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E deficiency in urban adults of Wuhan
from central China: findings
from a single-center, cross-sectional study
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Abstract

Background Vitamin E is an essential nutrient in human body famous for its antioxidant and non-antioxidant func-
tions. However, little is known about vitamin E deficiency status in urban adults of Wuhan from central China. Our aim
is to describe the distribution of both circulating and lipid-adjusted serum vitamin E concentration in urban adults of
Wuhan.

Methods We hypothesized that the prevalence rate of vitamin E deficiency would be low in Wuhan in consideration
of the Chinese food composition. A cross-sectional study with 846 adults was performed in a single-center. Concen-
trations of vitamin E were measured by liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS).

Results The median (interquartile range, IQR) of serum vitamin E concentration was 27.40 (22.89-33.20) umol/L while
that of serum vitamin E concentration adjusted by total cholesterol or the sum of cholesterol (TC) and triglyceride
(TG) (the sum of cholesterol and triglyceride, TLs) were 6.20 (5.30-7.48) and 4.86 (4.10-5.65) mmol/mol, respectively.
No significant difference of the circulating and TC-adjusted vitamin E concentration was found between male and
female except for vitamin E/TLs. However, concentrations of vitamin E increased significantly (r=0.137, P<0.001)

with age, but lipid-adjusted concentrations of vitamin E did not. On analysis of risk factors, the subjects characterized
by hypercholesterolemia are more likely to exhibit higher circulating but lower lipid-adjusted vitamin E level due to
adequacy of the serum carriers for delivery of vitamin E. Only 0.47% of the population were below 12 umol/L of vita-
min E defined as functional deficiency.

Conclusion The prevalence rate of vitamin E deficiency in urban adults of Wuhan is low, which is important and use-
ful to clinicians for clinical decision-making in public health practice.
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Background
Vitamin E is an important fat-soluble nutrient in the
maintenance of health famous for its antioxidant func-
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of platelet aggregation, inhibition of smooth muscle
cell proliferation and modulation of gene expression
[5]. Up to now, the extensive implications of vitamin E
deficiency are increasing evident, especially in devel-
oping countries whose risk for deficiency is higher due
to limited intake of the vitamins from food sources
and greater oxidative stressors [6]. As a result, we ini-
tiate the present study to evaluate vitamin E status in
our city from China. As well known, vitamin E covers
a group of eight compounds (a-, p-, y-, 6-tocopherol,
and a-, p-, y-, O-tocotrienol) which differ in their
methyl substitution and saturation. Among them, the
predominant form in the human body is a-tocopherol
which demonstrates the highest vitamin E activ-
ity, comprising over 90% of vitamin E [7-9]. Conse-
quently, vitamin E status is always assessed by serum
a-tocopherol concentration which provides the mostly
used and direct way [10]. It is reported that vitamin E
circulating in blood is transported by lipoproteins, and
vitamin E partitioning out of the cellular membrane
compartment would increase with the elevation of
serum lipid concentrations [11]. Consequently, vitamin
E deficiency may be underestimated without consider-
ation of the lipid concentration in the case that serum
lipid concentrations pathologically elevated, while may
be overestimated under the situation that serum lipid
concentrations are low. Many researches thus suggest
that the correction of vitamin E for lipid concentra-
tions is preferable to assess adequacy [12]. Oftentimes,
serum a-tocopherol concentration adjusted for serum
total cholesterol (TC) or the sum of serum levels of
cholesterol and triglyceride (TG) (the sum of choles-
terol and triglyceride, TLs) is considered as a reliable
indicator in identifying vitamin E deficiency [13, 14].
Nonetheless, the vitamin E status of people in Wuhan
from central China is less-known, and an understand-
ing of the vitamin E distribution in our city should
be useful to clinicians for clinical decision-making in
public health practice.

