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Abstract

This study was performed to determine the effects of dietary calcium (Ca) intake, milk and dairy product intake, and serum vitamin D level
on bone mineral density. The survey data from the 2008-2009 Korea National Health and Nutrition Examination Survey (KNHANES) for adults
(3,819 males, 5,625 females) aged >20 years were examined; osteoporosis was defined according to the standards for Asian populations (T-score
<-2.5). The risk for osteoporosis significantly decreased as Ca intake increased; this effect persisted (quartile 4 vs. quartile 1 of Ca intake: odds
ratio [OR] 0.66; 95% confidence interval [CI]: 0.50-0.87) even after adjustment for gender, age, and other factors (body mass index, serum vitamin
D, menstruation, female hormone intake, menopausal status, and the number of days per week of muscular strength exercise). Additionally, the
risk for osteoporosis significantly decreased as the Ca/P ratio increased (quartile 4 vs. quartile 1: OR 0.76; 95% CI: 0.58-0.98). The degree of
risk was 0.96 (0.66-1.38) in those who consumed <1 portion of milk or dairy products daily, and 0.71 (0.53-0.96) in those who consumed > 1
portion per day, compared with those who had zero intake. The risk for osteoporosis significantly decreased as the serum 25(OH) vitamin D level
increased. From these results, we advocate an increase in Ca, milk, and dairy product intake, and that serum 25(OH) vitamin D levels be maintained

within the normal range, for the maintenance of bone health and the prevention of osteoporosis in adults.
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Introduction

The number of patients with osteoporosis, a metabolic bone
disease, has increased as the elderly population has increased
worldwide. In Korea in 2009, the prevalence of osteoporosis in
adults over 50 years of age was 8.1% in men and 38.7% in
women, according to the results of the 2009 Korea National
Health and Nutrition Examination Survey (KNHANES). The rate
increased as age increased; the rate has been reported to be 14.6%
in those in their 50s, 39.1% in those in their 60s, and 68.2%
in women and 20% in men in their 70s [1]. The number of
patients with osteoporosis has been steadily increasing, and the
medical expenses associated with the disease were 72.2 billion
won in 2001, an increase of 35% compared to that 5 years
previously [2]. The cure rate of osteoporosis is lower than that
of other chronic diseases; thus, prevention is most important for
this disease.

Several studies have reported that calcium (Ca) intake and the
intake of milk and dairy products affect bone mineral density,

peak bone mass, and Ca balance, and are important in the
maintenance of bone health [3,4]. Additionally, the intake of
vitamin D is necessary for the maintenance of healthy bone.

However, in Korea, Ca intake is low, with only 67.1% of
people achieving the recommended intake levels; the rate drops
to 50% in those aged > 65 years [1]. The consumption of milk
and dairy products, which are important sources of Ca, has
increased from 79.9 g/day in 1998 to 105.8 g/day. However,
according to a food frequency survey conducted in the past year,
milk is consumed on average 3.0 times per week, and only 24.6%
of people have milk more than once a day [1].

Several studies have reported that an increase in Ca intake
leads to an increase in bone mineral density (BMD) and can
reduce not only the risk of osteoporosis but also the risk of
fracture [5-7]. Some studies have also suggested that dairy
products are a good food to consume for maintaining bone health
[8,9]. In particular, studies conducted in Korean adults have
shown significant relationships between milk and dairy product
intake and BMD and osteoporosis incidence [10,11].
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On the other hand, in the USA, the incidence of osteoporosis
and fracture has increased despite a gradual increase in the
recommended intake of Ca during the past 20 years, and no
correlation between Ca intake and the risk of pelvic fracture has
been reported [3,8,12-15]. Additionally, it is important to
maintain an appropriate level of serum 25(OH) vitamin D (an
index of vitamin D status) for the maintenance of bone health.
Some studies have reported that the intake of an appropriate level
of vitamin D can reduce the risk of fracture and osteoporosis
[16-18], although another study has reported that vitamin D
deficiency is not a major cause of fracture [19]. Such inconsis-
tency in study results may be due to differences in study design,
subjects, and the parts of bone examined.

