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Milk-cereal and whole-grain dietary patterns protect against
low bone mineral density among male adolescents and
young adults
S Shin1,2,3, S-H Kim4, H Joung3 and MJ Park4

BACKGROUND/OBJECTIVES: Evidence supporting the possible effect of dietary factors on adult bone health has emerged in
recent decades. The purpose of this study was to ascertain the influence of different dietary patterns on bone mineral density
(BMD) among Korean male youth.
SUBJECTS/METHODS: Data were extracted from the Korean National Health and Nutrition Examination Survey (KNHANES) during
2008–2011. The subjects included 1351 male aged 10–25 years. We defined ‘low BMD group’ as subjects with a BMD Z-score of
− 2.0 or less. Dietary patterns were derived from 20 food groups via factor analysis.
RESULTS: Three dietary patterns—meat and vegetable, white rice and kimchi, milk-cereal and whole grain—were derived. The
‘milk-cereal and whole-grain’ dietary pattern score showed positive association with energy, protein, fat, calcium, phosphorus,
potassium, riboflavin and vitamin C intakes. Participants in the top tertile of the milk-cereal and whole-grain pattern were less likely
to have low BMD, compared with subjects in the bottom tertile (odds ratio = 0.36, 95% confidence interval = 0.16–0.81, P= 0.018).
CONCLUSIONS: Our findings suggest that the milk-cereal and whole-grain dietary pattern may have a benign influence on bone
health in the Korean male youth.
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INTRODUCTION
Low bone mineral density (BMD) and premature bone accrual in
children and adolescents may obstruct optimal peak bone mass
and increase the risk of adult bone disorder.1,2 Bone mass
increases throughout early life, childhood and adolescence,
peaking during early adulthood.3 Therefore, maximizing peak
bone mass during adolescence is a crucial strategy for decreasing
the risk of osteoporotic fracture later in life.4 In addition to genetic
determinants, environmental factors, including diet, regulate bone
accretion early in life.5,6

Most studies have studied the relationships between diet and
bone quality, concentrating on the effects of individual nutrients,
foods or food groups.7 However, studies of single nutrients, food
or food groups may not verify the complex effect among various
nutrients or food as a whole. Thus, there is a need for another
approach to investigate the effect of overall diet quality on
chronic diseases. This approach can explain each individual’s diet
pattern based on the combinations of foods consumed, rather
than analyzing each specific nutrient or food.7–9

There have been many studies focusing on the influence of
dietary pattern on bone health in adults and elderly people,10–15

but the reports on this issue are limited among adolescents and
youth.16–18 Only a few studies have shown that a ‘nut- and meat-
based diet’17 and ‘dark-green and deep-yellow vegetables-based
diet’18 may have a beneficial effect on bone health in children and
adolescents. Dietary patterns related to bone health may vary

among populations due to differences in geography, socio-
economic status, food cultures, food availability and
preferences.7 Traditionally, Korean diet is rice-based with vege-
tables, legumes and fish and low portions of meats and dairy
products in comparison to the Western diet. However, since the
2000s, this traditional diet has been transitioning from a rice-
based to a Western diet style composed of meat, fast food and
dairy products since 2000s, particularly among children and
adolescents.19 Lifetime dietary patterns are established among
children and adolescents, and diets in this period in a life cycle are
recognized as important on lifelong health. However, researches
on the dietary pattern that promote optimal BMD during
adolescence are scarce.
In this study, we aimed to verify the associations between

dietary patterns and BMD in Korean youth using the Korean
nationally representative survey data.

SUBJECTS AND METHODS
Design and subjects
Since 1998, the KNHANES has been conducted to examine the health and
nutritional status of Koreans. This study was a cross-sectional design and
nationally representative survey, conducted by the Division of Chronic
Disease Surveillance, Korean Centres for Disease Control and Prevention.
The current study used data collected from KNHANES (from 2008 to 2011),
which included BMD measurements. The survey administered through the
cluster sampling method is composed of the following three parts: a
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questionnaire interview, a health check-up, and a nutrition assessment.
The interviews and standardized health examinations were completed in
mobile examination centers. A total of 1377 young males aged 10–25 years
completed the interview, the nutrition assessment and the health check-
up with BMD measurements between February 2008 and December 2011.
Among the 1377 subjects, those with extreme energy values (o500 or
45000 kcal/day) were excluded to avoid skewing of the data,19–21 in
accordance with previous KNHANES studies. In total, 1351 young males
were eligible for analysis.
This study was IRB-approved by the Korean Centres for Disease Control

and conducted based on the guidelines outlined in the Declaration of
Helsinki. Informed consent was obtained from all participants.

