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Abstract
Classical galactosemia is caused by the genetic deficiency of galactose-1-phosphate-urydyl-transferase resulting in clinical symptoms 
development during the first weeks of life including jaundice, hypotonia, lethargy, emesis, hepatomegaly, among others. Currently, 
dietary restriction of galactose is considered the standard for classical galactosemia management. For several years, severe dietary 
galactose restriction was considered necessary, implying restriction not only of dairy products, but also fruits, vegetables, legumes, 
and viscera. Such management failed to improve or prevent the appearance of long-term complications, by contrast, such restrictive 
approach may lead to nutritional deficiencies development. Thus, the last consensus suggests guidelines that are more flexible. 
In addition, the lack of knowledge regarding the physiopathology of the disease, and the toxicity threshold of the metabolites 
accumulated, make even more difficult to propose novel and more effective therapeutic approaches. This review summarizes 
the current state of knowledge regarding classical galactosemia in terms of physiopathology, long-term complications, newborn 
screening and genetic variants and their implications on galactosemia treatment, summed to the challenges that researchers working 
on this disease must address in future studies including the analysis of galactose content in foods, galactose tolerance threshold 
and search for novel therapeutic targets. 
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Introduction

Galactosemia is an inborn error of carbohydrate metabolism. 
According to the enzyme altered in the Leloir pathway 
four different subtypes have been described [1–2]. Classical 
galactosemia is considered the most severe, and common 
condition, with a variable incidence according to the geographic 
area. In Latin-American countries, newborn screening is highly 
heterogeneous and limited information has been reported, in 
most cases pilot or short-term studies [3–6]. However, in Cuba 
and Ecuador, there are estimated reports of 1:101.065, and 
1:131.579 respectively [7–8]. In Western countries, the reported 
incidence varies from 1: 16,000 to 1: 60,000 live births, reaching 
up to 1:480 in specific Irish population groups [9–11].

Classical galactosemia results from galactose-1-phosphate 
uridylyl transferase enzyme deficiency, which generates the 
accumulation of toxic metabolites and a neonatal clinical 
onset after breast milk or milk formulas intake. Main signs 
and symptoms include feeding difficulties, growth delay, 
hepatomegaly, jaundice, hypotonia, lethargy, emesis, renal 
tubular damage, and cataracts [2,11].

Acute symptomatology can be reversed using galactose 
restriction. However, treatment does not prevent long-term 
complications such as premature ovarian failure, neurological 
manifestations, behavioral alterations, and decreased bone 
mineral density which have been reported to occur with different 
degrees of severity [2,11]. Several publications suggest that such 
complications may appear independent of the age of onset and 
treatment adherence [2,11–17]. Over time, patients may have 
difficulties in learning and language (verbal dyspraxia and 
dysarthria), also they frequently develop tremors and, to a lesser 
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extent, ataxia and dystonia [11,14]. Subsequently, in adulthood, 
patients develop a complex neuropsychological phenotype, 
which appears more severe in men, and that is characterized 
by anxiety, depression, and difficulties to recognize complex 
facial emotions such as anger, surprise, fear, and disgust [18]. 
Together, these clinical signs affect patient’s quality of life and 
can contribute to the disturbances in social interaction reported 
in this population [15,18–19]. All the above demonstrates that 
the exact pathological mechanisms involved in the disease 
are still unknown, despite the development of animal models; 
in vitro and descriptive studies; as well as interventions in 
cohorts of patients with classical galactosemia, have helped to 
strengthen our understanding of different molecular, clinical, 
and metabolic aspects of the disease [9,14,20–23]. Furthermore, 
given the poor response of long-term complications to nutritional 
treatment, novel therapeutic strategies are needed [1–2]. This 
review summarizes the current state of knowledge regarding 
classical galactosemia in terms of physiopathology and its 
implications on galactosemia treatment, pointing out current 
challenges that should be addressed in order to improve our 
understanding of galactosemia pathological mechanisms and 
potentiate the development of novel therapeutic strategies.

