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Background: The importance of bone health is emphasized throughout the life cycle. 
Young adults have problems with bone health due to irregular lifestyle and unbalanced 
diet, but studies related to them are insufficient. The purpose of this study was to mea-
sure the bone mineral density (BMD) of college students and to analyze the differences 
in BMD according to lifestyle. Methods: BMD was measured by bone ultrasound in 161 
male and female college students. The questionnaire was surveyed about lifestyle, eat-
ing habits, and nutrient intake status. Results: Osteopenia was 8.8% in male and 10.8% 
in female. The body fat percentage of female was significantly higher than male. Male 
college students, smoking, fast food consumption, and overeating rate were significant-
ly higher than female. Nutrient intake was not significantly different between male and 
female students. But energy and vitamin A and C levels were inadequate, and protein 
and sodium intake was excessive compared with the recommended nutrient intake for 
Koreans. BMD was significantly lowest in male who often intake fast food than male 
who did not intake at all or intake sometimes. Female who often intake fast food had 
significantly lower BMD than female who did not eat at all. Conclusions: College stu-
dents have different BMDs according to lifestyle. There was a difference in BMD accord-
ing to smoking and fast food consumption.
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INTRODUCTION

Interest in health is increasing with increasing life expectancy, emphasizing the 
importance of life cycle health care, not only for the elderly, but also for young 
adults and adolescents. Fracture and osteoporosis are common diseases, and their 
prevalence is increasing steadily.[1] An effective way of preventing adult osteopo-
rosis is to maximize bone mass during adolescence. Maximum bone mass is reach
ed around 30 years, and it is affected by genetic and environmental factors.[2] The 
National Institutes of Health (NIH) reported that failure to reach adequate bone 
mass in children and adolescents, including those in their 20s, could lead to os-
teoporosis without accelerating bone loss.[3] The main environmental factors af-
fecting bone mineral density (BMD) are physical activity, lifestyle, and nutrient in-
take.[4,5] In particular, bone mass decreases more rapidly during pregnancy, de-
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livery, and menopause in female.[6]
College students are at an age transitioning to adult-

hood, physically and socially. Being away from parental 
control of food intake, students become responsible for 
their diet, which should be sustained with adequate nutri-
tion. However, many studies pointed out problems in col-
lege students’ dietary habits such as irregular and skipping 
meals, inappropriate snacks, increased frequency of eating 
out, low nutrient density, and fast food intake.[7,8] Recent-
ly, to obtain an ideal body shape, certain nutrients have 
been intensively consumed, and the intake of carbohy-
drate-based meals such as Cupbap and Mini-kimbap has 
also increased.[9,10] Healthy lifestyle and dietary habits 
should be established in young adults to maintain maxi-
mum bone mass, but research on this subject is insufficient.

The purpose of this study was to investigate the dietary 
habits, nutrient intake, and BMD of college students and to 
identify the differences in bone density according to gen-
der and lifestyle.

METHODS

1. Study subject
The subjects of the study were 168 college students. The 

purpose and method of the study were explained to them, 
and those who agreed answered a questionnaire and were 
evaluated in terms of anthropometry, BMD, and nutrient 
intake status. Seven participants were excluded because of 
incomplete data; finally, 161 students were included in the 
study (68 male and 93 female). We obtained Institutional 
Review Board (IRB) approval (IRB No. 1040875-201411-SB-
028) from Soonchunhyang University on the design and 
progress of the overall research.

2. Study method and variables
The body mass index, body fat percentage, and body fat 

mass were measured by using a bio-electrical impedance 
fatness analyzer (InBody 720; Biospace Co., Seoul, Korea). 
The BMD of the subjects was measured using quantitative 
ultrasonography QUS-2 (Metra Biosystems Inc., Mountain 
View, CA, USA) and calculated by broadband ultrasound 
attenuation. The BMD value was calculated by T-score, ac-
cording to World Health Organization conversion standard 
(normal, -1.0; osteopenia, -1.0 to -2.5; osteoporosis, -2.5 or 
less),[11] and analyzed. The general information, lifestyle, 

and eating habits were surveyed, including sex, age, alco-
hol consumption, smoking status, and regular exercise. We 
were also asked to quantify their frequency of eating fast 
food (often: twice a week or more; sometimes: fewer than 
once a week to 3 times a month; almost never: fewer than 
twice a month), overeating (often, sometimes, almost nev-
er), coffee consumption (often: three times a week or more; 
sometimes: 3 times a week or fewer, almost never: 2 times 
a month or fewer). Fast food means ramen, hamburger, 
fried potatoes, chicken, pizza, donut and etc. Data on di-
etary intake were collected using the 24-hr recall method 
for 3 days and intakes of nutrients were analyzed with the 
CAN program (The Korean Nutrition Society, version 5.0).

