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Abstract
Vitamins are a class of nutrients which are essential for the body's various biochemical and physiological processes.
The aim of this paper was to establish a reference range for serum concentration of vitamins E, A and C in healthy
local population of Tehran.
Serum concentration of these vitamins in 173 subjects, aged between 16 and 59 years analyzed by chromatography
and spectrophotometric methods. The mean serum tocopherol, retinol and ascorbic acid were higher than the cut-off
point concentration for nutritional adequacy. The tocopherol/cholesterol ratio, tocopherol and retinol concentration
of serum were similar in men and women but serum concentration of ascorbic acid in women was significantly
higher than in men. A significant correlation between serum tocopherol concentrations with age, triglyceride, LDL
and HDL were observed. Serum retinol concentration with BMI, were also correlated. Sex was found to be the most
important factor affecting serum ascorbic acid concentration and was significantly higher in females than in males.
Key words: Tocopherol; Retinol; Ascorbic acid; Serum; Healthy subjects.
Introduction
Vitamins are a class of nutrients which are essential for the bodies various biochemical and physiological processes.
Vitamins cannot be synthesized in the bodies which demonstrate the importance of vitamin rich diet for maintaining
health (1). Vitamin E, A and C are dietary antioxidant and frequency counteracts oxidative damage or being
involved in the oxidative process and may protect against chronic disease.
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Epidemiologic studies have consistently shown that higher intakes of vitamin A and E were associated with low
incidences of cardiovascular disease and several cancers (2).
Vitamin C also is effective in the prevention of many oxidant stress-based diseases such as cancer, atherosclerosis,
ischemic heart disease, hypertension, age-related eye disorders, and Alzheimer’s disease (3,4). The level of serum
vitamins is influenced by life style, dietary habit, race and certain disease statue and varied considerably in different
populations, therefore the definition of reference ranges obtained from a healthy general population living in each
area is critical.
Published data showed that reference ranges for tocopherol, retinol and ascorbic acid shave been obtained for
different populations (5-7). In Iran, data were not available from apparent healthy subjects and our literature survey,
revealed no reference range for these vitamins in the healthy local population of Tehran. The objectives of the
current research were to determine a reference ranges for serum tocopherol, retinol and ascorbic acid in randomly
selected healthy local population of Tehran. In this study the relationship between serum vitamins concentration and
definite variables were also determined.
Subjects and methods
Study population: 173 healthy subjects, 51 men and 122 women, aged between 16-59 years (mean age 27.54 years)
were chosen based on a stratified random sampling method from Tehran residing people. Subjects with any clinical
disease or those who were taking medications or vitamin supplement (cholestyramine, neomycin, cortisone,
phenobarbitone), and pregnant women were excluded from the present study. None of the subjects were receiving or
had received dietary counseling from a physician or dietitian and none were smoker.
Anthropometric and dietary assessment:
Trained certified dietitians conducted all anthropometric and dietary intake assessments. Body mass index (BMI)
was calculated by dividing the weight in kg by square meter of height. Subjects were categorized based on their BMI
according to the WHO guidelines (8) into low weight (BMI≤18.5), normal weight (18.5≤ BMI≤ 24.9), overweight
(25≤ BMI≤ 29.9) and obese (BMI≥ 30).
For collecting the vitamins E, A and C intake a single 24-hour recall and the USDA food composition tables (FCT)
(9) were used. Trained interviewers asked participants to report their regularly-consumed foods and the reported
dietary intake were then converted to average daily intake of vitamins for each participant.
