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Abstract: Background: College students may have a risk of fat-soluble vitamin deficiencies due
to unhealthy dietary habits, especially for vitamin A and E. They are important members of the hu-
man antioxidant network; deficiencies of these vitamins may increase the risk of many critical dis-
eases.

Objective: The current study was undertaken to determine the status of vitamin A and E in college
students.

Methods: Healthy college students were recruited, and fasting blood samples of them were collect-
ed and used for determining serum levels of retinol and α-tocopherol by the HPLC method.

Results: We found that there was no vitamin A deficiency in college students. However, vitamin E
deficiency existed in 34.5% of college students, especially in males. All the students had no vita-
min E adequacy. In addition, our findings showed that BMI was inversely associated with serum α--
tocopherol, but not serum retinol.

Conclusion: These results suggest that vitamin E deficiency in college students should be given
more attention, and it is necessary to consider using vitamin E supplements.

Keywords: Hidden hunger, fat-soluble vitamins, vitamin A, vitamin E, BMI, college students.

1. INTRODUCTION

Fat-soluble  vitamins,  mainly  including  vitamins  A,  D,
and E, are required for a wide variety of physiological func-
tions. Over the past two decades, deficiencies of these vita-
mins have been associated with an increased risk of cancer,
obesity, diabetes mellitus, and a number of immune system
disorders [1-5]. College students are in a period of transition
from  adolescence  to  adulthood,  in  which  proper  dietary
habits  and  balanced  nutritional  intake  are  very  important.
However,  improper  dietary habits  and lifestyles  can cause
several health problems. The majority of studies focus on vi-
tamin D, and sufficient results suggest that vitamin D defi-
ciency is prevalent in college students [6-8]. Previously, our
group also found that college students had little knowledge
and unfavorable  behavior  about  vitamin  D,  and their  con-
sumption frequency of foods rich in vitamin D was low [9].

Vitamins A and E are important members of the human
antioxidant network, which   has   been   recognized   to   be

* Address correspondence to this author at the Department of Nutrition and
Food Hygiene, School of Public health, Nanjing Medical University, China;
E-mails: mzhou78@163.com; lz-ny@njmu.edu.cn

fundamental  to  the  pathophysiology of  various  critical  ill-
nesses  such  as  acute  respiratory  distress  syndrome,  exer-
cise-induced muscle damage, and ischemia-reperfusion in-
jury [10, 11]. The World Health Organization considers the
high prevalence of vitamin A deficiency as a serious public
health problem, especially in lower socioeconomic develop-
ing countries. Preschool-aged children and pregnant women
are at high risk of vitamin A deficiency worldwide [12, 13].
Vitamin E deficiency is almost similar to that. The reported
prevalence of vitamin E deficiency has ranged from approxi-
mately 20% to 90%, and children and the elderly are more
vulnerable groups [14, 15]. Although deficiencies of these vi-
tamins are likely to be widespread, few data exist to reveal
the  extent  of  young  adults  such  as  college  students.  This
study  was  performed  to  examine  the  status  of  vitamins  A
and E in college students.

2. METHODS

2.1. Subjects

The sample size was calculated by using PASS version
11. Based on the α-tocopherol  level,  a  sample size of  187
from a  population  of  8000 students,  produces  a  two-sided
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95% confidence interval with a distance from the mean to
the limits that are equal to 0.5 when the estimated standard
deviation is 3.5. Apparently, healthy college students were
invited  to  voluntarily  participate  in  this  cross-sectional
study.  They  were  recruited  using  flyers  and  posters  from
Nanjing medical university. Participants who used nutrition-
al supplements and prescription medication had chronic dis-
eases  such  as  kidney  disease,  malnutrition,  or  digestion
problems were excluded. The purpose, significance, and pro-
tocols of the study were fully explained by trained investiga-
tors, and the written informed consent was obtained from all
participants.

2.2. Collection of Blood Samples

From  7  AM  to  9  AM,  experienced  nurses  collected
blood in the infirmary. A 10-12 h fasting blood samples of
each subject were collected into non-anticoagulant vacutain-
er tubes from an antecubital vein. All blood samples were
kept at 4°C for 4h, and centrifuged at 3,000 rpm for 10 min.
Serums were obtained and immediately stored at −80 °C un-
til further measurements.

