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Abstract: The main function of vitamin E is to protect against scavenging of reactive oxygen species; 
it is the primary protective agent against lipid peroxidation. Overt vitamin E deficiency is present only 
in patients with severe malnutrition and certain chronic diseases. The latest Recommended Dietary 
Allowance for vitamin E is based on the correlation between hydrogen peroxide-induced erythrocyte 
lysis and plasma α-tocopherol concentrations (Institute of Medicine, United States), or the preven-
tion of lipid peroxidation (National Nutrition Societies of Germany, Austria and Switzerland, D-A-
CH). According to the current recommendations, the reference plasma concentration for vitamin E is 
12 – 46 µmol/L (daily intake of 15 – 30 mg α-tocopherol equivalents). Epidemiological studies suggest a 
beneficial effect of vitamin E on cardiovascular health at a plasma concentration of 30 µmol/L (a daily 
intake of ~ 50 IU). Vitamin E is also an important micronutrient for maintaining the immune system, 
especially in the elderly. A workshop was organized with the main objective to propose a concept for 
developing markers of status, functionality, and health in the field of nutritional research, in order to 
define desirable vitamin E requirements in healthy individuals.
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Introduction

The term vitamin E covers eight compounds found 
in nature (α-, β-, γ-, δ-tocopherol and α-, β-, γ-, 
δ-tocotrienol), α-tocopherol being the most common 
and biologically most active form. Natural α-tocopherol 
occurs in RRR-configuration only, whilst chemical 
synthesis results in a mixture of eight different ste-
reoisomers, called all-rac-α-tocopherol. Vitamin E is a 
powerful antioxidant that can be regenerated by vita-
min C after oxidation [1]. Due to its lipophilic nature, 
vitamin E localizes in lipid compartments, such as cell 
membranes, where it prevents both the peroxidation 
of lipids and oxidation of proteins. Incorporation of 
vitamin E into cell membranes may alter the activity 
of membrane-associated proteins. This in turn can 
change certain signal transduction pathways. The es-
sential role of vitamin E as an antioxidant in the hu-
man body has been revisited by the recent approval 
of a 13.1 EFSA (European Food Safety Authority) 
health claim: “…contributes to the protection of cell 
constituents from oxidative damage” [2]. However, 
setting daily intake recommendations in humans based 
on the established antioxidative function of vitamin E 
remains challenging. A group of scientists addressed 
this issue in a workshop with the objective to propose 
a concept for using markers of status, functionality, 
and human health to define desirable vitamin E re-
quirements. The main outcomes of this workshop are 
summarized below. The intention of the workshop was 
not only to take into account the findings from the 
“vitamin D case” but also to propose a more holistic 
approach in defining daily intake recommendations.

What can we learn from vitamin D?

During the workshop it was discussed if the example 
of vitamin D could be a good benchmark for the defi-
nition of daily vitamin E requirements. In the case of 
vitamin D, established scientific evidence supports a 
key role of vitamin D in skeletal health. In provid-
ing a basis for determination of intake requirements 
it was important to relate vitamin D status, as mea-
sured by 25-hydroxyvitamin D (25[OH]D) in plasma, 
to markers of mineral metabolism (e. g., parathyroid 
hormone) and also to parameters of skeletal health 
[3]. Randomized controlled trials (RCTs) support the 
practice of vitamin D supplementation to benefit mus-
culoskeletal health. A 25(OH)D plasma concentration 
of at least 20 ng/mL (50 nmol/L) is recommended for 
prevention of skeletal diseases, but there is an ongo-

ing debate as to whether concentrations of > 30 ng/mL  
(75 nmol/L) are even more beneficial with regard 
to skeletal and probably some extraskeletal health 
outcomes, including mortality [4, 5]. A daily dietary 
intake of at least 700 – 800 IU vitamin D is required to 
exceed on average a serum concentration of 20 ng/mL  
(50 nmol/L). Based on these considerations, the vi-
tamin D case has been targeted as a potential point 
of reference for the establishment of daily vitamin E 
requirements. However, more scientific data is re-
quired on clinical health benefits of vitamin E, possibly 
generated by RCTs. As with vitamin D, the plasma 
concentration of vitamin E has been suggested to form 
the basis of recommendations.