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Sex; years of education; Physical activity; serum lipid profile (triglyceride, total cholesterol, low-density lipoprotein;
LDL-C, high-density lipoprotein; HDL) were other variables assessment.
Definition for vitamin E, A and C status:
Nutritional adequacy of vitamin E was represented by a serum tocopherol concentration equal to or greater than 7
µg/ml. Values less than 5µg/mL were considered as vitamin E deficient, values between 5 and 7µg/mL were
regarded as marginal (10). Nutritional adequacy of vitamin A was represented by a serum retinol concentration equal
to or greater than 0.2µg/mL 10. Values between 0.1 and 0.2 were considered as marginal, and values less than 0.1
were deficient. Subjects with concentrations ascorbic acid less than 6 µg/ml were deficient, and equal to or greater
than 20 µg/ml were supernumerary (11).
Blood collection and biochemical analyses: Sera were separated from 10 ml fasting blood samples avoiding
unnecessary exposure to light and then clinical laboratory test were performed for all volunteers. For ascorbic acid
determination the serum was transferred into four different sample vials after centrifugation (6000 rpm, 10 min,
4°C), and then stabilized with 60 g/L meta-phosphoric acid 1:1 volume. All samples were stored at -70 °C and were
analyzed within three months (12).
Chemicals and standards:
All solvents were of analytical grade (Merck, Darmstadt, Germany) and were used without further purification. In
tocopherol and retinol determination retinol acetate was used as internal standard and purchased from Sigma (St
Louis, MO, USA).
Tocopherol and retinoldetermination:
Tocopherol and retinol were measured by high performance liquid chromatography. A detailed description of the
laboratory methodology of these vitamins has been published by Siluk (13) and Nirungsan (14) previously.
Total serum ascorbic acid determination:
Total serum ascorbic acid was carried out by spectrophotometric and colorimetric method with the 2, 4dinitrophenylhydrazine using 5% tri-chloroacetic acid (15).
Ethics:
The objectives and the procedures were fully described individually for the all subjects before taking written
informed consent. The protocols and procedures of the present study were approved by the ethics committee of
Tehran University of Medical Sciences (TUMS) and considered at the pharmaceutical sciences research center
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(PSRC). Ethics committee meeting on March 12, 2009 approved from ethical point of view. The ethic reference
numbers are: 87-724:10-14; 87-724:10-15; 87-1221:11-29 for Ascorbic acid, tocopherol and retinol determination
respectively.
Statistical:
Data were analyzed using statistical package for social sciences, version 16 (SPSS Inc), Chicago, IL, USA). Data are
expressed as mean ± SDs. Comparisons of mean differences were calculated by Paired t-test. One-way analysis of
variances (ANOVA) was used for determining the differences between multiple means in continuous variables while
chi-square test was used for categorical variables. Statistical significance was set at P<0.05.
Results
Descriptive characteristics of 173 healthy subjects are presented in Table1. The mean HDL-cholesterol of women
was higher than men (48.8± 7.6 vs 42.5± 7.9, p≤0.01). In contrast, men had higher triglyceride concentration and
physical activity (p≤0.05). The tocopherol, tocopherol/cholesterol ratio, retinol and ascorbic acid concentrations of
serum in the studied samples based on gender, age and BMI are summarized in Table 2. The mean value of serum
tocopherol (10.22±0.26µg/ml) and retinol concentration (0.35±0.02µg/ml) were higher than the cut-off point for
nutritional adequacy of vitamin E and A (7µg/mL and 0.2 µg/mL, respectively) while the serum mean value of
ascorbic acid (14.45±0.38 µg/ml) was in the normal range) The mean value of the serum tocopherol/cholesterol ratio
in this study was 6.27 ± 0.13 and the prevalence of inadequate vitamin E statue using 2.8 µg/mg as the cut-off point
was 0.71% (16).
Table-1: Baseline characteristics of the study population1.