Dietary patterns
To evaluate dietary intakes, we used data from a 1-day 24-h recall method.
The survey consisted of specifics such as food consumption, food recipes
and food brands. For dietary pattern analyses, food items were classified as
20 food groups based on the Korean Nutrient Database classification.22

Nutrient intakes were assessed using food composition tables of the Rural
Development Administration and the Korean Health and Industry of
Development Institute.23

To assess dietary patterns, we applied factor analysis. First, we calculated
each participant’s average daily intake and the energy percentage from
the 20 food groups. Next, we performed principal component analyses. To
retain a simple structure and increase interpretability, we applied
orthogonal transformation on each factor. To determine the number of
factors, eigenvalues (>1.3) and a scree plot were used in the current study.
Finally, each individual’s factor score was calculated by summing the
intake of each food group, weighted by the factor loading. Each participant
was categorized into tertile group according to his or her factor score.
Higher factor scores indicated greater representation of the dietary pattern
each participant possessed; on the other hand, lower scores indicated
lower inclination the participant had for a dietary pattern.

Health check-up and BMD
For subjects aged o19 years, obesity level was determined via age- and
sex-specific percentiles for BMI of the Korean national reference standard,
and the subjects were classified as follows:24 underweight (o5th
percentile), normal weight (5–o85th percentile), overweight (85–o95th
percentile) and obese (⩾95th percentile or BMI ⩾ 25 kg/m2). For youth
aged ⩾ 19 years, obesity was determined according to the criteria defined
by the International Obesity Task Force for adults in the Asian and Pacific
regions25 using BMI values (kg/m2) as follows: underweight (o18.5),

normal weight (18.5–22.9 kg/m2), overweight (23–24.9 kg/m2) and obese
(⩾25).
The BMDs (g/cm2) of the lumbar spine (L1-4 spine), whole body and

whole body less head were collected through the dual-energy X-ray
absorptiometry (DISCOVERY-W fan-beam densitometer; Hologic Inc., Bed-
ford, MA, USA) at the examination site. As the peak bone mass is not
acquired until the second or third decade of life, it is not appropriate to
compare the BMDs of adolescents with that of young adults.26 Therefore, a
BMD Z-score was calculated, comparing with sex- and age-matched
controls. The subject with a BMD Z-score of − 2.0 or less was defined as
having low BMD according to the ISCD guidelines.27 The subjects having
low BMD at one or more sites from the three different sites of measured
BMD were assigned as the ‘low BMD group’
The participants’ socio-demographic variables included age, sex,

residential area and family income. Physical activity was based on the
participant’s engagement in ‘moderate–intense’ activity at least three
times per week. ‘Moderate–intense’ activity was considered as an activity
resulting in increased breathing or heat rate for at least 10 min.

Statistical analyses
The odds ratio (OR) and 95% confidence interval (CI) for low BMD across
the tertile groups for each dietary pattern score were applied to
multivariate logistic regression analyses, adjusting for potential confound-
ing variables related to BMD. Body size adjustment is necessary because
individuals demonstrate difference in body sizes and different tempos of
growth, which affect measured BMD of adolescents and youth. Thus, we
used height Z-score and weight Z-score according to each age group
based on Korean reference data24 as a parameter of body size. Model 1
controlled for age and body size (height Z-score and weight Z-score
according to each age group); Model 2 controlled for age, obesity level and
potential confounders, including energy intake and serum 25(OH)D levels;
final model adjusted for additional covariates, including residential region,
household income and physical activity level. SAS software (v.9.4; SAS
Institute, Inc., Chicago, IL, USA) was used for all statistical analyses.

RESULTS
Three distinctive dietary patterns were derived using the 20 food
groups via factor analysis (Table 1). The positive loading score
indicated a positive correlation between the given food groups
and the derived factors, whereas a negative loading score
indicated negative associations between food groups and factors.
The ‘meat and vegetable’ pattern consisted of high intakes of
vegetables, potatoes, mushrooms, oils, seasonings, meat and meat

Table 1. The factor-loadinga matrix for the food groups consumed by Korean males aged 10–25 years

Factor 1: Meat and vegetable Factor 2: White rice and kimchi Factor 3: Milk-cereal and whole grain