This study was performed, using 2008-2009 KNHANES data,
to investigate the relationship between Ca intake, milk and dairy
product intake, and serum 25(OH) vitamin D level and the risk
of osteoporosis in Korean adults, and to provide fundamental
data for use in strategies to prevent osteoporosis.

Subjects and Methods

Subjects

This study used the results from physical examinations and
dietary surveys of 9,444 adults (3,819 men, 5,625 women) aged
>20 years who had undergone BMD testing during the
2008-2009 KNHANES. The subjects were divided into quartiles
depending on dietary Ca intake as follows: daily Ca intake <
257.3 mg (Q1), 257.3-397.5 mg (Q2), 397.6-592.3 mg (Q3), and
>592.4 mg (Q4).

Study content

Body weight, height, waist circumference, and body mass
index (BMI) were recorded as anthropometric data; serum
25(0OH) vitamin D level was also measured. Among BMD data,
total, lumbar spine, total femur, femoral neck, Ward’s triangle,
and trochanter BMD, and their T-score values, were used.
Osteoporosis status was determined using the assessment criteria
for Asian populations: T-score <-2.5 for osteoporosis, T-score
-2.5 to -1.0 for osteopenia, and T-score >-1.0 for normal status
[20].

Statistical analysis

All the analyses were conducted using a survey weighting to
account for the complex survey design, which consisted of
multistage, stratified, clustered samples. Probability sampling
weights were used in conjunction with strata and primary
sampling units to apply weight to the data analysis. For statistical
analysis, SAS 9.13 (SAS Institute Inc., Cary, NC) and SUDAAN
10 (SUDAAN, Research Triangle Institute, Research Triangle

Park, NC) were used. The frequency of muscular strength exercise,
menstruation status, and hormone supplement use were compared
using the chi-square test. All means and standard errors were
adjusted for gender and age, and then calculated considering
stratification variables and weights. Significant differences between
groups were tested using Bonferroni’s multiple t-test. For the
analyses on the effects of serum 25(OH) vitamin D level, dietary
Ca intake, and milk and dairy product intake on osteoporosis
risk, odds ratios (ORs) and 95% confidence intervals (CI) were
obtained using logistic regression. As factors related to
osteoporosis risk could influence the results of logistic regression,
the risk was calculated after adjustment for factors known to
affect osteoporosis, such as age, gender, BMI, serum 25(OH)
vitamin D level, menstruation status, hormone supplement use,
menopausal status, and the number of days per week of muscular
strength exercise.

Results

General characteristics

The general characteristics of the subjects are shown in Table 1.
The overall average age was 45.9 years. The overall average
height was 162.1 cm; the averages were 159.1 cm for Ql, 161.6
cm for Q2, 163.0 cm for Q3, and 164.3 cm for Q4, showing
that those in Q4 were significantly taller than those in Q1, Q2,
and Q3 (P <0.05). The overall average weight was 62.4 kg; the
averages were 59.5 kg for Q1, 61.9 kg for Q2, 63.4 kg for Q3,
and 64.5 kg for Q4, showing that those in Q3 and Q4 (who
had higher Ca intake) were significantly heavier than those in
Ql and Q2 (P<0.05). In both men and women, height and
weight were significantly higher in Q4 than in Q1 (P <0.05).
The overall average waist circumference was 81.4 cm, and the
overall average BMI was 23.7 kg/m’; waist circumference and BMI
were significantly higher in Q4 than in Q1 (P <0.05). However,
waist circumference and BMI did not show significant differences
when the groups were categorized into men and women.

The overall average serum 25(OH) vitamin D level was 19.4
ng/mL; the average level was 18.5 ng/mL for Q1, 19.6 ng/mL
for Q2, 19.4 ng/mL for Q3, and 20.1 ng/mL for Q4, showing
that levels for those in Q4 were significantly higher than levels
for those in Q1 (P <0.05). Serum 25(OH) vitamin D levels in
both men and women were significantly higher in Q4 than in
Q1 (P<0.05). The percentage of participants who performed
muscular strength exercises on more than 5 days per week was
significantly higher in Q4 than in Q1 (P <0.001). In women,
58.0% were menstruating and 34.2% were menopausal. Hormone
supplement use was reported by 7.7% of women.

