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Vitamin E is one of the fat-soluble vitamins. Currently, eight of its forms have been studied - these are α-, β-, γ- and δ-tocopherols 
and α-, β-, γ- and δ-tocotrienols. α-tocopherol has the greatest metabolic activity, since it binds most efficiently to serum carriers and 
is quickly delivered to the liver in order to be incorporated into lipoproteins.  
Vitamin E is one of the most significant elements of the body's antioxidant defense. By preventing blood lipoproteins from free radical 
oxidation, it reduces the risk of atherosclerosis. Moreover, it averts platelet aggregation. In this way, vitamin E protects us from cardi-
ovascular diseases. Vitamin E is also an immunomodulator, which has a significant effect on lymphocyte function. 
Like other hydrophobic vitamins, tocopherols and tocotrienols can accumulate in tissues and cause toxic effects. The most pronounced 
manifestation of hypervitaminosis E is platelet dysfunction and hemorrhage. 
Vegetable oils provide the majority of the dietary vitamin E. In particular, sunflower oil is one of the richest sources of vitamin E. Largely 
due to the fact that sunflower oil is common in Eastern Europe, vitamin E deficiency is quite rare in this region, which, however, cannot be 
said about population of North America or Southern Europe, where corn and olive oils are generally consumed, respectively. 
Higher consumption of vegetable oils and oilseeds provides vegans with large amounts of vitamin E. Nonetheless, serum α-tocopherol 
concentrations are often low in those dietary groups. Primarily, this is associated with lower level of serum lipids in vegans because 
blood lipoproteins contain the majority of α-tocopherol. In case of vegans, the lower lipid level results lower vitamin E. Taking all these 
into account, the assessment of the serum α-tocopherol:cholesterol ratio comes to the fore. Even considering all the facts, there is no 
significant preponderance of this ratio among vegans and vegetarians. This is probably due to the fact that subjects from both plant-
based and omnivorous groups in most studies had plasma lipoproteins saturated with vitamin E. However, this issue requires further 
research. 
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INTRODUCTION 
Vitamin E is the collective name given for a 

group of fat-soluble compounds possessing distinctive 
antioxidant activities [1]. Vitamin E naturally exists in 
eight chemical forms (α-, β-, γ and δ-tocopherol; and 
α-, β-, γ-, and δ-tocotrienol) (Table 1) with varying 
levels of biological activity. α-tocopherol by so far is 
the most active form of vitamin E for humans [1]. 
This is due to the fact that although all the forms have 
similar antioxidant functions, only α-tocopherol has a 
high affinity towards hepatic α-tocopherol transfer 
protein [2]. It is a protein that carries α-tocopherol to 
the site where it is incorporated into lipoproteins and 
carried to other parts of the body [3]. 

PHYSIOLOGICAL ROLE OF VITAMIN E 
Vitamin E is a fat-soluble antioxidant that scav-

enges peroxyl radicals and takes part in the termina-

tion of the production of reactive oxygen species 
formed after unsaturated fatty acids undergo the oxi-
dative process [4].  

The mechanism underlying this function is that 
vitamin E has a higher affinity towards peroxyl radi-
cals than unsaturated fatty acids. Due to this, the chain 
reaction comes to an end and further oxidation of fatty 
acids does not occur [5]. During the process, vitamin 
E becomes oxidised and loses its anti-oxidant proper-
ty. But vitamin C can reactivate its anti-oxidant ability 
by reducing vitamin E radicals [6]. 

Besides its obvious role as an antioxidant, vita-
min E is also highly involved in immune function [1]. 
Vitamin E directly modulates T cell function by im-
pacting its membrane integrity and by manipulating 
its system of signal transduction. Indirectly, it affects 
the release of inflammatory mediators produced by 
immune cells [7]. α-tocopherol is involved in the inhi-
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bition of the activity of protein kinase C, which takes 
part in cell proliferation and differentiation of smooth 
muscle cells, platelets and monocytes [8]. It is be-
lieved that α-tocopherol increases protein kinase C-α 
dephosphorylation through the activation of protein 
phosphatase 2A, which subsequently inactivates pro-
tein kinase C by changing its phosphorylation state 
[9–11]. Moreover, if the inner linings of endothelial 
cells are rich in vitamin E, blood-cell components are 

less likely to adhere to their surface. This side effect 
can be linked with the ability of vitamin E to reduce 
platelet cyclooxygenase activity and inhibit the for-
mation of lipid peroxide, which has been directly 
found to inhibit platelet aggregation and release [12]. 
It also potentiates the arachidonic acid release, which, 
in turn, releases prostacyclin from the endothelium. 
The prostacyclin thus produced dilates blood vessels 
and inhibits platelet aggregation [13]. 