Functionality as an indicator to 
define requirements of vitamin E  
in healthy people

Integrity of cellular membranes

Redox signaling is an important cellular event that 
contributes to the regulation of cellular homeostasis. 
It is also known that excessive production of reactive 
oxygen species (ROS) may lead to oxidative stress, 
loss of cell function, and finally apoptosis or necrosis. 
According to Barry Halliwell, one of the researchers 
that originally promoted the concept of “oxidative 
stress,” the key question remains: “does the oxidative 
stress that is likely to occur as a result of the tissue 
damage play any role at all in the disease pathology?” 
As discussed in a recent paper, his view is that the an-
swer is still a firm “yes” for cancer and neurodegenera-
tive diseases, a probable “yes” for inflammatory bowel 
disease, and a “maybe” for atherosclerosis [6]. A bal-
ance between oxidant and antioxidant intracellular 
systems is hence vital for cell function, regulation, and 
adaptation [7]. The ROS also mediate and enhance 
inflammation: Low plasma antioxidant concentrations 
have been reported in patients with rheumatoid arthri-
tis and cystic fibrosis [8]. Being a potent antioxidant, 
the main function of vitamin E is protection against 
scavenging of ROS: It is the primary protective agent 
against lipid peroxidation. A number of biomarkers, 
including malondialdehyde, pentane, ethane, and the 
F2-isoprostanes have been used to reflect the degree 
of lipid peroxidation in vivo. For example, a study by 
Roberts et al. investigated the dose-dependent effects 
of RRR-α-tocopherol in the suppression of plasma 
concentrations of F2-isoprostanes in humans for 16 
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weeks. There was a linear trend between the dosage 
of vitamin E and percentage reduction in plasma F2-
isoprostane concentrations which reached significance 
at doses of 1,600 IU [9]. However, since these markers 
are not certainly specific to vitamin E, estimates of 
lipid peroxidation products have not been used for 
establishing α-tocopherol requirements [10]. Vitamin 
E minimizes free radical tissue damage by interrupting 
the chain reaction which produces fatty acid hydroper-
oxides. This is particularly relevant in the cell mem-
brane, where vitamin E is vital to the prevention of 
polyunsaturated fatty acid (PUFA) oxidation. Accord-
ing to the German-Austrian-Swiss common recom-
mendations (2008), the basic requirement to account 
for PUFA biosynthesis and enhancement of oxidation 
stability is 4 mg α-tocopherol/day. Since the amount 
needed for protection increases with the number of 
double bonds in the fatty acid, additionally taking into 
consideration the approximate value of fat intake and 
proportional distribution of fatty acids in the diet, the 
daily intake requirement of α-tocopherol increases to 
12 – 14 mg [11]. By preserving intracellular and cellular 
membrane integrity and stability, vitamin E has an 
important role to play in the stability of erythrocytes 
and conductivity in central and peripheral nerves [12, 
13]. Thus, vitamin E prevents hemolytic anaemia and 
neurological symptoms (ataxia, peripheral neuropa-
thy, myopathy, pigmented retinopathy) occurring in 
vitamin E-deficient individuals. Vitamin E deficiency 
has been primarily reported in preterm infants, in 
patients with severe malnutrition, chronic gastrointes-
tinal abnormalities, and genetic disturbances of lipid 
metabolism. Low vitamin E concentrations are also 
observed in certain hepatic and pancreatic diseases 
such as parenchymal liver cirrhosis, cholestasis, chron-
ic pancreatitis, cystic fibrosis, and also in alcoholism. 
In addition to its role in the prevention of lipid per-
oxidation, vitamin E inhibits the oxidative low-density 
lipoprotein (LDL) formation and has a synergism with 
β-carotene, vitamin C, and selenium [14]. Suboptimal 
plasma tocopherol concentrations of 12 – 16 µmol/L al-
ready cause hemolysis in > 10 % of erythrocytes, along 
with creatinuria. Clinical symptoms such as impaired 
skeletal muscle function and accumulation of ceroid 
pigments in smooth muscle tissue have been reported 
at plasma tocopherol concentrations < 12 µmol/L and 
ataxia below 8 µmol/L [15, 16]. In Austria, Germany 
and Switzerland, reported plasma concentrations for 
vitamin E range from 12 – 46 µmol/L. In this context, 
it should be underlined that erythrocyte hemolysis 
occurs at tocopherol concentrations of 12 – 16 µmol/L, 
which is well within this reference range [17]. On the 
other hand a minimum of 30 µmol/L is suggested for 