Bone mineral density

The BMD values of the subjects are shown in Table 2. In
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Table 1. General characteristics of the subjects according to their Ca intake levels
Total Q1 Q2 Q3 Q4 P-value
Number 9,444 2,362 2,360 2,362 2,360
Age (yrs) 459+0.3" 50.1+0.6° 455+0.4° 445+0.4° 442+05° <0.05
Height (cm) 162.1+0.1 159.1+0.2° 161.60.2° 163.0+£0.2° 164.3+0.2° <0.05
Weight (kg) 62.4+0.1 59.5+0.3° 61.9+0.3° 63.4+0.3° 64.5+0.3° <0.05
Waist circumference (cm) 81.4+0.2 80.2+0.3° 81.3+0.3° 82.0+0.3" 82.2+0.3% <0.05
BMI (kg/m?) 23.7+0.1 23.4+0.1° 23.6+0.1%* 23.8+0.1° 23.8+0.1° <0.05
Serum 25(OH) vitamin D level (ng/ml) 19.4+0.2 18.5+0.3° 19.6+0.3% 19.4+0.3° 20.1£0.3° <0.05
Milk and dairy product intake (g/day) 69.4+2.3 10.8+1.2° 237+16° 60.9+2.6° 168.8+6.8° <0.05
Muscular strength 0 7,104 (71.3)? 1,981 (80.2) 1,809 (73.1) 1,698 (68.2) 1,616 (65.5)
exercise 1 516 (6.6) 89 (5.0) 130 (6.7) 152 (7.4) 145 (7.2)
(day/week)
2 516 (6.7) 83 (4.7) 124 (6.3) 161 (8.4) 148 (7.1) <0,0018
3 438 (5.5) 62 (3.4) 103 (5.1) 124 (6.0) 149 (7.2)
4 248 (3.0) 38 (2.1) 62 (3.2) 66 (3.2) 82 (3.5)
>5 581 (6.8) 89 (4.7) 124 (5.5) 154 (6.8) 214 (9.6)
Male
Number 3,819 955 955 954 955
Age (yrs) 451+0.4 48.9+1.1° 459+0.6% 44.2+05" 43.8+0.6° <0.05
Height (cm) 169.1+0.1 168.3+0.2° 169.3+0.2° 169.1+0.2° 169.7£0.2° <0.05
Weight (kg) 68.7+0.2 67.5+0.4° 68.7 + 0.4 69.0 + 0.4 69.5 +0.4° <0.05
Waist circumference (cm) 84.4+0.2 84.0+0.3 84704 84.6+0.3 845104 NS
BMI (kg/m?) 24.0+0.1 23.8+0.1 23.940.1 24.1+0.1 24.1+0.1 NS
Serum 25(OH) vitamin D level (ng/ml) 211403 21.0+04 211403 211404 214403 NS
Milk and dairy product intake (g/day) 66.3+3.7 11.2+£1.8° 18.7£2.0° 56.8 +4.2° 175.9+ 12.5° <0.05
Muscular strength 0 2,386 (58.7) 684 (66.7) 582 (57.7) 564 (55.3) 556 (56.2)
exercise 1 289 (9.0) 56 (7.5) 82 (10.2) 73 (9.1) 78 (9.2)
(day/week)
2 320 (9.8) 65 (8.9) 84 (10.4) 94 (11.4) 77 (8.5) <0.018
3 258 (7.7) 39 (4.9) 68 (8.0) 76 (8.9) 75 (8.7)
4 148 (4.2) 31 (4.0) 38 (4.5) 42 (4.4) 37 (3.8)
=5 400 (10.6) 69 (8.0) 97 (9.2) 103 (11.0) 131 (13.6)
Female
Number 5,625 1,407 1,406 1,406 1,406
Age (yrs) 46.6+0.4 50.7 +0.6° 451+05° 448+0.5° 44705 <0.05
Height (cm) 156.1+0.1 155.2£0.2° 156.1+0.2° 156.3+ 0.2 156.8 +0.1° <0.05
Weight (kg) 56.9+0.1 55.9+0.3° 57.4+0.3° 57.3+0.3° 57.2+0.3° <0.05
Waist circumference (cm) 78.8+0.2 78.4+0.3 79.3+0.3 789+0.4 78.6+0.3 NS
BMI (kg/m?) 23.4+0.1 23.2+0.1 23.5+0.1 23.5+0.1 23.3+0.1 NS
Serum 25(OH) vitamin D level (ng/ml) 18.0£0.2 17.6+£0.3° 18.0+£0.2* 17.8+0.3° 18.6 £0.3° <0.05
Milk and dairy product intake (g/day) 721+26 89+14° 21.3+1.9° 69.6 +3.4° 176.5+7.3°
Muscular strength 0 4,718 (82.3) 1,233 (85.4) 1,201 (83.3) 1,153 (80.9) 1,131 (80.0)
exercise 1 227 (4.5) 39 (3.4) 3 (4.3) 8 (5.1) 67 (5.3)
(day/week)
2 196 (4.0) 33 (2.8) 3 (4.6) 2 (4.1) 58 (4.4) NS
3 180 (3.6) 36 (3.7) 1(32) 6 (4.2) 47 (3.4)
4 100 (2.1) 18 (1.5) 9 (1.8) 7 (2.1) 36 (2.8)
>5 181 (3.5) 38 (3.2) 5 (3.0) 9 (3.6) 59 (4.0)
Menstruation status Menstruation 2,781 (58.0) 521 (46.5) 706 (59.4) 782 (63.4) 770 (60.8)
Lactation 114 (2.4) 10 (0.8) 8 (2.2) 29 (2.4) 47 (4.1) <0.0018
Menopause 2,355 (34.2) 776 (45.7) 564 (32.0) 516 (30.4) 499 (29.8)
Hysterectomy 343 (5.4) 88 (6.0) 102 (6.4) 1(3.9) 82 (5.3)
Hormone supplement  Yes 474 (7.7) 93 (6.1) 117 (7.1) 120 (7.1) 144 (10.4) <0.0015
use No 5,111 (92.3) 1,296 (93.9) 1,282 (92.9) 1,282 (92.9) 1,251 (89.6)
Y Mean + SE
N (%)

