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Abstract
A growing body of literature has begun to delineate the unique and potent
biological properties of vitamin E involved in cardiovascular disease, cancer,
chronic inflammation, and neurodegeneration. Vitamin E was initally proposed
as a dietary factor essential in preventing embryonic mortality and soon after
considered as lipid-soluble antioxidant that inhibits lipid peroxidation by scav-
enging reactive oxygen species. Recent mechanistic studies indicate that vitamin
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E possesses functions that are independent of its antioxidant ability and mainly
modulate cell signal transduction and gene expression. Despite overt vitamin E
deficiency is rare, most commonly it can be found in children with inherited
abnormalities that prevent the absorption or maintenance of normal blood con-
centration of vitamin E. This review summarizes the genetic disorders associated
with congenital vitamin E deficiency. In parallel, it provides a brief overview on
the historical, metabolic, and functional aspects of vitamin E.

Keywords
Vitamin E deficiency · Genetic disorders · Malabsorption · Oxidative stress ·
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MTP Microsomal triglyceride transfer protein
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PKC Protein kinase C
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TTPA α-tocopherol transfer protein gene
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Introduction

Since its discovery, research recognized potential ability of vitamin E to pre-
vent chronic diseases and clinical syndromes. Particularly this was supported by a
number of clinical conditions believed to have an oxidative stress component such as
diabetes (Evans et al. 2002), cardiovascular (Rimm et al. 1993), neurodegenerative
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diseases (Butterfield et al. 2002), and cancer (London et al. 1992) (Fig. 1). None-
theless, the role of this vitamin in other conditions is still debated (Rossato and
Mariotti 2014).

In the recent years, it has become increasingly evident that not all actions of
vitamin E are dependent on its antioxidant properties, but may involve non-
antioxidant activities, especially those connected with cell signal transduction,
protein expression, enzyme activities, and gene expression regulation (Zingg and
Azzi 2004).

The purpose of this review is to describe the congenital disorders associated with
vitamin E deficiency. In addition, we sought to provide a concise summary of the
history, metabolism, and regulatory functions of vitamin E.

History, Metabolism, and Function of Vitamin E: General
Overview

Historical Background

Vitamin E was first discovered in 1922 by Evans and Bishop as a dietary factor
essential for reproduction in rats. They found that laboratory rats failed to reproduce
when lard was their only source of food fat. According to the researchers, there was a
compound in both wheat germ and lettuce that corrected the problem and they
decided to call it “Factor X” and the “antisterility factor” (Evans and Bishop
1922). Similar results were observed by Sure and he called it “Vitamin E,” as by

Vitamin E

Anti-oxidant and
non-antioxidant

activity

Neuroprotective
activity

Anti-diabetic
activity

Immunomodulatory
activity

Anti-cancer
activity

Cardioprotective
activity

Fig. 1 Summary of vitamin E activities
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then vitamins A, B, C, and D were already known (Sure 1924). In 1936, Evans et al.
isolated a pure compound from the nonsaponifiable fraction of wheat-germ oil
having the properties of vitamin E. This active compound was called alpha-tocoph-
erol (α-tocopherol), from the ancient Greek word phero meaning “to bring” and
tocos, meaning “childbirth” (Evans et al. 1936).

Natural vitamin E now encompasses a family of eight fat-soluble isoforms that
exhibit the biological activity of α-tocopherol: the α-, β-, γ-, and δ-tocopherols and
the α-, β-, γ-, and δ-tocotrienols, which are synthesized by plants from homogentisic
acid (Rimbach et al. 2002).

