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Abstract: Vitamin E is a lipid soluble antioxidant which mainly circulates as a-tocopherol in the human plasma. Its deficiency is associated
with ataxia, neuropathy, anaemia and several other health conditions. Although substantial data on vitamin E status has been published
worldwide, there is paucity of data on the extent of deficiency from most Asian countries, including India. Part of the problem is lack of
validated biomarkers for vitamin E and no consensus on cut offs for defining deficiency and sufficiency. Thus, interpretation of the data on the
vitamin E status is difficult. Limited available data from 31 studies on vitamin E status in healthy people from Asia, the most populated
continent, has been collated for the purpose of this review. Broadly, the results suggest inadequate vitamin E status in most age groups, with
the prevalence of deficiency reaching 67%, 80%, 56% and 72% in infants, children and adolescents, adults, elderly and pregnant women,
respectively, based on varying cut offs. The findings are not surprising as both, vitamin E intakes and its status have not received too much
attention in the past. Lack of conclusive data accentuates the need for more research on the vitamin E status across all age groups and to
define age, gender and physiological state specific cut offs for vitamin E levels.
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Introduction

Vitamin E is a fat soluble biological antioxidant in the body
that plays a key role in preventing conditions in which free
radical mediated oxidative stress is implicated [1]. Other
than its antioxidant activity, vitamin E also prevents hemo-
lytic anaemia and neurological symptoms of vitamin E
deficiency (ataxia, peripheral neuropathy [2], myopathy
[3], pigmented retinopathy [4, 5]) and is associated with
immune function and immunomodulation [6] as well as
control of inflammation and regulation of gene expression
[2]. Vitamin E has been used for its therapeutic role in for
prevention of cancer [7, 8], improvement of cognitive per-
formance [9], Nonalcoholic Fatty Liver Disease (NAFLD)
[10] and Alzheimer’s Disease [11], all of which need further
substantiation with randomized controlled trials.

Vitamin E deficiency is not common in adults but seen
more in children. The deficiency in children is mainly attrib-
uted to rapid growth coupled with limited stores in
childhood allowing deficiency symptoms to become appar-
ent [12]. The deficiencyis not always anissue of poor dietary
intakes; diseases leading to impaired fat malabsorption and
conditions of oxidative stress such as malaria or HIV infec-
tions usually predispose humans to vitamin E deficiency [2].
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Severe vitamin E deficiency occurs as a result of genetic
abnormalities in the a-tocopherol transfer protein (a-TTP)
resulting in ataxia with vitamin E deficiency [13]. a-TTP is
a critical regulator of vitamin E status and it stimulates
movement of vitamin E between membrane vesicles and
facilitates secretion of tocopherol from hepatocytes [14].
Inadequate vitamin E intakes and deficiency have potential
effects on health by increasing risk of cardiovascular
disease and liver diseases [15-18].

While vitamin E comprises of eight naturally occurring
forms (a-, B-, y-, and 8-tocopherols and a-, B-, y-, and &-
tocotrienols) and these tocopherols and trienols have been
shown to contribute to vitamin E activity, the list is long and
evidence of their role in vitamin E related functions is low.
Thus, for the purpose of this review, we have included stud-
ies on a-tocopherol status of healthy individuals because
alpha-tocopherolis the most biologically active form of vita-
min E and accounts for 90% of the total tocopherols present
in plasma based on the current diets in Asia [19].

Vitamin E sources and requirements

Though vitamin E occurs in various forms and in different
proportions in foods, the main dietary sources of vitamin E
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are edible vegetable oils. At least half of the tocopherol
content of wheat germ oil, sunflower oil, cottonseed oil,
safflower oil, canola oil, and olive oil is in the form of a-toco-
pherol. Other dietary sources providing vitamin E include
unprocessed cereal grains, nuts, green leafy vegetables
and meats, especially the fatty portion. [20].