prevention of cardiovascular diseases (CVD) and 
cancer in individuals with normal plasma lipid con-
centrations; i. e. 5.7 mmol cholesterol/L and 1.3 mmol 
triacylglycerol/L [18]. The required dietary intake to 
reach the reference plasma concentration is 15 – 30 mg 
α-tocopherol equivalents/day for persons without par-
ticular oxidative stress [11]. Current recommendations 
on vitamin E requirements vary considerably amongst 
countries, genders, and age groups. Generally, women, 
infants, children, and the elderly require a lower daily 
intake, while requirements for men, and for pregnant 
and lactating women, are higher. Of the eight natu-
rally occurring forms of vitamin E only α-tocopherol 
is maintained in human plasma, therefore the Recom-
mended Dietary Allowance (RDA) is based solely 
on this form. Other naturally occurring forms (β-, γ-, 
and δ-tocopherols and tocotrienols) do not contrib-
ute to vitamin E requirements because they are not 
converted to α-tocopherol in humans. Based on the 
adverse effect of increased tendency to hemorrhage, 
the Tolerable Upper Intake Level (UL) for adults is 
set at 1,000 mg/day α-tocopherol [10].

Immune function

Vitamin E modulates immune functions, platelet ag-
gregation and in addition, has an influence on eico-
sanoid synthesis: In healthy elderly people, vitamin E 
enhances certain clinically relevant in vivo indexes of 
T-cell-mediated function [19]. Furthermore, vitamin E 
plays an important role in the differentiation of imma-
ture T-cells in the thymus and restores age-associated 
decline in T-cell function. It is also known that vitamin 
E deficiency weakens the immune response in many 
model systems and in human studies is associated 
with increased risk of infectious diseases [20, 21]. A 
daily dose of 200 IU vitamin E was found to enhance 
immune function in the elderly, associated with a re-
duced risk of acquiring upper respiratory infections in 
nursing home residents [22]. Vitamin E also reverses 
the increase in prostaglandin E2 (PGE2) production 
associated with aging, thereby reducing its proinflam-
matory effects [23]. Therefore vitamin E may be an 
important micronutrient for maintaining the immune 
system, especially in the elderly. However, further 
studies are needed to investigate the effect of lower 
doses of vitamin E on immune functions and possible 
associations between vitamin E plasma concentrations 
and different immune parameters.
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Vitamin E status

The dietary requirement for vitamin E has been de-
termined from intakes providing plasma α-tocopherol 
concentrations that inhibit hydrogen peroxide-induced 
hemolysis. A number of studies have reported the 
determinants of plasma α-tocopherol, measured by 
high-performance liquid chromatography methods, 
and provided kinetic models that aimed to correlate 
vitamin E intakes with plasma concentrations [24 – 26]. 
Such compartmental models might be useful for the 
development of improved RDA values for vitamin E. 
As defined by the Food and Nutrition Board, the lower 
limit of plasma α-tocopherol is 12 µmol/L for healthy, 
adult humans [10]. Plasma α-tocopherol concentra-
tions less than 8 µmol/L are associated with neurologic 
disease, less than 12 µmol/L with increased erythrocyte 
fragility [10], and over 32 µmol/L with decreased risk 
of chronic diseases [16, 27]. Furthermore, calculation 
of effective plasma vitamin E concentrations needs 
to take into account possible elevated lipid concen-
trations, since in these patients “normal” vitamin E 
concentrations may not be sufficient to protect the 
tissues [28]. Low plasma vitamin E concentrations 
are indicative of vitamin E deficiency. According to 
National Health and Nutrition Examination Survey 
(NHANES) 2005 – 2006 data, the estimated total 
number of persons with low serum vitamin E concen-
tration (< 11.61 µmol/L) in the US population aged 6 
years and older is 1,835,000 [29]. Between 1988 and 
1994, the dietary intake and the plasma concentra-
tions of α-tocopherol were examined in more than 
16,000 adults in the NHANES III survey in the US: 
Thirty-two percent of participants had α-tocopherol 
plasma concentrations < 20 µmol/L. Human vitamin 
E requirements were assessed by Bruno et al. with the 
help of deuterium-labeled α-tocopheryl acetate. Given 
an estimated 33 % absorption, the amount of dietary 
vitamin E needed daily to replace irreversible losses 
was ≤ 15 mg [30]. Data from NHANES 2003 – 2006 in-
dicated that the average dietary intake of α-tocopherol 
from food was 6.9 mg/day. This is well below the cur-
rently recommended intake of 15 mg/day. At this level 
of dietary intake, more than 90 % of Americans did 
not meet daily dietary recommendations for vitamin E 
[31]. In Germany, according to the report of the Natio-
nale Verzehrsstudie (NVS) II study (2008), irrespec-
tive of the age group, 48 % of the men and 49 % of the 
women did not reach the recommended daily intake 
level of vitamin E [32]. Further analyses are proposed 
in order to globally characterize vitamin E status on 
the basis of intake surveys and plasma concentrations. 
These findings suggest that low intake of vitamin E 