Tocopherols and tocotrienols both include a chromanol ring and differ in their
side chains. Saturated phytyl side chain is involved in the structure of tocopherols,
while unsaturated geranylgeranyl side chain with three double bonds is involved in
the structure of tocotrienols (Kamal-Eldin and Appelqvist 1996). Tocopherols and
tocotrienols are classified as α-, β-, γ-, and δ according to the methyl group on the
chromanol ring. Among the eight naturally occurring forms of vitamin E family, α-
tocopherol is considered the most common form in human tissues followed by γ-
tocopherol, while tocotrienols are usually not detected in tissues (Frank et al. 2012).
Tocopherols are exclusively synthesized by photosynthetic organisms, and plant-
derived oils are the major sources of vitamin E in the human diet. The most common
form of tocopherol in the North American diet is γ-tocopherol, the predominant form
of vitamin E in corn oils, while the most common form in European diets is α-
tocopherol, found in olive and sunflower oils (Dutta and Dutta 2003). Tocotrienols
are found in palm oil, barley, oats, and rice bran, and have higher antioxidant activity
than tocopherols.

Metabolism

The vitamin Es present in ingested food, either as a free molecule or esterified, leave the
stomach to be hydrolyzed in the duodenal lumen by the pancreatic lipases and subse-
quently absorbed through the brush border membrane of the enterocytes (Borel et al.
2001; Hacquebard and Carpentier 2005). After their uptake, vitamin E isomers reach the
basolateral side of enterocytes to be equally incorporated into chylomicrons together
with triacylglycerol, phospholipids, and cholesterol (Hacquebard and Carpentier 2005).
The chylomicron-bound vitamin E forms are transported via lymphatic system into the
circulation where the triaclyglycerol components of the chylomicrons are hydrolyzed by
lipoprotein lipase of the capillary endothelium and adipose tissue forming lipid-depleted
chylomicrons components (Hacquebard and Carpentier 2005). The chylomicrons rem-
nants containing most of the absorbed tocopherols and tocotrienols are then taken up by
the liver (via the endocytic receptors, such as the low-density lipoprotein (LDL) receptor
and heparin sulfate proteoglycans) which sorts out α-tocopherol and preferentially
secretes it within very low-density lipoprotein (VLDL) and high-density lipoprotein
(HDL) into the bloodstream for distribution in the body (Traber et al. 1993). On the
other hand, excess α-tocopherol and the other tocopherols and tocotrienol analogues are
either excreted unchanged or metabolized before elimination in urine and bile (Traber
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et al. 1993). This selective accumulation of α-tocopherol is mediated by hepatic
cytosolic protein, α-tocopherol-transfer protein (α-TTP) which preferentially binds to
α-tocopherol over other vitamers (Eggermont 2006) (Fig. 2).While α-TTP presents high
affinity to α-tocopherol (100%), it has much lower affinity toward other vitamin E
forms, e.g., 38%, 9%, or 1% affinity to β-, γ-, and δ- tocopherols, respectively
(Eggermont 2006). In addition, it was proposed that non-α-tocopherol forms of vitamin
E are catabolized in liver into carboxyethyl hydroxychromanol (CEHC) metabolites via
cytochrome P450 (CYP4F2) initiated ω-hydroxylation and oxidation followed by β-
oxidation of the phytyl chain (Birringer et al. 2002; Sontag and Parker 2007).

Molecular Function of Vitamin E

Antioxidant Activity
Vitamin E is widely accepted as one of the most potent antioxidant. Biochemically,
tocopherols and tocotrienols are potent lipophilic antioxidants by scavenging lipid
peroxyl radicals via donating hydrogen from the phenolic group on the chromanol
ring and thus neutralize free radicals or reactive oxygen species (ROS) (Jiang et al.