The Dietary Reference Intakes (DRIs) for vitamin E were
revised by the Food and Nutrition Board of the Institute of
Medicine (2000) [20] on the basis of concentration of
plasma a-tocopherol associated with normal in vitro
hydrogen peroxide induced hemolysis. The data support
an Estimated Average Requirement (EAR) of 12 mg (27.9
pmol) of a-tocopherol and Recommended Dietary Allow-
ance (RDA) of 15 mg/day for all populations with a mini-
mum age of 14 years with no increased allowances for
pregnancy.

The adequate intake (AI) for infants (0-6 mo) was esti-
mated to be 4 mg and for children aged 7-12 months, to
be 5 mg [20]. In children, the EAR and RDA were extrapo-
lated from the adult values accounting for lean body mass
and growth requirement [20]. The RDA of 6 mg/day, 7
mg/day and 11 mg/day is applied for children in the age
group of 1-3 years, 4-8 years and 9-13 years, respectively
[20]. These recommendations are aimed at the prevention
of symptomatic deficiency such as peripheral neuropathy
[20] rather than health promotion or disease prevention.

Vitamin E status

The Food and Nutrition Board of Institute of Medicine [20]
accepted circulating a-tocopherol concentration as the
indicator of vitamin E status. Based on their recommenda-
tions, concentrations of circulating a-tocopherol that are
< 12 umol/L indicate vitamin E deficiency. There is
currently no broadly accepted cut off point for optimal
vitamin E status while a recent publication proposed that
vitamin E levels of 30 pmol/L and above as optimal which
was based on the health benefits like reduced risk for coro-
nary heart disease [5]. However, no clear cutoffs for optimal
levels of vitamin E have been defined.

There are also several limitations and challenges in inter-
pretation of vitamin E status because of several reasons.
Circulating a-tocopherol concentrations do not correlate
well with the a-tocopherol intakes. Secondly, circulating
a-tocopherol levels are highly influenced by a variety of fac-
tors including age, gender, dietary habits, smoking, drugs,
obesity and pregnancy [2, 21, 22] and, finally, a-tocopherol
concentrations are highly dependent on the type and
amount of lipids in the diet as well as on the blood lipids
including cholesterol, thereby making interpretation of
the vitamin E status complex [19].

Vitamin E circulates in the blood mainly with LDL and is
highly correlated with blood lipids, especially cholesterol.
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As soon as the concentration of serum lipids increases,
vitamin E partitions out of the cellular membrane compart-
ments and moves into the circulating lipoproteins. Thus,
during pathological conditions where serum lipid concen-
trations are increased, vitamin E deficiency may be misin-
terpreted if the lipid concentrations are not taken into
account [2]. For this reason, a-tocopherol:total cholesterol
ratios have more recently been used to assess vitamin E
status. By expressing vitamin E as a ratio of circulating lipid
concentration, a more accurate assessment of vitamin E
status is obtained [23]. In subjects with altered lipid levels
due to liver disease or other health conditions, it is impor-
tant to present both the absolute a-tocopherol and the
a-tocopherol:lipid ratio for optimal assessment of status.
In terms of ratio of a-tocopherol: total cholesterol, the cut
off is < 2.2 pymol/mmol [24] and < 1.59 umol/mmol for
a-tocopherol:total cholesterol and triacylglecerol, indicat-
ing vitamin E deficiency [25].

Data from the third National Health and Nutrition
Examination Survey (NHANES III, 1988-1994) indicates
that the a-tocopherol:total cholesterol ratio is a better
indicator of vitamin E status in healthy individuals when
compared to a-tocopherol alone [2]. However, the ratios
should be interpreted with caution in children, espe-
cially those who are malnourished and have multiple
micronutrient deficiencies. Since this review covers studies
conducted on apparently healthy populations, we have
included the concentrations of a-tocopherol alone as well
as ratios.

