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Abstract

Objective: To examine the relationship between nutritional intake and bone mineral density

(BMD) in postmenopausal Korean women.

Methods: Dietary intake was recorded in postmenopausal Korean women using a semiquanti-

tative questionnaire. The frequency of consumption of various food groups and nutrient intake

were calculated. BMD T-scores were measured at the lumbar spine, femoral neck and total hip

using dual-energy X-ray absorptiometry. Associations between T-scores and dietary intake were

analysed using partial correlation coefficients and multiple linear regression analysis.

Results: A total of 189 postmenopausal women were included in the study. b-Carotene intake was

positively correlated with the lumbar spine T-score. Sodium and vitamin C intake were positively

associated and folate intake negatively associated with the femoral neck T-score. Sodium, zinc and

vitamin C intake were positively correlated and potassium intake was negatively correlated with

the total hip T-score. Vegetable intake showed a positive association with the femoral neck and

total hip T-scores.

Conclusion: In postmenopausal Korean women, b-carotene, vitamin C, zinc and sodium intakes

were positively associated with bone mass. Furthermore, frequency of vegetable consumption was

positively associated with femoral neck and total hip T-scores.

Journal of International Medical Research

2016, Vol. 44(5) 1103–1114

! The Author(s) 2016

Reprints and permissions:

sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/0300060516662402

imr.sagepub.com

1Department of Family Medicine, College of Medicine,

Chung-Ang University Hospital, Seoul, Republic of Korea
2Department of Obstetrics and Gynecology, College of

Medicine, Chung-Ang University Hospital, Seoul, Republic

of Korea

Corresponding author:

Soo Hyun Cho, Department of Family Medicine, College of

Medicine, Chung-Ang University Hospital, 102 Heukseok-

ro, Dongjak-Gu, Seoul 06973, Republic of Korea.

Email: soohu@hanmail.net

Creative Commons CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial

3.0 License (http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.

sagepub.com/en-us/nam/open-access-at-sage).



Keywords

Osteoporosis, menopause, bone mineral density, nutrients, food frequency

Date received: 28 February 2016; accepted: 12 July 2016

Introduction

Osteoporosis is a common condition that was
estimated to affect over 38% of females aged
50 years and older in the Korean population
in the Korea National Health and Nutrition
Examination Survey undertaken from 2008
to 2011.1 The prevalence of osteoporosis
increases after the menopause, with the
reduction in oestrogen secretion in postme-
nopausal women resulting in decreased bone
density that can lead to osteoporosis.2

According to a population projection,
nearly half of the females in South Korea
will be postmenopausal by 2030.3

Bone mass is associated with various
lifestyle factors such as diet, physical activity
and smoking.4,5 Adequate nutrient intake is
important for the prevention of osteoporosis
in postmenopausal women.4 It is generally
accepted that balanced diets that include
adequate dairy products contribute to
healthy bone status.6 Several studies have
demonstrated that particular nutrients,
especially calcium and vitamin D, are asso-
ciated with bone mineral density (BMD).7

Calcium and vitamin D supplementation in
the elderly was shown to reduce bone loss in
the femoral neck, spine and total body over a
3-year study period and was also associated
with a reduced incidence of non-vertebral
fractures.8 Further studies have assessed the
relationship between bone density and other
specific nutrients, including vitamins and
essential fatty acids.9 Antioxidant vitamins
and carotenoids, which occur in abundance
in vegetables, may have positive effects on
bone health, possibly because of their alka-
line-forming properties.10–12 However, the
association between bone mass and the
intake of vegetables and other particular
nutrients in postmenopausal Korean

women is not well understood. The present
study aims to examine the relationships
between vegetable intake and bone mass in
postmenopausal Korean women, and to fur-
ther investigate the association between vari-
ous nutrients and indexes of bone mass to
provide nutritional recommendations for the
prevention of osteoporosis.

Subjects and methods

Subjects

In this cross-sectional, hospital-based study,
postmenopausal Korean women aged 50–
75 years who had attended the gynaecology
department of one of 10 hospitals in Seoul,
Republic of Korea, for a regular health
examination or for management of chronic
diseases from April 2009 to October 2009
were recruited. Subjects were excluded if
they had recently changed their diet or had
chronic diseases such as diabetes mellitus,
chronic kidney disease, rheumatoid arth-
ritis, thyroid disease, parathyroid disease or
malignancy. Subjects who had taken medi-
cations known to affect bone metabolism
(including corticosteroids) within the past
3months were also excluded.