Table 1. Structures of different forms of vitamin E 

Saturated phytyl tail Unsaturated phytyl tail 

 
Figure 1.1: α-tocopherol 

 
Figure 1.2: α-tocotrienol 

 
Figure 1.3: β-tocopherol 

 
Figure 1.4: β- tocotrienol 

 
Figure 1.5: γ- tocopherol 

 
Figure 1.6: γ- tocotrienol 

 
Figure 1.7: δ- tocopherol 

 
Figure 1.8: δ- tocotrienol 

 
HYPOVITAMINOSIS, VITAMIN E DEFICIENCY 
DISORDERS 

There are certain groups of people who suffer from 
lack of vitamin E. Premature babies of very low birth 
weight (<1500 grams) might be at the risk of deficient in 
vitamin E. Vitamin E deficiency in these infants might 
raise some complications, such as those affecting the ret-
ina, by facilitating the accumulation of lipofuscin in the 
pigment epithelium of the retina [14]. In the same way, 
lack of vitamin E has also been linked with an increased 
risk of infectious diseases [15], like respiratory infections 
caused by viruses and bacteria [7]. 

Since the digestive tract requires fat to absorb 
fat-soluble vitamin − vitamin E, people with fat-
malabsorption disorders are more likely to become de-

ficient as compared to people without such patholo-
gies. Peripheral neuropathy, skeletal myopathy, atax-
ia, retinopathy, or impairment of the immune response 
are some deficiency symptoms [8,16]. People with 
cystic fibrosis, Crohn’s disease, or an inability to se-
crete bile from the liver into the digestive tract are 
more vulnerable to vitamin E deficiency [1]. 

Some people with abetalipoproteinemia, which is 
a rare inherited disorder resulting in poor absorption 
of dietary fat, require enormous doses of supplemental 
vitamin E (approximately 100 mg/kg or 5–10 g/day) 
[1]. Vitamin E deficiency secondary to abetalipopro-
teinemia causes problems like muscle weakness, poor 
transmission of nerve impulses, and retinal degenera-
tion that leads to blindness [17]. Ataxia and vitamin E 
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deficiency (AVED) is another rare, inherited disorder 
in which the liver’s α-tocopherol transfer protein is 
defective or absent. People with AVED have such se-
vere vitamin E deficiency that they even develop 
nerve damage and lose the ability to walk unless they 
take very large doses of supplemental vitamin E [18]. 
Similarly, vitamin E deficiency has also been related 
to oral cancer [19].  

Moreover, atherosclerosis is also associated with 
lack of vitamin E [20]. It is to be noted that vitamin 
E’s circulation in the blood is accompanied by lipo-
proteins [21]. With the increase of serum lipid con-
centration, vitamin E shifts out of cellular membrane 
compartment into the circulating lipoproteins. In ail-
ments, like in hepatic cholestasis and hypothyroidism, 
serum lipid concentration gets elevated, which conse-
quently increases the serum level of vitamin E. In 
such situations, the underlying vitamin E deficiency 
might be missed [22, 23].  

On the other hand, its deficiency could be over-
estimated in diseases like cystic fibrosis and when the 
patient is under statins [24, 25]. This is because cho-
lesterol concentration in blood is low under such con-
ditions [26, 27]. That is why, for more accurate de-
termination of vitamin E status, vitamin E:lipid ratio 
gives clearer picture of vitamin E concentration. A 
plasma tocopherol concentration of 0.5 mg/dl (11.6 
mmol/l) and a tocopherol:cholesterol ratio of 2.25 has 
been determined to be the lowest acceptable levels of 
vitamin E in the body [28]. It has been assumed that 

plasma concentration of vitamin E of more 30 mmol/l 
could decrease the risk of cancer [29]. 

