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Abstract
The purpose of this study is to assess folate intake, and serum and red blood cell (RBC) folate concentrations, and investigate the association

between folate status and health-related behaviors among Korean college students. A total of 169 students, aged between 18 and 27 years, participated
in this study. Dietary intake data were collected by trained interviewers using a 24-hour recall method for three non-consecutive days in 2009.
Information on health-related behaviors was obtained by a self-administered questionnaire. Serum and RBC folate concentrations were measured 
by microbiological assay. The average intakes of folate were 456 μgDFE and 347 μgDFE in male and female students, respectively. While the 
average serum folate concentration was significantly lower in male students (8.9 ng/mL) compared to female students (12.5 ng/mL), RBC concentrations 
were not significantly different between male (398.6 ng/mL) and female students (405.3 ng/mL). In male students, low serum folate concentrations 
were associated with total folate intake less than the Estimated Average Requirement, non-use of folic acid supplements, smoking, alcohol drinking 
at least once a week and low physical activity. In female students, low serum folate concentrations were associated with smoking and alcohol drinking
at least two drinks at a time and BMI ≥ 25. Alcohol drinking and low physical activity were also associated with low RBC folate concentrations 
in both male and female students. In order to improve folate nutritional status of college students, the practice of desirable health-related behaviors,
such as non-smoking, moderate alcohol drinking, regular physical activity, and maintenance of healthy BMI should be encouraged along with consumption
of folate-rich foods and supplements.
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Introduction10)

Folate, initially investigated as an antianemia factor, has a 
major role in one-carbon transfer reactions in the biosynthesis 
of nucleic acids and metabolism of amino acids. In recent years, 
much attention has been given to folate due to its potential roles 
in preventing neural tube defects (NTDs), cardiovascular diseases 
and certain types of cancer [1-3]. In addition, folate may have 
other crucial roles in cognitive function and bone health [4,5]. 
Therefore, adequate folate nutritional status throughout all stages 
of life is considered to be important for health maintenance and 
chronic disease prevention.

Folate nutritional status of a given population is usually 
assessed by measurement of folate concentrations in the serum/ 
plasma or red blood cells (RBCs). Serum folate is known to be 
a good indicator of recent folate intake, and RBC folate is a 
long-term indicator of folate status. Folate concentrations of less 
than 3 ng/mL in serum and less than 120 ng/mL (or 140 ng/mL) 
in RBC were traditionally considered as inadequate folate status 

[6,7]. The greatest reduction in NTDs, however, was observed 
at serum concentrations greater than 7 ng/mL compared to those 
of less than 3 ng/mL or RBC folate concentrations greater than 
400 ng/mL compared to those of less than 150 ng/mL in pregnant 
women [8], suggesting that desirable range for blood folate in 
women of childbearing age may need to be changed in order 
to reduce the incidence of NTDs.

College years are a period when most students start to live 
relatively freely from their parents. Most of them do not depend 
on regular meals at home anymore and may have to decide what 
to eat for each meal. The decisions they make in their twenties 
may influence health later in life [9]. However, inadequate 
nutrient intakes and poor dietary habits, as well as unhealthy 
behaviors, such as smoking and alcohol drinking among college 
students, have been reported [9-11]. When dietary intakes of 
Korean college students were compared in 1999 and 2009, 
intakes of energy and most other components including fat and 
cholesterol were significantly higher in 2009 compared to 1999, 
but intakes of vitamin C and folate were similar and dietary fiber 
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intake was significantly lower [11], indicating that their intakes 
of fruits and vegetables have been decreased over time. Chen 
et al. [12] showed that the mean serum folate concentrations were 
the lowest and the prevalence of folate deficiency and insu-
fficiency was the highest in both men and women aged 19-30 
years compared to other age groups older than 31 years. In addition, 
they showed that young adults aged 19-30 years consumed dark 
green vegetables and fruits least frequently among all age groups.