All study participants provided written
informed consent. The study protocol was
reviewed and approved by the institutional
review board of the Soonchunhyang
University Hospital (Ethics Committee ref-
erence number SCHUH 2009-49) as a rep-
resentative of the 10 hospitals involved in
the study.

Anthropometric measurements and
assessment of BMD

In all study participants, BMD was mea-
sured at the lumbar spine (L1–L4), femoral
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neck and total hip using dual-energy X-ray
absorptiometry (Lunar Prodigy Advance
whole body bone densitometer, GE
Healthcare, Chicago, USA). The T-score
was derived from a comparison between the
measured BMD values and the mean BMD
of healthy young females.13 Body weight
and height were measured to the nearest
0.1 kg and 0.1 cm using a scale or wall-
mounted extensometer, respectively, by
trained nurses. Height and weight measure-
ments were recorded after an overnight fast,
with the subjects wearing lightweight hos-
pital gowns and no shoes. Body mass index
(BMI) was calculated from the weight in
kilograms divided by the height in metres
squared.

Measurement of covariates and dietary
assessments

Data was obtained using structured ques-
tionnaires administered by trained nurses or
dieticians. Age and smoking habits were
recorded, with subjects being categorized as
non-smokers or smokers (including former
smokers).

The dietary intake of nutrients and foods
was measured using a semiquantitative
food-frequency questionnaire (SFFQ) that
covered 103 types of commonly consumed
Korean foods selected from the 1998
National Health and Nutritional Survey of
the Korean population.14 The validity and
reliability of the SFFQ in the Korean
population has been verified.15

The SFFQ was used to document the
previous year’s food consumption habits.
Study participants were given detailed
instructions on estimating portion size,
using pictorial representations to aid stand-
ardization. Frequency of intake was cate-
gorized as never or seldom, once a month,
two or three times a month; one or two times
a week, three or four times a week, five or six
times a week, once a day, twice a day, or
three or more times a day. The selected

frequency category for each food was then
used to calculate the daily intake. Nutrient
intakes were calculated using a computer-
aided nutritional analysis program
(CAN-Pro 3.0, The Korean Nutrition
Society, Seoul, Republic of Korea), apart
from vitamin D intake, which was estimated
using a Korean reference database.16

The intakes of energy (calories), protein
(total protein, animal protein, vegetable pro-
tein, isoflavone), fat (total fat, animal fat,
plant fat, total fatty acids, saturated fatty
acids, monounsaturated fatty acids, polyun-
saturated fatty acids, omega-3, omega-6),
carbohydrate, fibre, vitamins (A, B1, B2,
B6, niacin, folate, riboflavin, C, D, E) and
minerals (calcium, phosphorus, iron, sodium,
potassium, zinc) were calculated for each
study participant. Foods were categorized
based on similarity of nutrient profiles or
culinary usage into 12 groups: grain, fruit,
seafood (excluding fish), fish, vegetables,
mushrooms, dairy products, meat, soup or
pot stew, tea, sugar and nuts.

Statistical analyses

Results were given as the mean� SD.
Normality for continuous variables was
tested using the Shapiro–Wilk test. As all
the nutrient intakes and food frequencies
were abnormally distributed, natural log
transformation was performed, following
which all the variables were normally
distributed.

After adjusting for age, BMI and energy
intake, the partial correlation coefficient was
calculated to determine correlations
between the lumbar spine, femoral neck
and total hip T-scores and nutrient intakes.
To examine correlations between BMD and
food frequencies, partial correlation analysis
adjusted for age and BMI was performed.
Backward stepwise selection using the vari-
ables found to be related to BMD on partial
correlation analysis was conducted to deter-
mine which variables were independent and
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significant predictors of BMD. These vari-
ables were then investigated using multiple
linear regression analysis. A P-value < 0.05
was considered to be statistically significant.
All analyses were performed using SPSS
software version 17.0 (SPSS Inc., Chicago,
USA).

