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ABSTRACT – Objective: Classic galactosemia (CG) was one of the first inherited metabolic disorders included 
in newborn screening (NBS) programs. However, its long-term benefit has been debated for decades. Robust 
longitudinal data from large single-center cohorts remain limited. We report a 42-year experience with NBS for 
hypergalactosemia in a regional reference center in Italy.

Patients and Methods: We retrospectively reviewed outcomes of NBS for hypergalactosemia performed at our 
Department between January 1982 and December 2024.

Results: Among 1,402,200 screened newborns, 142 were recalled for persistently elevated total galactose con-
centrations. Subsequent diagnostic evaluation identified 15 patients with CG, 24 with partial galactose-1-phospha-
te uridyltransferase (GALT) deficiency, 6 with galactokinase (GALK) deficiency, 4 with UDP-galactose 4-epimerase 
(GALE) deficiency, 3 with galactose mutarotase (GALM) deficiency, 1 with congenital portosystemic shunt (PSS), 1 
with congenital hepatic endothelial hemangioendothelioma (HEHE), 1 with GLUT2 deficiency, and 87 with tran-
sient neonatal hypergalactosemia. Acute neonatal decompensation occurred in all infants with CG, except three 
second-born siblings who received pre-symptomatic treatment; one patient died at 10 days of age. Despite early 
diagnosis and long-term dietary management with persistently normal galactose levels, 71% of surviving patients 
with CG developed neurological and/or endocrine complications. In one infant with severe GALK deficiency, early 
diagnosis through NBS enabled prompt identification of nuclear cataract, which fully resolved following initiation 
of a lactose-restricted diet. All patients with other Leloir pathway deficiencies remained clinically asymptomatic 
during both the perinatal period and long-term follow-up. NBS for hypergalactosemia also enabled favorable out-
comes in patients with GLUT2 deficiency, congenital portosystemic shunts (PSS), and HEHE.

Conclusions: NBS for hypergalactosemia enables early identification of multiple inherited and congenital disor-
ders. Although long-term complications of CG remain largely unpreventable, early diagnosis significantly reduces 
neonatal morbidity and mortality and provides substantial long-term benefits for other Leloir pathway enzymo-
pathies, supporting the continued inclusion of hypergalactosemia in NBS programs.

Keywords: Galactose, Leloir pathway, Galactose mutarotase, Galactokinase, Galactose-1-phosphate uridyltransferase, 
UDP-galactose 4-epimerase, GALM, GALK, GALT, GALE, Classic galactosemia, Partial GALT deficiency, Newborn scree-
ning, NBS, Hypergalactosemia, Congenital portosystemic shunt, Congenital hepatic endothelial hemangioendothelioma, 
HEHE, GLUT2 deficiency.
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INTRODUCTION

Galactosemia comprises a group of inborn errors of galactose metabolism. In humans, galactose is pri-
marily metabolized in the liver through the sequential action of four highly conserved enzymes that con-
stitute the Leloir pathway. Dietary β-D-galactose is first converted into α-D-galactose by galactose mu-
tarotase (GALM; EC 5.1.3.3). α-D-galactose is subsequently phosphorylated to galactose-1-phosphate 
by galactokinase (GΑLK; EC 2.7.1.6). Galactose-1-phosphate is then converted into UDP-galactose by 
galactose-1-phosphate uridyltransferase (GALT; EC 2.7.7.12). Finally, UDP-galactose 4-epimerase (GALE; 
EC 5.1.3.2) catalyzes the interconversion of UDP-galactose and UDP-glucose, as well as UDP-N-acetyl-
galactosamine and UDP-N-acetylglucosamine. In addition, α-D-galactose may be metabolized through 
two alternative pathways: 1) it can be reduced to galactitol by aldose reductase (the first enzyme in the 
polyol pathway), and 2) it can be oxidized to galactonate by galactose dehydrogenase1 (Figure 1). These 
alternative pathways gain prominence when the canonical Leloir pathway is impaired or deficient.