In this study, both the circulating serum a-tocoph-
erol concentrations and serum a-tocopherol concen-
trations adjusted for lipids have been used to assess
the nutritional status of vitamin E of urban adults in
Wuhan. Wuhan is located on the banks of the Yang-
tze River in central China, and the food consumption
has dominated by traditional Chinese food character-
ized by grains and vegetables, with increasing intake of
red meat, fruits, nuts, eggs, milk, river fish and plant
oil, most of which are rich in vitamin E [15, 16]. Thus,
we hypothesized that the likelihood of vitamin E defi-
ciency would be low in Wuhan in consideration of the
Chinese food composition.
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Methods

Study design and subjects

A single-center, cross-sectional study was performed. All
subjects, residing in Wuhan, were enrolled from those
who underwent physical examination program in 2019 at
Tongji Hospital of Tongji Medical College of Huazhong
University of Science and Technology (HUST) which is
a large comprehensive hospital in Wuhan with abundant
patients from local residents. The basic demographic
characteristics of the participants including sex, age,
BM]I, blood pressure and long-term residence place were
collected through medical records or face-to-face inter-
view. This work was approved by the ethics committee of
Tongji Hospital, Tongji Medical College, Huazhong Uni-
versity of Science and Technology (IRB Approval Num-
ber: TJ-IRB20210807).

The sample size was calculated using the formula
N= [ZI_Q,Z]ZXP (1- P)/d?> [17]. Where N is the sam-
ple size, Z,_,, (1.96) is the certainty wanted expressed
in the percentage point of normal distribution corre-
sponding to the 2-sided level of significant (@ =0.05);
P (13%) is the global prevalence rate of vitamin E defi-
ciency [18]; d (3%) is the allowable error. Therefore,
N=[(1.96)>x 0.13 x (1-0.13)]/(0.03)>=483. A  non-
response rate of 40% was added, giving a total sample of
805. In view of incomplete demographic data, a total of
850 samples were ready to be included. Finally, 846 sam-
ples were selected in real word according to the actual sit-
uations, including 471 males and 375 female aged 18 to
93 years (median age 47 years).

Overnight fasting blood samples were obtained by
venipuncture. Sera were obtained by centrifugation
of coagulated blood samples at 3000 rpm for 5 min at
room temperature. These sera were frozen and stored at
— 80 °C until analysis.

Measures

The serum a-tocopherol concentrations were determined
by liquid chromatography coupled with tandem mass
spectrometry (LC—-MS/MS) on a ABsciex Qtrap 5500
coupled to an Exion LC system (Applied Biosystems,
Foster City, CA, USA) with an electrospray ionization
source in positive mode, and the testing kit was gotten
from Beijing Health biotech Co. Ltd. (Beijing, China).
This method was well validated with linearity, precision,
accuracy, analytical sensitivity and matrix effect as dem-
onstrated in Additional file 1: Table S1. The sera were
processed as follows: 0.1 ml of serum was mixed with
0.1 ml of the internal standard (a-tocopherol-d6, Sigma-
Aldrich) solution in a 1.5-ml centrifuge tube; 0.6 ml of
hexane was then added and mixed thoroughly for 3 min
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using a vortex mixer. The tube was then closed and cen-
trifuged for 10 min at 14680 rpm. The upper hexane
extracts were evaporated by nitrogen and reconstituted
in acetonitrile for LC-MS/MS analysis. A symmetry C18
column (100 x 2.1 mm, 3.5 pm, Waters, USA) was used
for separation. The mobile phase was consisted of solvent
A (water with 0.1% formic acid) and solvent B (2 mM
ammonium acetate with 0.1% formic acid in methanol).
The flow rate was 0.7 ml/min and column temperature
was 60 °C. The concentrations of serum lipids, includ-
ing TC, TG, high-density lipoprotein cholesterol (HDLC)
and low-density lipoprotein cholesterol (LDLC), were
measured on a Cobas 8000 system (Roche, Diagnostics,
Germany). During the analysis, samples were protected
from light and those showing signs of hemolysis were
discarded.