NS, Not significant

Values with different superscripted characters are significantly different among the 4 groups at ~<0.05 by Bonferroni's multiple t-test,
Statistical significance was tested after adjusting for age.

$Values by chi-square test
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Table 2. Bone mineral density of the subjects according to their Ca intake levels

Total (n=9,444) Q1 (n=2,362) Q2 (n=2,360) Q3 (n=2,362) Q4 (n=2,360)
Ca intake range (mg/day) <2573 257.3-397.5 397.6-592.3 >502.3
Mineral density (g/cm?)
Total 1.138 +0.003" 1.118 +0.004° 1.136 +0.004° 1.142 +0.004™ 1.150 + 0.004°
Lumbar spine 0.942 +0.002 0.923 +0.004° 0.942 +0.003° 0.946 +0.003% 0.952 +0.003°
Total femur 0.914 +0.002 0.897 +0.004° 0.910 +0.003° 0.918 +0.003% 0.927 +0.003°
Femoral neck 0.761 +0.002 0.747 +0.003° 0.756 +0.003° 0.765 +0.003° 0.776 +0.003°
Ward's triangle 0.602 + 0.002 0.594 +0.004° 0.595 + 0.003° 0.604 +0.003%® 0.612 +0.003°
Trochanter 0.651+0.001 0.636 + 0.003° 0.649 +0.002° 0.654 + 0.002%° 0.662 + 0.002°
T-score
Lumbar spine -0.622+0.016 -0.783+0.031° -0.618 +0.026° -0.584 +0.028 -0.533+0.027°
Total femur 0.162 £0.015 0.021 +0.028° 0.137 £0.022° 0.199 +0.025° 0.265 +0.024°
Femoral neck -0.561+0.014 -0.673+0.028° -0.610 +0.022° -0.525 +0.024° -0.441+0.053"

¥ Mean + SE

Values with different superscripted characters are significantly different among the 4 groups at £< 0,05 by Bonferroni’'s multiple t-test,
Statistical significance was tested after adjusting for gender, age, and menopausal status,