HYPERVITAMINOSIS E, VITAMIN E TOXICITY 
Any adverse effect of over-consuming natural 

source of vitamin E through food has not been found 
yet [8]. However, high doses of α-tocopherol supple-
ments, which may increase vitamin E concentration 
>5.56 μmol/mmol cholesterol [30], may cause haem-
orrhage and interrupt the blood coagulation system 
[31] in accordance with above-mentioned mechanism. 
Two clinical trials have found an increased risk of 
haemorrhagic stroke in participants taking α-
tocopherol; one trial was conducted in Finnish male 
smokers who consumed 50 mg/day for an average of 
6 years [32] and the other trial involved a large group 
of male physicians in the United States who consumed 
364 mg every other day for 8 years [33].  

The Food and Nutrition Board of the USA has 
well established Upper Intake Levels (Uls) for vitamin 
E, which are based on the propensity of haemorrhagic 
effects (Table 2) [8].  

The ULs apply to all forms of supplemental α-
tocopherol, including the eight stereoisomers present in 
synthetic vitamin E. Upper dose of 1000 mg/day in 
adults are found to be safe, although the data are limited 
and based on small groups of people taking at least 2000 
IU for a few weeks or months. In Russia, 150 mg/day is 
taken as tolerable UL [34]. Vitamin E ULs for infants 
have not been established yet. 

Table 2. Tolerable Upper Intake Levels (ULs) for vitamin E for different age groups 

Age in years 
Upper Intake Levels, mg 

Institute of Medicine, the USA [8] Scientific Committee for Food, EU [35] 

1–3 200  100  

4−6 
300  

120  

7–8 
160  

9-10 
600  

11–13 
220  

14 

800  15–17 260  

18 
300  

19+ years 1,000  

 
SOURCES OF VITAMIN E  
AND ITS DAILY REQUIREMENTS 

The requirement for vitamin E is directly propor-
tional to the intake of polyunsaturated fatty acids 

(PUFAs), as vitamin E is responsible for scavenging 
free radicals generated by lipid peroxidation of PUFAs 
[28, 36]. Since vegetarians consume a higher amount of 
PUFAs than non-vegetarians [37], they require plenty of 
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vitamin E in their diet. It has been established that, when 
the primary PUFA in the diet is linoleic acid, the ratio of 
intake of α-tocopherol (in milligrams) to PUFA (in 
grams) should be 5:2 [28, 38–40]. In case of vitamin E 
status in blood, the α-tocopherol:cholesterol ratio of 
more than 2.5 mmol/mmol is believed to be optimal [24, 
41]. Zino et al. [42] concluded that neither the tocopher-
ol:cholesterol molar ratio nor concentrations of lipids or 

lipoproteins were changed by increasing the daily con-
sumption of fruits, juices and vegetables for 8 weeks.  

Many sources of food provide vitamin E. Seeds, 
nuts and vegetable oils are among the best sources of to-
copherols (Table 3). Similarly, significant amounts of vi-
tamin E are available in green fortified cereals and leafy 
vegetables [43, 44]. The Adequate Intake (AI) for vita-
min E for different age groups are illustrated in Table 4. 

Table 3. Sources of vitamin E (α-tocopherol) [43, 44] 
Food Milligrams (mg)  per serving 

Wheat germ oil, 1 tablespoon 20.3 

Sunflower oil, 1 cup 16.2 

Safflower oil, 1 tablespoon 4.6 

Peanut butter, 2 tablespoons 2.9 

Corn oil, 1 tablespoon 1.9 

Spinach, boiled, 1/2 cup 1.9 

Olive oil, 1 tablespoon 1.9 

Broccoli, chopped, boiled, 1/2 cup 1.2 

Soybean oil, 1 tablespoon 1.1 

Mango, sliced, 1/2 cup 0.7 

Spinach, raw, 1 cup 0.6 

N o t e : to convert 1 mg of vitamin E to IU, it should be multiplied by 1.1 for synthetic vitamin E or by 1.5 for natural vitamin E [45].  
(1 mg d-α-tocopherol equivalence (natural α-tocopherol equivalence) = 1 mg d-α-tocopherol (natural α-tocopherol) = 1.35 mg dl-α-
tocopherol (synthetic α-tocopherol) = 2.5-4 mg d-β-tocopherol (natural β-tocopherol) = 10 mg d-γ-tocopherol (natural γ-tocopherol)) [46]. 