Vitamin E status in Asia

Although a large proportion of countries in Asia are low to
middle income with high prevalence of micronutrient defi-
ciencies, the vitamin E status and prevalence of vitamin E
deficiency is almost unknown because of paucity of studies
conducted in this continent. A review published in 2011,
found only 19 population-based assessments of vitamin E
status from low- to middle-income countries of the world
conducted between 1992 and 2009 (11, 3 and 5 studies
among children, elderly and groups of mixed ages, respec-
tively) [2]. Based on a plasma a-tocopherol concentration
cutoff that varied from 12 to 14 mmol/L, the prevalence of
vitamin E deficiency ranged from 6% to 70% in children,
27% to 55% among elderly and 4% to 70% in the mixed
age group [2, 26]. Although substantial research has been
published on vitamin E status worldwide, which was
systematically reviewed recently [5], there is no national
data describing the extent of vitamin E deficiency in India,
or for that matter in the Asian subcontinent. The main con-
straint in determining the status of vitamin E and its role in
human health is the lack of validated biomarkers for assess-
ment of vitamin E status [27].
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With limited data describing the extent of vitamin E defi-
ciency in Asia, this review aims to collate the current data
available on vitamin E status in healthy Asian population
and to understand the extent of vitamin E deficiency across
all age groups. Additionally, we want to highlight the need
for research to assess vitamin E intake and status in healthy
humans and its role in public health.

Methods

Criteria for identification and selection
of studies

To identify relevant articles, two independent researchers
searched Pubmed databases for selected peer reviewed
articles in English from 2000 to 2018. Terms such as
vitamin E prevalence, healthy, vitamin E deficiency, toco-
pherol status, Vitamin E status and Asia as well as combina-
tions of these terms were entered in the database. Studies
conducted on apparently healthy Asian populations report-
ing serum or plasma a-tocopherol levels were included. We
excluded case control studies, randomized controlled trials,
case reports, systematic reviews and meta-analysis. Base-
line vitamin E levels in observational studies conducted
on healthy populations were also included. Title, abstract
and full text articles were identified and assessed for eligi-
bility after applying the inclusion and exclusion criteria.
Critical appraisal for each study eligible for inclusion was
done by both researchers. After agreement on the content
of the study, 31 studies out of total of 1641 studies were
shortlisted. A flow chart of the selection process is pre-
sented in Figure 1.

The shortlisted studies were tabulated into different
population groups, including infants, children and adoles-
cents, pregnant women, adults and elderly population aged
> 60 years.

Vitamin E level was expressed in pmol/L in this review
and any values expressed in pg/dl, mg/dl and mg/L were
converted to pmol/L, using the conversion factor of
0.02322, 23.22 and 2.322, respectively.

Results

Vitamin E status of Asian children, adolescents, pregnant
women, adults and elderly from various parts of Asia are
listed in the following tables (Tables 1-4).

For the purpose of this review, both age groups and
mean ages have been reported. Medians have been
reported wherever available. High Performance Liquid
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Chromatography (HPLC) was the most common method
used for assessment of a-tocopherol in the serum or plasma.
We reported mean BMI wherever available, since obesity
could predispose an individual to vitamin E deficiency
due to sequestration of a-tocopherol in adipose tissue [2].
Most studies reported the vitamin E status as mean
a-tocopherol level and mean ratio of a-tocopherol:total
cholesterol while only a few used median with interquar-
tile range; those reporting percentage of vitamin E defi-
cient participants in the sample population (% deficiency)
used various cut-offs for defining vitamin E deficiency.
Because of the wide variation in the biomarkers and cutoffs
used to define vitamin E deficiency, direct comparison of
the prevalence of deficiency in the studied population is
not possible. Nonetheless, these studies provide an indica-
tion of the extent of deficiency and suboptimal vitamin E
status.

Vitamin E status in infants, children
and adolescents

Majority of the available studies on the prevalence of vita-
min E deficiency in Asia are on infants, children and adoles-
cents. However, the studies that were included in this
review had age ranges that were very large, without a clear
rationale for selecting these age ranges. Therefore, vitamin
E status in infants, children and adolescents could not be
tabulated separately. In the absence of homogeneity in
age ranges used, we reported all studies covering the three
age groups under birth to < 18 years (Table 1).

