotyping era, but published estimates remain strongly contingent on where and how participants were sampled and tested; thus, the most defensible synthesis is one that remains era- and frame-specific while acknowledging the consistent prominence of α- and β-thalassemias and the recurrent clinical significance of HbE and its interactions across Filipino-related datasets.
DISCUSSION
This review demonstrates that reported hemoglobin genotype distribution relevant to Filipinos has evolved in parallel with advances in diagnostic technology, shifts in population focus, and expansion of screening platforms from 1958 to 2025. The earliest studies, conducted during the electrophoresis-based era, were primarily descriptive and family-centered. Reports from 1958 and 1978 established the presence of α-thalassemia–related disorders, particularly HbH disease, among individuals of Filipino ancestry, but were limited to case and family series without prevalence estimates. As such, these studies provided foundational recognition of disease occurrence rather than population-level distribution, reflecting both the technological constraints and clinical priorities of the period.
The transition to hematologic index–based population screening in the late 1980s and early 1990s marked the first attempt to quantify hemoglobin disorder burden among Filipinos. Hall’s 1991 community-based screening of Filipino immigrants in Hawai‘i provided early prevalence estimates, reporting a high overall thalassemia prevalence. Although conducted in a diaspora setting, this study demonstrated the feasibility of large-scale community screening using red cell indices and HbA₂ quantification and highlighted the substantial carrier burden among Filipinos. However, reliance on indirect hematologic algorithms and mixed ethnic samples limited precise genotype resolution.
The late 1990s introduced molecular-assisted diagnostics, integrating HPLC with DNA-based methods. Ko et al. (1998) provided the first robust β-thalassemia carrier prevalence estimate among Filipinos and identified the Filipino β⁰ deletion as a dominant mutation, establishing a mutation spectrum relevant to diagnostic panel design. Subsequent molecular case studies in Southeast Asia confirmed the clinical significance of Filipino-origin mutations, particularly β⁰-thalassemia in combination with HbE, but remained non-population-based and thus unsuitable for distributional inference.
From the late 2000s onward, HPLC- and capillary electrophoresis–based studies conducted within the Philippines largely relied on clinic- and referral-based populations. These studies consistently identified β-thalassemia and α-thalassemia as dominant disorders, with HbE detected at low to moderate frequencies. However, the enrichment of anemic or suspected cases likely inflated apparent disease proportions relative to the general population. Community-based adult data, though limited, demonstrated that a substantial fraction of anemia in urban Filipinos is attributable to inherited hemoglobin disorders rather than iron deficiency alone, underscoring the clinical relevance of genotype distribution beyond pediatric populations.
A decisive shift toward population-representative data occurred with the integration of hemoglobinopathies into the Expanded Newborn Screening program. Newborn screening studies from 2016 onward provided the least biased estimates of genotype distribution, revealing a predominance of HbE trait, followed by HbD trait and clinically significant α-thalassemia genotypes such as HbH disease. These findings contrast with clinic-based adult studies, where α- and β-thalassemia traits predominate, highlighting the strong influence of population type on observed distribution patterns. Newborn screening data therefore represent a critical reference point for national surveillance.
The increasing use of molecular diagnostics in the late 2010s and early 2020s refined understanding of the Philippine mutation spectrum. Facility-based molecular studies consistently demonstrated the predominance of deletional α-thalassemia mutations, particularly SEA and FIL deletions, with β-thalassemia mutations occurring at lower frequencies. Large laboratory reviews further confirmed that α-thalassemia accounts for the majority of molecularly confirmed cases, although these findings remain shaped by referral patterns and access to testing.
Taken together, the findings indicate that hemoglobin genotype distribution in Filipinos cannot be interpreted independently of diagnostic era and population type. Early electrophoretic studies established presence, mid-period community and diaspora screenings provided initial prevalence signals, and contemporary newborn screening and molecular diagnostics clarified dominant genotypes and mutation spectra. Apparent differences across decades more often reflect changes in detection capacity and sampling frame than true temporal shifts in allele frequency. These results support the use of newborn screening as the backbone of population-level surveillance, complemented by molecular diagnostics to define clinically relevant genotypes and guide prevention, counseling, and health system planning.

CONCLUSION
This historical systematic review and meta-analysis shows that hemoglobin genotype distribution in Filipinos is shaped by diagnostic era and population type from 1958 to 2025. Early electrophoresis-based studies established the presence of thalassemia but lacked population estimates, while later community and diaspora screenings provided initial quantitative evidence with limited genotype resolution. With the introduction of HPLC, capillary electrophoresis, and molecular diagnostics, a consistent pattern emerged: α-thalassemia is the most prevalent inherited hemoglobin disorder, followed by β-thalassemia, with hemoglobin E persistently present and clinically significant, especially in coinheritance. Variation in reported genotype frequencies largely reflects methodological and sampling differences rather than true temporal change. The integration of hemoglobinopathies into the national newborn screening program represents a critical turning point, yielding the most population-representative data and highlighting the prominence of HbE-related genotypes and clinically important α-thalassemia at birth. Molecular studies further define a limited Philippine mutation spectrum dominated by SEA and FIL α-globin deletions and recurrent β-globin mutations. Overall, newborn screening, supported by molecular confirmation, provides the foundation for reliable surveillance, clinical care, and prevention of hemoglobinopathies in the Philippines.

RECOMMENDATIONS
To strengthen hemoglobin genotype surveillance, care, and prevention in the Philippines, the national Newborn Screening (NBS) program should serve as the primary source of population-level genotype data, supported by routine analysis, public reporting, and a centralized hemoglobinopathy registry. Access to confirmatory testing must be improved through efficient referral pathways and wider availability of capillary electrophoresis and molecular diagnostics using standardized, subsidized protocols. Newborn screening findings should be linked to parental testing, with antenatal carrier screening and genetic counseling integrated into maternal and newborn care, particularly in high-prevalence regions. Genotype reporting should be stratified by region, population type, and diagnostic era rather than relying on a single national prevalence estimate. Continuing professional education should reinforce accurate differentiation of thalassemia traits from iron deficiency anemia. Research priorities include population-based adult surveys, longitudinal follow-up of screened newborns, and optimization of molecular panels tailored to the Philippine mutation spectrum. Sustainable policies and financing are essential to support screening, diagnostics, counseling, and long-term care, with genotype data used to guide public health planning, laboratory capacity, workforce training, and health education.

CONTRIBUTION TO KNOWLEDGE
This study provides the first comprehensive historical synthesis of hemoglobin genotype distribution in the Philippines, integrating evidence spanning 1958–2025. It demonstrates that reported genotype frequencies vary substantially according to diagnostic era and methodology, emphasizing the need for era-stratified interpretation of prevalence data. The review clarifies disease predominance in Filipinos by confirming α-thalassemia and β-thalassemia as the most common inherited hemoglobin disorders, with hemoglobin E consistently present and clinically significant, particularly in coinheritance. It further highlights the strong influence of sampling frame, showing how genotype distributions differ across newborn, community-based, clinic-based, and diaspora populations, and cautioning against uncritical pooling of heterogeneous datasets. By identifying national newborn screening as a pivotal transition toward systematic, population-level surveillance, the study underscores both its strengths and remaining gaps. Integration of Philippine-specific molecular mutation data links population distributions to underlying genetic spectra, supporting locally appropriate diagnostic and screening strategies. Overall, the findings provide a robust evidence base to inform screening policy, clinical practice, and future research priorities, including the need for adult population surveys and longitudinal follow-up of screened cohorts.
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