Galactose Metabolism

After linked galactose is hydrolyzed in the small intestine, it passes 
through the enterocyte using SGLT1 and GLUT2 transporters 
[2]. Subsequently, galactose arrives via porta to the liver, where 
β-D-galactose enters through the GLUT2 transporter to be 
metabolized in the Leloir pathway (galactose catabolic pathway). 
This pathway initiates with the enzyme galactose mutarotase 
(GALM) which transforms β-D-galactose to α-D-galactose, 
this configuration change is required to allow the action of 
galactokinase (GALK), galactose-1-phosphate uridyltransferase 
(GALT), and galactose-4-epimerase (GALE) enzymes, in order 
to synthesize glucose 1-phosphate and UDP-glucose (Figure 1). 
Finally, glucose-1-phosphate can be integrated to other metabolic 
pathways, using the enzyme phosphoglucomutase, while UDP-
hexoses are involved in glycosylation reactions (Figure 1) [1–2].

Different studies allowed the identification of three alternative 
metabolic routes to the Leloir pathway: galactose to galactitol 
reduction through the polyol route; oxidation of galactose to 
galactonate and GALK-dependent derivation for UDP-galactose 
synthesis, known as the pyrophosphorylase pathway (Figure 1)  
[1–2,24]. However, the latter seems to have low activity in 
humans, compared to GALT [25–26].

Figure 1. Galactose metabolism (Leloir pathway and other routes). Galactose main metabolic pathway or Leloir pathway (blue color), involves the 
following enzymes: galactose mutarotase (GALM), galactokinase (GALK), galactose-1-phosphate uridyltransferase (GALT), galactose-4-epimerase 
(GALE). GALT reaction product, glucose-1-phosphate, requires the action of phosphoglucomutase (PGM) to take other metabolic pathways. In the 
case of GALT deficiency (red), alternative pathways are activated involving different enzymes: aldose reductase (purple), galactose dehydrogenase 
(green) and UDP glucose/hexose pyrophosphorylase (UGP) (pink).
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Clinical Manifestations and Pathophysiology 
of Galactosemia. Emerging Advances and 
Needs

Galactose is considered essential for maintaining energy 
metabolism balance during the first months of life since it is 
incorporated faster than glucose for glycogen synthesis [27–28]. 
Lactose contributes to around 40% of the total energy gain 
in infants and about 2% in adults [29]. Some authors suggest 
that when GALT is deficient, there could be increased energy 
requirements and usage of other energy substrates such as 
glucose, sucrose, and fructose [30–31]. Therefore, the absence 
or limited intake of other carbohydrates in early infancy could 
compromise even more the energy metabolism within the body in 
galactosemia, especially under catabolic stress. This mechanism 
may contribute to energy and liver failure in childhood and could 
explain the acute toxicity syndrome reported in patients [30–31].

Researchers have postulated two hypotheses to explain 
galactosemia pathophysiology: First, increased galactose-1-
phosphate levels lead to phosphate sequestering and subsequent 
dephosphorylation of other compounds not involved in energy 
production [32]. The second hypothesis suggests that energy 
production is compromised due to inhibition of enzymes 
involved in glucose metabolism (glucose-6-phosphatase, 
phosphoglucomutase, UDP-glycogen phosphorylase, glucose-
6-phosphate dehydrogenase) by galactose-1-phosphate [32–33]. 
In vitro studies have supported the second hypothesis, by 
demonstrating such inhibition of pyrophosphorylase [21]. 
Moreover, it has been reported that increased levels of galactose-1-
phosphate may inhibit galactosyl transferases and thus, promote 
glycosylation defects [32–34].

In addition, galactitol accumulation has also been associated 
with galactosemia pathophysiology by generating a hyperosmotic 
effect (resulting in cataracts formation) and favoring oxidative 
stress secondary to NADPH depletion and free radical formation 
[1–2,32]. In fact, oxidative stress, as a pathological mechanism, 
has been described in animal models and patient studies that 
show increased oxidative stress markers and decreased activity 
of enzymes involved in oxidative stress response (v.g. catalase, 
glutathione peroxidase, and NADPH oxidase)[1,12,35–36]. 
These findings suggest that the production of toxic metabolites 
in galactosemia could generate greater sensitivity to oxidation 
damage [1,12,35–36].