Table 3. Daily nutrient intake per 1,000 kcal according to Ca intake levels

Total (n=9,444) Q1 (n=2,362) Q2 (n=2,360) Q3 (n=2,362) Q4 (n=2,360)
Ca intake range (mg/day) <2573 257.3-397.5 397.6-592.3 >5092.3
Energy (kcal/day) 1,912.0+10.8" 1,396.7 + 14.0° 1,752.0 + 15.0° 1,979.6 £ 15.7° 2,422.9+23.4°
Carbohydrate (g) 170.6+0.5 179.3£0.9° 172.1+£0.8° 169.9+0.7° 162.4+0.8°
Protein (g) 35.0+0.1 30.5+0.3 33.9+02° 35.8+0.2° 39.3+0.3°
Fat (g) 17.4+0.1 14.7+0.2° 16.9+0.2° 17.7+£0.2° 20.2+0.2°
Ca (mg) 263.8+2.7 137.0+2.5° 209.8 £2.0° 2758 +2.4° 4132+6.8°
P (mg) 608.0+2.2 519.1+3.7° 577.4+3.0° 624.3+3.3 698.6 + 4.0°
Fe (mg) 7.7+0.1 57+0.1° 7.1+0.1c 79+0.1° 9.9+0.2°
Na (mg) 2,628.8+19.8 2,196.8 + 37.4° 2,572.9+31.1° 2,764.0 + 35.6° 2,927.7 +36.2°
K (mg) 1,609.0+9.7 1,347.1£17.9° 1,553.4 + 13.6° 1,687.2£13.9° 1,814.2£16.0°
Vitamin A (ugRE) 414.0+6.4 295.9+9.2° 390.9+10.2° 4412£10.8° 512.6 £11.1°
Thiamin (mg) 0.65+0.01 0.60+0.01° 0.64+0.01° 0.65+0.01° 0.69+0.01°
Riboflavin (mg) 0.59 +0.01 0.47 £0.01° 0.54+0.01° 0.61+0.01° 0.72+0.01°
Niacin (mg) 8.2+0.1 7.4+0.1° 8.1+0.1° 8.3+0.1° 87+0.1°
Vitamin C (mg) 55.3+0.7 44.1£1.2° 53.4+1.0° 60.1+1.2° 62.3+1.1°
CalP ratio 0.420 +0.002 0.268 +0.003° 0.363 + 0.002° 0.439 +0.003° 0.582 +0.006°
CHO (% energy) 69.2+0.2 73.5+0.3° 702+0.2° 68.7+0.2° 65.0 £0.2°
Protein (% energy) 14.2£0.1 12.3+0.1° 13.7£0.1° 14.5+0.1° 15.9+0.17
Fat (% energy) 16.6£0.1 14.2+0.2° 16.1+0.2° 16.8+0.2° 19.1+0.2°

¥ Mean + SE

Values with different superscripted characters are significantly different among the 4 groups at £< 0,05 by Bonferroni’'s multiple t-test,

Statistical significance was tested after adjusting for gender and age,

all subjects, the average total BMD was 1.138 g/cm2, the average
lumbar spine BMD was 0.942 g/cmz, the average total femur
BMD was 0914 g/cmz, and the average femoral neck BMD 0.761
gch. Total, lumbar spine, total femur, femoral neck, Ward’s
triangle, and trochanter BMD values were significantly higher
in Q4 than those in Q1 and Q2 (P <0.05).

The T-scores for all subjects were -0.622 for lumbar spine,
0.162 for total femur, and -0.561 for femoral neck, showing that
the T-score for femur was higher than that for lumbar spine.
The lumbar spine T-score in Q4 was -0.533, which was
significantly higher than those in Q2 and Q1. The highest T-score
found was that for total femur in Q4 (0.265), while the lowest
was that for the femoral neck in Q1 (-0.673) (P <0.05).

Nutrient intake

The nutrient intake of the subjects is shown in Table 3. The
overall average energy intake after adjusting for age was 1,912.0
kcal/day. The proportion of energy intake from carbohydrate,
protein, and fat was 69.2%, 14.2%, and 16.6%, respectively. The
Ca intake per 1,000 kcal was 263.8 mg, and the P intake per
1,000 kcal was 608.0 mg; the Ca/P ratio was low (0.42).