CM

CM

lymph

vessels

α

δ

α β γ δ

TOCOLS

TOCOL ESTERS

β

δ γ

CM

α

α - T

α - TTP

REMNANTS

TOCOLS

Chylomicron

Remnants

β

β γ δ -tocols

δ

M
U

SC
LE

S

AD
IP

O
SE

 T
IS

SU
E

FFA

GLYCEROL

METABOLITES

LIVER

BILE / URINECIRCULATION

VLDL - α

γ

Fig. 2 Absorption, transport, and metabolism of vitamin E. All forms of vitamin E are absorbed
equally. Intestinal enzymatic digestion is followed by the distribution to the liver and nonhepatic
tissues. Discrimination between the different forms of vitamin E in favor of α-tocopherol occurs
mainly in the liver by α-TTP, which protects α-tocopherol from excessive degradation and excretion
(With permission from Eggermont 2006)
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2001). At equal molar concentrations in vitro, because of possessing similar phenolic
moiety, all vitamin E forms are considered to have potent antioxidant activities. It was
reported that the α-tocopherol and γ-tocopherol isoforms and the tocotrienol forms have
relatively similar capacity to scavenge ROS during lipid oxidation (Yoshida et al. 2007).
In vivo, there is likely more ROS scavenging by α-tocopherol than γ- tocopherol since it
is at a 10-fold higher concentration within tissues. In addition to scavenging ROS, γ-
tocopherol, in contrast to α-tocopherol, also reacts with nitrogen species such as
peroxynitrite forming 5-nitro-γ-tocopherol (Wolf 1997).

Nonantioxidant Activity
As already mentioned in the introduction, it has been reported that vitamin E exhibits
some properties that cannot be assigned to its antioxidant capacity. Here below we
summarize some of those nonantioxidant functions.

Effects on Enzyme Inhibition
Protein kinase C (PKC) is a serine/threonine kinase that utilizes the cofactors
phosphatidylserine, diacylglycerol, and calcium for activation. It is considered
one of the major cellular transduction systems triggered by various ligands as
hormones, neurotransmitters, and growth factors (Azzi et al. 1992). PKC is one of
the pathways used by α-tocopherol (Boscoboinik et al. 1991) where it exerts a
specific inhibitory activity compared to β-tocopherol (Tasinato et al. 1995). In
monocytes this leads to the inhibition of phosphorylation and translocation of the
cytosolic factor p47 (phox) and to an impaired assembly of the nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase and of superoxide production
(Cachia et al. 1998). Moreover, α-tocopherol exerted an antiproliferative effect
on vascular smooth muscle cell model by inhibiting PKC pathway (Özer et al.
1998). However, these inhibitory effects were not observed by its isomer β-
tocopherol or another antioxidant (probucol) (Özer et al. 1998). Additionally,
α-tocopherol protects against endothelial damage by regulating the endothelial
cell PKC (Abdala-Valencia et al. 2012). Remaining within this context, vitamin E
has shown to increase the production of vasodilator prostanoids by suppressing
cyclooxygenase (COX) activity in cellular environments and therefore effec-
tively contribute to the anti-inflammatory process (Wu et al. 2005).

Effects on Gene Expression
It has been reported that vitamin E regulates the expression of genes involved in
oxidative stress, proliferation, inflammation, and apoptosis. Some of these gene
classes modulated by vitamin E include α-TTP, scavenger receptors (CD36, SR-
BI, SR-AI/II), P450-Cytochromes, transcriptional factors (NF-κB, AP-1), genes
involved in the modulation of extracellular proteins (tropomyosin, collagen-alpha-
1, matrix metalloproteinases (MMP-1, -19), and connective tissue growth factor)
(Azzi et al. 2004; Brigelius-Flohé 2009).

Moreover, genes connected to adhesion and inflammation (E-selectin,
Intercellular Adhesion Molecule 1, integrins, glycoprotein IIb, IL-2, IL-4, IL-1b,
and transforming growth factor-beta), lipid metabolism (Apolipoprotein
E, peroxisome proliferator-activated receptor gamma, LDL- receptor), and cell
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cycle regulation are also affected by α-tocopherol at the transcriptional level
(Brigelius-Flohé 2009).