Figure 1. Representation of the principal biochemical reactions in galactose metabolism. The enzymatic steps of 
the canonical Leloir pathway are indicated by solid arrows, while alternative metabolic routes are represented 
by dashed arrows1. GALK, galactokinase; GALT, galactose-1-phosphate uridylyltransferase; GALE, UDP-galactose 
4-epimerase; GALM, galactose mutarotase. 

Biallelic pathogenic variants in any of the four genes encoding Leloir pathway enzymes result in hy-
pergalactosemia. In addition, disorders affecting hepatic structure or function, including congenital por-
tosystemic shunts (PSS) and GLUT2 deficiency, may lead to elevated circulating total galactose (TGal) 
levels2. GLUT2 deficiency is a rare inherited disorder of carbohydrate metabolism characterized by prox-
imal renal tubular dysfunction, hepatic glycogen accumulation, hepatomegaly, and hypoglycemia3.

Classic galactosemia (CG), caused by complete or near-complete GALT deficiency, is a potentially 
life-threatening neonatal disorder4. Affected newborns typically develop jaundice, lethargy, vomiting, 
and acute liver failure during the late first week of life2. Sepsis, coma, and death may rapidly ensue. Nu-
clear cataract is another frequent complication of hypergalactosemia1. Early diagnosis and treatment, 
by dietary restriction of lactose, can effectively prevent or reverse acute neonatal manifestations2. 
However, despite early treatment, long-term complications remain largely unpreventable; these include 
cognitive and behavioral impairment, speech and language delay, movement disorders, seizures, and 
premature ovarian insufficiency (POI) in female patients5.

The severity of the disease correlates with residual GALT activity. Complete or near-complete GALT 
deficiency (<1-5%) results in Classical Galactosemia (CG), whereas residual activity between 1% and 10% 
is associated with clinical variants that still require dietary restriction. In contrast, residual activity above 
15%, typical of the Duarte variant, generally results in an asymptomatic or pauci-symptomatic pheno-
type6.
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Biallelic variants in the GALK1 gene cause galactokinase (GALK) deficiency, which predominantly manifests as 
isolated nuclear cataracts during early infancy following exposure to lactose-containing feeds, including breast 
milk or lactose-containing formula7. Cataract development has also been reported in heterozygous carriers, 
though at a later age (4-6 years)8. Early lactose-restricted diet may completely prevent or reverse cataract for-
mation, whereas delayed treatment, beyond 4-8 weeks of life, may lead to irreversible ocular damage9.

Genetic variants in the GALE gene result in reduced expression or impaired activity of the UDP-galactose 
4-epimerase enzyme. GALE deficiency encompasses a clinical spectrum ranging from a benign peripheral form 
to a severe generalized phenotype, depending on tissue involvement and residual enzyme activity10. The pe-
ripheral form, first described by Gitzelmann11, is characterized by reduced GALE activity confined to circulating 
red blood cells (RBCs) and white blood cells (WBCs)11,12, while enzyme activity remains normal or near normal in 
other tissues12,13. This form is clinically benign and is not associated with acute or long-term complications. The 
intermediate form is characterized by reduced GALE enzyme activity in RBCs and WBCs, with less than 50% of 
normal enzyme activity in other non-peripheral tissues14. Patients with the intermediate form exhibit heteroge-
neous clinical manifestations ranging from asymptomatic to transient neonatal illness15. The generalized form 
is characterized by profoundly decreased GALE activity in all tissues and presents with poor feeding, failure to 
thrive, hepatic dysfunction, and renal tubular involvement10. This phenotype appears to be extremely rare, with 
only nine patients from five unrelated families reported in the literature to date13,16-21.

Recently, biallelic variants in the GALM gene, encoding galactose mutarotase (GALM), have been identified 
as a novel cause of hypergalactosemia22,23. GALM deficiency was first described in 2019, in eight Japanese pa-
tients from unrelated families24. To date, approximately 44 patients have been reported, primarily from the 
Japanese population25, with only four cases documented in Europe26,27. The estimated incidence of GALM defi-
ciency is 1:228,411 in worldwide populations, ranging from 1:10,388 in the African population to 1:1,716,145 in 
the non-Finnish European population. In the Japanese population, the estimated incidence is 1:80,74724.