2.3. Determination of Vitamins A and E Deficiencies

Concentrations of serum retinol and α-tocopherol were
simultaneously determined by the HPLC method [16]. Reti-
nol and α-tocopherol in serum were extracted with hexane.
Agilent  1260  Infinity  (Agilent,  CA,  USA)  was  used  for
HPLC analysis.  Chromatography  was  run  with  5  HC-C18
4.6mm×150mm column (Agilent, CA, USA). Serum concen-
trations of vitamins were measured simultaneously by diode
array  detection  at  325  nm  (retinol)  and  292  nm  (α-toco-
pherol). Serum retinol below a cut-off of 0.70 μmol/L is re-
garded as vitamins A deficiency, and vitamin E deficiency is
defined  as  serum  α-tocopherol  concentration  <12μmol/L
[17,  18].  Serum  α-tocopherol  concentrations  of  30μmol/L
were classified as adequacy [19, 20].

2.4. Statistical Analysis

All data were expressed as means ± SD or percentage.
Data analyses were performed using IBM SPSS statistics 19.
Differences between subgroups were determined by Studen-
t's t-test. Pearson’s coefficient was used for assessing the cor-
relation between variables.  Statistical significance was ac-
cepted at p< 0.05 for all tests.

3. RESULTS

A total of 171 non-smoking college students participated
in the study. 85.4% were female, and most   of   them   were

Table 1. Demographic characteristics of recruited college stu-
dents.

Characteristics n (%) or Mean ± SD

Age 20.0 ± 1.7
17-18 30 (17.5)
19-20 92 (53.8)
21-22 34 (19.9)
≥23 15 (8.8)

Gender -
Male 25 (14.6)

Female 146 (85.4)
Grade -

1st 53 (31.0)
2nd 57 (33.3)
3rd 35 (20.5)

4th or later 26 (15.2)
Smoking status -

Yes 0 (0)
No 171 (100)

Ethnic groups -
Han 164 (95.9)

Other 7 (4.1)
BMI (kg/m2) 20.5 ± 2.2
Underweight 29 (17.0)

Normal 133 (77.7)
Overweight 9 (5.3)

Obesity 0 (0)

Han ethnic. The participants’ mean age was 20 years old and
more than half of them were between 19 and 20. The mean
BMI was within the healthy weight range. 77.7% had nor-
mal weight, while 17.0% were underweight and only 5.3%
were overweight (Table 1).

To understand vitamin A and E deficiencies in college
students, serum levels of vitamin A and E were measured.
As  for  vitamin  A,  the  average  serum  retinol  was  1.76  ±
0.36μmol/L,  and  the  minimum  concentration  was  0.85μ-
mol/L. Therefore, there was no vitamin A deficiency in col-
lege students (Table 2). Interestingly, serum retinol of males
was significantly higher than females, p<0.05 (Fig. 1A). The
average serum α-tocopherol was 13.05±3.06μmol/L. 34.5%
of college students (56% for males and 30.8% for females)
were evaluated as vitamin E deficiency, and there was no vi-
tamin E adequacy in our study (Table 2). The serum α-toco-
pherol of males were obviously lower than females, p<0.05
(Fig. 1B).

Table 2. The status of Vitamin A and E among college students.

Gender
Vitamin A Vitamin E

Deficiency Adequacy Deficiency Inadequacy Adequacy

Males 0 (0) 25(100%) 14 (56.0%) 11 (44.0%) 0 (0)
Females 0 (0) 146(100%) 45 (30.8%) 101 (69.2%) 0 (0)

Total 0 (0) 171 (100%) 59 (34.5%) 112 (65.5%) 0 (0)
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Fig. (1). (A) Serum retinol and (B) α-tocopherol comparisons between gender-groups. *significant different between two groups, p <0.05.

Correlation  analysis  showed  no  correlation  between
serum retinol and BMI (r = -0.016, P>0.05). Conversely, a
negative correlation between serum α-tocopherol and BMI
was  observed.  With  the  increase  in  BMI,  serum  α-toco-
pherol  gradually  decreased  (Fig.  2).

Fig. (2). The scatter diagram of serum α-tocopherol and BMI. The
dotted line indicates a regression line (r = -0.238, P<0.05).

4. DISCUSSION

Globally, an estimated two billion people are affected by
a chronic deficiency of micronutrients, collectively known
as hidden hunger. The term describes the invisible nature of
the  problem  and  the  lack  of  evident  symptoms  of  one  or
more deficiencies [21]. The transition from high school to
college or university has been shown to be a critical period
for healthy eating. Recent surveys suggest college students
do not achieve dietary guidelines and have sub-optimal die-
tary habits. For instance, they consumed fast foods and soft
drinks frequently,  skipped breakfast  and ate fewer vegeta-
bles, fruits, legumes and dairy products [22, 23]. Therefore,
it is inferred that college students may have hidden hunger
for some nutrients.