3. Statistical analysis
SPSS 18.0 programs (SPSS Inc., Chicago, IL, USA) was 

used for the statistical analysis. All data were reported as 
mean±standard deviation or as numbers and percentag-
es. To identify the factors that differed between the 2 or 3 
groups, demographic factors and BMD were compared by 
conducting an independent t-test or one-way analysis of 
variance (ANOVA) test after confirming distribution nor-
mality. When significant difference appeared among the 
BMD in groups, turkey’s multi-range test was conducted as 
post-hoc test. Furthermore, the equal variance test, χ2 test, 
or Fisher’s exact test was used for categorical variables. A 
P-value of less than 0.05 was considered significant.

RESULTS

1. Demographic factors and BMD of the subjects
The general characteristics of the subjects are given in 

Table 1. Female subjects had higher body fat percentage, 
and the difference was statistically significant. There was 
no significant difference in BMD between gender (Table 1).

2. Comparison of health related habit of the 
subjects

The proportion of alcohol consumption and smoking 
were significantly higher in male students compared with 
female students, but the fast food intake and overeating 
rate were higher in male students. Regular exercise and 
coffee consumption rates were higher in male students 
than in female students, but there was no significant dif-
ference between the 2 groups (Table 2).
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Table 1. General characteristics of the subjects

Variables Male (n=68) Female (n=93) P-value

Age (year) 22.5±3.0 21.1±2.8 0.576

Height (cm) 174.0±5.1 158.3±6.7 0.002
Weight (kg) 69.5±9.9 56.7±8.0 0.000
BMI (kg/m2) 22.8±6.5 23.1±7.9 0.415

Body fat (%) 21.2±3.8 24.5±2.3 0.023
Fat mass (%) 20.5±6.1 22.0±4.1 0.277

T-score -0.322±0.708 -0.476±0.935 0.259

Osteopenia 6 (8.8) 10 (10.8)

The data is presented as mean±standard deviation or number (%). 
BMI, body mass index.

Table 2. Health behavior and dietary habit of the subjects

Variables Male (n=68) Female (n=93) P-value

Alcohol consumption

   Yes 65 (95.6) 70 (75.3) 0.002
   No 3 (4.4) 23 (24.7)

Smoking

   Yes 41 (60.3) 26 (28.0) 0.019
   No 27 (39.7) 67 (72.0)

Regular exercise

   No 53 (77.9) 82 (88.2) 0.415

   Yes 15 (22.1) 11 (11.8)

Fast food consumption

   Often 42 (61.8) 41 (44.1) 0.028
   Sometimes 21 (30.9) 38 (40.9)

   Almost none 5 (7.4) 14 (15.1)

Overeating

   Often 15 (22.1) 16 (17.2) 0.006
   Sometimes 49 (72.1) 51 (54.8)

   Almost none 4 (5.9) 26 (28.0)

Coffee consumption

   Often 52 (76.5) 58 (62.4) 0.286

   Sometimes 11 (16.2) 22 (23.7)

   Almost none 5 (7.4) 13 (14.0)

The data is presented as number (%). 

Table 3. Nutrient intakes of the subjects

Variables
Male (n=68) Female (n=93)

P-value
Intake Requirement Intake Requirement

Energy (kcal) 2,170.9±539.7 2,600 1,881.8±808.2 2,100 0.169

Carbohydrate (g) 304.7±94.9 279.0±74.8 0.221

Protein (g) 83.2±29.6 65 72.7±25.6 55 0.380

Fat (g) 52.1±26.9 44.1±23.6 0.177

Vitamin A (RE) 602.6±796.9 800 490.9±585.6 650 0.112

Vitamin B1 (mg) 1.3±0.7 1.2 1.2±0.5 1.1 0.525

Vitamin B2 (mg) 1.6±0.7 1.5 1.3±0.7 1.2 0.442

Vitamin C (mg) 80.6±56.6 100 95.9±90.4 100 0.081

Calcium (mg) 575.2±282.2 800 428.1±5,308.7 700 0.257

Sodium (mg) 5,735.3±1,215.0 1,500a) 4,990.7±860.9    1,500a) 0.356

Iron (mg) 12.2±3.2 10 14.1±2.5 14 0.315

The data is presented as mean±standard deviation or number (%). 
a)Data represented as adequately intake. 
RE, retinol equivalents.