The energy intake was 1,396.7 kcal/day in Q1, 1,752.0 kcal/day
in Q2, 1,979.6 kcal/day in Q3, and 2,422.9 kcal/day in Q4; energy
intake in Q4 was significantly higher than those in the other
quartiles. The proportion of energy from carbohydrate, fat, and
protein was 65.0%, 15.9%, and 19.1%, respectively, in Q4; this
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Table 4. Assessment of nutrient intake as expressed by the percentage of subjects

consuming less than the Korean DRIs according to Ca intake levels"

Total (n=29,444) Q1 (n=2,362) Q2 (n=2,360) Q3 (n=2,362) Q4 (n=2,360)

Ca intake range (mg/day) <2573 257.3-397.5 397.6-592.3 >592.3

Energy 66.2+0.7" 90.3+0.8° 758 +1.0° 61.9+1.1° 404+1.2°
Protein 19.3+0.5 54.4+1.3° 17.2£1.0° 6.7+0.6° 25+0.3°
Ca 731406 100.0+0.1° 100.0 +0.0° 97.5+0.3° 1.5+0.4°
P 105+0.4 37.7+1.1° 54+05° 0.8+0.2° 0.8+0.2°
Fe 243+0.6 61.9+1.2° 235+0.8° 121+0.7° 37405
Na 5703 17.4£1.0° 36+05° 1.8+0.3° 1.1£02°
K 70407 94.6 +0.6° 86.8+0.9° 66.8+1.2° 37.3+12°
Vitamin A 422407 736+1.2° 471+12° 33.0£1.2° 19.1+1.0°
Thiamin 412406 75.0+1.1% 462+1.1° 31.6+1.1° 16.4+0.8°
Riboflavin 60.6+0.7 94.2+0.7° 754+1.1° 544+12° 23.6+1.0°
Niacin 37.2+0.7 71.4+1.1° 39.3+1.2° 28.3+1.1° 14.1+0.8°
Vitamin C 47.0+0.8 774+1.1° 535+1.2° 36.4+1.3° 246+1.1°

v Dietary reference intakes (DRI) for Koreans are based on estimated energy requirement (EER) for energy, adequate intake (Al) for Na and K, and estimated average requirement

(EAR) for other nutrients,
?'Mean + SE

Values with different superscripted characters are significantly different among the 4 groups at ~<0.05 by Bonferroni's multiple t-test,

Statistical significance was tested after adjusting for gender and age.

Table 5. Odds ratios (ORs) for osteoporosis according to Ca intake levels

Q1 (n=2,362) Q2 (n=2,360) Q3 (n=2,362) Q4 (n=2,360) P for trend
Ca intake range (mg/day) <2573 257.3-397.5 397.6-592.3 >5092.3
Case (osteoporosis)” 646 347 260 215
ORs
Crude 1 0.45 (0.38-0.54) 0.31 (0.26-0.37) 0.27 (0.23-0.33) <0.0001
Gender, age adjusted 1 0.77 (0.64-0.94) 0.64 (0.52-0.79) 0.63 (0.51-0.77) <0.0001
Multivariate adjusted” 1 0.91 (0.74-1.12) 0.76 (0.57-1.01) 0.66 (0.50-0.87) 0.0012

Odds ratio (95% confidence interval)
" T-score <-25

3 Adjusted for gender, age, body mass index, serum vitamin D level, menstruation status (menstruation and lactation), hormone supplement use, menopausal status (including

hysterectomy), and number of days per week of muscular strength exercise,

Table 6. Odds ratios (ORs) for osteoporosis according to Ca/P ratio

Q1 (n=2,361) Q2 (n=2,361) Q3 (n=2,361) Q4 (n=2,361) P for trend
Ca / P ratio range <0.297 0.297-0.386 0.387-0.498 >0.498
Case (osteoporosis)” 524 355 276 313
ORs
Crude 1 0.59 (0.50-0.69) 0.46 (0.38-0.56) 0.57 (0.48-0.67) <0.0001
Gender, age adjusted 1 0.86 (0.71-1.05) 0.69 (0.56-0.86) 0.71 (0.59-0.87) 0.0002
Multivariate adjusted” 1 0.90 (0.69-1.19) 0.67 (0.51-0.90) 0.76 (0.58-0.98) 0.0101