Despite well-documented antioxidant and other beneficial effects as well as
negative association between α-tocopherol intake and chronic diseases, supplemen-
tation of α-tocopherol has failed to offer consistent benefits to prevention of chronic
diseases including cancer and cardiovascular diseases in many large clinical inter-
vention studies (Moya-Camarena and Jiang 2012; Myung et al. 2013; Papaioannou
et al. 2011; Dolara et al. 2013). On the other hand, accumulating evidence suggests
that metabolites mainly deriving from non-α-tocopherol vitamers have unique prop-
erties that are superior to α-tocopherols.

For instance, short-chain carboxychromanols like CEHCs generated by CYP4F2-
initiated ω- oxidation of the side chain have been shown to have natriuretic activities
(Wechter et al. 1996). In hemodialysis patients, supplementation of γ-tocopherol but not
α-tocopherol is associated with a consistent increase of serum CEHC and a decrease in
pro-inflammatory IL-6 and C-reactive protein (Himmelfarb et al. 2003). Moreover,
long-chain carboxychromanols, including 130-carboxychromanol, exhibit a potent
anti-inflammatory (Jiang et al. 2008) and anticancer (Birringer et al. 2010) effects that
may provide new insights into physiological role of less tissue-preserved forms of
vitamin E.

Serum Vitamin E Assessment

The adequacy of the mean range of α-tocopherol intake is difficult to define being
strongly influenced by concentration of circulating lipids, and does not accurately
reflect tissue vitamin levels. Serum α-tocopherol concentrations less than 12 μmol/L
were defined by the Institute of Medicine (IOM) to be in the deficient/inadequate
range for healthy adults (Institute of Medicine 2000). It is recognized that vitamin E
inadequacy is associated with increased erythrocyte fragility. Therefore, results from
hydrogen peroxide-induced erythrocyte lysis test were used to define vitamin E
status and consequently to assess vitamin E supplementation (Institute of Medicine
2000). As will be discussed in the next section, most commonly low α-tocopherol
concentrations are caused by the combination of consumption of diets low in vitamin
E, along with inadequate intakes or absorption of fat, protein, and calories. These
latter dietary components are necessary for fat absorption and thus for vitamin E
absorption and its lipoprotein transport.

Congenital Disorders with Vitamin E Deficiency

Vitamin E deficiency is seldom found in adults but more frequently can be found in
children, likely as a result of genetic defects that lead to fat-malabsorption syn-
dromes or a rapid depletion of plasma α-tocopherol. In this section we highlight the
pathophysiology, clinical presentation, and management of the main genetic disor-
ders associated with vitamin E deficiency (Table 1).

86 Congenital Vitamin E Deficiency 1703



Ataxia with Vitamin E Deficiency

Human vitamin E deficiency symptoms began to be reported in the 1960s in various
case studies of patients with lipoprotein abnormalities. Since these patients had
malabsorption of other nutrients, it was not clear the extent to which various
symptoms could be attributed to lack of vitamin E (Kayden et al. 1965). In the
early 1980s, studies of humans with vitamin E deficiency symptoms without fat
malabsorption began to appear in the literature (Burck et al. 1981). This form of
vitamin E deficiency was later called AVED, or familial isolated vitamin E defi-
ciency (Doerflinger et al. 1995). AVED (MIM 277460) is a rare genetic neurode-
generative disease transmitted in an autosomal recessive mode, and caused by
mutations in the α-tocopherol transfer protein gene (TTPA) located on chromosome
8q13 (Doerflinger et al. 1995). This defect impairs incorporation of vitamin E into
plasma VLDL and thus cannot reach peripheral circulation.

The concomitant presence of specific neurological phenotype and low plasma
levels of vitamin E, in the absence of other clinical conditions associated with fat
malabsorption, can guide the diagnosis for AVED (Anheim et al. 2010). The onset of
neurologic features in AVED is between 4 and 18 years of age with a phenotype that
resembles patients with Friedreich’s ataxia, a genetic disorder caused by a mutation
in the gene for frataxin, a mitochondrial iron-binding protein (Bradley et al. 2000;
Yokota et al. 1997).