is rather common in the US, which is also supported 
by the reported low vitamin E status and is actually 
consistent with the reported low intakes of vitamin E 
in the US population. Vitamin E intake correlates very 
well with plasma concentrations (Figure 1), therefore 
this could be used as a stable indicator for the basis 
for further recommendations, provided markers of 
functionality or health benefits can be related to it [33].

Health benefits of vitamin E in 
human studies: Epidemiology versus 
randomized clinical trials

Interest in vitamin E as a possible protective micronu-
trient against atherosclerotic coronary artery disease 
has intensified with the recognition that oxidized LDL 
(oxLDL) may be involved in atherogenesis. Increased 
circulating oxLDL concentrations have been related 
to cardiovascular disease in some studies, although 
not always independently after adjustment of classical 
lipid markers [43, 44].

Epidemiology

Evidence from various observational human studies 
consistently indicates that vitamin E has beneficial ef-
fects on the cardiovascular system. Outcomes from the 

Figure 1: The relationship between vitamin E intake and 
serum concentrations (according to Weber et al. [33]). The 
filled squares represent data from Princen et al. [14]. The 
open circles stand for data from a number of former stud-
ies which employed different vitamin E concentrations in 
different populations [34 – 42].
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main epidemiological studies show a risk reduction of 
24 % for cardiovascular events, when comparing high 
versus low vitamin E concentrations. These results 
suggest a beneficial effect of vitamin E at a plasma 
concentrations of 30 µmol/L [45 – 48]. Some of the key 
studies are listed in Figure 2. In contrast with the stud-
ies cited above, other epidemiological studies have not 
shown an association between vitamin E serum lev-
els and cardiovascular mortality risk [49, 50]. Results 
from RCTs also did not detect a consistent benefit of 
vitamin E supplementation on cardiovascular health.

Randomized clinical trials

Data from the Women's Health Study (WHS) and the 
Alpha-Tocopherol Beta Carotene Cancer Prevention 
Study (ATBC) suggest that protection against oxidative 
stress by vitamin E supplementation may reduce the risk 
of venous thromboembolism, and can increase the life 
expectancy of some population groups [51, 52]. How-
ever, most of the large-scale human intervention studies 
could not find a risk reduction in cardiovascular end-
points. For instance, discrepant results have been found 
by the Cambridge Heart Antioxidant Study (CHAOS), 
with a vitamin E supplementation of 400 – 800 IU/day: 
Alpha-tocopherol treatment significantly reduced the 
rate of non-fatal myocardial infarction (MI). However, 
there was also a non-significant excess of cardiovas-
cular deaths in the alpha-tocopherol group [53]. The 
results of the Gruppo Italiano per lo Studio della So-
pravvivenza nell'Infarto Miocardico (GISSI) Preven-
zione (300 mg/day) and Heart Outcomes Prevention 
Evaluation (HOPE) (400 IU/day) trials suggest the 
absence of relevant clinical effects of vitamin E in the 
risk of cardiovascular events [54]. Many reasons have 
been suggested to explain the neutral outcome of these 
RCTs, such as inadequate study design and methods of 
analysis, etc., as discussed elsewhere [55].