Many factors, such as dietary intake, supplement use, cigarette 
smoking, alcohol drinking, and body mass index (BMI), are 
known to affect folate nutritional status [13-18]. However, there 
has been limited data of folate intake and blood levels and their 
association with health-related behaviors in Koreans. Therefore, 
our study aimed to assess folate intake from food and 
supplements and folate concentrations in the serum and RBCs, 
and investigate their association with some health-related 
behaviors in a sample of college students in Korea.

Subjects and Methods

Subjects

The study population consisted of healthy college students, 79 
males and 90 females. They were recruited for the study through 
an advertisement on the Internet Homepage of Chungbuk National 
University located in Cheongju, Korea in March, 2009. After 
the nature and purpose of the study were explained, informed 
consent was obtained. This study was approved by the Institu-
tional Review Board of Chungbuk Naitonal University Hospital 
(CBNU-IRB-BQ02).

Data collection of health-related behaviors

Information on the general characteristics and health-related 
behaviors, such as dietary supplement use, smoking, alcohol drin-
king, and physical activity, were gathered by a self-administered 
questionnaire. Height and weight were measured using an 
automatic height and weight measuring instrument (GL-150P, 
G-Tech, Korea).

Dietary assessment

Dietary intake data were collected by trained interviewers using 
a 24-hour recall method for three non-consecutive days in April, 
2009. Energy and nutrient intakes were calculated by nutrient 
analysis software, DS24WIN program (Seoul National University, 
Korea). Folate values in this program were updated by substitu-
ting the new database published in the Korean Nutrition Society 
[19]. Folate intake from dietary supplements was calculated from 
the data on the name, amount and frequency of consumption 
of the supplements currently used regularly. Since the bioavai-
lability of folic acid, a synthetic form used in dietary supplements 

is considered to be higher than naturally occurring food folates, 
a mixture of reduced folate polyglutamates, folic acid content 
in supplements is converted to an equivalent amount of food 
folate using the following equation, and total folate intake was 
expressed as ‘dietary folate equivalents (DFE)’.

Total folate intake (μgDFE) = 1.0 × dietary folate + 1.7 ×
supplemental folic acid

Blood sample collection and analyses

Blood samples were collected after an overnight fast, following 
a 3-day dietary survey. Blood samples were transported to the 
laboratory within two hours of collection and immediately 
processed. Whole blood, not containing anticoagulant, was separated 
by centrifugation to obtain the serum for folate analysis, and 
stored at -70℃. Blood samples to determine RBC folate and 
hematocrit were collected in EDTA-containing tubes. Hematocrit 
was measured by a hematology analyzer (Beckman Coulter AcT 
10 hematology analyzer, USA) and whole blood was hemolyzed 
in potassium phosphate buffer (pH 4.5) containing 1% ascorbic 
acid. Folate concentrations were determined by microbiological 
assay using L. casei [20]. The coefficient of variation of the folate 
microbiological assay was less than 10%. All assays were performed 
within 3 months of sample collection.

Statistical analysis

Categorical variables were presented as frequencies and percen-
tages, and χ2-tests were used to assess the differences between 
the groups. Numerical variables were given as the means and 
standard deviations (SD), and the differences of the means 
between the two groups were tested by a Student t-test. In order 
to examine the association between folate nutritional status and 
health-related behaviors, the variables for folic acid supplement 
use, smoking status, alcohol drinking frequency, amount of alcohol 
consumed at a time, physical activity, and BMI were categorized 
into the two groups. Total folate intake and blood folate concentra-
tions of the corresponding categories were compared using a t-test 
for independent samples and a general linear model (GLM) for 
adjustment for potential confounding factors. Statistical signi-
ficance was set at P < 0.05. All analyses were performed with 
the SAS software (Version 9.2, SAS Institute Inc., Cary, NC, 
USA).

Results

Characteristics of study subjects

Table 1 shows age and anthropometric data of the subjects. 
The mean ages of male and female students were 22.7 and 20.9 
years, respectively, ranging from 18 to 27 years. There were no 
significant differences in height, weight and body mass index 
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Male
(n = 79)

Female
(n = 90) P-value1)

Age (yrs) 22.7 ± 1.92) 20.9 ± 1.6 < 0.0001
Height (cm) 174.6 ± 5.0 161.2 ± 5.6 < 0.0001
Weight (kg) 69.5 ± 9.7 55.1 ± 7.8 < 0.0001
BMI (kg/m2) 22.8 ± 3.0 21.2 ± 2.5 0.0002
1) By t‐test
2) Mean ± SD.