Results

A total of 191 postmenopausal Korean
women were included in the study. After
exclusion of study participants with incom-
plete SFFQ data or BMD measurements,
results were available for analysis from 189
participants. The general characteristics of
the subjects are shown in Table 1. The daily
nutrient intakes and food frequencies of the
study participants are given in Tables 2 and 3.

The results of partial correlation analysis
between the T-scores at various sites and
nutrient intakes after adjustment for age,
BMI and energy intake are given in Table 4.
The T-score of the lumbar spine was posi-
tively correlated with intake of sodium,
potassium, zinc, plant calcium, vitamin A,
b-carotene and vitamin C (P< 0.05 for all).
There were positive correlations between the
T-score of the femoral neck and intake of
total protein, animal protein, carbohydrate,

total fat, plant fat, cholesterol, total
fatty acids, monounsaturated fatty acids,
polyunsaturated fatty acids, omega-6, total
iron, plant iron, animal iron, sodium, potas-
sium, zinc, total calcium, plant calcium, vita-
min A, b-carotene, vitamin B1, vitamin B2,

Table 2. Nutrient intake in postmenopausal

women (n¼ 189).

Daily intake

Energy, kcal 1895.16� 500.28

Total protein, g 72.28� 24.28

Plant protein, g 43.13� 13.31

Animal protein, g 28.15� 15.35

Carbohydrate, g 310.84� 77.44

Total fat, g 41.96� 18.88

Plant fat, g 22.64� 10.36

Animal fat, g 19.32� 11.03

Cholesterol, mg 256.93� 135.05

Total fatty acids, g 20.91� 9.90

Saturated fatty acids, g 6.39� 3.67

Monounsaturated fatty acids, g 7.25� 3.65

Polyunsaturated fatty acids, g 7.26� 3.23

Omega-3, g 1.06� 0.61

Omega-6, g 6.00� 2.71

Total iron, mg 15.76� 5.81

Plant iron, mg 12.88� 4.80

Animal iron, mg 2.87� 1.61

Sodium, mg 4436.23� 2041.17

Potassium, mg 3183.59� 1252.60

Zinc, mg 10.37� 3.85

Total calcium, mg 626.62� 285.75

Plant calcium, mg 354.82� 157.86

Animal calcium, mg 271.80� 179.64

Vitamin A, mg retinol

equivalent

1051.47� 724.45

Retinol, mg 88.55� 55.57

b-Carotene, mg 5004.17� 3737.51

Vitamin B1, mg 1.12� 0.38

Vitamin B2, mg 1.30� 0.65

Vitamin B6, mg 2.18� 0.82

Niacin, mg 15.37� 5.65

Folate, mg 324.45� 183.52

Vitamin C, mg 118.80� 71.45

Vitamin E, mg 15.36� 7.09

Vitamin D, mg 6.07� 3.84

Isoflavone, mg 21.94� 19.97

Data presented as mean� SD.

Table 1. General characteristics of the

postmenopausal study participants (n¼ 189).

Age, years 60.63� 6.39

Height, cm 154.93� 5.88

Weight, kg 56.79� 7.60

Body mass index, kg/m2 23.68� 3.08

Bone mineral density T-score

Lumbar spine (L1–L4) �1.66� 1.52

Femoral neck �1.36� 1.20

Total hip �1.03� 1.27

Smoking

Yes 9 (4.8)

No 180 (95.2)

Data presented as mean� SD or number of subjects (%).
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vitamin B6, niacin, folate, vitamin C and
vitamin E (P< 0.05 for all). In addition, the
T-score of the total hip was positively
correlated with intake of total protein, poly-
unsaturated fatty acids, omega-6, iron,
sodium, potassium, zinc, total calcium,
plant calcium, vitamin A, b-carotene,
vitamin B1, vitamin B2, vitamin B6, niacin,
vitamin C and vitamin E (P< 0.05 for all).

Table 5 shows the correlations between
food frequencies and BMD at various sites.
After adjusting for age and BMI, the
frequency of seafood consumption was posi-
tively correlated with the T-score of the
femoral neck (P< 0.05) and the frequency of
vegetable consumption was positively corre-
lated with the T-score of the femoral neck
and total hip (P< 0.05 for both).