The signs and symptoms are usually devastating and progressive and mainly
including truncal and extremity ataxia, loss of deep tendon reflexes, disturbances in
proprioceptive and vibratory sensations, dysarthria, and positive Babinski sign (El
Euch-Fayache et al. 2014). Head titubation, retinopathy, and dystonia are more
common in patients with AVED while cardiomyopathy, glucose intolerance, scoli-
osis, and foot deformities in Friedreich ataxia (Cavalier et al. 1998; Benomar et al.
2002).

The molecular mechanism that underlies the neurological damage in patients with
AVED is not yet known in detail, but oxidative stress due to reduced delivery of
vitamin E to the central nervous system is likely to play a major role (Copp et al.
1999). Neuropathological findings derived from human and animal models with
vitamin E deficiency documented the presence of severe dying back-type degener-
ation of the posterior column and massive accumulation of lipofuscin in neurons
including dorsal root ganglion cells (Yokota et al. 2000).

Table 1 Genetic diseases with vitamin E deficiency (Modified with permission from Eggermont
2006)

Disease MIM number Location Inheritance Gene defect

Ataxia with vitamin E deficiency 277460 8q13.1 AR α-TTP
Abetalipoproteinemia 200100 4q22-24 AR MTP

Familial hypobetalipoproteinemia 107730 3p21.1-22 AD APOB

Chylomicron retention disease 246700 5q31 AR SAR1B

Cystic fibrosis 219700 7q31.2 AR CFTR
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Different mutations have been described in different ethnic groups. In North
Africa populations, the most frequent mutation is 744delA on chromosome 8q13
(Cavalier et al. 1998; Gabsi et al. 2001). The mutation 513insTT predominates in
AVED families of North European origin, 175 C4T (R59W) on exon 1 and 437delT
on exon 3 in the case reported from Netherland as well as G552A on exon 3 in Japan
(Yokota et al. 1997). In Mediterranean region, both the 744delA and 513insTT
account for approximately 80% of the TTPA mutated alleles in Italian AVED
(Doerflinger et al 1998, Cavalier et al. 1998).

Several studies described a correlation between the type of mutation and the
function of the α-tocopherol protein and thereby vitamin E serum level and the
severity of the neurological signs (Cavalier et al. 1998; Mariotti et al. 2004).
Different mutations have been reported, including missense, nonsense, frameshift,
and splice site mutations, and may affect the severity of the disease, presumably via
residual protein activity with certain mutations (Cavalier et al. 1998).

Today experts agree that there is no specific instrumental approach for
establishing the diagnosis of AVED (Harding et al. 1982). However, the presence
of sensory neuropathy with normal motor conduction and absent or markedly
reduced sensory nerve action potentials (SNAPs) is considered a neurophysiologic
hallmark of this disease. Additionally, it has been described a distal motor neurop-
athy with normal sensory conduction AVED patient (Fusco et al. 2008).

Individuals with AVED are treated with life-long vitamin E supplementation.
Remarkably, the administration vitamin E in early stages of the disease seems to
prevent the progression of neurological impairment, atherosclerosis, and retinopathy
in these patients (Marzouki et al. 2005) and can mildly improve cerebellar ataxia
(Gabsi et al 2004). A mouse model has been developed that shows late-onset head
tremor, ataxia, and retinal degeneration, the neurological aspects of which resolve
with supplementation of vitamin E (Yokota et al. 2001).

Currently, vitamin E is manufactured as the acetate esters of RRR-α-tocopherol
by using plant materials and all-racemic-α-tocopherol by chemical synthetic
methods. Even though, α-TTP preferentially packages RRR-α-tocopherol into
nascent VLDL, however, some AVED individuals lacking α-TTP or with a marked
defect in the RRR-α-tocopherol binding site cannot discriminate between α-tocoph-
erol stereoisomers (Traber et al. 1993; Cavalier et al. 1998).