In addition, recent data show that the genotype 
of an individual appears to be an important factor in 
the effect of vitamin E supplements on cardiovascular 
endpoints – a fact which has not been considered in 
the studies reporting null results. In the Israel Car-
diovascular Vitamin E (ICARE) study, comprising 
1,434 diabetic individuals ≥ 55 years of age with the 
haptoglobin (Hp) 2 – 2 genotype, participants were 
randomized to vitamin E (400 IU/day) or placebo. 
The primary composite outcome was myocardial in-
farction, stroke, and cardiovascular death. At the first 
evaluation of events, 18 months after initiating the 
study, the primary outcome was significantly reduced 
in individuals receiving vitamin E (2.2 %) compared 
with placebo (4.7 %; p = 0.01) and led to early termina-
tion of the study [56]. These findings were confirmed 
in a post-hoc analysis of the HOPE study: Risk for 
cardiovascular events was significantly reduced only 
in the diabetics carrying the Hp 2 – 2 gene [57].

In conclusion, previously published RCTs on vi-
tamin E might not be particularly useful in defining 
RDA, as not only do they have many limitations whilst 
looking at very narrowly defined cohorts, but also be-
cause they suffer from using intakes that far exceed the 
nutritional-physiological range. Based on epidemio-
logical evidence, RCTs should have been conducted 
involving subjects with plasma concentrations in the 
lower 20 µmol/L range or even lower, but there is no 
study with such a design. Moreover, the risk of bias 
by meta-analysis of RCTs is significant (e. g., publica-
tion bias, search bias, selection bias, etc.), therefore 
two different models of meta-analyses should show 
similar results in order to prove efficacy [58]. In that 
respect, the value of the epidemiological studies ap-
pears to be currently underestimated in setting RDAs. 
In particular, observational studies might be useful 
for identifying target plasma concentrations associ-
ated with health benefit(s), which then can be trans-
lated into respective intakes to achieve these plasma 

Figure 2: Major coronary heart disease risk in 
women (according to Knekt et al. [47]). Median 
dietary vitamin E intake (female/male, mg):
ARIC, Atherosclerosis Risk in Communities 
Study (1987 – 1998): 4.69/5.61
FMC, Finnish Mobile Clinic Health Examina-
tion Survey (1966 – 1976): 4.47/5.46
GPS, Glostrup Population Study (1974 – 1985): 
5.57/6.23
NHS (a), Nurses’ Health Study (1980 – 1986): 
3.82
NHS (b), Nurses’ Health Study, (1986 – 1996): 
5.78
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concentrations. It should however be acknowledged 
that a great need still exists for well-designed RCTs 
to address potential health benefits of vitamin E on 
relevant clinical health outcomes.

The way forward

Vitamin E is an essential micronutrient for humans; 
its main function is its powerful antioxidant activity, 
exerting its crucial effects particularly in the bilayer of 
the cell membrane. Ex vivo biomarkers of cellular and 
intracellular membrane damage are creatine-kinase in 
plasma and the in vitro hemolysis test. In order to pre-
serve membrane integrity of erythrocytes and neurons 
and avoid hemolysis and deficiency symptoms occur-
ring at < 12 µmol/L vitamin E plasma concentration, the 
recommended reference range is 12 – 46 µmol/L. The 
lower part of this range can be questioned; the required 
dietary intake to reach it is 15 – 30 mg α-tocopherol 
equivalents/day. Furthermore, 17 mg vitamin E supple-
mentation per day decreases the susceptibility of LDL 
to oxidation. The essential daily intake requirement 
of α-tocopherol to account for PUFA protection is 
12 – 14 mg. Based on human studies, which measured 
vitamin E serum response, a daily intake of ~ 50 IU 
vitamin E would be required to achieve the desirable 
protective plasma concentration of 30 µmol/L. Since 
vitamin E intake correlates very well with plasma con-
centration, the latter could be used as a stable indicator, 
and therefore form the basis of further recommenda-
tions. More studies are required on the vitamin E intake 
needed to exert an optimal protection of cell membrane 
constituents that are susceptible to oxidation, as this 
is a fundamental role of vitamin E which should be 
considered in defining daily vitamin E requirements, in 
addition to the desired plasma level of vitamin E, which 
will provide another important element to establish 
such recommendations.
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