Although, initially, the high amounts of galactitol and galactose-
1-phosphate seemed to explain the pathophysiology of the disease, 
the high clinical heterogeneity, and the poor biochemical-clinical 
correlation indicate that understanding galactosemia complexity 
requires exploring the role of other metabolites and considering 
new pathways in the biochemical cascade. A good example of 
this is the potential role of galactonate. It has been postulated that 
galactonate can enter into the pentose-phosphate pathway to be 
transformed in xylose, without generating toxicity. Despite this, 
only the first enzyme of this metabolic route has been reported 

in humans and there is no further evidence of the role of such 
pathway in galactosemia [37–41]. 

In addition, in mouse fibroblasts, GALT deficiency lead 
to signaling pathways alteration possibly associated with 
glycosylation defects that induce negative regulation of 
phosphatidylinositol-4,5-biphosphate 3-kinase (PI3K) / protein 
kinase B (Akt). This protein is necessary for tissue growth 
and proliferation and some authors have suggested this as the 
mechanism explaining the neurological alterations described 
in galactosemic patients [1]. 

Besides the above-mentioned mechanisms, the contribution 
of other metabolic actors to acute and chronic toxicity is 
still unclear, including the role of lysosomal hydrolysis of 
glycoconjugates as endogenous galactose production [2].

Patients with classic galactosemia usually present long-
term complications such as neurological, cognitive, behavioral 
alterations, premature ovarian failure, and low bone mineral 
density [11]. Some authors have proposed that such complications 
can also be related to glycosylation defects due to UDP-hexoses 
deficiency, since GALE reaction is insufficient to generate enough 
amounts of UDP-galactose. It has been suggested that UDP-
hexose deficiency could lead to alterations in myelin formation, 
follicle-stimulating hormone, and collagen [1,16,22]. 

The most frequently reported neurological complications 
include tremors, motor abnormalities, ataxia, dystonia, language 
and speech disorders that present with different degrees of 
severity [11,17,42]. Although the mechanisms associated with 
these complications are not fully understood, some studies have 
established approaches to pathophysiology. In the study reported 
by van Erven., et al (2017), the functionality of neurological 
networks was evaluated in adolescents with classic galactosemia 
at rest, finding alterations in the functional networks of the 
insula, which are considered important for sensory integration- 
motor [43]. In addition, associations have been reported between 
tremor severity and low gray and white matter myelin content 
(assessed by resonance), which could be associated with deficient 
glycolipid production due to lack of UDP-sugars [21,44]. However, 
longitudinal studies are required to establish whether changes 
in gray and white matter are the result of early dysmyelination 
or progressive neurodegenerative disease [44].

Cognitive and behavioral traits commonly reported include 
decreased Intelligence Quotient (IQ), speed of information 
processing and perception of space, symptoms of anxiety and 
depression, these being variable aspects in terms of presence and 
severity, which can compromise the quality of life and social 
skills of individuals with classic galactosemia [11,18,45–46]. A 
decrease in IgG N-glycan sialylation, detected in individuals 
with classic galactosemia, could partially explain the long-term 
results, mentioned above [47]. Sialic acid is a sugar required for 
the synthesis of glycolipids, which is part of complex N-glycans 
that are part of the structure of the hippocampus [47–48]. 
N-glycans are known to be necessary to carry out functions 
such as neurogenesis, synapses, and memory formation [48]. 
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The decrease in sialylation could be related to the dysregulation 
of genes, which code for sialyltransferases in patients [47]. 
Additional studies are required to define whether cognitive and 
behavioral outcomes evolve in the long term and what are the 
causes of their appearance [46].

Currently, the exact moment in which premature ovarian 
failure occurs and its pathophysiology is not clear, although it 
is suggested that factors such as circulating levels of leptin and 
increased expression of genes involved in inflammation pathways 
may play a potential role [49]. The results in children and adults 
with galactosemia show an alteration in the regulation of leptin 
metabolism, an important hormone for the release of luteinizing 
hormone and stimulating follicle [49]. Furthermore, the findings 
in patients aged 17 - 51 years suggest that there is a negative 
correlation between leptin levels and IgG galactosylation or 
testosterone levels in men [49].