White rice 0.68
Whole grain 0.35
Noodles and ramen 0.24 − 0.50
Cereal 0.58
Bread and cake 0.22
Pizza and hamburger − 0.20
Sweet snack 0.25
Soy and soy products 0.36
Kimchi 0.51 − 0.23
Vegetable, potato and mushroom 0.72
Fruits 0.20
Meat and meat products 0.57
Eggs 0.25 0.22
Fish 0.35
Shellfish 0.21
Seaweed 0.32
Milk and dairy products 0.77
Oils 0.68
Beverages 0.34 − 0.35
Seasonings 0.63 0.23
% variance explained 10.7 8.1 6.9 Σ25.7

aFactor-loading scores of − 0.20 and +0.20 are not shown.
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products, noodles and ramen, eggs, shellfish and beverages. The
‘white rice and kimchi’ pattern showed a high consumption with
white rice, soy and soy products, kimchi, fruits, fish, seaweed and
seasonings, whereas a negative loading score was observed with
noodles and ramen, pizza and hamburgers, and beverages. The
‘milk-cereal and whole-grain’ pattern had high positive loadings
with milk and dairy products, whole grains, cereals, bread and
cakes, sweet snacks and eggs, but negative loadings for kimchi.
The three dietary patterns accounted for 25.7% of the total
variance in food consumption.
The characteristics of our subjects across the tertiles of each

dietary pattern are shown in Table 2. The subject of top tertile (T3)
of the ‘milk-cereal and whole-grain’ pattern was associated with
higher household income levels (Po0.0001) than those of whom
in the lowest tertile. No significant differences in height, weight,
obesity status and serum 25(OH)D levels were observed among
three dietary patterns.
The correlations of the three dietary pattern scores with the

nutrient intakes and the measured BMDs are shown in Table 3.
The ‘meat and vegetable’ dietary pattern score showed positive
association with intakes of energy, protein, fat, phosphorus, iron,
sodium, potassium, vitamin A, thiamine, riboflavin, niacin and
vitamin C intake and negative association with intake of
carbohydrate. Greater diet score of ‘white rice and kimchi’
resulted in a greater value of the whole-body BMD and the
intake of the following nutrients: energy, protein, carbohydrate,
calcium, phosphorus, iron, sodium, potassium, niacin, and vitamin
C, and less fat intake. Greater diet score of the ‘milk-cereal and
whole-grain’ dietary pattern resulted in a greater BMD of the
lumbar spine and the whole body less head. This dietary pattern
also resulted in higher nutrient intake of energy, protein, fat,
calcium, phosphorus, potassium, riboflavin and vitamin C intakes,

and less intake of sodium. The top tertile group (T3) for the ‘milk-
cereal and whole-grain’ pattern had the highest intake of calcium
and accordingly had the highest percentage uptake of calcium-
recommended nutrient intake compared to those in the highest
tertile groups of ‘meat and vegetable’ and ‘white rice and kimchi’
dietary patterns.
Table 4 and Figure 1 show the multivariable-adjusted ORs for

low BMD across the tertile categories for the three dietary pattern
scores. The participants with mostly a ‘milk-cereal and whole-
grain’-based diet (T3) were less likely to have a low BMD
compared to those who consumed least amount of milk-cereal
and whole-grain foods (T1) (OR = 0.39, 95% CI = 0.18–0.86,
P= 0.019) adjusting for age, body size, energy intake and serum
25(OH)D. This significant association also continued after addi-
tional adjustments for potential confounding variables, including
residence area, family income and moderate–intense activity level
(OR= 0.36, 95% CI = 0.16–0.81, P= 0.018). The ‘meat and vegeta-
ble’- and ‘white rice and kimchi’-based diets were not associated
with a risk of low BMD in Korean youth.

DISCUSSION
In the current study, we confirmed three distinct dietary patterns
among Korean youth aged 10–25 years (‘meat and vegetable’,
‘rice and kimchi’ and ‘milk-cereal and whole grain’). We found that
the ‘milk-cereal and whole-grain’ dietary pattern, including a high
intake of dairy foods, cereal, whole grains, bread and snacks, fruits
and eggs, reduced the risk of having low BMD.
In most studies conducted in children and adolescents, dietary

patterns involving high levels of milk and calcium intake showed a
positive impact on bone health. Previous study in freshman from a
Chinese college showed that a higher consumption of milk and

Table 2. Characteristics of the study participants across tertiles (T) for three dietary patterns

Meat and vegetable White rice and kimchi Milk-cereal and whole grain

T1 (n= 450) T3 (n=450) Pa T1 (n= 450) T3 (n=450) P T1 (n= 450) T3 (n=450) P

Means
or %

s.d. Means
or %

s.d. Means
or %

s.d. Means
or %

s.d. Means
or %

s.d. Means
or %

s.d.