The results of multiple linear regression
analysis of the associations between the
T-score of the lumbar spine, femoral neck
and total hip and nutrient intakes, age and
BMI are shown in Table 6. b-Carotene
intake showed a significant positive associ-
ation with the T-score of the lumbar spine
(partial R2

¼ 0.232, P< 0.001). Intake of
sodium and vitamin C had a positive asso-
ciation and intake of folate had a negative
association with the T-score of the femoral

neck (partial R2
¼ 0.369, P< 0.001). Intake

of sodium, zinc and vitamin C had a positive
association and intake of potassium had a
negative association with the T-score of the
total hip (partial R2

¼ 0.358, P< 0.01).
The results of multiple linear regression

analysis of the associations between the
T-score of the femoral neck and total
hip and food frequencies, age and BMI are
given in Table 7. Frequency of vegetable
consumption showed a significant positive
association with the T-score of the femoral
neck and total hip (partial R2

¼ 0.259 and
0.272, respectively; P< 0.001 for both).

Discussion

Nutrition can be an important modifying
factor in the development and maintenance
of bone mass. Effective prevention and
treatment of osteoporosis in postmenopau-
sal women is also dependent on nutritional
factors.

In the present study, multiple regression
analyses of food frequencies and BMD
showed that the frequency of vegetable
consumption was significantly associated
with the T-score of the femoral neck and
total hip. These results are in agreement with
those of other studies. In a nationwide,
community-based study of farmwomen in
Japan, a high intake of green and dark
yellow vegetables positively correlated with
BMD whereas a high intake of meat tended
to be inversely associated with BMD.17

Vegetable intake may be an important
factor in increasing BMD because vege-
tables are a good source of alkalizing nutri-
ents, which can inhibit bone resorption and
reduce urinary calcium excretion.18

Antioxidant vitamins can also reduce oxi-
dative stress, which is known to have a
negative impact on BMD.10,19 Vitamin C
has been found to be essential for the stable
formation of collagen and osteoblast differ-
entiation.20 In addition, alkaline ions (diet-
ary potassium and magnesium) and fruit

Table 3. Frequencies of consumption of food

groups in postmenopausal women (n¼ 189).

Servings/day

Grain 3.75� 1.69

Fruit 2.75� 3.07

Seafood 0.37� 1.35

Fish 1.06� 1.16

Vegetables 12.43� 7.04

Mushrooms 0.24� 0.43

Dairy products 0.82� 0.89

Meat 1.53� 1.65

Soup and pot stew 0.74� 0.58

Tea 1.54� 1.80

Sugar 0.88� 2.00

Nuts 0.28� 0.59

Data presented as mean� SD.
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Table 4. Partial correlation coefficients adjusted for age, body mass index and energy intake between bone

mineral density T-scores of the lumbar spine, femoral neck and total hip and daily nutrient intakes in

postmenopausal women (n¼ 189).