Regarding long term complication related to bone health 
the literature reports alterations in height and growth rate and 
increased risk of low bone mineral density (BMD) [2,11]. A 
systematic review and meta-analysis of bone health in individuals 
with galactosemia concluded that BMD seems to be slightly 
affected, based on the results of cross-sectional studies that 
included a population between 2.5 and 59 years old [50]. However, 
it is estimated that 10 - 25% of the population with this disease 
would be at risk of developing low BMD (Z-score ≤ - 2). The 
studies included in the review reported calcium levels within 
the normal range and vitamin D levels with a trend towards the 
lower limit, although these studies presented differences in the 
quantification method and measurement ranges [50]. Although 
not fully understood, alterations at the bone level have been 
related to nutritional calcium and vitamin D deficiencies due 
to galactose restriction [2,11]. However, some authors suggest 
that other intrinsic factors associated with the pathology must 
be involved that could be related to low estrogen concentrations 
due to premature ovarian failure, less physical activity due to 
motor and neurological disorders, or intrinsic defects in the 
collagen [22,50–51].

Treatment and Outcome. Looking for a 
Novel Therapeutic Approach

Galactose is an aldohexose found either free or within the 
structure of complex carbohydrates such as oligosaccharides, 
polysaccharides, and some glycoconjugates like glycoproteins 
and glycolipids [2]. The main dietary sources of free galactose 
are dairy products, milk-based formulas and breast milk which 
contain high amounts of lactose (a disaccharide formed by 
galactose and glucose) [29]. For instance, it has been estimated 
that 100g of cow’s milk provides 2400 mg of free galactose, 
while the same amount of cheese provides around 200 mg 
approximately (Table 1). In addition, other sources of free 
galactose include fruits, vegetables, tubers, legumes, and soy 
products (Table 1) [29,31–32,52].

As mentioned above, galactose can also be found forming 
oligosaccharides like raffinose, stachyose, and verbascose that are 
present in legumes [29]; polysaccharides like arabinogalactans in 
vegetables; galactomannans, used as food additives for increase 
viscosity; galactolipids, galactosylcerebrosides, and gangliosides 
present in foods like viscera [29,31–32,52].

Nutritional treatment is still considered as the first-line 
therapeutics for classical galactosemia. It is effective for preventing 
or reversing the early acute symptomatology associated to 
galactose consumption during the first months of life [2]. In 
general, nutritional intervention during the first six months of 
life includes the prescription of soy-based formulas or elemental 
formulas as the only feeding source [31]. However, with the 
introduction of complementary foods, some controversies 
around nutritional indications arouse. Initially, the indication 
was to avoid completely dairy products and viscera, but after the 
presence of galactose (either free or conjugated) was evidenced 
in fruits, vegetables, and legumes dietary recommendations 
became more and more restrictive [31]. Nevertheless, some 
authors suggested that galactose present in these foods could not 
be digested and absorbed due to the absence of the enzymatic 
battery within the human gastrointestinal tract. Therefore, free 
galactose from these sources was more influenced by storage and 
maturation, suggesting that fruits, vegetables, and legumes could 
be included in the diet [29,31]. In addition, the consumption of 
mature cheeses was allowed considering their lower galactose 
content compared to yogurt and milk. In addition, this type of 
cheeses could then represent a good calcium source that could 
optimize the diet, although, galactose content may vary according 
to production conditions such as the microorganism strain 
used in the maturation process, artisanal versus industrialized 
conditions, and maturation time [31,52]. In this context, the 
studies demonstrate that it is necessary to consider the galactose 
composition of each food and factors that can alter it.

As mentioned above, together the lack of knowledge regarding 
the pathophysiology of galactosemia; the presence of galactose 
in fruits, vegetables, and legumes without precise information 
related to its availability in these foods; and the uncertainties about 
disease progression had led to the generation of two management 
trends. This is evidenced by the contrasting management 
indications observed in different specialized centers. In some 
cases, dietary intake of galactose is not quantified and vegetables 
are allowed in the diet arguing that it would prevent nutritional 
deficiencies that could arise from restricting such foods. On the 
other hand, some management centers indicate specific limits 
for dietary galactose intake that may vary according to the 
criteria of each professional [61–63]. Nevertheless, neither early 
and strict galactose restriction (dairy and non-dairy galactose 
restriction), nor adherence to diet seem to prevent the appearance 
of chronic complications [11,17,62]. In fact, reports from cohorts 
of patients following such diets showed an increased frequency of 
neurologic complications compared to patients following more 
flexible diets [2,11]. In addition, there is no evidence that a flexible 
diet is associated with the severity of long-term results, on the 
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Table 1. Free galactose content of some foods.