Table 4. Adequate Intake (AI) for vitamin E for different age groups 

Age Institute of Medicine,  
the USA [8] 

State sanitary and epidemiological regulation  
of the Russian Federation [47] European Food Safety Authority [48] 

0–6 months 4 mg/day 3 mg/day N/A 

7–11 months 5 mg/day 
4 mg/day 

5 mg/day 

1–2 years 
6 mg/day 

6 mg/day 

3 years 
7 mg/day 

9 mg/day 
4-6 years 

7 mg/day 
7-8 years 

10 mg/day 
9-10 years 

11 mg/day 
11-13 years 

12 mg/day Males − 1 
3 mg/day 

Females,  
including pregnant 
and lactating ♀ – 

11 mg/day 

14 years 
15 mg/day 

>15 years 15 mg/day 

 
VITAMIN E INTAKE IN VEGANS, VEGETARIANS, 
AND OMNIVORES  

It has been found that vegans consume the vita-
min E most [49–54], which are then followed by 
vegetarians, and finally omnivores consume the least 
vitamin E [55]. However, there is also a huge dispari-
ty in the consumption of vitamin E by vegans. The 

maximum intake rate was suggested by Weikert et al. 
[56] − 25.9 mg/day, which was followed by Rauma et 
al. (25 mg/day) [51], while Sanders and Roshanai [49] 
have calculated it to be as low as 11 mg/day. Sobiecki 
et al. found vegans to consume less vitamin E (12 
mg/day) [55]. Larsson et al. [54] concluded intake rate 
to be 13 mg/day for females and 18 mg/day for males. 
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Studies of Elorinne et al. [53], Draper et al. [50] and 
Haddad et al. [52] have also come up with almost the 
same results, where subjects were found to consume 
almost 20 mg of vitamin E every day (Table 5).  

The intake amounts in vegetarians do not stray 
too much. The lowest consumption rate in vegetarians 

was found by Sobiecki et al. (13.6 mg/day) [55], while 
the highest rate was found by Draper et al. (16 
mg/day) [50].  

According to the study of Millet et al., the con-
sumption rate for vegetarians was 15 mg/day for 
males and 14 mg/day for females [57].  

Table 5. Intake of vitamin E in vegans, vegetarians, and omnivores 
References Type of diet Number of participants Vitamin E (mg) 

Millet et al. [57] Vegetarians 
F*=26 15 

M**=11 14 

Sanders and Roshanai [49]   Vegans 
F=10 11 
M=10 14 

Draper et al. [50] 

Demivegetarians*** F=24 17 
Vegetarians F=36 16 
Vegans F=20 17 
Demivegetarians M=13 15 
Vegetarians M=16 16 
Vegans M=18 23 

Rauma et al. [51]  
Vegans F=20 25 
Omnivores F=20 11 

Haddad et al. [52] 
Vegans 

M=10 21 
F=15 17 

Omnivores 
M=10 18 
F=10 23 

Elorinne et al. [53] (α-tocopherol) 
Vegans 22 20 
Omnivores 15 17 

Larsson et al. [54] 
Vegans 

M=15 18 
F=15 13 

Omnivores 
M=15 9.2 
F=15 7.3 

Weikert et al. [56] 
Vegans 36 25.9 
Omnivores 36 13.4 

Sobiecki et al. [55] 
Vegans 803 12.1 
Vegetarians  6673 13.6 
Omnivores 18244 16.3 

N o t e :  *F – Females; **M – Males; *** − usually avoid meat. 
 