Lumbar spine T-score Femoral neck T-score Total hip T-score

Partial R2
Statistical

significance Partial R2
Statistical

significance Partial R2
Statistical

significance

Total protein 0.075 NS 0.269 P¼ 0.001 0.191 P¼ 0.015

Plant protein 0.065 NS 0.130 NS 0.132 NS

Animal protein 0.066 NS 0.187 P¼ 0.018 0.099 NS

Carbohydrate �0.058 NS �0.211 P¼ 0.008 �0.139 NS

Total fat 0.056 NS 0.186 P¼ 0.018 0.092 NS

Plant fat 0.085 NS 0.194 P¼ 0.014 0.096 NS

Animal fat 0.034 NS 0.125 NS 0.057 NS

Cholesterol 0.099 NS 0.212 P¼ 0.007 0.149 NS

Total fatty acids 0.092 NS 0.180 P¼ 0.023 0.107 NS

Saturated fatty acids 0.078 NS 0.121 NS 0.034 NS

Monounsaturated

fatty acids

0.086 NS 0.178 P¼ 0.024 0.105 NS

Polyunsaturated

fatty acids

0.091 NS 0.219 P¼ 0.005 0.172 P¼ 0.030

Omega-3 �0.04 NS 0.077 NS 0.061 NS

Omega-6 0.132 NS 0.234 P¼ 0.003 0.182 P¼ 0.022

Total iron 0.111 NS 0.267 P¼ 0.001 0.194 P¼ 0.014

Plant iron 0.092 NS 0.200 P¼ 0.011 0.138 NS

Animal iron 0.083 NS 0.208 P¼ 0.008 0.139 NS

Sodium 0.157 P¼ 0.047 0.368 P< 0.001 0.273 P< 0.001

Potassium 0.157 P¼ 0.048 0.300 P< 0.001 0.180 P¼ 0.023

Zinc 0.167 P¼ 0.035 0.268 P¼ 0.001 0.231 P¼ 0.003

Total calcium 0.122 NS 0.288 P< 0.001 0.165 P¼ 0.037

Plant calcium 0.161 P¼ 0.042 0.333 P< 0.001 0.231 P¼ 0.003

Animal calcium 0.044 NS 0.147 NS 0.050 NS

Vitamin A 0.227 P¼ 0.004 0.354 P< 0.001 0.275 P< 0.001

Retinol 0.030 NS 0.117 NS 0.053 NS

b-Carotene 0.232 P¼ 0.003 0.338 P< 0.001 0.263 P¼ 0.001

Vitamin B1 0.124 NS 0.272 P< 0.001 0.210 P¼ 0.008

Vitamin B2 0.011 NS 0.272 P< 0.001 0.210 P¼ 0.008

Vitamin B6 0.133 NS 0.331 P< 0.001 0.223 P¼ 0.005

Niacin 0.052 NS 0.235 P¼ 0.003 0.157 P¼ 0.047

Folate 0.137 NS 0.202 P¼ 0.010 0.131 NS

Vitamin C 0.157 P¼ 0.048 0.324 P< 0.001 0.236 P¼ 0.003

Vitamin E 0.145 NS 0.251 P¼ 0.001 0.182 P¼ 0.021

Vitamin D �0.027 NS 0.125 NS 0.029 NS

Isoflavone �0.130 NS �0.079 NS �0.091 NS

All data were log transformed.

NS, not statistically significant (P� 0.05).
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Table 6. Independent variables found on multiple linear regression analysis of the associations between

bone mineral density T-scores of the lumbar spine, femoral neck and total hip and daily nutrient intakes, age

and body mass index.

Dependent variable

Independent

variable Partial R2 Coefficient b
Standard

error

Statistical

significance

Lumbar spine T-score 0.232

b-Carotene 0.658 0.265 0.164 P< 0.001

Age �0.084 �0.353 0.016 P< 0.001

Body mass index 0.122 0.246 0.034 P< 0.001

Femoral neck T-score 0.369

Sodium 1.151 0.445 0.297 P< 0.001

Folate �1.441 �0.582 0.359 P< 0.001

Vitamin C 1.043 0.453 0.301 P¼ 0.001

Age �0.070 �0.378 0.012 P< 0.001

Body mass index 0.086 0.226 0024 P< 0.001

Total hip T-score 0.358

Sodium 0.745 0.273 0.353 P¼ 0.036

Potassium �1.277 �0.395 0.643 P¼ 0.049

Zinc 0.848 0.225 0.399 P¼ 0.035

Vitamin C 0.701 0.296 0.313 P¼ 0.026

Age �0.073 �0.372 0.013 P< 0.001

Body mass index 0.124 0.291 0.027 P< 0.001

All data were log transformed.

Table 5. Partial correlation coefficients adjusted for age and body mass index between bone mineral density

T-scores of the lumbar spine, femoral neck and total hip and frequencies of consumption of food groups in

postmenopausal women (n¼ 189).