With a lot of disparity in the cut offs for deficiency of a-
tocopherol (4.8 to 15.0 umol/L) in plasma used by various
authors, varying mean levels of a-tocopherol and wide
age ranges (birth to 20 years), comparison between various
studies are difficult.

Vitamin E levels in cord blood at birth were lower than
those in the maternal blood on the first day post delivery
[15.9 (11.08) vs 25.7 (10.38) pmol /L [28]] indicating low pla-
cental tocopherol transfer. Living in rural areas increased
the prevalence of vitamin E deficiency among rural children
as compared to urban [27.1% vs 20%]; when assessed in
terms of a-tocopherol: lipid ratio, all the children were
vitamin E deficient [29]. Lower mean a-tocopherol levels
were observed in males than females [30, 31, 32]. Mean
vitamin E ranged between 7.4 (4.6) umol/L [29] to 25.40
(7.01) pmol/L [30] and the prevalence of vitamin E defi-
ciencyreached as high as 67% [33] in this group. With a wide
variation in values that defined deficiency due to large age
ranges used in various studies, no comparisons could be
made on the proportion of newborns, infants and children
that are deficient across studies and countries.
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Studies identified through Pubmed
(2000-2018)
N =1641
A( Duplicate studies removed J
1 N =201
\4
Titles and abstract retrieved after
removal of duplicates K : . \
N = 1440 Studies excluded by title and abstract
N=1397
® Animal studies: 499
® Language other than English: 73
® Other study design: 330
R (review, meta analysis, case control
i studies, case reports, RCTs)
® Non Asian population: 97
e Vitamin E among morbid population: 242
® Miscellaneous: 156
Full text retrieved and assessed for (other topics, serum/plasma a-tocopherol
eligibility not defined)
N=43

v

[ Studies included in the review ]

N =31

Figure 1. Flow chart of selection process.

Vitamin E status of pregnant women

Table 2 provides the data on vitamin E status of pregnant
women in Asia. Only six studies fulfilled our inclusion
criteria, five out of which were conducted on women in their
first trimester.

Plasma a-tocopherol concentration of < 12.0 pmol/L is
generally used to define vitamin E deficiency in normal,
healthy adults [20]. There is no consensus on the definition
of vitamin E deficiency in pregnant women because
a-tocopherol concentration increases with blood lipids over

© 2019 Hogrefe

Studies excluded after screening of full text
N=12
® Non Asian population: 4
¢ Vitamm E among morbid population: 1
® Miscellaneous: 7

the course of pregnancy. Using the cut off used for adult
women of < 12.0 pmol/L, the proportion of women with
deficient vitamin E levels varied from 58 % [34] to 72 %
[35] with the mean tocopherol levels of 10.68 (8.01)
umol/L [34] and median value of 10.04 (8.07,12.35)
pumol/L a-tocopherol [35]. However, when using 9.3
pumol/L asthe cut offused by some authors for defining vita-
min E deficiency, the proportion of women with vitamin E
deficiency varied from 25 % [36] to 43.5 % [37]. Mean
plasma vitamin E levels in this group ranged between
10.68 (8.01) umol/L [34] to 66.45 (13.6) umol/L [38].
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Vitamin E levels decreased as pregnancy progressed
with authors reporting lower mean a-tocopherol values in
the second or third trimester when compared to those in
first trimester of pregnancy [10.68 (8.01) umol/L [34] vs
66.45 (13.6) pmol/L, respectively [38]. No differences in
mean tocopherol values between primiparous and multi-
parous women were observed [17.04 (4.29) umol/L vs
17.13 (4.65) pmol/L, respectively] [39]. Healthy pregnant
mothers giving birth to infants with congenital malforma-
tions had lower serum a-tocopherol when compared to
healthy mothers of normal infants [56.54 (16.93) pmol/L
vs 66.45 (13.6) umol/L [38]] indicating effect of oxidative
stress on congenital malformations.