Table 1. Age and anthropometric data of the subjects 

Characteristics Male
(n = 79)

Female
(n = 90)

Total
(n = 169) P-value1)

Type of 
residence

Self-cooking 36 (45.6)2) 16 (17.8) 52 (30.8)

0.0015
Home living 17 (21.5) 28 (31.1) 45 (26.6)
Dormitory living 23 (29.7) 39 (43.3) 62 (36.7)
Boarding 3 (3.8) 6 (6.7) 9 (5.3)
Other 0 (0.0) 1 (1.1) 1 (0.6)

Smoking Current smoker 15 (19.0) 2 (2.2) 17 (10.1)
< 0.0001Ex-smoker 16 (20.3) 2 (2.2) 18 (10.6)

No-smoker 48 (60.8) 36 (95.6) 134 (79.3)
Alcohol 
drinking

≥ 3/week 16 (20.3) 3 (3.3) 19 (11.2)

0.0033
1-2/week 19 (24.1) 20 (22.2) 39 (23.1)
1-2/month 18 (22.8) 33 (36.7) 51 (30.2)
Rarely 26 (32.9) 34 (37.8) 60 (35.5)

Physical 
activity
(30 min/day)

≥ 5/week 7 (8.9) 3 (3.3) 10 (5.9)
3-4/week 20 (25.3) 11 (12.2) 31 (18.3)

< 0.0001
1-2/week 27 (34.2) 12 (13.3) 39 (23.1)
1-3/month 7 (8.9) 21 (23.3) 28 (16.6)
No 18 (22.8) 43 (47.8) 61 (36.1)

Supplement 
use

Yes-with folic acid 10 (12.7) 15 (16.7) 25 (14.8)
0.2167Yes-without folic acid 25 (31.6) 37 (41.1) 62 (36.7)

No 44 (55.7) 38 (42.2) 82 (48.5)
1) By χ2-test
2) N (%)

Table 2. Characteristics of the subjects

Male
(n = 79)

Female
(n = 90) P-value1)

Dietary intake
  Energy (kcal/day) 2,274 ± 7972) 1,675 ± 407 < 0.0001
  Folate from food (μg/day) 429.4 ± 174.6

(107)3)
328.7 ± 118.4

(82)
< 0.0001

  Folate from food and supplements 
(μgDFE/day)

456.2 ± 180.1
(114)

347.0 ± 139.0
(87)

< 0.0001

  Folate density (μgDFE /1,000 kcal) 207.3 ± 190.0 209.8 ± 193.5 0.8326
Blood concentrations
  Serum folate (ng/mL) 8.9 ± 4.6 12.5 ± 6.0 < 0.0001
  RBC folate (ng/mL) 398.6 ± 112.8 405.3 ± 98.8 0.6797
1) By t‐test
2) Mean ± SD.
3) % Recommended Nutrient Intake (RNI)

Table 3. Dietary folate intake and total folate intake of the subjects

Fig 1. Distribution of total folate intake according to folate Dietary Reference 
Intakes (DRI). EAR: Estimated Average Requirement, RNI: Recommended Nutrient 
Intake

Male
(n = 79)

Female
(n = 90) P-value1)

Serum folate < 3 ng/mL 3 (3.8)2) 0 (0.0)
3-7 ng/mL 27 (34.2) 15 (16.7) 0.004
≥ 7 ng/mL 49 (62.0) 75 (83.3)

RBC folate < 150 ng/mL 1 (1.3) 0 (0.0)
150-400 ng/mL 48 (60.7) 45 (50.0) 0.183
≥ 400 ng/mL 30 (38.0) 45 (50.0)

1) By χ2-test
2) N (%)

Table 4. Distribution of blood folate concnetration

(BMI) between males and females.
The characteristics of the study participants are shown in Table 