Lumbar spine T-score Femoral neck T-score Total hip T-score

Partial R2
Statistical

significance Partial R2
Statistical

significance Partial R2
Statistical

significance

Grain 0.034 NS �0.037 NS 0.072 NS

Fruit 0.027 NS 0.057 NS 0.028 NS

Seafood (excluding fish) 0.032 NS 0.179 P¼ 0.023 0.042 NS

Fish 0.110 NS 0.069 NS 0.069 NS

Vegetables 0.150 NS 0.174 P¼ 0.028 0.186 P¼ 0.018

Mushrooms 0.037 NS 0.006 NS 0.033 NS

Dairy products 0.144 NS 0.080 NS 0.004 NS

Meat 0.040 NS 0.082 NS �0.036 NS

Soup and pot stew �0.011 NS 0.115 NS 0.083 NS

Tea �0.011 NS 0.066 NS 0.025 NS

Sugar 0.033 NS �0.004 NS 0.020 NS

Nuts 0.056 NS 0.073 NS 0.054 NS

All data were log transformed.

NS, not statistically significant (P� 0.05).
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and vegetables have been reported to be
associated with a higher BMD in elderly
subjects.21

Multiple linear regression analyses of
individual nutrients and BMD in the present
study revealed that b-carotene intake was
positively associated with the T-score of
the lumbar spine. It has been previously
reported in postmenopausal women that
dietary b-carotene intake was positively
associated with lumbar spine bone mass22

and that serum b-carotene was positively
correlated with radial BMD.23 The role of
dietary antioxidant carotenoids in osteopor-
osis is not yet well documented. These exist
in abundance in vegetables, and serum levels
of carotenoids have been shown to increase
with increasing frequency of reported ser-
vings of vegetables.12 Therefore a high
intake of vegetables rich in antioxidant
carotenoids might be beneficial for bone
health in postmenopausal women.

Positive correlations between dietary
vitamin C intake and the T-score of the
femoral neck and total hip on multiple linear
regression analysis were observed in the
present study. This may be due to the
metabolic effects of vitamin C, which is
known to stimulate procollagen, enhance

collagen synthesis and stimulate alkaline
phosphatase activity, a marker for osteoblast
formation.20 Many studies have reported a
potentially beneficial role for vitamin C in the
prevention of low BMD.24,25 Vitamin C
supplements have been shown to have a
beneficial effect on levels of BMD, especially
among postmenopausal women.20

Vitamin D is a well-known beneficial
nutrient for bone health. However, the
beneficial effect of vitamin D on bone mass
may depend on the level of intake and other
factors. A meta-analysis suggested that low-
dose vitamin D (<400 IU/day orally) was
ineffective for fracture prevention, with a
decrease in risk only occurring in elderly
individuals receiving 700 IU or more per
day.26 In the present study, the average
intake of vitamin D was 240 IU, which
represents only 60% of the recommended
Korean dietary reference intake for post-
menopausal women.27 The present study
therefore suggests that too low an intake of
vitamin D may be ineffective for bone
health.

Folate is effective in normalizing homo-
cysteine levels because it is critical for the
conversion of the amino acid methionine to
cysteine.28 Elevated levels of homocysteine

Table 7. Independent variables found on multiple linear regression analysis of the associations between

bone mineral density T-scores of the lumbar spine, femoral neck and total hip and frequencies of consumption

of food groups, age and body mass index.

Dependent

variable

Independent

variable Partial R2 Coefficient b
Standard

error

Statistical

significance

Femoral neck

T-score

0.259

Vegetables 0.391 0.158 0.164 P¼ 0.018

Age �0.087 �0.468 0.013 P< 0.001

Body mass index 0.100 0.261 0.026 P< 0.001

Total hip

T-score

0.272

Vegetables 0.391 0.151 0.171 P¼ 0.024

Age �0.092 �0.468 0.013 P< 0.001

Body mass index 0.138 0.323 0.029 P< 0.001

All data were log transformed.
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may increase the risk of osteoporosis
because homocysteine interferes with colla-
gen cross-linking, which can lead to poor
bone quality.29 Gjesdal et al.30 reported that
high levels of homocysteine and low levels of
folate were negatively associated with BMD
in women but not in men. However, in the
present study, folate intake was negatively
associated with the T-score of the femoral
neck on multiple linear regression analysis.
Additional research is needed to confirm the
possible roles of folate and homocysteine in
postmenopausal women before specific rec-
ommendations can be made for the preven-
tion or treatment of osteoporosis.