Age (years) 16.0 4.8 16.8 4.6 0.218 16.4 4.7 16.5 4.6 0.894 16.7 4.7 16.2 4.7 0.712
Height (cm) 164.8 13.8 168.6 10.8 0.980 166.1 13.0 167.5 11.5 0.266 167.2 12.1 166.2 12.4 0.093
Weight (kg) 58.6 17.8 63.4 15.6 0.129 60.1 16.2 62.1 16.4 0.153 61.0 16.8 60.3 16.2 0.644
Total body fat
percent (%)

22.5 7.5 22.6 7.8 0.311 22.6 7.7 22.3 7.9 0.935 22.2 7.8 22.3 7.3 0.704

Serum 25(OH)D (ng/ml) 17.0 5.8 17.4 5.2 0.385 17.0 5.4 17.4 5.8 0.417 16.9 5.8 17.7 5.6 0.098

Region
Urban 88.2 86.3 0.195 88.0 85.6 0.379 84.9 86.3 0.552
Rural 11.8 13.8 12.0 14.4 15.1 13.8

Household income
Quartile 1 13.7 12.4 0.171 15.4 13.0 0.755 19.6 8.6 o .0001
Quartile 2 27.9 21.9 26.9 24.5 27.4 25.0
Quartile 3 31.5 31.5 28.7 31.5 25.2 31.3
Quartile 4 27.0 34.2 29.0 31.0 27.9 35.1

Obesity level
Underweight 7.8 4.9 0.445 6.2 6.0 0.804 7.8 4.7 0.134
Normal 64.6 65.0 64.1 64.5 65.7 67.9
Overweight/Obese 27.6 30.2 29.6 29.5 26.5 27.5

Physical activity
No 49.9 55.6 0.201 54.6 51.7 0.430 54.8 50.4 0.387
Yes 51.1 44.4 45.4 48.3 45.2 49.6

aCalculated using the generalized linear model.
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dairy foods, legumes, fruits, eggs, fish and sea foods was
associated with a decreased risk of osteopenia and
osteoporosis.28 In our previous study of Korean adolescents, a
high level of milk and cereal consumption led to a 64% decline in
the probability of having low BMD in the lumbar spine.16 Noh
et al.29 reported that subjects who had a high score for FNMBEG
(that is, a high intake of fruits, nuts, seeds, milk and dairy products,
beverages, eggs and grains) had a higher level of BMD over the
22 months surveyed.
Calcium intake during growth is crucial for maximizing of bone

mass, which will prevent osteoporosis and osteopenia during
adulthood.30 Dairy foods are the main resources of calcium,
leading to up 70% of the calcium intake in Western countries;31

however, most Korean children and adolescents consume low
amount of milk, yogurt and cheese. Our previous study reported
that the status of calcium intake of Korean youth was very low, in
which the percentage of subject less than the estimated average
requirement was 75.0% in KNHANES (2007–2010), and dairy
products contribute to only 35% of the daily calcium intake
among Korean adolescents.32 In the present study, the ‘milk-cereal

and whole-grain’ pattern had a high consumption of dairy foods
and subsequent high calcium intake showed inverse association
with a risk of having low BMD in Korean male youth. Therefore, we
suggest that strategies to encourage consumption of dairy
products are needed to promote bone health.
In the current study, the ‘milk-cereal and whole-grain’ pattern

had more strong association with riboflavin (vitamin B2) intake
than the ‘meat and vegetable’ pattern. This finding is interesting
because B-vitamins act as cofactors for enzymes maintaining low
homocysteine levels. Increased homocysteine levels have shown
to interfere with collagen crosslinking, and they also increase
osteoclast activity;33 thus, lowering homocysteine levels with
B-vitamins has been suggested to be one of the promising
preventive strategies against osteoporotic fractures.34 Although
both the above dietary patterns include the major food sources of
riboflavin (meat versus milk), the amount of riboflavin intake in
Korean youth appears to be more dependent on dairy food
consumption than meat consumption. Regretfully, in this study,
we did not assess whether a positive relationship between the
‘milk and whole-grain’ pattern and BMD is under the influence of

Table 4. Multivariate ORs and 95% CIs for the likelihood of having low BMDa, according to the tertiles (T) of subjects’ dietary patterns

T1 T2 T3 P for trend

OR OR (95% CI) OR (95% CI)

Meat and vegetable Model 1b 1.00 (ref) 0.53 (0.27, 1.06) 0.67 (0.33, 1.38) 0.246
Model 2c 1.00 (ref) 0.55 (0.26, 1.15) 0.80 (0.33, 1.95) 0.680
Model 3d 1.00 (ref) 0.54 (0.26, 1.14) 0.75 (0.30, 1.84) 0.623