In this study, the criterion for hypercholesterolemia
is defined as TC > 5.2 mmol/L [19]. The normal blood
pressure recommended by WHO is<140/90 mmHg
[20]. The standard weight status categories associated
with BMI ranges for adults are: BMI below 18.5 is asso-
ciated with ‘underweight’ weight status; BMI 18.5-24.9
is associated with ‘normal’ weight status; BMI 25.0—
29.9 is associated with ‘overweight’ weight status; BMI
30.0 and above is associated with ‘obese’ weight status
[21]. The vitamin E status categories for healthy adults
are classified as follows [18, 22]: vitamin E serum con-
centrations <12 pmol/L is considered as functional
deficiency; between 13 and 29 pmol/L is considered
as suboptimal status;>30 pmol/L is considered as
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desirable status. The prevalence rate of vitamin E defi-
ciency according to its status categories defined for
healthy adults, and its comparison with other countries
have been investigated.

Statistical analysis

We present the distribution of concentrations of vita-
min E and the ratios of concentrations of vitamin E to
serum lipids for all participants. All data were expressed
as medians and interquartile ranges (IQRs). Data nor-
mality was analyzed using the Kolmogorov—-Smirnov
test. Student’s ¢ test and analysis of variance (ANOVA)
based on normally distributed data, or Mann—Whitney
U test and Kruskal-Wallis test based on non-normally
distributed data were applied to compare the means of
serum concentrations of a-tocopherol across genders,
age groups and strata. Pearson’s Chi-square test or Fish-
er’s exact test was performed to analyze the categorical
data. Spearman’s correlation test was used to determine
the strength of correlation between variables, such as
vitamin E, age, BMI, blood pressure, TC and TG.

A multivariate logistic regression was performed to
assess odds ratios (ORs) regarding Vitamin E-associ-
ated factors. Variable with a global value P<0.10 in the
univariate analysis were entered into multivariate anal-
yses. A P-value below 0.05 was considered statistically
significant. Analyses were done using SPSS (version
20.0; SPSS, Isnc., Chicago, IlI, USA). The Correla-
tion analysis heatmap was plotted by R language.

Table 1 Serum concentrations of a-tocopherol per sex in adults (n =846)?

Total Male Female P

N (%) 846 (55.67%) 375 (44.33%)
Age (years) 47 (36-56) 47 (36-56) 47 (34-56) 0422
BMI (kg/m?) 24.1(21.9-26.1) 1(233-27.0) 226 (20.7-24.8) <0.001
SBP (mm Hg) 124 (113-137) (116-140) 119 (108-132) <0.001
DBP(mm Hg) 76 (69-85) 80 (73-87) 72 (65-81) <0.001
TC (mmol/L) 441 (3.89-4. 99) (3.92-4.99) 4.40 (3.88-5.00) 0.788
TG (mmol/L) 6(0.82-1.70) (1.00-1.96) 0.97 (0.68-1.40) <0.001
HDLC (mmol/L) 5(1.07-1.49) (1.00-1.29) 143 (1.25-1.65) <0.001
LDLC (mmol/L) 2.77 (2 29-3. 32) 2.84(2.38-3.40) 2.69 (2.23-3.26) 0.030
TLs (mmol/L) 5.65 (4.97-6.64) 5.88(5.14-6.86) 543 (4.81-6.31) <0.001
Unadjusted

Vitamin E (umol/L) 2740 (22.89-33.20) 27.63 (22.96-32.97) 27.16 (22.82-33.20) 0.683
Adjusted for

TC (mmol/mol) 6.20 (5.30-7.48) 6.28 (5.36-7.55) 6.16 (5.24-7.27) 0.369

TLs (mmol/mol) 4.86 (4.10-5.65) 4.70 (3.97-5.53) 498 (4.31-5.86) <0.001

2 Data are presented with median (IQR) for continuous variables

SBP systolic blood pressure, DBP diastolic blood pressure, TLs total lipids (cholesterol + triglyceride)



Shen et al. European Journal of Medical Research (2023) 28:141

Results

Profile of the study population

The basic characteristics of the study population of 846
subjects aged 18 to 93 years are demonstrated in Table 1.
The median (interquartile range, IQR) of age and body
mass index (BMI) were 47 (36-56) and 24.1 (21.9-26.1),
respectively. The median (IQR) of blood pressures were
found within normal range: 124 (113-137) mmHg for
systolic blood pressure (SBP) and 76 (69-85) mmHg
for diastolic blood pressure (DBP). All the subjects had
measurements for concentrations of TC, HDLC, and
LDLC, TG and a-tocopherol. Both levels of a-tocopherol
unadjusted and adjusted for lipids were presented.