3. Comparison of nutrient intakes of the subjects
Nutrient intake status was analyzed through daily food 

intake survey, and the actual intake was compared with 
the nutritional recommendation for Koreans.[12] First, the 
intake of nutrients, except vitamin C and iron, as a whole 
was higher in male college students, but there was no sig-
nificant difference in nutrient intake between the 2 groups. 
However, energy and vitamin A and C levels were inade-
quate, and protein and sodium intake was excessive com-
pared with the recommended nutrient intake for Koreans 
(Table 3).

4. Comparison of BMD according to the health 
habit

There were significant differences in lifestyle and eating 
habits according to gender both male and female had low 

BMD when they were drinking and smoking. However, 
there was a significant difference according to smoking 
status in male college students. Lower intake of fast food 
intake had higher BMD, with significant difference between 
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male and female college students. There was no significant 
difference in overeating (Fig. 1).

DISCUSSION

The purpose of this study was to examine the BMD of 
college students and to determine the difference in BMD 
according to eating habits. The mean BMD of male and fe-
male college students was -0.387±0.672, which was slight-
ly lower in female college students. In the study of 222 col-
lege students by Choi and Chung [13], the mean bone 
density was -0.233±0.94 and the rate of osteopenia was 
24.8%. The subjects in this study had lower BMD but lower 
rate of osteopenia. In a study of 1,039 subjects,[14] the 
mean T-score was 1.38±6.99 and the rate of osteopenia 
was 7.8%. The subjects’ bone density and rate of osteope-
nia were higher. Recently, the prevalence of osteoporosis 
and cost of health insurance for patients with osteoporosis 
as well as its social burden have been steadily increasing.
[15] Therefore, it is best to prevent osteoporosis through 
aggressive management in young adulthood.

Analysis of the lifestyle and dietary behaviors of college 
students showed that the inadequate ratio of all variables 
was higher in male students than in female students. Drink-
ing, smoking, fast food intake, and overeating were signifi-
cantly different between the 2 groups. Protein intake was 
high, and calcium and vitamin A and C were below recom-

mended levels. In a study by Kim et al.[16], there was con-
sensus that male college students had higher rates of drink-
ing and smoking than female college students. In addition, 
the results of this study were higher than those of 68.7% of 
college students. Kim [17] reported that coffee consump-
tion affected the eating patterns and nutrient intake of 
college students. Previous studies [18,19] on nutrition in 
college students showed that intake of carbohydrates and 
dietary fiber decreased and intake of protein, fat, choles-
terol, and sodium increased. Because of westernized eat-
ing habits, increase in single-person households, busy dai-
ly life due to part-time work, and increase in the rate of 
eating out, the eating habit of university students is unbal-
anced, with low consumption of vegetable and fruit, which 
can cause health problems.[20,21]

We also compared the difference in BMD between the 2 
groups. The T-score was within the normal range, but smok-
ing and fast food intake were significantly different. Male 
college students who are smoking and college students 
who frequently eat fast food had significantly lower BMD. 
Nicotine in tobacco has been shown to decrease estrogen 
secretion, which inhibits calcium dissolution in bone, and 
to accelerate the conversion of estradiol to lower metabo-
lites, thus affecting calcium and vitamin D metabolism.[22] 
According to Kim et al.[15], rate of fast food intake was 
72%, followed by hamburgers, fried potatoes, chicken, and 
pizza. Calcium intake was the most insufficient among the 

Fig. 1. Comparison of bone mineral density level by the health related habit status.
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nutrients. However, the results of this study are not similar 
to those of other studies, and they are difficult to general-
ize because this is a study on college students.

This study had some limitations. This study was a pro-
spective single college study and the size of samples was 
small. Furthermore, the scale of the region is not reflected 
and it is not comparable between countries, which makes 
it difficult to represent Korean college students. The sub-
jects were divided into the variables and compared the 
BMD, which was found to be significant, but it could not 
interpreted as affecting the BMD because it was a simple 
comparison. 

Based on the results of this study, the bone density of 
college students was determined to be normal, but the 
rate of osteopenia was high and the lifestyle of male stu-
dents was worse than that of female students. Finally, con-
sidering that smoking and fast food may correlate the bone 
density of college students, nutrition education and man-
agement should be done to provide more concrete solu-
tions such as quitting smoking and fast food intake and 
performing appropriate exercises. In the future, more at-
tention should be paid to the BMD of young adults, and 
further studies is needed.
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