White rice and kimchi Model 1 1.00 (ref) 1.26 (0.65, 2.44) 0.66 (0.30, 1.45) 0.447
Model 2 1.00 (ref) 1.30 (0.67, 2.51) 0.63 (0.28, 1.41) 0.539
Model 3 1.00 (ref) 1.45 (0.73, 2.84) 0.68 (0.30, 1.53) 0.649

Milk-cereal and whole grain Model 1 1.00 (ref) 0.60 (0.31, 1.16) 0.36 (0.17, 0.78) 0.006
Model 2 1.00 (ref) 0.62 (0.32, 1.20) 0.39 (0.18, 0.86) 0.019
Model 3 1.00 (ref) 0.56 (0.29, 1.11) 0.36 (0.16, 0.81) 0.018

Abbreviations: BMD, bone mineral density; CIs, confidence intervals; ORs, odds ratios. aLow BMD was defined as a BMD Z-score of −2.0 or less, according to the
ISCD guidelines.27 The ‘low BMD group’ was defined as subjects having low BMD at one or more sites from the three different sites where BMD values were
measured. bModel 1 adjusted for age (continuous) and body size (height Z-score and weight Z-score according to each age group (continuous)). cModel 2
adjusted as model 1+ energy intake (log transformation, continuous) and serum 25(OH)D (log transformation, continuous). dModel 3 adjusted as model 2+
residence region (categorical), household income (categorical) and physical activity level (categorical).

Figure 1. ORs for low BMD according to the tertiles of the ‘milk-cereal and whole-grain’ dietary pattern adjusted for age (continuous), body
size (height Z-score and weight Z-score according to each age group (continuous)), energy intake (log transformation, continuous), serum
25(OH)D (log transformation, continuous), residence region (categorical), household income (categorical) and physical activity level
(categorical). Error bars represent 95% CIs. *T1: reference group. †Low BMD of each measured bone site was defined as a BMD Z-score
of − 2.0 or less, according to the ISCD guidelines.27 The ‘low BMD group’ was defined as subjects having low BMD at one or more sites from
the three different sites where BMD values were measured.
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calcium intake itself, or increased riboflavin intake also has an
additive beneficial impact on BMD. Until now, the studies for
association between low riboflavin intake and low BMD or fracture
risk were only conducted in elderly populations.35–37 Further
studies are needed to elucidate possible contributions of
riboflavin to the beneficial impacts of dairy consumption on BMD.
In our study, male youth in the top tertile (T3) of the ‘milk-cereal

and whole-grain’ dietary pattern have a higher intake of whole
grain compared to those in the bottom tertile (T1) of this pattern.
Whole grains provide magnesium, iron, vitamin B complex and
other bioactive compounds, such as phytochemicals and anti-
oxidants, which may benefit bone health.38,39

Current study had several limitations with cross-sectional design
and somewhat subjectivity of dietary pattern approach. In
addition, 1-day 24-h recall may not accurately represent the
individual’s usual intake. Food frequency questionnaire used in
KNHANES cannot evaluate usual intake, because it has not yet
been validated. Hence, dietary intake data from 1-day 24-h recall
were used in the current analysis. In addition, studies consisting of
a more precise measurement of usual intake are needed to
support these results. Nevertheless, to our knowledge, the present
study is the first to conduct a nation-wide analysis examining the
associations between dietary patterns and the risk of low BMD
determined by the ISCD guidelines in Korean youth.27

Acquiring the highest possible peak bone mass within one’s
genetic potential is a crucial strategy for protecting against
osteoporosis during adulthood.40 Although genetic factors
explained ~ 80% of the variance of bone mass observed among
the population,40 dietary factors, exercise, physical condition,
hormone status and other environments have an important
influence on bone mass accumulation early in life.41 In the current
study, the ‘milk-cereal and whole-grain’ pattern showed high
consumptions of calcium, protein and diverse minerals and
vitamins including riboflavin. On the basis of our results, a well-
balanced and high-quality diet is a crucial factor for building the
highest peak bone mass during adolescence, and this might
prevent bone loss and osteoporosis later in life.
In conclusion, we identified three different dietary food patterns

(meat and vegetable, white rice and kimchi, and milk-cereal and
whole grain) from 20 food groups using factor analysis in Korean
male adolescents and young adults. The ‘milk-cereal and whole-
grain’ dietary pattern rich in calcium, riboflavin and protein
content may be helpful in adequate bone accrual in youth.
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