The association of vitamin E level with the physiological
conditions

The association of vitamin E level with sex and age was
investigated. Analysis of the data, noted as a function
of sex (Table 1), shown that men had significant higher
BMI (P<0.001), SBP (P<0.001), DBP (P<0.001), TG
(P<0.001) and LDLC (P=0.030) than women, and
inversely had lower HDLC (P<0.001) and vitamin E/TLs
(P<0.001) than women with no difference found in age,
TC, vitamin E and vitamin E/TC. Likewise, the median
levels of all indicators in Table 2 varied significantly with
age except for vitamin E/TC (P=0.573) and vitamin E/
TLs (P=0.131). This was also confirmed by the positive
correlation between age and BMI (r=0.183, P<0.001),
SBP (r=0.409, P<0.001), DBP (r=0.214, P<0.001), TC
(r=0.152, P<0.001), TG (r=0.126, P<0.001), LDLC
(r=0.073, P<0.05), TLs (r=0.168, P<0.001), vita-
min E (r=0.137, P<0.001) (Fig. 1). Nonetheless, only
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HDLC, vitamin E/TC and vitamin E/TLs did not vary
in trend, resulting in low Spearman correlation coeffi-
cients or insignificant associations between different age
subgroups.

The association of vitamin E level with risk factors

Many people suffer from risk factors as critical links to
the development of diseases, such as TC level, blood
pressure or BMI. Thus, the oa-tocopherol levels on
these risk factors were also analyzed. No difference
was found in BMI and DBP as presented in Additional
file 1: Table S2. However, the people with hypercholes-
terolemia have significantly older age (2<0.001), higher
SDP (P=0.036), TC (P<0.001), TG (P<0.001), HDLC
(P=0.007), LDLC (P<0.001), TLs (P<0.001) and vitamin
E levels (P<0.001) while significantly lower vitamin E/TC
(P<0.001) and vitamin E/TLs levels(P<0.001) (Table 3
and Additional file 1: Table S2). These parameters were
further confirmed by Spearman’s correlation coefficients
between TC and these indicators (Fig. 1). The people
were divided into two groups. The population with high
blood pressure exhibited older age (P<0.001), higher
BMI (P<0.001), higher TC (P=0.005), TG (P<0.001)
and TLs (P<0.001) levels with inversely lower HDLC
(P<0.001) and vitamin E/TLs levels (P=0.020). None-
theless, no differences were found in LDLC (P=0.058),
vitamin E (P=0.105) and vitamin E/TC (P=0.560) levels,
which were also evidenced by the insignificant correla-
tion between SBP, DBP and vitamin E or vitamin E/TC
except for LDLC (Table 3, Additional file 1: Table S3 and
Fig. 1).

Table 2 Serum concentrations of a-tocopherol per age group in adults (n = 846)

18-29 years 30-39 years 40-49 years 50-59 years 60-69 years >70 years P

N (%) 07 (12.65%) 174 (20.57%) 01 (23.76%) 206 (24.35%) 79 (9.34%) 79 (9.34%)
Age (years) 26.00 (24.00-28.00) 35.00 (32.00-37.00) 45.00 (42.00-47.00) 54.00 (52.00-56.00) 65.00 (62.00-67.00) 78.00 (73.00-84.00) <0.001
BMI (kg/m?) 21 20( 9.10-24.70) 23.80(21.20-26.10) 24.50 (22 30-26. 05) 24.65 (22 68-26.9) 24.20(22.30-26.00) 24.70(22.30-27.30) <0.001
SBP (mm Hag) 6 (104-129) 1185(1090 130.0) 119( 1275( 41) 129(120 144) 47 (133-158) <0.001
DBP (mm Hg) 71 (64-78) 74 (67-80) (67 83. 5) 82 (71.75- 89) 79 (72-87) 82 (74-86) <0.001
TC (mmol/L) 4.03 (3.60-4.49) 4.20 (3.78-4.77) 448 (3.96-5.03) 4.72 (4.22-5.20) 461 (4.05-5.22) 438(3.78-494)  <0.001
TG (mmol/L) 0.82(0.61-1.19) 1.12 (0.80-1.62) 3(0.82-1.68) 40 (0.92— 206) (099 77) 144 (1.03-1.83)  <0.001
HDLC (mmol/L) 1.36 (1.20-1.57) 1.20 (1.05-1.43) 1.26 (1.06-1.50) 24 (1.03-1.50) 26 (1.10-149) 1.22 (1.01-142) 0.009
LDLC (mmol/L) 245(2.11-3.02) 2.66(2.23-3.23) 2.83(2.33-332) 3.00 (2.60— 348) 2.85(233- 357) 260(1.99-333)  <0.001
TLs (mmol/L) 4.95 (4.30-5.70) 533 (4.73-6.24) 5.65 (5.07-6.66) 3(5.38-7.11) 5.84 (5.36-6.85) 593 (493-6.69)  <0.001
Unadjusted