Odds ratio (95% confidence interval)
U T-score <25

3 Adjusted for gender, age, body mass index, serum vitamin D level, menstruation status (menstruation and lactation), hormone supplement use, menopausal status (including

hysterectomy), and number of days per week of muscular strength exercise,

ratio was significantly different from the ratios in the other groups
(P <0.05). The Ca intake per 1,000 kcal was 137.0 mg in QI,
209.8 mg in Q2, 275.8 mg in Q3, and 413.2 mg in Q4; the
level in Q1 was significantly lower than the levels in the other
groups (P <0.05). The intakes of carbohydrate, protein, fat,
vitamins, and minerals per 1,000 kcal were significantly higher
in Q4 than in Q1 (P<0.05).

The proportions of subjects who did not achieve estimated
energy requirements (EER), estimated average requirement
(EAR), or adequate intake (AI) according to Korean dietary
reference intakes (KDRIs) were analyzed (Table 4). Intake was

inadequate for 66.2% of participants for energy, 73.1% for Ca,
70.4% for K, and 60.6% for riboflavin. The proportion of
participants with inadequate intake of all nutrients was signifi-
cantly lower in Q4 than in the other quartiles (P <0.05).

Relationship between Ca intake and osteoporosis incidence

The risk for osteoporosis decreased as Ca intake increased;
the ORs were 0.45 for Q2 vs. Q1 (95% CI: 0.38-0.54), 0.31
for Q3 vs. Q1 (95% CI: 0.26-0.37), and 0.27 for Q4 vs. Q1
(95% CI: 0.23-0.33). The ORs was0.66 for Q4 vs. Q1 (95% CI:
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Table 7. Odds ratios (ORs) for osteoporosis according to milk and dairy product intake frequency

Servings =0

0 < Servings < 1

1 < Servings

(n=6,914) (n=833) (n=1,697) P for trend
Case (osteoporosis)” 1214 94 160
Mean of Ca intake from dairy products (mg) 0 86.3 319.2
ORs
Crude 1 0.59 (0.46-0.75) 0.52 (0.41-0.64) <0.0001
Gender, age adjusted 1 0.86 (0.66-1.13) 0.83 (0.64-1.09) 0.1428
Multivariate adjusted? 1 0.96 (0.66-1.38) 0.71 (0.53-0.96) 0.0334

Odds ratio (95% confidence interval)
" T-score <-25

2 Adjusted for gender, age, body mass index, serum vitamin D level, menstruation status (menstruation and lactation), hormone supplement use, menopausal status (including

hysterectomy), and number of days per week of muscular strength exercise,

Table 8. Odds ratios (ORs) and 95% confidence intervals (Cls) for osteoporosis according to serum 25(OH) vitamin D level

Q1 (n=2,287) Q2 (n=2,285) Q3 (n=2,283) Q4 (n=2,287) P for trend
Serum 25(0OH) Vitamin D level (ng/ml) <14.0 14-18.4 18.5-24.0 >24.0
Case (osteoporosis)” 349 305 304 382
ORs
Crude 1 0.88 (0.70-1.09) 0.84 (0.67-1.04) 1.07 (0.84-1.35) 0.7549
Gender, age adjusted 1 0.90 (0.70-1.17) 0.71 (0.54-0.93) 0.80 (0.62-1.03) 0.0276
Multivariate adjusted? 1 0.89 (0.66-1.20) 0.68 (0.49-0.95) 0.74 (0.55-1.00) 0.0157