Age (years)
BMI (kg/m2)
Total cholesterol (mg/dl)
High-density lipoprotein-cholesterol
(mg/dl)
Low-density lipoprotein-cholesterol
(mg/dl)
Triglyceride (mg/dl)
Education (years)
Leisure-time physical activity (min)
Dietary intake of vitamin E (mg)
Dietary intake of preformed vitamin
A(µg)
Dietary intake of vitamin C (mg)
1

Men(n-51)
28.0±8.9
24.0±3.8
163.8±30.1
42.5±7.9

Women(n=122)
27.3±9.0
22.8±4.1
161.8±25.5
48.8±7.6

p value
0.67
0.09
0.69
<0.01

83.2±20.9

76.9±16.9

0.06

102.6±30. 8
14.0±4.2
34.6±47.2
5.9±1.4
470.2±274.0

85.8±23.2
14. 8±2.5
19.7±36.0
5.7±1.1
456.3±272.9

<0.01
0.23
0.04
0.33
0.78

69.1±27.9

76.6±28.3

0.11

Values are expressed as mean ± standard deviation.
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Table-2: Serum tocopherol, tocopherol/ cholesterol, retinol, ascorbic acid concentrations in Iranian subjects by age, gender and BMI.

Tocopherol

Tocopherol/

Retinol

Ascorbic acid

concentrations

cholesterol

concentrations

concentrations

(µg/ml)

concentrations (µg/mg)

(µg/ml)

(µg/ml)

N

Mean

SD

Mean

SD

Mean

SD

Mean

SD

173

10.22

0.26

6.27

0.13

0.35

0.02

14.45

0.38

Male

51

10.12

0.54

6.11

0.23

11.75

0.96

Female

122

10.25

0.29

6.34

0.16

15.58

0.61

<30

124

9.96

0.31

6.27

0.13

13.93

0.63

≥30

49

11.06

0.44

6.30

0.35

15.75

0.07

<18.5

17

10.12

0.59

7.24

0.32

13.70

1.96

18.5–24.9

104

10.07

0.34

6.15

0.20

14.70

0.68

25–29.9

40

10.59

0.56

6.17

0.30

13.90

1.15

≥30

12

10.63

1.17

6.47

0.4

15.14

0.53

All
BMI1 (kg/m2)1
Gender
0.38
0.34

0.04
0.02

Age (y)
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Table-3: The deficiency prevalence in Iranian subjects by age, gender and BMI.

Tocopherol

Retinol

Normal

Marginal

Deficiency

Normal

N (%)

N (%)

N (%)

N (%)

N (%)

117(83.6)

20(14.3)

3(2.1)

113 (80.7)

Male

30(76.9)

8(20.5)

1(2.6)

Female

87(86.1)

12(11.9)

2(2)

<30y

87(80.6)

18(16.7)

3(2.8)

≥30

30(93.8)

2(6.2)

0

All

Ascorbic acid

Marginal Deficiency

Normal

Marginal

Deficiency

N (%)

N (%)

N (%)

N (%)

25 (17.9)

2 (1.4)

28(16.2)

107(61.8)

38(22)

32 (82.1)

7 (17.9)

0 (0)

16 (31.4)

27 (52.9)

8 (15.7)

81 (80.2)

18 (17.8)

2 (2)

12 (9.8)

80 (65.6)

30 (24.6)

86 (79.6)

20 (18.5)

2 (1.9)

23 (18.5)

77 (62.1)

24 (19.4)

27 (84.4)

5 (15.6)

0 (0)

5 (10.2)

30 (61.2)

14 (28.6)

3 (17.6)

11 (64.7)

3 (17.6)

Gender

Age

BMI
<18.5

2(14.
10(71.4)

2(14.3)
3)

18.5–24.9

76(85.4)

12(13.5)

1(1.1)

25–29.9

26(83.9)

5(16.1)

0

≥30

5(83.3)

1(16.7)

0
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10 (71.4)

3 (21.4)

1 (7.1)

18 (17.3)

60 (57.7)

26 (25)

69 (77.5)

19 (21.3)

1 (1.1)

5 (12.5)

29 (72.5)

61 (15)

28 (90.3)

3 (9.7)

0 (0)

2 (16.7)

7 (58.3)