Vitamin £ 24.84 (21.41-30.88) 25.88 (21.85-30.65) 27.63 (23.10-34.59) 2832 (23.85-34.19) 28.32(23.91-35.29) 28.32(22.33-35.52) <0.001

(umol/L)

Adjusted for
TC (mmol/mol) 6.15 (542-7.25)

5.08 (4.31-6.03)

6.16 (5.34-7.13)

TLs (mmol/mol) 4.82 (4.18-5.49)

6.36 (5.34-7.41)
4.86 (4.10-5.72)

0.573
0.131

6.14 (5.21-7.44)
468 (3.94-5.39)

6.46 (5.22-7.62)
4.73 (4.10-5.72)

6.71(5.35-8.21)
5.01 (4.02-6.26)
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Fig. 1 Spearman’s correlation coefficients between parameters in adults (n==846)". 1***P<0.001, **P<0.01, *P< 0.05. The color bar on the right
side represents Spearman'’s correlation coefficients in the range of — 1.0 (blue color)-1.0 (red color). The redder the color and the larger the circle,
the stronger the positive correlation; the bluer the color and the larger the circle, the stronger the negative correlation. BMI body mass index,
SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, TG triglyceride, HDLC high-density lipoprotein cholesterol, LDLC
low-density lipoprotein cholesterol, TLs total lipids (the sum of cholesterol and triglyceride), VE vitamin E, VE/TC vitamin E/total cholesterol, VE/TLs

vitamin E/total lipids

In order to evaluate whether there were differences
in vitamin E, lipid-adjusted vitamin E or other indica-
tors between BMI subgroups, we could only perform
Kruskal-Wallis test in consideration of abnormal distri-
bution of theses variables. As demonstrated in Table 3,
with the increase of age, the people were apt to be over-
weight or obese (the median of age was above 41 years
old). The people in group with higher BMI exhibited
significantly increased levels of blood pressure, TC, TG,