2. While 26.6% of the students lived with parents, 72.4% of 
students lived independently. While 79.3% of the students were 
non-smokers, about 10% were either current or previous smokers. 
Approximately 11% of the students, especially 20% of males, 
had consumed alcohol at least three times a week. Students who 
engaged in physical activity for 30 min/day at least 3 times/week 
were 24.2%, and 36.1% of the students did not engage in any 
regular physical activity. There were significant differences in 
the type of residence, smoking status, frequencies of alcohol 
drinking and physical activity between male and female students. 
Approximately half of the students consumed dietary supple-
ments, and only 14.8% took supplements containing folic acid.

Folate nutritional status

The mean dietary intakes and blood concentrations of folate 
are given in Table 3. Dietary folate intake was 429.4 µg and 

328.7 µg in males and females, respectively. Total folate intake 
from diet and supplements in male and female students was 456.2 
and 347.0 µgDFE, respectively, and these amounts were 114% 
and 87% of Recommended Nutrient Intake (RNI, 400 µgDFE), 
respectively. There was no significant difference when folate 
intake was expressed by energy intake between males and females. 

The mean serum folate concentrations were 8.9 and 12.5 
ng/mL, and the mean RBC folate concentrations were 398.6 and 
405.3 ng/mL, respectively, in male and female students. Both 
the serum and RBC folate concentrations were lower in males 
than in females, even though total folate intakes were higher in 
males than females. The sex difference was only significant for 
the serum folate concentration. The proportions of male and female 
students who consumed less than Estimated Average Require-
ment (EAR, 320 µgDFE) were 21.5% and 45.6%, and those who 
consumed more than RNI were only 58.2% and 28.9%, respec-
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Male Female

n Mean ± SD
(μgDFE)

Unadjusted
P-value

Energy-adjusted
P-value n Mean ± SD

(μgDFE)
Unadjusted

P-value
Energy-adjusted

P-value
Folic acid supplement
  Yes 10 577.1 ± 116.8 0.0221 <0.0001 15 438.9 ± 192.1 0.0478 0.0094
  No 69 438.6 ± 181.5 75 328.7 ± 119.2
Smoking1)

  Smoker 15 451.3 ± 236.2 0.9078 0.0211 4 210.8 ± 110.5 0.0444 0.1625
  Non-smoker 64 457.3 ± 166.6 86 353.4 ± 137.4
Drinking frequency 
  ≥ 1/wk 35 430.0 ± 183.6 0.2519 0.0052 23 339.0 ± 155.7 0.7489 0.9731
  < 1/wk 44 477.0 ± 176.6 67 349.8 ± 134.0
Alcohol amount (at a time)
  ≥ 2 drinks 47 445.8 ± 166.1 0.5373 0.2558 30 296.7 ± 122.8 0.0143 0.0053
  < 2 drinks 32 471.4 ± 200.6 60 372.2 ± 140.7
Physical activity (30 min/day)
  ≥ 3/wk 27 526.6 ± 203.6 0.0113 0.0156 14 411.3 ± 199.0 0.1872 0.0162
  < 3/wk 52 419.6 ± 156.5 76 335.2 ± 123.1
BMI 
  < 25 65 456.5 ± 168.9 0.9701 0.6841 86 342.0 ± 136.0 0.1115 0.1498
  ≥ 25 14 454.5 ± 232.8 4 455.3 ± 181.9
1) Ex-smoker was combined as non-smoker in males students, but as smoker in female students due to small number.