VITAMIN E SUPPLY IN VEGANS, VEGETARIANS, 
AND OMNIVORES 

In the studies conducted by Helman and 
Darnton-Hill [58] and Millet et al. [57], the serum 
concentrations of α-tocopherol were significantly 
higher in vegetarians than in their non-vegetarian 
counterparts. On the other hand, in the study of 
Pronczuk et al. [59], it was found that male vegetari-
ans had 30% and female vegetarians had 22% reduced 

concentrations of vitamin E in plasma than the control 
subjects. In other studies [51, 53, 60, 61], omnivores 
were found to be slightly richer in vitamin E than veg-
etarians and vegans. The major determinant factors of 
serum α-tocopherol concentration in the blood are die-
tary and supplemental vitamin E [62–64]. Another 
general trend that can be observed from the results of 
different authors is that females have higher vitamin E 
level than males (Table 6).  
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Table 6. Blood concentration of vitamin E in vegans, vegetarians, and omnivores 

Reference Type of diet Number  
of participants 

Vitamin E 
(µmol/L) 

α-Tocopherol: 
Cholesterol 

(µmol/mmol) 

Percentage  
of subjects  

below threshold 

Millet et al. [57]  
Vegetarians and vegans 

F*=26 26.5 N/A N/A 
M**=11 22.8 N/A N/A 

Omnivores 
F=36 18.4 N/A 8 
M=33 17.2 N/A 6 

Pronczuk et al. [59] 
Vegetarians 

F=51 16.8 4.7:1 N/A 
M=28 16.7 5.7:1 N/A 

Omnivores 
F=51 20.5 4.21:1  N/A 
M=28 21.5 4.04:1 N/A 

Rauma et al. [51] 
Vegans F=20 26 6.2:1 N/A 
Omnivores F=20 29 5:1 N/A 

Krajcovicova-Kudlackova 
et al. [66] 

Vegetarians 
F=38 31.4 6.59:1 N/A 
M=29 30.5 6.21:1 N/A 

Omnivores 
F=37 32.7 6.13:1 N/A 
M=38 29.7 5.42:1 N/A 

Krajcovicova-Kudlackova 
et al. [61] 

Vegetarians 
F=39 28.6 6.32:1 N/A 
M=42 31.4 6.97:1  N/A 

Omnivores 
F=33 30.2 5.43:1 N/A 
M=29 33.2 5.83:1 N/A 

Gorbachev et al. [67] Vegetarians 46 20.43 N/A 23 

Li et al. [65] 

Omnivores (>285 gm  
meat in a day)  
α-tocopherol 

18 12 N/A 50 

Omnivores (<285 gm  
meat in a day)  
α-tocopherol 

60 12.61 N/A 65 

Vegetarians 43 12.72 N/A 50 
Vegans 18 12.05 N/A 50 

Elorinne et al. [53] 
Vegans 21 16.67 4.33:1 N/A 
Omnivores 18 21.1 4.66:1 N/A 

Schupbach et al. [60] 
Omnivores 100 26 N/A 0 
Vegetarians 53 22.7 N/A 0 
Vegans 53 22.1 N/A 3.8 

Helman et al. [58] 
Vegetarians 93 25.77 N/A 0 
Omnivores 37 20.66 N/A 8 

Weikert et al. [56] 

Vegans  
(with supplements) 3 32.3 

7.11:1 
N/A 

Vegans  
(without supplements) 33 28.5 N/A 

Omnivores  
(with supplements) 4 37.6 

6.72:1 
N/A 

Omnivores  
(without supplements) 32 33.2 N/A 

N o t e :  *F – Females; **M – Males. 
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Only the outliner to this trend is the result made 
by Krajcovicova-Kudlackova et al. [61]. 

Vegans’ vitamin E concentrations widely vary 
from author to author. The lowest level was calculated 
by Li et al. [65] (12.05 µmol/L). On the other hand, 
Rauma et al. [51], have found it to be up to 26 
µmol/L. Schupbach et al. [60] and Elorinne et al. [53] 
have reported it to be 22.1 µmol/L and 16.67 µmol/L 
respectively. 

In the case of vegetarians, Krajcovicova-
Kudlackova et al. [61,66] found the highest level of 
vitamin E (31.4 µmol/L), whereas Li et al. [65] found 
it to be as low as 12.72 µmol/L. Pronczuk et al. [59] 
has also found it to be low (16.7 µmol/L for males and 
16.8 µmol/L for females). The results of Helman et al. 
[58], Schupbach et al. [60] and Gorbachev et al. [67] 
are pretty close to each other, ranging from 20.43 
µmol/L to 25.77 µmol/L. 