GALM deficiency primarily presents with early-onset isolated nuclear cataracts and, in reported cas-
es, has not been associated with severe early or long-term complications25,28. However, owing to the 
recent recognition of this disorder, long-term clinical outcomes remain incompletely characterized.

At newborn screening (NBS), affected infants typically exhibited mild elevations of total galactose 
(TGal), often below the screening cut-off, with a progressive decline after the neonatal period22.

Genetic testing is essential for diagnosis, as no reliable biochemical assay is currently available and 
GALM enzyme activity is usually within the normal range29. In reported cohorts, the most prevalent patho-
genic variant is the p.Gly142Arg missense mutation, followed by the p.I99LfsTer46 frameshift variant24.

Although a precautionary lactose-restricted diet is commonly initiated at diagnosis, gradual dietary 
liberalization has been reported in selected patients without associated clinical complications25,27.

Hypergalactosemia has been included in NBS programs since 196430. At our Regional Reference Cen-
ter for Piemonte and Valle d’Aosta, NBS for hypergalactosemia has been performed continuously since 
1982. Here, we summarize the outcomes of 42 years of screening and follow-up.

 

PATIENTS AND METHODS

Study Population and Newborn Screening

We retrospectively reviewed the outcomes of the NBS program for hypergalactosemia conducted at our 
Regional Reference Center between January 1982 and December 2024. NBS for hypergalactosemia was per-
formed using a quantitative fluorescent galactose oxidase assay on dried blood spots (DBS) collected on filter 
paper, by the third day of life. The cut-off value for TGal was periodically adjusted based on annual assess-
ments using the 99th percentile of the screened population; since 2022, the cut-off has been set at 8 mg/dL.

Diagnostic Work-up

Newborns with elevated TGal levels on first-tier screening were recalled for a second assessment within 
the first two weeks of life. Persistently abnormal results prompted clinical evaluation, including mea-
surement of GALT enzymatic activity on DBS. In infants with normal GALT activity, targeted next-gener-
ation sequencing of the GALK1 and GALE genes was performed. If no pathogenic variants were identi-
fied, Sanger sequencing of the GALM gene was subsequently performed. All newborns with confirmed 
persistent hypergalactosemia underwent comprehensive ophthalmological examination and abdominal 
ultrasonography.
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Management and Follow-up

A lactose-restricted diet was initiated in all newborns with confirmed hypergalactosemia at the time of 
recall and subsequently adjusted according to the definitive diagnosis. All patients have been followed 
longitudinally at our department. Long-term follow-up included regular clinical and biochemical moni-
toring, with assessment of peripheral blood galactose concentrations on DBS.

Statistical Analysis

Descriptive statistics were used to summarize the study population. Continuous variables were report-
ed as mean ± standard deviation (SD), while categorical variables were expressed as frequencies and 
percentages. Non-parametric data were analyzed using the Kruskal-Wallis test, followed by Dwass-
Steel-Critchlow-Fligner post-hoc pairwise comparisons for group differences. A two-sided p-value <0.05 
was considered statistically significant. All analyses were performed using Jamovi (version 2.6, Sidney, 
Australia).

Ethical Statement

The study was approved by the local Ethics Committee of AOU Città della Salute e della Scienza di Torino 
(reference number 2069003; approval date: 05 January 2026) and was conducted in accordance with 
the principles of the Declaration of Helsinki.
 