Table 5. Total folate intake according to health-related behaviors

Male Female

n Mean ± SD
(ng/mL)

Unadjusted
P-value 

Adjusted
P-value1) n Mean ± SD

(ng/mL)
Unadjusted

P-value 
Adjusted
P-value2)

Total folate intake
< EAR 17 7.3 ± 2.5 0.0197 0.5977 41 12.2 ± 5.9 0.6981 0.6996
≥EAR 62 9.4 ± 4.9 49 12.7 ± 6.1

Folic acid supplement
Yes 10 14.6 ± 6.8 0.0150 0.0002 15 13.9 ± 6.6 0.3364 0.3725
No 69 8.1 ± 3.6 75 12.2 ± 5.9

Smoking 
Smoker3) 15 7.3 ± 2.1 0.0185 0.5987 4 8.8 ± 1.6 0.0049 0.3845
Non-smoker 64 9.3 ± 4.9 86 12.7 ± 6.1

Drinking frequency 
≥ 1/wk 35 7.4 ± 3.6 0.0085 0.1121 23 11.2 ± 5.2 0.2498 -
< 1/wk 44 10.1 ± 5.0 67 12.9 ± 6.2

Alcohol amount (at a time)
≥ 2 drinks 47 8.3 ± 4.9 0.1393 - 30 10.2 ± 4.3 0.0041 0.0452
< 2 drinks 32 9.9 ± 4.1 60 13.6 ± 6.4

Physical activity (30 min/day)
≥ 3/wk 27 11.9 ± 6.1 0.0009 <0.0001 14 15.2 ± 7.8 0.0611 0.1830
< 3/wk 52 7.4 ± 2.5 76 12.0 ± 5.5

BMI 
< 25 65 9.1 ± 4.9 0.4113 0.5229 86 12.6 ± 6.1 0.0150 0.4430
≥ 25 14 8.3 ± 2.9 4 9.6 ± 1.5

1) Adjusted for the variables within the table except alcohol amount.
2) Adjusted for the variables within the table except drinking frequency.
3) Ex-smoker was combined as non-smoker in male students, but smoker in female students due to small number.

Table 6. Serum folate concentrations according to health-related behaviors

tively (Fig. 1).
The percentages of female students with serum folate value 

≥ 7 ng/mL and RBC folate value ≥ 400 ng/mL, known as 

concentrations associated with the lowest risk of having an 
NTD-affected pregnancy were 83.3% and 50.0%, respectively 
(Table 4). None of the female students had serum and RBC 
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Male Female

n Mean ± SD
(ng/mL)

Unadjusted
P-value

Adjusted
P-value1) n Mean ± SD

(ng/mL)
Unadjusted

P-value
Adjusted
P-value2)

Total folate intake
  < EAR 17 373.4 ± 81.1 0.3021 0.9597 41 398.7 ± 82.2 0.5628 0.8371
  ≥EAR 62 405.5 ± 119.7 49 410.9 ± 111.3
Supplement use
  Yes 10 523.3 ± 156.4 0.0184 0.0016 15 432.4 ± 104.3 0.2476 0.3542
  No 69 380.5 ± 93.5 75 399.9 ± 97.5
Smoking 
  Smoker3) 15 378.3 ± 54.0 0.2323 0.7538 4 390.2 ± 66.3 0.7565 0.8076
  Non-smoker 64 403.3 ± 122.4 86 406.0 ± 100.2
Drinking frequency 
  ≥ 1/wk 35 362.0 ± 77.2 0.0062 0.0669 23 407.4 ± 100.1 0.9091 -
  < 1/wk 44 427.7 ± 128.1 67 404.6 ± 99.1
Alcohol amount (at a time)
  ≥ 2 drinks 47 383.3 ± 110.2 0.1467 - 30 371.0 ± 85.2 0.0189 0.0645
  < 2 drinks 32 421.0 ± 114.6 60 422.5 ± 101.2
Physical activity (30 min/day)
  ≥ 3/wk 27 447.5 ± 151.2 0.0222 0.0107 14 480.2 ± 136.1 0.0325 0.0058
  < 3/wk 52 373.2 ± 76.7 76 391.5 ± 84.4
BMI 
  < 25 65 402.1 ± 116.3 0.5565 0.6595 86 406.0 ± 99.9 0.7643 0.9311
  ≥ 25 14 382.4 ± 97.1 4 390.7 ± 78.5
1) Adjusted for the variables within the table except alcohol amount.
2) Adjusted for the variables within the table except drinking frequency.
3) Ex-smoker was combined as non-smoker in males students, but as smoker in female students due to small number.