Cavalier et al. suggested that administration of 800 mg RRR α-tocopherol twice
daily, with meals that contain fat, results in plasma α-tocopherol levels at or above
the normal range (Cavalier et al. 1998).

Abetalipoproteinemia

Abetalipoproteinemia (ABL; MIM 200100) or Bassen-Kornzweig syndrome is a rare
autosomal-recessive disease that is characterized by very low plasma concentrations of
triglyceride and cholesterol (under 30 mg/dl) and undetectable levels of LDL and
apolipoprotein (apo) B (Berriot-Varoqueaux et al. 2000). It is caused by a mutation in
microsomal triglyceride transfer protein (MTP) gene on chromosome 4q22-24 (Wang
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and Hegele 2000). MTP, physiologically expressed on the luminal side of the endo-
plasmic reticulum in intestine, is involved in the assembly of chylomicrons in the
enterocytes and of VLDL particles in hepatocytes (Wang and Hegele 2000).

Despite the gold standard diagnostic test would be by sequencing the MTP gene,
and a clinical diagnosis can be made for ABL based on lipid profile, blood smear,
and clinical symptoms. Key clinical features in ABL patients in the first years of life
are steatorrhea due to fat malabsorption, and failure to thrive. This is often accom-
panied by digestive symptoms, such as diarrhea, vomiting, and abdominal distension
(Burnett et al. 2012).

Additionally, neurological disorders which may appear later in childhood due to
profound vitamin E deficiency often have the greatest impact on quality of life
especially if there has been no therapeutic intervention. Absent tendon reflexes is an
early clinical sign, followed by deep sensory loss in the lower limbs and then a
spinocerebellar syndrome with an ataxic gait, dysmetria, and dysarthria (Berriot-
Varoqueaux et al. 2000; Kane and Havel 2001). Ophthalmological findings may
include atypical retinitis pigmentosa where the presence of lipofuscin pigment in the
retina suggests that vitamin E deficiency plays a central role in this retinopathy
(Berriot-Varoqueaux et al. 2000, Kane and Havel 2001).

Among laboratory investigations, a blood smear may show acanthocytosis that
results from either vitamin E deficiency or an altered membrane lipid composition
(Kane and Havel 2001). As mentioned previously, lipid profile shows decrease of
plasma levels of cholesterol and triglycerides and almost undetectable levels of apoB-
containing lipoproteins including chylomicrons, VLDL, and LDL (Berriot-Varoqueaux
et al. 2000; Wang and Hegele 2000). The current standard treatment consists of strict
adherence to specialized diets and oral vitamin E supplementation. Total fat intake
should be restricted to less than 30% of the total caloric intake which will eliminate
steatorrhea and allow absorption of nutrients essential for growth and development
(Berriot-Varoqueaux et al. 2000; Wang and Hegele 2000; Zamel et al. 2008).

High-dose oral vitamin E supplementation (100–300 mg/kg/day) is rec-
ommended to halt the progression of the neurological deterioration (Zamel et al.
2008). Combined oral vitamin E and A is usually administered to attenuate the
severity of retinal degeneration (Zamel et al. 2008).

Hypobetalipoproteinemia

Hypobetalipoproteinemia (HBL) represents a rare co-dominant condition character-
ized by low plasma levels of total cholesterol, low-density lipoprotein-cholesterol
(LDL-C), and apoB below the 5th percentile of the general population (Tarugi et al.
2007). Familial hypobetalipoproteinemia (FHBL; MIM 107730) is the most frequent
monogenic form of HBL. It may be due to loss-of-function mutations in apoB gene
(APOB-linked FHBL) or, less frequently, in PCSK9 (PCSK9-linked FHBL) (Tarugi
et al. 2007; Schonfeld 2003). However, in many subjects the genetic basis of FHBL
remains unexplained (Orphan FHBL) (Tarugi et al. 2007). Most APOB gene
mutations lead to the formation of truncated apoB protein of various sizes
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(Tarugi et al. 2007, Schonfeld 2003). Missense nontruncating mutations of the
APOB gene can also cause FHBL (Burnett et al. 2003).