RESULTS

Newborn Screening Outcomes

During the study period, 1,402,200 newborns underwent screening for hypergalactosemia. Of these, 9,942 
(0.7%) were recalled for a second assessment, and persistent hypergalactosemia was confirmed in 142 
infants. DBS samples for the first-tier NBS were collected at a mean age of 3.8 ± 2.9 days, while second-tier 
testing was performed at a mean age of 8.9 ± 3.5 days. Subsequent clinical, biochemical, and molecular 
investigations led to the diagnosis of 15 patients with CG (mean GALT activity: 2.1 ± 2.8% of normal), 24 
patients with partial GALT deficiency (mean GALT activity: 26.0 ± 9.1% of normal), 6 patients with severe 
GALK deficiency (mean GALK activity: 2.1 ± 1.6% of normal), 4 patients with GALE deficiency, and 3 pa-
tients with GALM deficiency. Eighty-seven newborns were diagnosed with transient neonatal hypergalac-
tosemia due to liver immaturity. In addition, one patient with congenital PSS, one with congenital hepatic 
endothelial hemangioendothelioma (HEHE), and one with GLUT2 deficiency were diagnosed.

Baseline diagnostic features and estimated incidences are summarized in Table 1. For GALM deficien-
cy, the incidence was calculated from 2019 onwards.

Biochemical Profile at Newborn Screening

In the first-tier screening test, TGal concentrations were significantly higher in patients with CG (mean: 
77.9 ± 25.1 mg/dL) compared to those with partial GALT deficiency (21.8 ± 6.1 mg/dL; p<0.05), severe 
GALK deficiency (43.9 ± 15.3 mg/dL; p<0.05), and GALE deficiency (20.9 ± 3.9 mg/dL; p<0.05).

Although patients with CG showed higher TGal than those with GALM deficiency (23.8 ± 13.9 mg/
dL), this difference did not reach statistical significance. In addition, TGal concentrations in severe GALK 
deficiency were significantly higher than those observed in partial GALT deficiency (p<0.05). No further 
significant differences were found when comparing TGal levels among other enzymatic deficiencies of 
the Leloir pathway (Figure 2).

In the second-tier screening test, TGal concentrations in CG (mean: 99 ± 25.0 mg/dL) remained sig-
nificantly higher than in partial GALT deficiency (mean: 26 ± 7.2 mg/dL; p<0.05), GALK deficiency (87 ± 
8.2 mg/dL; p<0.05) and GALE deficiency (mean: 30.4 ± 11.9 mg/dL; p<0.05). Patients with GALM defi-
ciency exhibited a mean TGal of 31 ± 18.3 mg/dL.
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Table 1. Diagnostic clues and incidences of disorders leading to persistent hypergalactosemia 
detected through 42 years of newborn screening. 

Detected	 Disease	 Diagnostic	 Incidence
 patients (n)		   clue

15	 Classic galactosemia	 GALT activity: 0-6%	 1:93,480
24	 Partial galactosemia	 GALT activity: 17-49%	 1:58,425
 6	 GALK deficiency	 GALK activity: 0-5%	 1:233,700
 4	 GALE deficiency	 Molecular analysis	 1:350,550
 3	 GALM deficiency	 Molecular analysis	 1:54,666
 1	 GLUT2 deficiency	 Molecular analysis	 -
 1	 PSS	 Doppler ultrasound	 -
 1	 HEHE	 Doppler ultrasound	 -

GALT: galactose-1-phosphate uridyltransferase; GALK: galactokinase; GALE: UDP-galactose 4-epimerase; 
GALM: galactose mutarotase; GLUT2: glucose transporter 2; PSS: portosystemic shunt; HEHE: hepatic 
endothelial hemangioendothelioma.

Figure 2. Outcome of the first-tier screening for hypergalactosemia in different disorders detected at our de-
partment in the last 42 years. CG: classic galactosemia; GALT: galactose-1-phosphate uridyltransferase; GK: ga-
lactokinase; GALE: UDP-galactose 4-epimerase; GALM: galactose mutarotase; GLUT2: glucose transporter 2; PSS: 
portosystemic shunt; HEHE: Hepatic epithelioid hemangioendothelioma.
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In the 87 infants with transient (idiopathic) neonatal hypergalactosemia, TGal remained mildly el-
evated in both the first-tier (mean: 16 ± 5.5 mg/dL) and second-tier screening tests (mean: 17.4 ± 4.4 
mg/dL) and normalized on a free diet after a brief period of lactose restriction. Where available, GALT 
activity was within the normal range in all these patients.