Food (mg/100g/ml of food)

Dairy products

Strong Cheddar cheese 9,5 +/- 17,9 (<2,8 – 104,3) [31]

UK west Cheddar cheese 3,6 (<2,8 -11,4) [53]

Gruyere cheese 4,1 +/-1,2 (<2,8 – 5,1) [31]

Emmental / Swiss cheese 3,5 +/-1,2 (2,8-7,4) [31]

0American parmesan cheese (10 months maturation) 18,3 +/- 33,3 (<2,8 -156) [31]

American parmesan cheese (grated) 9,7 +/- 12,0 (<2,8 -23,6) [31]

Cow’s milk 2400 [54]

Yogurt 1800 [54]

Fruits (raw or processed) 9,7 +/- 7,9 (1,0 – 44,5) [31]

Watermelon 14,7 [55]

Papaya 28,6 [55]

Kiwi 9,8 [55] - 27,1 [56]

Blueberries 26,2 [55]

Pinapple 18,7 [56]

Pear 7,3 [55]

Strawberries 4,6 [57] – 10,7 [58]

Banana 9,2 [55]

Apple 8,3 [55,59]

Melon 5,5 [60]

Vegetables (raw or processed) 9,3 +/- 11,4 (ND-77,2) [31]

Onion 5,1 [55] – 15,3 [58]

Tomato 5,6 [58] – 13,3 [56]

Brussels sprouts 9,2 [55,59]

Lettuce 3,1 [55] – 7,8 [58]

Brocoli 6,8 [55]

Carrot 6,2 [55]

Fruit of vegetable juice 18,3 +/- 14 (4,0 – 46,4) [31]

Tubers

Potato 1,2 [55] – 10,7 [58]

Legumes

Chickpea (cooked) 149,5 +/- 197 (24,6 – 443,8) [31]

Chickpea 443 [60]

Red beans 153 [60]

Green beans 5,5 [58]

Lentils 115,8 [60]

Peas 11,8 [60]

Soy products

Whole soybean 43,8 [31] / 44 [58]

Soy milk 5,1 +/-0,4 (4,8 -5,3) [31]

Tofu 90 (dried weight) [31]

ND: Non detectable. 
Galactose content of cheeses can vary depending on production conditions and maturation time.
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contrary, it seems to be related to a lower frequency of neurological 
complications [11,64–65]. In this sense, the last management 
guidelines recommend lifelong dietary restriction of dairy 
products, allowing free intake of any kind of fruits, vegetables, 
legumes, and non-fermented soy-based product [66]. Additionally, 
the consumption of mature cheeses (in which galactose content 
is lower than 25mg/100g of food) is allowed [66]. The latter has 
been promoted to optimize calcium intake in order to meet the 
recommendations for age, highlighting the need to monitor 
vitamin D and calcium levels and consider supplementation if 
needed [51,66]. Altogether, this evidence reinforces the need for 
establishing exogenous galactose (galactose from food) tolerance 
and its relationship with long-term complication [31,67]. On 
the other hand, variations in the complications of individuals 
with the same genotype suggest the influence of other factors, 
such as epigenetic mechanisms, on glycosylation or signaling 
pathways such as unfolded protein response (UPR), inositol 
and inflammation [49], for which the research has been aimed 
at evaluating management alternatives beyond diet [11,68]. 