Table 7. RBC folate concentrations according to health-related behaviors

concentrations below the cutoff for biochemical deficiency of 
3 ng/mL and 150 ng/mL, respectively. However, 3.8% and 1.3% 
of the male students had deficient folate concentrations.

Association between folate nutritional status and health-related 
behaviors

Table 5 shows folate intake and its association with health- 
related behaviors. Total folate intake in male students was 
significantly higher in folic acid supplement users and those who 
practiced physical activity for 30 min/day at least three times 
per week. When folate intake was adjusted for energy intake, 
supplement use, non-smoking, less frequent alcohol drinking (< 
1/wk) and regular physical activity were found to be associated 
with higher folate intake. Total folate intake in female students 
was significantly higher in folic acid supplement users, non- 
smokers (including ex-smokers) and those who consumed < 2 
drinks of any kind of alcoholic beverages at a time. Total folate 
intake after controlling for energy intake was higher in supple-
ment users, those who consumed < 2 drinks of alcoholic bever-
ages at a time, and exercised regularly for 30 min/day (≥ 3/wk) 
in females.

The serum folate concentrations according to health-related 
behaviors were shown in Table 6. Significantly higher serum 
folate concentrations were found in male students who consumed 

total folate ≥ EAR and used folic acid supplements. Smokers 
showed significantly lower serum folate concentrations than 
non-smokers both in males and females. The mean serum folate 
concentrations of ex-smokers were between the mean values of 
current smokers and non-smokers. Since only two female students 
were current smokers and two were ex-smokers, those two groups 
were combined as smokers, while ex-smokers were classified as 
non-smokers in male students. Frequent drinkers (≥ 1/wk) had 
lower serum folate concentrations than less frequent drinkers (<
1/wk) in males, and those who always consumed ≥ 2 drinks 
of any kind of alcoholic beverages at a time had significantly 
lower serum folate compared to those who consumed < 2 drinks 
at a time and non-drinkers in females. Regular physical activity 
for 30 min/day (≥ 3/wk) was found to be associated with 
significantly higher serum folate in males, and BMI ≥ 25 was 
associated with significantly lower serum folate in females. When 
serum folate concentration was adjusted for total folate intake, 
folic acid supplement, and health-related variables within the table, 
serum folate was associated with supplement use and physical 
activity in males and alcohol amount in females.

Table 7 shows RBC folate concentrations according to health- 
related behaviors. Significantly higher RBC folate concentrations 
were associated with supplement use, less frequent drinking, and 
regular physical activity in males, and less amount of alcohol 
at a time and regular physical activity in females. When RBC 
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folate concentration was adjusted for total folate intake, folic acid 
supplement, and other health-related variables within the table, 
RBC folate was significantly higher in supplement users and those 
who practiced regular physical activity in males, and physically 
active females.

Discussion

We assessed folate intake and blood concentrations, and 
investigated the association between folate status and health- 
related behaviors among healthy Korean college students. Although 
the average total folate intakes were above RNI in males and 
87% of the RNI in females, 21.5% of males and 45.6% of females 
did not meet the EAR (320 μgDFE). However, no female students 
were classified as folate deficient on the basis of 3 ng/mL of 
serum and 150 ng/mL of RBC concentrations. Furthermore, 
50.0% of female students reached 7 ng/mL of serum and 400 
ng/mL of RBC concentrations, which are considered as NTD- 
protective levels.

The mean concentration of serum folate was significantly lower 
in men compared to women, which is consistent with the previous 
studies [12,21-24]. In addition, the percentages classified as folate 
deficient on the basis of a 3 ng/mL cutoff point were higher 
in men compared to women. Male students had higher mean folate 
intakes, but there was no difference when expressed by energy 
intake between males and females. Further studies are needed 
to elucidate gender difference of the serum folate concentrations.

Comparison of dietary folate intake between countries may be 
difficult because of the differences in data collection method and 
food folate databases, as well as the differences in the inclusion 
of fortified food products and supplements for estimation of 
folate intake [25]. The average folate intake widely ranged from 
200 to 450 μg/day in adults in Europe where folic acid fortifica-
tion policy is not mandatory [26,27]. Our folate database is 
recently updated with the values analyzed microbiologically after 
trienzyme extraction [24], and we included folic acid intake from 
dietary supplements even though only 14.8% of students used 
folic acid supplements. 