Vitamin E status of adults

A total of 13 studies on healthy adults fit our inclusion crite-
ria (Table 3) but again, wide age ranges used by some
researchers made segregation of elderly and adults diffi-
cult, resulting in inclusion of data on elderly with adults
under this section. The age ranges included in this section
are from 16 to 75 years; ages have been reported either in
means or ranges, with one study reporting median and
interquartile ranges.

The overall mean a-tocopherol levels ranged between
15.14 (6.84) pmol/L [40] to 32.0 (1.0) umol/L [41], with
proportion of vitamin E deficient adults reaching 80%
[42]. Mean a-tocopherol levels increased with increase in
socio economic status, the highest levels reported in the
highest income group [15.79 (11.61) umol/L] [42]. Large
proportion (80%) of adults from the low income population
were deficient [42]. Vitamin E deficiency varied by sex and
age across several studies with mean serum a-tocopherol
values (umol/L) higher in males as compared to females,
respectively [18.1 (5.8) vs 15.6 (1.4) pmol/L [43]], [21.3
(0.6) vs17.3(0.5) pmol/L [44]]; and lower in younger adults
[18.1 (0.7) umol/L for < 30 years vs 23.2 (0.9) umol/L for >
30 years [44], [24.61 (0.0) pmol/L for < 35 years vs 25.08
(0.93) umol/L between 46-55 years [45]].

When a-tocopherol was adjusted for plasma cholesterol
concentration, the mean a-tocopherol:cholesterol ratio ran-
ged between 3.13 (1.50) pmol/mmol [42] to 5.1 (0.1) umol/
mmol [44]. Higher a-tocopherol:cholesterol ratio was
reported in men compared to women [3.13 (1.50) vs 3.06
(0.77) umol/mmol [40]], [3.81 (0.85) vs 3.60 (0.22)
umol/mmol [43]], [5.6 (0.2) vs 4.3 (0.1) pmol/mmol
[44]], [4.81 (10.74) vs 4.58 (9.87) umol/mmol [46]] sug-
gesting greater antioxidant protection for males against
lipid peroxidation.

The proportions of adults deficient or sufficient in vita-
min E were reported on the basis of different cutoffs for defi-
ciency and thus no comparisons could be made.

© 2019 Hogrefe

Vitamin E status in elderly

Five studies matched our selection criteria (Table 4).
Although individuals over 60 years are theoretically at
higher risk of deficiency, considerable variability in defini-
tion of deficiency in published studies of the elderly makes
it challenging to draw clear conclusions regarding the
extent of vitamin E deficiency among this group.

Mean reported a-tocopherol levels in the elderly ranged
from 22.10 pmol/L [47] to 27.12 (0.47) pmol/L [1]. Elderly
women had a lower risk of inadequate vitamin E levels in
terms of a-tocopherol and tocopherol:cholesterol ratio as
compared to elderly men and mean a-tocopherol levels
were higher in females as compared to males [26.01 (1.16)
vs 22.99 (1.63) pmol/L [45]], [23.78 (0.74) vs 18.96 (0.74)
umol/L [47]], [26.4 (2.3) vs 20.0 (0.6) umol/L [32]],
[29.33 (0.67) vs 25.07 (0.35) pmol/L respectively [1]]. Sim-
ilarly, a-tocopherol:cholesterol concentration was also
reported to be higher in elderly women than in men [1,
32]. Considerable heterogeneity was found in the propor-
tion of elderly with insufficient vitamin E status [2.91% [1]
to 55.5% [48]], primarily due to different indicators and
cut offs used to define deficiency.

Discussion

The term vitamin E collectively refers to eight structurally
related isomers, of which a-tocopherol is the predominant
form in blood that is exclusively obtained from diet.
Bioavailability of vitamin E is influenced by several non-
modifiable (gender, age and genetic constitution) and mod-
ifiable (lifestyle and intake of vitamin E) factors. Numerous
other factors also affect its bioavailability including dietary
factors, such as composition of the food matrix or the pres-
ence of fat and processes such as emulsification, incorpora-
tion into mixed bile salt micelles, transport through the
unstirred water layer, uptake by the enterocyte, incorpora-
tion into intestinal lipoproteins, and secretion out of the
intestinal cell into the lymph or into the portal vein. [49,
50, 51]. The deficiency of vitamin E is characterized by pro-
gressive peripheral neuropathy, ataxia, muscle weakness,
retinal damage leading to vision loss, infertility and demen-
tia [52,53]. With several health implications associated with
vitamin E deficiency, this review attempts to collate the
existing data on vitamin E status in Asia.