LDLC and TLs (all P values below 0.008), but decreased
HDLC concentration (P<0.001). Nevertheless, there
were no differences in vitamin E, vitamin E/TC and
vitamin E/TLs (Table 3 and Additional file 1: Table S4).
These results were in agreement with the Spearman’s
correlation analysis between BMI and other indicators
as revealed in Fig. 1 except for vitamin E/TLs which
presented strengthened correlation with BMIL.
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Table 3 The analysis of a-tocopherol levels on risk factors
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N Male (n %) Age VE (umol/L) VE/TC (mmol/mol) VE/TLs (mmol/mol)
TC level
Hypercholesterolemia (total choles- 155 (18.32%) 84 (54.19%) 51 (43-57) 32.5(26.00-39.74)  5.65 (4.58-6.93) 436 (3.60-5.16)
terol > 5.2 mmol/L)
Normal (total cholesterol < 5.2 mmol/L) 691 (81.68%) 387 (56.01%) 45 (34-56) 26.7 (2245-31.58) 6.35(5.46-7.55) 491 (4.22-5.73)
P 0.681 <0.001 <0.001 <0.001 <0.001
Blood pressure
High blood pressure (> 140/90 mmHg) 210 (24.82%) 145 (69.05%) 56 (46-70) 2832 (22.92-34.48) 6.36 (5.29-7.80) 4.72 (3.90-5.46)
Normal (< 140/90 mmHg) 636 (75.18%) 326 (51.25%) 44 (33-53) 27.16(22.89-32.50) 6.16(5.32-7.37) 490 (4.16-5.70)
P <0.001 <0.001 0.105 0.560 0.020
BMI
< 18.5 (under weight) 23 (2.72%) 4(17.39%) 27 (21-29) 2461 (2141-28.32) 6.48(542-8.12) 535(45 13)
18.5-24.9 (normal weight) 488 (57.68%) 223 (45.70%) 47 (35-56) 27.40(22.62-33.20 6.18(5.37-742) 4.96 (4 22-5. 87)
25.0-29.9 (over weight) 303 (35.82%) 222 (73.27%) 49 (40-57) 2740 (23.45-33.20) 6.26 (5.26-7.61) 4.64 (3.88-5.45)
>30.0 (obese) 32 (3.78%) 22 (68.75%)  41(32-62) 2832 (22.54-32.97) 6.26 (4.89-7.02) 448 (3.78-5.30)
P <0.001 <0.001 0.128 0.576 0.094

Table 4 Classification of the subjects according to their serum concentrations of a-tocopherol in adults

<12 pmol/L (Deficient)

13-29 umol/L (Suboptimal) > 30 umol/L (Desirable)

Total (n=2846) 4(0.47%)
Sex
Male (n=471) 2 (0.42%)
Female (n=375) 2 (0.53%)
Age
18-29 (n=107) 0
30-39 (n=174) 0
40-49 (n=201) 3(1.49%)
50-59 (n=206) 0
60-69 (n="79) 0
>70(n=79) 1(1.27%)

520 (61.47%)

289 (61.36%)

231 (61.60%)
7 (71.96%)
123 (70.69%)
117 (58.21%)
116 (56.31%)
43 (54.43%)
44 (55.70%)

322 (38.06%)

180 (38.22%)
42 (37.87%)

0 (28.04%
1(29.31%
81 (40.30%
90 (43.69%
6 (45.57%
(

4(43.03%

The distribution of vitamin E
The classification of subjects according to their
a-tocopherol levels is presented in Table 4. In this study,
0.47% of the population were below 12 pmol/L (func-
tional deficiency), 61.47% between 12 and 30 pmol/L
(suboptimal concentration), and 38.06% above 30 pmol/L
(desirable concentration). As a stratification by sex, the
males and females exhibited similar distributions as the
total did. As described above, a significant positive asso-
ciation was revealed between age and a-tocopherol.
Therefore, as a stratification by age, the higher proportion
of people above the desirable concentration was found in
older age group with a maximal value of 45.57%, but the
proportion was slightly gone down again in people above
70 years old.

Regarding that there are only four cases with vitamin
E deficiency, subjects with insufficiency and deficiency

Table 5 Association between serum vitamin E status and factors

Vitamin E® P
Insufficiency and
deficiency, OR (95% Cl)
Participates, n 524
Age 0.986 (0.976-0.996) 0.007
TC level <0.0001
Normal 1
Hypercholesterolemia 0.305 (0.212-0.439)
Blood pressure 0.838

Normal
High blood pressure

1
0.964 (0.678-1.371)

2 Desirable vitamin E levels: a-tocopherol > 30 pmol/L (comparison group)
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(<30 pmol/L) were grouped together to further assess
factors associated with vitamin E status, which referred
the subjects with vitamin E sufficiency (>30 pmol/L) as
a comparison group. The factors determining vitamin E
insufficiency and deficiency derived from multivariate
logistic regression analyses are shown in Table 5. The
analysis confirmed the significant association between
vitamin E status and age (OR: 0.986; 95% CI 0.976—
0.996), and vitamin E status and TC level (OR: 0.305; 95%
CI10.212-0.439).