As far α-tocopherol:cholesterol ratio is con-
cerned, there are slight variations in results. Pronczuk 
et al. [59] have found the least α-Tocophe-
rol:Cholesterol ratio. According to their study, α-To-
copherol:Cholesterol was as low as 4.04:1. Pronczuk 
et al. and Elorinne et al. [53] have also found 
relatively small ratio α-Tocopherol:Cholesterol in all 
the dietary groups (4.33:1 and 4.66:1 for vegans and 
omnivores, respectively). The results of the other 
researches were a bit higher. For instance, Weikert et 
al. [56] have recoreded the highest α-Tocophe-
rol:Cholesterol ratio in vegans (7.11:1). Other data 
have shown the ratio in different dietary groups to be 
between 5:1 – 6.97:1 [61, 66]. 

CONCLUSION 
Based on the data available to date, we can con-

clude that vegans are the leaders in vitamin E intake. 
Omnivores consume the least amount of it. At the same 
time, most studies show that there is no significant dif-
ference between serum vitamin E concentrations be-
tween vegans, vegetarians, and omnivores. More im-
portantly, serum level of vitamin E does not provide 
clear information about its status in the body. So, the 
vitamin E:cholesterol ratio has been considered a better 
indicator for assessing actual vitamin E status, because 
the blood concentration of the vitamin is directly pro-
portional to the lipid present in blood. However, in dif-
ferent researches, the vitamin E:cholesterol ratio among 
the same dietary group does not significantly stray. 
Similarly, there is not any significant difference among 
different dietary groups. In order to get definitive re-
sults, more researches have to be conducted. 
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Витамин Е – один из жирорастворимых витаминов. В настоящее время изучено восемь его форм – это α-, β-, γ- и δ-токоферолы 
и α-, β-, γ- и δ-токотриенолы. Наибольшую метаболическую активность имеет α-токоферол, так как он наиболее эффективно 
связывается с сывороточными переносчиками и быстрее доставляется в печень для того, чтобы быть включенным в состав ли-
попротеинов.  
Витамин Е представляет собой один из наиболее значительных элементов антиоксидантной защиты организма. Защищая липо-
протеины крови от свободнорадикального окисления, он препятствует развитию атеросклероза. Более того, он снижает агрега-
цию тромбоцитов. Таким образом, витамин Е снижает риск многих сердечно-сосудистых заболеваний. Витамин Е также является им-
муномодулятором, оказывая значительное влияние на функцию лимфоцитов.  
Как и другие гидрофобные витамины, токоферолы и токотриенолы могут накапливаться в тканях и вызывать токсические эффекты. 
Наиболее выраженным проявлением гипервитаминоза Е является тромбоцитарная дисфункция и геморрагические явления.  
Основной пищевой источник витамина Е – растительные масла. В частности, подсолнечное масло является одним из лидеров по 
его содержанию. Во многом благодаря тому, что подсолнечное масло является наиболее распространенным на территории Во-
сточной Европы, дефицит витамина Е встречается довольно редко в этом регионе, чего нельзя, однако, сказать о странах Се-
верной Америки или Южной Европы, где основными являются кукурузное и оливковое масла.  
Большее потребление растительных масел и масличных культур обеспечивает веганов достаточными количествами витамина Е. 
Однако сывороточные концентрации α-токоферола у них довольно часто оказываются более низкими. Связано это в первую 
очередь с более низким у веганов уровнем сывороточных липидов, в которых и заключено основное количество α-токоферола. 
В этом свете на первый план выходит оценка отношения сывороточного α-токоферола к холестерину. Однако и в этом случае не 
наблюдается значительного перевеса в показателе этого отношения у веганов и вегетарианцев. Вероятно, это связано с тем, 
что испытуемые как из «растительных» групп, так и из групп смешанного питания в большинстве исследований имели насы-
щенные витамином Е плазменные липопротеины. Данный вопрос требует дальнейшего исследования.  
Ключевые слова: токоферол, токотриенол, α-токоферол/холестериновый индекс, антиоксидант, атеросклероз, агрегация 
тромбоцитов, растительного происхождения. 
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