It is well known that the prevalence of vitamin A defi-
ciency in children and women is relatively high, but we did
not find vitamin A deficiency in college students based on
the serum retinol. Our result was consistent with a study in
Japan [24], and serum retinol in our group was significantly
higher  than  Japanese  college  students  (1.49±0.44μmol/L).
Also, we found that male students had higher serum retinol
than females, and this may be due to more vitamin A intake
in male students. Although we had no records of dietary as-
sessment, a study conducted in northern China reported that
more than 40% of college students consumed less than the
RNI (Recommended Nutrient Intake) of vitamin A [25]. It
seems to have a contradiction with our result. The main rea-
son may be listed limitations in their study. In addition, de-
spite a relatively high intake of vitamin A, concentrations of
retinol  were  still  low  in  30%  of  in-school  adolescents  or
breastfeeding women [26, 27]. Several studies revealed that
there was no significant association of serum retinol levels
with  total  vitamin  A intake  [24,  28].  When food  intake  is
within the range of general dietary averages, the relationship
between  blood  vitamin  levels  and  food  intake  of  vitamins
maybe not necessarily linear [29].

Inadequate vitamin E level may increase the risk of sev-
eral chronic diseases, such as infection, anemia, and low aca-
demic performance [15, 30]. Multiple studies suggest poor
overall vitamin E status in developing countries [14]. The α--
tocopherol  concentration  is  the  most  commonly  used  bio-
chemical marker of vitamin E status [31]. On the basis of α--
tocopherol concentrations <12μmol/L, 34.5% of college stu-
dents  was  vitamin  E  deficiency.  The  most  recent  study  in
Nigeria  has  found  that  the  mean  of  serum  α-tocopherol
among female undergraduates was lower than our result, but
only 0.6% of younger adults in American were clinically de-
ficient  [18].  Moreover,  serum  α-tocopherol  of  males  was
lower  compared  with  females.  It  was  in  accordance  with
many studies, and those had shown a greater risk of vitamin
E deficiency in men than in women [32]. A recent systemat-
ic review showed that low vitamin E was harmful to semen
quality  [33].  Therefore,  the  status  of  vitamin  E  in  young
men is of great concern. In developing countries, the most
common cause is inadequate intake of vitamin E. Although
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increasing vitamin E-rich diet can increase plasma α-toco-
pherol levels, the extent of dietary modification is difficult
in practice [34]. Therefore, supplemental vitamin E appears
to be the only means of appreciably raising plasmaα-toco-
pherol levels.

A number of studies demonstrate high BMI was frequent-
ly associated with lower fat-soluble vitamin concentrations
[35].  The  present  study  did  not  show  a  relation  between
serum retinol and BMI in young people as well as the same
result obtained in elderly people [36]. With regard to the dis-
crepancy of studies, it could be speculated that the inverse re-
lationships  were  observed  in  morbidly  obese  patients  and
that positive relationships were observed in individuals with
a higher prevalence of moderate obesity. In our study, only
5.3%  of  participants  were  overweight,  and  there  were  no
obese students. Nevertheless, we identified a negative corre-
lation between serum α-tocopherol and BMI. Several other
studies have shown consistent results [37, 38]. In addition,
evidence from animal and human studies has proved vitamin
E may be a promising agent for attenuating metabolic syn-
drome [39].  As an antioxidant,  it  protects  cell  membranes
and lipoproteins from oxidative damage by scavenging lipid
hydroperoxyl radicals and other reactive oxygen species. Be-
sides, many studies reported the preventive role of vitamin E
in cardiovascular disease due to its important effects in mod-
ulating signaling pathways and gene expression [40, 41]. Al-
though serum vitamins may be under the influence of many
factors, it could be suggested that college students should al-
ways maintain a healthy weight.

The strength of the study is that young adults were also
confirmed as a key group of vitamin E deficiency in addi-
tion to children and the elderly. There are a number of limita-
tions in this study. First, because of the cross-sectional de-
sign, the analyses of the relation between vitamins and BMI
cannot  presume  causality.  Another  important  limitation  is
the small sample size and from one medical university. Fur-
thermore, there are more females in our study due to the fea-
tures of the medical university in China.

CONCLUSION

To sum up, our findings indicate that vitamin A status of
college students is in good condition. However, a consider-
able proportion of college students belongs to vitamin E defi-
ciency, especially in males. Although massive studies are fo-
cusing on vitamin D, vitamin E deficiency should also at-
tract much attention. Based on this fact, the consumption of
supplements could be a better method to achieve ideal vita-
min E levels. Thus, it should be encouraged in college stu-
dents,  and  nutritional  education  and  appropriate  approach
should be undertaken to address these problems.
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