Discussion

As the diverse role of vitamin E, especially function as
a potent antioxidant in the maintenance of health and
prevention of disease, the extensive implications of its
deficiency are increasingly evident. As usual, serum vita-
min E should be transported to tissues for exerting their
functions by using lipoproteins as the major carries [23].
In humans, vitamin E is mostly transported in LDL and
HDL at similar proportions with less carried in VLDL
and other lipoproteins. As a result, vitamin E homeo-
stasis is intimately connected to lipoprotein metabolism
in vivo. Assessment of vitamin E status not only depends
on its concentration, but also on the concentrations of
the circulating lipoproteins. In fact, vitamin E deficiency
is rare in humans. When it occurs, it is a result of lipo-
protein deficiencies or lipid malabsorption syndromes. It
is important to identify patients who have real vitamin E
deficiency or other abnormalities known to cause vitamin
E deficiency [24]. Thus, concentration of vitamin E, both
unadjusted and adjusted for cholesterol or total lipids,
should be used to evaluate vitamin E adequacy [25]. This
study confirmed that the prevalence rate of vitamin E
deficiency is low in urban adults of Wuhan based on both
unadjusted and lipid-adjusted vitamin E levels, which
provided valuable information about the distribution of
vitamin E in central China.

In this study, we found that the vitamin E level was
not associated with sex as revealed in Table 1 (27.63 vs
27.16 pumol/L, P=0.683), whereas the vitamin E level
slightly increased with age in Table 2. The results were
consistent with the previous report [26]. Meanwhile, the
levels of BMI, SBP, DBP, TG and LDLC were significantly
higher in men, mostly in consistent with Sun’s work [27].
However, an opposite direction of association in lipopro-
tein between men and women was found in Qi’s study
that TC was significantly lower in men with no TG dif-
ference [28], which might be due to dietary intake or life
habit in different regions. Likewise, it is well understood
that aging process affect BMI, blood pressure and lipo-
protein which are risk factors for cardiovascular diseases
as Yao’s or Mendes’s report [29, 30].
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In order to learn about the vitamin E level in these
subjects with risk factors for cardiovascular diseases
potentially imposing a great threat to human health, the
subjects were divided into subgroups according to TC
level, blood pressure and BMI. The transport of vitamin
E is closely related to lipoprotein [24]. Therefore, hyper-
cholesterolemia might affect the vitamin E level. As dem-
onstrated in Fig. 1, the level of vitamin E is positively
correlated with TC, TG, LDLC and TLs (P<0.05), and
much higher level of the vitamin E is found in subjects
with hypercholesterolemia. In general, the participates
who have increased blood lipid concentration also have
increased serum vitamin E level, accompanied by evi-
dently decreased lipid-adjusted vitamin E levels [25, 31].
This might be ascertained to the increased serum carri-
ers for delivery of vitamin E in tissues [11]. Although TC
level, blood pressure and BMI are highly correlated with
each other as displayed in the Spearman analysis (Fig. 1)
and stratification analysis (Additional file 1: Tables S2, S3,
S4) [32], no significant difference of vitamin E, vitamin E/
TC or vitamin E/TLs is found between subgroups based
on blood pressure or BMI except that vitamin E/TLs is
lower in subjects with hypertension. Obesity might be
the most important factor associated with blood pres-
sure, followed by hyperlipidemia [33], which contributes
to the consistent result between blood pressure and BMI.

In this study, a considerable proportion of population
presents suboptimal vitamin E status (61.47%), while
a very small population exhibits vitamin E deficiency
(0.47%). Both age and TC level are significantly correlated
with vitamin E status, which are indirectly evidenced by
associations of vitamin E concentrations and variables
(Table 2 and Table 3). It is found that almost equal pro-
portions of the men and women in distribution of vita-
min E. However, the young adults (18-39 years old)
exhibited lower proportion of desirable vitamin E level
than that of older, which was not consistent with Old-
ewage-Theron’s study [34]. Perhaps, the older adults in
urban China have paid more attention to vitamin/trace
element supplements in daily life due to their enhanced
awareness of health. However, poor food intake as well
as a monotonous diet in the elderly above 70 years old
made the prevalence of vitamin E deficiency suffered.
In addition, the vitamin E level in different countries is
summarized in Table 6 [18, 26, 34—38]. Compared to the
results from other countries, the serum vitamin E level
in our subjects is higher than that of most countries and
in parallel with that of US, even above the global level.
Given that the cut-off point of vitamin E is 12 yumol/L,
the prevalence of vitamin E inadequacy for urban adults
in Wuhan from central China is 0.47%, much lower than
that of other countries. Meanwhile, if 11.6 pmol/L was
adopted as the cut-off value [39], the deficiency rate was
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Table 6 Comparison of the vitamin E status between Wuhan in central China and other countries