Early Clinical and Biochemical Outcomes

Eleven (73%) of the 15 newborns with CG were re-admitted to the hospital prior to the availability of 
NBS results due to acute neonatal decompensation. Clinical onset typically occurred during the latter 
part of the first week of life (mean: 5.8 ± 1.1 days), with a consistent presentation of jaundice, lethargy, 
vomiting, and acute liver failure. Initiation of a lactose-restricted diet led to clinical improvement within 
a few days in nearly all patients. One female infant died at 10 days of age due to fatal neurological com-
plications. Pre-symptomatic treatment successfully prevented acute neonatal decompensation in three 
second-born siblings of known CG patients, who were started on a lactose-restricted diet immediately 
after DBS collection (48-72 hours of life) based on a presumptive diagnosis of CG.

Among the six patients with severe GALK deficiency, one developed an isolated nuclear cataract, 
which fully resolved following the initiation of a lactose-restricted diet.

All patients with other Leloir pathway deficiencies, as well as patients with GLUT2 deficiency, con-
genital PSS, and congenital HEHE, remained clinically asymptomatic during the perinatal period.

Peripheral galactose levels rapidly declined in all patients following initiation of a lactose-restricted 
diet, as illustrated in Figures 3-4.

Long-term Clinical and Biochemical Outcomes

Despite early dietary treatment and long-term adherence to a lactose-restricted diet, with consistently 
normal peripheral blood galactose levels (below 3 mg/dL in all patients), 10 of the 14 (71%) surviving 
patients with CG developed mild to severe intellectual disabilities, necessitating specialized educational 
support beginning in elementary school. One patient was lost to follow-up after relocating abroad. The 
remaining three patients showed normal intellectual performance and followed standard school curric-
ula. POI was observed in all female patients with severe GALT deficiency.

The 24 patients with partial GALT deficiency exhibited normal intellectual development and academic 
performance. Mean peripheral blood galactose concentrations remained stable over time (2.7 ± 1.5 mg/
dL) and no long-term complications were observed after partial or complete dietary liberalization.

Figure 3. Time course of pe-
ripheral galactose concentra-
tions in a representative subset 
of 5 of the 15 patients with clas-
sic galactosemia (depicted with 
continuous lines) and 3 of the 
24 patients with partial galac-
tosemia (depicted with dashed 
lines). Note: one patient with 
classic galactosemia has only a 
single data point because she 
died before the second‐tier 
test could be performed.
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The six patients with severe GALK deficiency showed no evidence of long-term clinical complications 
while maintained on a lactose-restricted diet. Moreover, their biochemical parameters remained con-
sistently within target ranges (mean peripheral blood galactose: 1.6 ± 1.2 mg/dL), reflecting sustained 
metabolic stability.

All patients with GALE deficiency were gradually relieved from dietary lactose restriction at a mean 
age of 18.0 ± 9.1 months, without developing long-term clinical sequelae. Furthermore, metabolic control 
remained stable, with mean peripheral blood galactose concentrations maintained at 2.1 ± 1.1 mg/dL.

Among the cohort with GALM deficiency, Patient #1 (c.776+108A>G heterozygous) required contin-
ued lactose restriction after an attempted partial liberalization resulted in an elevation of peripheral ga-
lactose to 8.21 mg/dL. Patient #2 (c.346-3C>G heterozygous) achieved successful dietary liberalization 
by nine months of age, maintaining peripheral blood galactose concentrations within normal range and 
remaining clinically asymptomatic. Patient #3 (c.424G>A homozygous) remains on a restricted diet. At 
the most recent follow-up, all three patients exhibited age-appropriate neurodevelopmental milestones 
with no cognitive or behavioral deficits. Serial ophthalmological examinations confirmed the absence of 
cataracts in all subjects.

The patient with GLUT2 deficiency developed growth delay from 15 months of age, which improved 
with symptomatic management including phosphate and bicarbonate supplementation. No episodes of 
symptomatic hypoglycemia were observed while the patient was maintained on a Mediterranean diet 
with fractionated meals.