3 (25)

6 (100)

0 (0)

0 (0)

28(16.2)

107(61.8)

38(22)
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The deficient and marginal prevalence of serum retinol were 1.4% and17.9%, respectively. However, 2.1% and
14.3% of the population had serum tocopherol that fell within the deficient and marginal respectively ranges (Table
3). These results indicate that the most studied subjects were in the normal serum tocopherol and retinol
concentrations, but as it can be seen in Table 3 the prevalence of marginal serum tocopherol concentrations was
higher in men than in women (p≤0.01). 61.8% of samples had serum ascorbic acid concentration which fell within
the marginal range and 15.7% of men and 24.6% of women fell in the deficient range. A significant correlation
between serum tocopherol concentration with age (r2=0.070; p<0.01), concentrations of triglyceride (r2=0.058;
p<0.01), LDL-cholesterol (r2=0.285; p<0.01) and HDL-cholesterol (r2=0.077; p<0.01) were observed. Serum retinol
concentration (r2=0.042; p<0.05) with BMI, were also correlated, while cholesterol and HDL-cholesterol were not
significant predictors for retinol analysis. Among the studied variables sex is the most important factor effecting the
vitamin C concentration.
Discussion
In this study, which is the first of its kind in the healthy local population of Tehran, the serum vitamin E, A and C
concentrations are reported as well as the effective factors such as sex, age and BMI.
Serum vitamins- lipid relation
It is known that serum tocopherol is highly associated with blood lipids and this association was also observed in
this study. The most positive correlation was observed between serum tocopherol concentration and cholesterol.
Winklhofer-Roob et al (17) suggested that some to the increase in α-tocopherol level was dependent of the increase
in serum lipids that occurs during adulthood. Also it can be seen that tocopherol was highly correlated to the serum
lipids. Tocopherol is transported in lipophilic fractions in the blood and it is one of the major factors affecting the
lipophilic association between vitamin E and serum lipids (18). Therefore it is suggested that the serum
tocopherol/cholesterol ratio was calculated as an alternative serum vitamin E status indicator.
In regard to the retinol lipophilic property, it is expected that serum retinol level was positively correlated with total
lipid factors but in this report the lipophilic association was only observed for triglycerides and LDL-cholesterol.
Serum vitamins- age relation: One of the significant reported factors on the serum vitamin concentration was age. In
this study a positive correlation between age and serum tocopherol was found. However, it seems that age was not
correlated with serum tocopherol after adjusting lipid factors an observation which confirmed by this study. In
IJPT | April-2013 | Vol. 5 | Issue No.1 | 5289-5302
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addition no differences were observed between age, serum retinol and ascorbic acid concentration that agree well
with other studies (5, 19) but contrasts with those reported positive or negative correlation (7, 17). It should be noted
that the most selected samples in this study were young (Mean= 27.5) and the data cannot be extended to the other
age groups.
Serum vitamins- sex relation
Sex-related differences in serum tocopherol, tocopherol/ total cholestrol and retinol concentrations were not
observed in the present study which agree well with the other studies (18, 20) and against with those reported higher
serum tocopherol, and retinol concentrations in males (21, 22) or in females (5, 16, 23). In contrast gender was
found to be the most important factor affecting serum vitamin C concentration and mean serum ascorbic acid levels
were significantly higher in females than in males p≤0.001. Many studies on serum vitamin C concentration have
shown that subjects were established according to gender (24-26). Miratashi et al supposed that women stayed at
home more than men, and so foods with higher vitamin C content were available to them (27, 28).
Dietary intakes of vitamins
The retinol recommended dietary allowance (RDA) was 900 and 700 µg /day whereas RDA for ascorbic acid was 90
and 75 mg/day for men and women respectively (28). The tocopherol RDA was revised by Food and Nutrition
Board of the Institute of Medicine in 2000 to the 15 mg/day for both men and women (29).
The mean dietary intakes of vitamin E, A and C for men and women are shown in Table 1 separately. These intakes
are well below the current tocopherol, retinol and ascorbic acid RDA. It has been estimated that more than 90% of
subjects do not meet daily dietary recommendations for vitamin E and A. However in comparison of serum vitamin
E concentration of samples with other countries (Table 4), low daily dietary is not very effective factor for serum
concentration. Therefore in this study dietary intake of vitamin E was poor predictor for serum vitamin E which
agrees well with some other studies (3, 30). It seems that low daily dietary intake of vitamin A may explain the
lower serum vitamin A concentration in samples. A weak dietary vitamin A-serum association was observed in this
study which is in agreement with some other reports (31). A significant correlation between diet and serum
concentration of vitamin E and A were only reported when supplement use was included in the analysis (32).
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Table-4: Blood tocopherol, retinol, and ascorbic acid concentration in different continents.