Low prevalence of serum folate deficiency could be explained 
by high consumption of Kimchi and rice. Kimchi and rice are 
the main sources of folate in Koreans, which contributed about 
30~40% of folate intake [24]. Mito et al. [28] reported that the 
mean serum and RBC folate concentrations in Japanese pregnant 
women who were not consuming folic acid supplements were 
10.3 and 519 ng/mL, respectively, which were higher than reported 
in other countries.

When folate intake was adjusted for energy intake, supplement 
use, alcohol drinking, and regular physical activity were found 
to be associated with higher folate intake in both male and female 
students.

Lower serum folate concentrations have been reported in 
smokers than in nonsmokers [14,17,18,29]. Our results also showed 

that serum folate concentrations were significantly lower among 
smokers, both in males and females. However, after controlling 
for other health-related variables including folate intake, no 
significant association was found between smoking and serum 
folate concentrations. In addition, there was no significant difference 
in RBC folate between smokers and non-smokers, which was 
different from the previous studies [14,29]. This may be due to 
the younger age and shorter period of smoking in our study 
subjects.

There is some evidence supporting an association between 
excessive alcohol consumption and inadequate folate status [13]. 
Alcohol may impair intestinal absorption and increase the urinary 
excretion in addition to lower diet quality. We also found that 
frequent drinkers (≥ 1/week) in men had significantly lower 
serum and RBC folate concentrations. However, after controlling 
for other health-related variables, no significant association was 
found between alcohol drinking frequency and serum or RBC 
folate concentrations. In female students, folate intake and 
serum/RBC folate concentrations were affected by the amount 
of alcohol consumed at a time rather than the frequency. Women 
who always consumed more than two alcoholic drinks at a time 
had significantly lower folate intake and serum and RBC folate 
concentrations. In addition, even after controlling for other health- 
related behaviors, there was a significant association between 
folate intake and serum concentrations with the amount of alcohol 
in female students. In a large prospective cohort study of more 
than 80,000 women [30], the investigators observed that very 
low dietary folate intake was more common among women who 
drank regularly, and the positive association between heavy 
alcohol/low folate intake and risk of major chronic disease was 
most apparent among women younger than 60 years of age. They 
concluded that adequate folate intake may be important in the 
primary prevention of the overall major chronic disease in women, 
especially among younger women consuming more than two 
alcoholic drinks per day. In some studies, moderate consumption 
of alcohol did not lower blood folate concentrations, and only 
excessive consumption seemed to lower folate concentrations, but 
it is surprising that a significant association was found between 
alcohol drinking and folate concentrations in this study partici-
pants who were female college students.

Higher BMI has been shown to be associated with lower serum 
folate concentrations in male and female adults [31], as well as 
in child-bearing age women [15]. Serum folate concentration in 
female students whose BMI is higher than 25 was significantly 
lower compared to those less than 25, but no association was 
found after controlling for other health-related behaviors. Since 
only 4 students was classified as BMI ≥ 25 and had low serum 
folate concentrations, further studies are needed to confirm the 
association of BMI and serum folate concentrations. There were 
no significant associations between BMI and RBC folate 
concentrations in both male and female students and these results 
are consistent with previous studies [15,31]. Our data shows that 
the students who practiced physical activity for 30 min/day three 
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times or more per week had higher folate intake and blood folate 
concentrations even after controlling for other health- related 
behaviors. Others also reported that high serum folate and RBC 
folate concentrations were associated with high physical activity 
[17,32].

Our results indicate that the practice of desirable health-related 
behaviors, such as non-smoking, moderate alcohol drinking (< 
1/wk, < 2 drinks at a time), regular physical activity (≥ 3 
times/wk), and maintenance of healthy BMI, should be 
encouraged along with consumption of folate-rich foods and 
supplements in order to improve folate nutritional status among 
college students.
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