In the patient with congenital PSS, surgical correction restored galactose homeostasis. The postop-
erative clinical course was uneventful, and the patient exhibited normal intellectual development.

In the patient with congenital HEHE, beta-blocker therapy was initiated at three months of age, re-
sulting in a significant lesion-size reduction confirmed by follow-up ultrasound imaging.

Illustrative Cases of Three Patients with GALM Deficiency

Three patients from unrelated families were referred to our Regional Reference Center following a pos-
itive NBS for hypergalactosemia and were subsequently diagnosed with GALM deficiency.

First-tier screening DBS were collected at a mean of 3 ± 1 days of life. Patients #1 and #2 showed 
markedly elevated TGal concentrations (27.7 mg/dL and 35.4 mg/dL, respectively), whereas Patient #3 
exhibited a mild increase (8.3 mg/dL). Second-tier testing confirmed persistent hypergalactosemia in all 
three newborns (35.0 mg/dL, 47.0 mg/dL, and 11.0 mg/dL, respectively).

A lactose-restricted diet was promptly initiated, resulting in normalization of peripheral galactose 
levels within the first month of life. Erythrocyte GALT enzyme activity was within the normal range in all 
patients. Next Generation Sequencing (NGS) of the GALT, GALE, and GALK1 genes did not identify patho-

Figure 4. Time course of pe-
ripheral galactose concentra-
tions in a representative subset 
of 3 of the 6 patients with ga-
lactokinase deficiency (depict-
ed with continuous lines), 3 of 
the 4 patients with GALE defi-
ciency (depicted with dashed 
lines), and all 3 patients with 
GALM deficiency (depicted 
with dotted lines).
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genic variants. Subsequent targeted GALM gene sequencing revealed the c.776+108A>G and c.346-
3C>G variants in heterozygosity in Patients #1 and #2, respectively, and the c.424G>A (p.Gly142Arg) 
variant in homozygosity in Patient #3.

All infants have remained clinically asymptomatic to date. Clinical, biochemical, and genetic profiles 
for each patient are detailed in Table 2.

Table 2. Clinical, biochemical and genetic characteristics of patients with GALM variants. 

Patients	 GALM	 Protein 	 Zygosity	 TGal at first-	 TGal at 	 GALT 	 Clinical 	 Lactose-
 (n)	  variant	  variant		   tier test	  second-	  activity	  symptoms	  restricted
				     (mg/dL)	  tier test			    diet 
					      (mg/dL)	
					   
Patient #1	 c.776+ 	  —	 Hetero-	  27.7	  35.0	 Normal	 No symptoms	 Continuing
	  108A>G		   zygous

Patient #2	 c.346-3C>G	  —	 Hetero-	  35.4	  47.0	 Normal	 No symptoms	 Discontinuing
			    zygous

Patient #3	 c.424G>A/	 p.Gly142Arg/	 Homo-	   8.3	  11.0	 Normal	 No symptoms	 Continuing
	  c.424G>A	 p.Gly142Arg	  zygous

GALM: galactose mutarotase; TGal: total galactose; GALT: galactose-1-phosphate uridyltransferase.

DISCUSSION

CG has been included in NBS programs in many countries since 196430. However, the appropriateness 
of its inclusion has been debated for over five decades, primarily because NBS for inborn errors of me-
tabolism is intended to identify pre-symptomatic individuals for whom effective lifelong treatment is 
available2.

CG, caused by complete or near-complete GALT deficiency, is a potentially life-threatening disor-
der characterized by neonatal acute decompensation, which is completely preventable or resolvable 
through early dietary restriction of lactose. Nevertheless, long-term complications, particularly neuro-
logical and endocrine sequelae, remain largely unpreventable5. Despite these disappointing long-term 
clinical outcomes, CG continues to be included in NBS programs in several countries, also reflecting the 
growing interest among prospective parents in screening for disorders without effective treatments2. 
Although current evidence does not fully meet standard screening criteria for CG, the potential health 
benefits of early diagnosis and treatment are significant31,32.