The best-characterized form of FHBL occurs with a dominant mode of inheri-
tance and it has been linked to heterozygous pathogenic mutations in the APOB gene
that are generally asymptomatic but often develop liver steatosis (Tarugi et al. 2007).
Patients with the clinical diagnosis of homozygous FHBL are rare and they can be
either carriers of homozygous or compound heterozygous mutations in APOB gene
(Tarugi et al. 2007). The clinical manifestations of homozygous FHBL show great
variability. They may have a similar biochemical and clinical phenotype to patients
affected by ABL due to fat malabsorption and fat-soluble vitamin deficiency,
particularly vitamins A and E (Lee and Hegele 2014).

Chylomicron Retention Disease

Chylomicron retention disease (CMRD; MIM 246700), also called Anderson dis-
ease, is an autosomal recessive disorder condition characterized by the accumulation
of lipid droplets within the enterocytes and the selective absence of apoB-48-
containing particles from plasma (Boldrini et al. 2001). CMRD is caused by homo-
zigous and compound heterozygous mutations in SAR1B, a gene encoding Sar1b
protein, which is involved in chylomicron trafficking from the endoplasmic reticu-
lum to the Golgi apparatus (Jones et al. 2003). Until now, missense mutations have
represented the majority of SAR1B mutations.

CMRD presents shortly after birth with malabsorptive diarrhea and failure to thrive,
with vomiting and abdominal distension often present (Peretti et al. 2010). Vitamin E is
the most affected among the liposoluble vitamins in CMRD, because its transport is
highly dependent on apo B-containing lipoproteins (Berriot-Varoqueaux et al. 2000).
Hepatomegaly and hepatic steatosis may develop in some patients, but in contrast to
ABL and FHBL, liver cirrhosis has not been reported in CMRD (Peretti et al. 2010).
The neurological complications are usually an alarm sign of vitamin E deficiency in
these subjects and include hyporeflexia and loss of proprioception in adolescents and
ataxia, myopathy, and sensory neuropathy in adults (Peretti et al. 2010).

In CMRD, total cholesterol, LDL cholesterol, and HDL cholesterol concentra-
tions are low, but triglyceride levels are generally normal. An increased plasma
creatine kinase concentration of up to five times the normal level may be observed
from infancy (Peretti et al. 2010).

Regarding the management of CMRD patients, there are no specific recommen-
dations for the follow-up or treatment of CMRD, even if low-fat diet regimens have
shown to improve digestive symptoms in these patients (Peretti et al. 2010).

Cystic Fibrosis

Cystic Fibrosis (CF; MIM 219700) is an autosomal recessive disease caused by
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene,
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located on chromosome 7. The CFTR protein is a chloride ion channel and is
expressed in many different organs (e.g., the pancreas, airways, lungs, liver, salivary
glands, sweat and reproductive tract glands) (Gibson et al. 2003). CFTR protein
dysfunction leads to defective ion transport across epithelial surfaces, which causes
impaired mucociliary clearance. The most common manifestations in newborns and
children include sinopulmonary symptoms, failure to thrive, steatorrhea, and meco-
nium ileus (Gibson et al. 2003). However, intestinal malabsorption mediated by
pancreatic insufficiency, deranged bile acid function, and enzyme inactivation by
hyperacidity remains the most common feature in CF subjects (Peretti et al. 2005).
Vitamin E status in these individuals has shown to be associated with hemolytic
anemia (Wilfond et al. 1994), cognitive impairment (Koscik et al. 2005), and
increased rate of pulmonary exacerbations (Hakim et al. 2007). Today, it has been
recommended to include a dosage of 100 UI to 400 UI per day for all subjects with
CF (Sinaasappel et al. 2002).