It includes studies conducted in Asia to assess vitamin E
status that reported either mean or median a-tocopherol or
the proportion that were deficient based on mixed cut offs.
Interpretation of the plasma a-tocopherol values is, how-
ever, challenging because plasma vitamin E concentration
does not necessarily reflect intake or tissue reserve because

Int J Vitam Nutr Res (2021), 91 (3-4), 356-369
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“original data in pg/dl, converted into umol/L by multiplying 0.02322;
doriginal data in mg/dl, converted into umol/L by multiplying 23.22;

Coriginal data in pg/ml, converted into pmol/L multiply by 2.322;
foriginal data in mg/L, converted into pmol/L by multiplying 2.322;

8Standard Deviation (SD) not given.

adipose tissue, liver and skeletal muscle contribute to about
90% of total a-tocopherol in the body [19]. Only 1% of the
body a-tocopherol is present in the blood [54] and the
amount in the circulation is strongly influenced by circulat-
ing lipids. This has led to some authors to express vitamin E
levels in terms of a-tocopherol:cholesterol ratio. In the
absence of an accepted definition for vitamin E deficiency,
various authors have used different cutoffs in their studies.
This made it difficult for us to compare studies and draw
clear conclusions.

Our results, however, indicate trends showing the influ-
ence of age and gender on the serum vitamin E levels in
the studied population. A steady and age dependent
increase of serum a-tocopherol concentration was seen
which can be explained by higher circulating lipid level.
The difference in vitamin E status between males and
females have also been previously reported by several
authors [1, 31, 32, 45, 47] presumably due to physiological
differences in lipid absorption, metabolism and storage
between both sexes. The same cut off is however, being
used till date for defining and comparing the vitamin E sta-
tus of men and women. Data trends also indicate that chil-
dren of all ages are most vulnerable to high risk of o-
tocopherol deficiency and this may be attributed to poor
overall nutritional intake, higher prevalence of other oxida-
tive stressors or genetic predisposition to vitamin E defi-
ciency among Asians [2]. In addition, the use of cut offs
equivalent to those in adult population may also have led
to over estimation of vitamin E deficiency among children.

Overall this review indicates that vitamin E deficiency is
wide spread in the Asian population and has not received lot
of scientific attention. Similar findings of vitamin E defi-
ciency (cut off < 12 pmol/L) have also been reported in
the Middle East and Africa (27 %) and some Asian countries
(16%), followed by America (11%) and Europe (8%) [5].
Using a threshold for serum concentration of 20 pmol/L,
27 % of the Americans, 80 % of the Middle East/Africans,
62 % of the Asians, and 19 % of the Europeans fell below this
value [5]. This calls for defining cut off limits as well as
assessment of vitamin E deficiency.

This review, however, has a number of potential limita-
tions. Firstly, most studies were conducted in very few
countries in Asia, so the results are not representative of
the population of the Asian continent. Asia being a biggest
and most populous continent, more data is required from
other parts of the continent to draw clearer inferences. Sec-
ondly, many studies have not reported o-tocopherol:
cholesterol ratio which is a more accurate representation
of vitamin E status. Finally, the different cut-offs used to
describe deficiency, the missing agreement on optimal sta-
tus in each study and the heterogeneity in results make it
very difficult to draw clear conclusions on the extent of vita-
min E deficiency in Asia.

© 2019 Hogrefe
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In the absence of adequate literature on vitamin E status

of Asian population, this review indicates that vitamin E
intake via the diet and serum levels in population groups
in Asia should be revisited to allow better understanding
onitsrole in public health and strategies to improve the vita-
min E status.
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