A limitation to optimize the treatment of the disease is 
the lack of precise biomarkers that can be used to monitor 
nutritional intervention and predict the risk of developing 
complications [12,49]. Currently biochemical follow-up of 
patients is performed by measuring eritrocitary galactose-1-
phosphate levels (Gal-1-P) with values below 5mg/dL considered 
as the therapeutic range [13]. However, stabilization or even 
decrease of this metabolite over time in treated patients has 
been reported 12,14]. Furthermore, results regarding correlation 
between Gal-1-P and long-term complications onset or severity 
are contradictory [12,14,69]. Other galactose metabolites like 
galactitol, galactonate and their ratio have been suggested as 
potential biomarkers since they are highly accumulated in 
fluids from patients compared to controls [40,70]. However, 
poor correlation has been observed between these metabolites 
and with galactose plasma levels and GAL-1-P [40,70]. In fact, 
galactonate evaluation is rarely reported in literature and for 
galactitol, similar to the observed with Gal-1-P, results related 
to treatment response are controversial and high variations 
especially in urinary levels have been observed, therefore its 
clinical utility is considered limited [2,13–14,40,66,70–71]. 
Recently, analysis of glycosylation patterns of IgG N-glycans 
have been proposed as biomarkers, the wide spectrum of clinical 
results between individuals highlights the need to continue with 
this area of research [12,67].

In this sense, there are still unresolved questions regarding 
whether it would be possible to reverse complications through 
frequent monitoring of biomarkers and adjustments of galactose 
consumption according to the result [67]. In addition, there 
is uncertain if there are critical periods in which nutritional 
intervention is necessary and how dietary characteristics 
beyond galactose content (v.g. energy and micronutrient intake) 
may influence pathology course. However, addressing these 
aspects implies developing a rigorous evaluation of the diet 
[61]. Therefore, it might be necessary to resume analyzes of 

galactose content in foods, to evaluate the consumption, since 
reliable data regarding galactose content of some foods is still 
limited [61]. The relevance of this arises from factors such as the 
varieties of food available in each country and the reports on 
changes in the amount of free galactose, due to aspects related 
to farming; time and conditions of food storage; and processing 
[57–58]. These analyzes could help to define more precisely the 
amount of galactose that patients consume and help to establish 
whether there is a tolerance threshold, that is, an amount of 
galactose exogenous to the individual, which can optimize 
the glycosylation profile without generate signs of intoxication 
[11,61,67]. It is possible that if galactose consumption is not 
established precisely, it could be masking its role in the clinical 
picture of the disease and its relationship with metabolic changes.

Due to the above-mentioned limitations of nutritional 
management, it is becoming more relevant the idea to widen 
the therapeutic approach in galactosemia. In this line, efforts 
are being done to develop pharmacological strategies including: 
pharmacological chaperones to improve stability and therefore 
residual GALT enzyme activity; GALK inhibitors; research on the 
efficacy of antioxidant therapy and exploration of mechanisms 
for overexpression of UGP pyrophosphorylase (which seems to 
prevent toxicity in in vitro models) [1–2,72].

Galactosemia Variants

According to the GALT database, 363 different molecular 
variations have been reported in the GALT gene (318 pathogenic 
variants and 45 considered benign). Most pathogenic variants 
are missense mutations and are distributed throughout the gene. 
Their frequency has been widely studied demonstrating ethnic 
and geographic differences [73–75]. For instance, p.Q188R is the 
most common allele in white population (6–10), whereas p.S135L 
and IVS2-2A>G variants are frequently reported in patients of 
African and Hispanic origins, respectively [73,76–78].

In general, the term “galactosemia variant” has been used 
to refer to GALT mutations that lead to high, although variable, 
residual activity. Different variants have been described up to 
date including: Los Angeles, Chicago, Renes, Indiana, Muenster, 
Negro, and Duarte, with the latter being the most common 
[2,73,79–80]. Some of these variants seem to present faster 
treatment response and have been associated with better long-
term outcomes, however, there is still not enough evidence 
to make recommendations regarding if to establish or not a 
nutritional intervention or define specific indications [73].