In the present study, dietary zinc intake
was significant positively associated with the
T-score of the total hip on multiple linear
regression analysis. Zinc is involved in the
stimulation of bone formation by osteo-
blasts and the inhibition of bone resorption
by osteoclasts.31 Associations between
BMD and zinc supplements have been
reported in patients with thalassaemia.32

Many clinical studies have demonstrated
that sodium intake is negatively associated
with BMD due to sodium causing an
increase in renal calcium excretion.33 In the
present study, multiple linear regression
analysis showed that sodium intake was
positively associated with the T-score of
the femoral neck and total hip, which does
not support a detrimental effect on BMD for
dietary sodium. Excessive sodium intake is a
common nutritional problem in Korea; the
mean�SD sodium intake of the study
participants was 4436� 2041.17mg/day,
despite the fact that the World Health
Organization (WHO) recommends a
maximum daily intake of 2000mg.34 It is
possible that dietary sodium intake may be
positively correlated with other nutrients in
the Korean dietary pattern, and the associ-
ation of higher sodium intake with a higher
BMD needs further evaluation.

Potassium was positively correlated with
BMD using simple correlation analysis.

However, multiple linear regression analysis
showed that potassium intake was nega-
tively associated with the T-score of the total
hip. Potassium is important for calcium
homeostasis, particularly the urinary
conservation and excretion of calcium.35

In a cross-sectional study, higher potassium
intake was significantly associated with
higher BMD in both men and women.21

The mean�SD potassium intake of the study
participants was 3183.59�1252.60mg/day,
which is considerably lower than the WHO
recommended daily intake of 3510mg.36

Further investigation is required to determine
the influence on bone health in postmeno-
pausal women of potassium intake within the
range of current recommendations.

Milk and other dairy foods are a major
source of calcium and other essential nutri-
ents. Milk has an abundance of protein,
phosphorus and calcium, which are crucial
for bone formation. Many studies in Korea
and elsewhere, both epidemiological and
experimental, have shown that drinking
milk improves bone health.37 However, the
present study did not show a positive cor-
relation between dairy food intake and the
T-score of various skeletal sites. This could
be partially explained by the lack of dairy
food in many common Korean dishes. The
recommended Korean dietary guideline for
adults and the elderly is one or two servings
of dairy products per day,27 but in the present
study the participants’ intake of dairy prod-
ucts was low, with an average consumption
rating of only 0.82 servings per day.

According to the report of Choi et al.,38

the prevalence of osteoporosis in Korean
adults is higher than in Caucasians; the
prevalence was 38% in Korean females
aged 50 years and older. Park et al.1

reported that the BMD at every skeletal
site was significantly lower in Korean
females than in those in the US. They
suggested that these differences in preva-
lence may be related to the different skeletal
sizes common to each race, but may also be
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related to differences in nutritional intake,
including the intake of calcium, and activity
between these populations. Dietary recom-
mendations are likely to be helpful, but
further prospective studies are required
to make firm recommendations with respect
to osteoporosis. Understanding the rela-
tionships between nutrients may be an
important step toward the identification of
dietary factors related to the prevention of
osteoporosis, especially in postmenopausal
women.

The focus of the present study was to
investigate correlations between dietary
nutrients and BMD T-scores in postmeno-
pausal Korean women. However, it is diffi-
cult to draw firm conclusions concerning the
factors that influence BMD due to the cross-
sectional nature of the study and the small
sample size. In addition, the intake of
nutrients was based solely on responses to
the SFFQ and so accuracy was limited.
However, since the questionnaire covered
the previous year’s consumption, the results
may better reflect long-term nutritional
intake than responses that only relate, for
example, to the previous 24 h. The present
study did not measure levels of oestrogen
and parathyroid hormone, which are known
to be significantly associated with BMD,2,39

but the questionnaire responses did identify
other factors, such as smoking habits, that
may have an impact on BMD in postmeno-
pausal women. Due to the complexity of
the roles of dietary nutrients in bone
health, further investigations of the mech-
anisms underlying these relationships may
improve understanding of the epidemio-
logical data.

In conclusion, the present study in
postmenopausal Korean women found
that b-carotene, vitamin C, zinc and
sodium intake were positively associated
with BMD, and that the frequency of vege-
table consumption was positively associated
with femoral neck and total hip T-scores.
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