Conclusion

Vitamin E deficiency is quite rare in adult humans. It is more frequently found in
children with an inherited condition that impairs their ability to absorb this vitamin.

It has been shown that vitamin E plays a vital role in various disorders through its
oxidative properties, although it has also nonoxidative effects in humans. Therefore,
further studies should be addressed beyond the free radical-scavenging properties of
vitamin E and its metabolites.

In spite of the promising potential, the experimental analysis of tocotrienols
accounts for only a small portion of vitamin E research. Hence, the current state of
knowledge deserves further investigation into this lesser known form of vitamin E.

It must be emphasized that early supplementation of vitamin E could halt the
disease progress and a fast progression of the disease should be avoided. However, it
is well known that this vitamin is transported with lipoproteins, and therefore its
plasma concentration is not indicative of whole body and peripheral tissue stores. In
this context, additional markers of inadequate vitamin E status especially in new-
borns are needed. This would also promote the evaluation of vitamin E supplemen-
tation outcomes in terms of beneficial effects and safety.

Policies and protocols

In this chapter we described the genetic disorders associated with vitamin E defi-
ciency in humans. Despite vitamin E deficiency is rare, it can occur as a result of
genetic abnormalities in α-tocopherol-transfer protein or as a result of fat malab-
sorption syndromes (abetalipoproteinemia, hypobetalipoproteinemia, chylomicron
retention disease, and cystic fibrosis).
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• Generally, vitamin E deficiency manifests in early childhood by progressive
neurologic damage and serious clinical consequences. Therefore, policies focused
on the prompt recognition of individuals with vitamin E deficiency should be
considered.

• The physiological role and the health consequences of vitamin E deficiency
should get the desired attention in international micronutrient recommendations.
In addition, public health authorities should encourage large-scale research stud-
ies to determine optimal vitamin E dosage and to evaluate the outcomes.

• As described previously, hydrogen peroxide-induced erythrocyte lysis test is used
to define vitamin E status and consequently to assess vitamin E supplementation.
However, when interpreting the results it is important to consider serum lipid
profile components in these individuals.

• A full clinical investigation is recommended in individuals diagnosed by AVED. In
addition to laboratory testing, assessment must include neurologic, ophthalmologic,
and cardiac examination. Moreover, it is appropriate to perform a predictive genetic
testing in at-risk families for the purpose of early diagnosis and treatment.

Dictionary of Terms

• Tocopherols and tocotrienols – Two main families of vitamin E. Each composed
of four forms with different chemical structure.

• Reactive oxygen species – Highly reactive molecules produced by physiologic
and nonphysiologic processes and may cause damage to cell membrane or DNA
molecules.

• Antioxidant – Is a molecule that protects against harmful chemical reactions
inside the organism.

• Malabsorption – Impairment in absorption of food nutrients from intestinal tract.
• Congenital disorder –When a baby has a disease that is present from birth. It can

be inherited from mother and/or father (genetic disorder) or caused by environ-
mental factors.

Summary

• Vitamin E is a fat-soluble vitamin that refers to a group of compounds that include
both tocopherols and tocotrienols.

• Vitamin E is a potent antioxidant that acts as a peroxyl radical scavenger and can
play a role in regulating cell signaling and modulating gene transcription through
a nonantioxidant activity.

• Vitamin E has been shown to play a role in cardiovascular disease, cancer, chronic
inflammation, and neurodegeneration.

• In humans severe vitamin E deficiency occurs as a result of genetic defects in the
α-tocopherol transfer protein gene or in presence fat-malabsorption syndromes.
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• Early supplementation of vitamin E may prevent and reverse clinical complica-
tions of vitamin E deficiency.

• Future research should focus on finding biomarkers of inadequate vitamin E
status to optimize both diagnostic and therapeutic approaches in individuals
with vitamin E deficiency.
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