Duarte variant galactosemia is the result of a partial 
deficit of GALT (14 to 25% of residual activity approximately), 
characterized by a higher galactose tolerance compared to the 
observed in classical galactosemia [2,73,81–82]. Duarte variant 
is a biochemical and genetic phenotype, in which at least five 
genetic variations have been described: 4bp 5´ del + N314/
Q188R mutation, c.378-27G>C, c.507+62G>A, and c.508-24G>A,  
and the promoter deletion c.-119-116delGTCA [74]. The apparent 
asymptomatic phenotype displayed by individuals with this 
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variant, despite the evidence of biochemical abnormalities and 
the accumulation of toxic metabolites (reaching lower levels 
compared to classical galactosemia), has resulted in different 
opinions regarding its management [83–84]. Some authors 
consider that the potential occurrence of long-term complications 
comparable to those observed in classical galactosemia is enough 
argument for indicating galactose restriction until normalization 
of biochemical parameters is achieved [83–84]. However, 
descriptive studies show that long-term complications, like 
ovarian failure, are not observed in women presenting Duarte 
variant, as well as the absence of developmental delay despite 
galactose exposure from infancy in Duarte variant individuals 
[83]. Other experts suggest that without clarity regarding 
galactose toxicity threshold and lacking information of long-
term evolution of individuals presenting Duarte variant, there 
is not enough evidence to implement a nutritional intervention 
[66,83]. Currently the consensus among researchers is that the 
Duarte variant does not require special treatment since it has 
not been documented that the lack of it results in developmental 
abnormalities or additional risks [74,76,85–86].

Despite the above-mentioned divergences in terms of 
management indications, it is recommended to follow galactose-
1-phosphate levels in individuals presenting Duarte variant and 
increase follow-up frequency (each four to six months) if galactose 
restriction is introduced [84]. The setpoint to consider galactose 
restriction is not well defined, however, in countries like the 
Netherlands, the indication is to treat and follow individuals 
with residual activities lower than 15% [87].

Newborn Screening

Up to now, the impact of newborn screening on the long-term 
outcome in galactosemia is still unclear. However, descriptive 
studies show its impact on mortality and acute symptomatology 
by favoring an early onset of nutritional management especially 
if results are available within the first week of life [87–89]. 
Moreover, early detection could have an effect on patient’s 
quality of life. Therefore, it is necessary to develop prospective 
studies that address long-term outcomes in patients detected 
by newborn screening [11,87,89].

Besides the implications that newborn screening may have 
in terms of the treatment, such screening is controversial from 
a diagnostic point of view due to the wide variety of laboratory 
approximations that are available including the measurement 
of different metabolites (Total galactose, galactose-1-phosphate, 
GALT activity) and differences among cutoff values among 
programs [90]. In addition, the experience reported from 
the Netherlands points out the necessity for evaluation and 
optimization of detection methods to improve effectiveness and 
avoid false-positive rates considering the family and psychosocial 
implications that early detection of benign galactosemia variants, 
like Duarte, may generate [87,90].

Conclusion 

The development of a high number of studies using animal 
models, descriptive and intervention approaches, have allowed 
the formulation of diverse hypothesis around the pathophysiology 
of classical galactosemia which consider the accumulation of 
toxic metabolites as well as secondary defects on glycosylation. 
However, one of the main challenges in galactosemia is to fully 
understand the pathophysiological mechanisms as a starting 
point for identifying novel biomarkers and therapeutic objectives, 
address long-term complications, and better define therapeutic 
approaches. This implies to understand the contribution of factors 
such as endogenous galactose production; exogenous galactose 
tolerance level; the contribution of other metabolic actors besides 
Leloir intermediaries to acute and chronic toxicity; the role of 
epigenetic and environmental factors; among others [18].

According to the last management guidelines, dietary 
galactose restriction (allowing fruits, vegetables and some 
mature cheeses) is still the first line management option although 
aspects related to galactose bioavailability are still unclear. In 
addition, nutritional treatment is not effective to prevent long 
term complications highlighting the need for further studies that 
may guide the development of novel strategies, in the context of 
personalized treatment, that consider clinical and therapeutic 
aspects that arise with each publication. In fact, according to 
the NIH, 10 studies are currently registered in different stages 
of development, five of them focusing on the search for new 
treatments or the improvement of existing ones. The other 
five have to do with the study of disease natural history and its 
possible long-term consequences or in specific situations such 
as pregnancy [91]. 

In the context of the nutritional treatment, there is still the 
need for studies aimed to quantify foods galactose content taking 
into account factors such as production, storage and maturation 
time. Moreover, it is important to define tolerance levels and 
galactose requirements according to age as well as follow up 
biomarkers that allow to better define nutritional prescriptions. 
Finally, all the above mentioned should be considered also for 
galactosemia variants since there is still a lack of consensus 
regarding their treatment indications. 
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