Most patients with CG in our cohort (11/15; 73%) presented with acute neonatal decompensation at 
a mean age of 5.8 ± 1.1 days, prior to the availability of NBS results, and before initiation of a lactose-re-
stricted diet. Notably, in three second-born siblings of known CG patients, acute neonatal presentation 
was successfully prevented through pre-symptomatic treatment initiated on the basis of a presumptive 
diagnosis informed by family history. This observation underscores the critical importance of early NBS 
result availability, potentially by day 5 of life, to enable timely intervention and prevention of neona-
tal-onset life-threatening presentation. First-tier galactose concentrations alone may help differentiate 
CG from milder Leloir pathway deficiencies, facilitating early clinical planning and preventive hospital 
admission. In line with previous reports, patients with CG exhibited significantly higher TGal than those 
with milder enzyme deficiencies31. Notably, in patients with GALM deficiency, this difference did not 
reach statistical significance, likely due to the limited sample size.

Earlier sample collection, however, may increase false-negative results2. Nonetheless, in some cases, 
clinical symptoms may precede NBS results, even when samples are collected on day 2 of life33.

Despite early dietary intervention, one female patient with CG died at 10 days of life, due to acute 
liver failure rapidly progressing to cerebral edema and coma. This rare complication is thought to result 
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from galactitol accumulation, an osmotically active polyol generated through the aldose reductase-me-
diated alternative galactose metabolism34. To the best of our knowledge, this fatal outcome has been 
reported only in one other case35. In both infants, a lactose-restricted diet was initiated only after he-
patic failure had reached an advanced stage, underscoring the potential necessity of early intervention.

Long-term complications of CG, particularly neurological and endocrine sequelae, remained largely 
unpreventable. Despite early dietary intervention and strict adherence to a lactose-restricted diet, as 
evidenced by persistently normal peripheral galactose concentrations, 71% of surviving CG patients 
in our cohort developed intellectual disability, and POI was observed in all affected females, in line 
with previous reports36. These complications appeared unrelated to the perinatal course, with 75% con-
cordance observed among affected sibling pairs2. In contrast, patients with partial GALT deficiency re-
mained asymptomatic throughout neonatal and long-term follow-up, corroborating prior studies37-39.

In one infant with severe GALK deficiency, early diagnosis through NBS enabled prompt identifica-
tion of nuclear cataract, which fully resolved following initiation of a lactose-restricted diet, preventing 
irreversible visual impairment and potential developmental complications7,9. NBS also facilitated the 
identification of three patients with the recently described GALM deficiency, as well as single patients 
with GLUT2 deficiency, congenital PSS, and HEHE, allowing timely disease-specific interventions and 
resulting in sustained clinical benefit.

Although NBS for CG has been debated for decades, it is important to emphasize that the fundamen-
tal principle of NBS is “screening for analytes” rather than “screening for diseases”2. A single abnormal 
analyte, such as elevated TGal, can raise suspicion for a spectrum of inherited and congenital conditions, 
including all Leloir pathway enzymopathies, GLUT2 deficiency3, and certain hepatic disorders affecting 
liver structure or function40. Notably, although long-term complications of CG remain largely unpre-
ventable with current therapies, life-threatening neonatal manifestations are fully preventable and, in 
some cases, reversible when treatment is initiated promptly, significantly reducing disease-associated 
morbidity and mortality and reinforcing the continued inclusion of hypergalactosemia in NBS programs.
 

CONCLUSIONS

NBS for hypergalactosemia based on TGal measurement enables early identification of a broad spec-
trum of inherited and congenital disorders, for which timely diagnosis and intervention confer substan-
tial clinical benefit. Our long-term experience further underscores the utility and effectiveness of NBS 
for hypergalactosemia and supports its ongoing inclusion in national screening programs. Finally, given 
the emerging recognition of GALM deficiency, we recommend that GALM gene analysis be incorporated 
in the diagnostic evaluation of persistent hypergalactosemia when GALT activity is normal and standard 
investigations are inconclusive.
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