Asia
Europe
America
Africa

Tocopherol
10.145±1.288
11.302±1.532
11.540±0.00
-

Retinol
0.436±0.070
0.436±0.050
0.5±0.00
-

Ascorbic acid
11.194±6.190
10.298±2.877
10.160±0.197
15.400±0.000

Asia consists of: Japanese, Taiwan, Saudi Arabia, Kuwait, Korean, Chinese, Singapore, Malaysia, Nepal, and India
Europe consists of: Swiss, Italia, Spain, Finland, Greece, Czech, France, Mexico, Netherland, UK, and Poland
America consists of: America, Maryland State in USA
Africa consists of: Nigeria

Vogel et al (19) found that a positive association was observed when vitamin E intake exceeded the third quartile of
total vitamin E consumption and this intake level was achieved only with supplement use.
The dietary vitamin C intake in normal, deficient or supernumerary groups was also compared, which showed that
people who were deficient, had a significant lower dietary intake p<0.05. However no significant relationship
between dietary vitamin C intake and serum concentration was observed, which was confirmed by other reports (15,
33). Some studies found a significant positive relationship between dietary vitamin C intake and serum
concentration (7).
Serum vitamins- BMI relation
There was a positive correlation between serum retinol concentrations and BMI, so that increasing BMI values led to
increased serum retinol concentrations. This is in agreement with Hu et al (32) study in which they suggested weight
or BMI and serum retinol to be directly related to each other.
Previous studies have showed a reverse relationship between BMI and serum vitamin C concentration (34), but in
this study, no relationships between BMI and vitamin C concentration was found which is similar to results of Ness
et al (35). In addition, there were not any relationships between BMI, tocopherol and tocopherol/ total cholesterol
concentration.
Serum vitamin-other factors relation
Some factor such as occupation, education level and welfare status and physical activity were also evaluated in this
study. No significant correlation between these factors and tocopherol or retinol were observed but serum ascorbic
acid concentration showed a significant relation with occupation, education level and welfare status. It seems that
welfare status was correlated with the ability to consume more natural vitamin C sources such as orangery.
Education level was another factor related to serum vitamin C concentration in this study, which was confirmed by
IJPT | April-2013 | Vol. 5 | Issue No.1 | 5289-5302
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other reports (36). This difference may be the result of subjects with a higher education level paying more attention
to their nutritional status.
Serum vitamins compression between this study and other countries
The mean values of tocopherol, retinol and ascorbic acid in different countries were calculated from other studies to
obtain comprehensive table describes continentals’ healthy population status. The serum tocopherol value for
healthy local population of Tehran was lower than Europe (12,23-25,37-41) and America (6,42) but similar to the
Asia (5,11,16,20,21,43-47) other continental reported in this study had higher blood retinol concentration than our
subjects but all continental had lower ascorbic acid value except of Africa (41) (Table 4). Finally, this study was
performed in a small sample, therefore it is suggested that, other studies with more subjects and all age groups
should be perform to obtain more accurate results.
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