Reference Location No Age Definition of deficiency % Deficiency Median or Median or mean
mean of of vitamin E/TC
vitamin E (mmol/mol)
(umol/L)

This study, 2020 Wuhan, central 846 18-93 Serum a-tocopherol 0.47(l) 2740 6.20

China <12.0 umol/L (1) OR 0.24(11)
<116 (Il) OR serum 0.47(111)
a-tocopherol: cholesterol 0.35(lV)
< 2.5 mmol/mol (Ill)
OR
a-tocopherol:(cholesterol + tri-
acylglycerols) < 1.59 mmol/
mol (IV)

Péteretal, 2016 Global 132 studies  NA Serum a-tocopherol 13 22.1 NA

[18] <12.0 umol/L

Oldewage- Sharpeville, 235 60-93 yr Serum a-tocopherol 209 () 4.8 NA

Theron et al,, South Africa <2.8 umol/L () OR 16.2 (II)

2009 [34] <3.7 ymol/L (Il)

Assantachai Thailand 2336 >60yr Plasma a-tocopherol 555 NA NA

et al,2007 [35] <14 umol/L

Ford et al.,2006 us 4087 >20yr  Serum a-tocopherol 0.50 27.39 493

[36] <11.6 umol/L

Obeid et al., Beirut, Lebanon 857 25-64yr Plasma a-tocopherol 0.7 () 245 467

2006 [37] <5.8 umol/L (1) OR 3.7 (I

<11.6 (II) OR plasma 4.1 (I

a-tocopherol: cholesterol

< 2.5 ymol/mmol (Ill)
Gouado et al,, Northern Cam- 81 3-61yr  Serum a-tocopherol 12.3 (1) 12.2 NA
2005 [26] eroon <5.8 umol/L () OR 33.3(I)

<11.6 umol/L (II)
Kang etal, 2004  Taiwan 1841 >19yr  Serum a-tocopherol 7.2 200 NA
[38] <11.6 umol/L

0.24%. It is noted that there is a great variation in blood
lipids across nations and vitamin E is transported in lipo-
protein fraction in the blood which is determinant for
its concentration. However, a few studies provide lipid-
adjusted vitamin E, thus it is not clear that whether the
prevalence defined is comparable in various countries.
If vitamin E deficiency was expressed as<2.5 mmol/mol
total cholesterol or expressed as <1.59 mmol/mmol (total
cholesterol + triacylglycerols) which was too uncommon
to report [36], the prevalence of deficiency was 0.47% or
0.35% in Wuhan, respectively. Inspiringly, no matter what
methods were used to adjust or evaluate for vitamin E
concentration, the subjects in this study were identified
as being vitamin E sufficient in comparison with other
countries or regions. The low prevalence of deficiency in
present study might due to the fact that the Chinese diet
depends on vegetable oils, meat, green leafy vegetables,
cereals, wheat germ and egg yolk, which are known to be
the principal dietary sources of vitamin E [40].

Certain limitations should be noted when interprets
the result of this study. Firstly, the results are based on
cross-sectional data and the sample size is small. Sec-
ondly, this a single-center study, and thus its explanatory

power is limited. Thirdly, the information for dietary
supplements is deficient to know about the relationship
between food sources and the serum vitamin E level.

Conclusion

The prevalence of vitamin E deficiency was lower in
Wuhan from central China than other countries. The
vitamin E was closely associated with lipids in compari-
son with BMI or blood pressure. We hope that the infor-
mation in this study would prove useful to learn about
vitamin E status of urban adults in China.
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