Odds ratio (95% confidence interval)
" T-score <-25

2 Adjusted for gender, age, body mass index, menstruation status (menstruation and lactation), hormone supplement use, menopausal status (including hysterectomy), and

number of days per week of muscular strength exercise,

0.50-0.87) after adjustment for gender, age, and other factors
(BMLI, serum 25(0OH) vitamin D level, menstruation status, female
hormone intake, menopausal status, and the number of days per
week of muscular strength exercise) (P <0.05, Table 5).
Table 6 shows the risk for osteoporosis according to Ca/P ratio;
risk decreased as Ca/P ratio increased. The ORs for osteoporosis
were 0.59 for Q2 vs. Q1 (95% CI: 0.50-0.69), 0.46 for Q3 vs.
Q1 (95% CI: 0.38-0.56), and 0.57 for Q4 vs. Q1 (95% CIL:
0.48-0.67) as the Ca/P ratio increased. The ORs was 0.71 for
Q4 vs. Q1 (95% CI: 0.59-0.87) after adjustment for gender and
age, and 0.76 for Q4 vs. Q1 (95% CI: 0.58-0.98) after further
adjustment for BMI, serum 25(OH) vitamin D level, menstruation
status, female hormone intake, menopausal status, and the number
of days per week of muscular strength exercise (P <0.05).

Relationship between milk and dairy product intake and
osteoporosis

The relationships between the frequency of milk and dairy
product intake and the risk of osteoporosis are shown in Table
7. The frequency of milk and dairy product intake (serving size
was defined as 200 mL) was categorized as 0/day (reference
group), < 1/day, and > 1/day, and the risk for osteoporosis was
examined according to these categories. The ORs for osteoporosis
were 0.59 for =< 1 serving vs. reference (95% CI: 0.46-0.75) and
0.52 for >1 serving vs. reference (95% CI: 0.41-0.64). After
adjustment for gender, age, and other factors, the ORs was 0.71
for > 1 serving vs. reference (95% CI: 0.53-0.96) (P <0.05).

Relationship between serum 25(0OH) vitamin D level and
osteoporosis incidence

The risk of osteoporosis tended to decrease as serum 25(OH)
vitamin D level increased, but the effect was not statistically
significant. However, the decreased risk for osteoporosis as serum
25(0OH) vitamin D level increased became significant (P < 0.05)
after adjustment for gender, age, and other factors. In particular,
the ORs for osteoporosis was 0.71 (95% CI: 0.54-0.93) after
adjustment for gender and age, and 0.68 (95% CI: 0.49-0.95)
after further adjustment for other factors, in the comparison of
Q3 vs. Q1 (Table ).

Discussion

This study analyzed the effects of dietary Ca intake, milk and
dairy product intake, and serum 25(OH) vitamin D levels on the
risk of osteoporosis. Korean adults aged >20 years who had
participated in the 2008-2009 KNHANES were divided into
quartiles of dietary Ca intake. The BMDs of total femur and
lumbar spine in Q4 were significantly higher compared to those
in Q1 and Q2. In previous studies, it has been reported that Ca
intake is an important dietary factor in the maintenance of BMD
[5-7]. Wlodarek et al. [21] reported that BMD was higher in
those with 431.1 mg/day Ca intake than in those with 360.4
mg/day Ca intake; these results are similar to those of our study.
On the other hand, some studies in children and adolescents
[22-25] have reported that Ca intake does not affect BMD,
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suggesting that the effect of Ca intake on BMD varies according
to age.

The Q4 group, which had the highest Ca intake, also had
significantly higher intakes of energy, nutrients, and vitamins and
minerals than the Q1, Q2, and Q3 groups. As Ca intake increased,
the intake of energy from carbohydrate significantly reduced and
the intake of energy from protein and fat significantly increased.
A Japanese study using NIPPON DATA 80/90 [26] reported that,
as Ca intake increased, the intake of energy from carbohydrate
decreased and the intake of energy from protein and fat increased
in both males and females, and these findings are consistent with
the results of this study. Additionally, it has been reported that
the intake of vitamin A, vitamin C, sodium, potassium, and iron
increase as Ca intake increases. In our study, the Q4 group, which
had the highest Ca intake, had significantly higher intake of
vitamins and minerals than the other groups, and had a Ca/P
ratio more than double that of the Q1 group. Fewer than 5%
of subjects in Q4 consumed less than the EAR for Ca, protein,
phosphorus, and iron. Additionally, fewer than 25% of subjects
in Q4 consumed less than the EAR of vitamins and minerals.
Therefore, a greater intake of Ca is associated with better intake
of other nutrients. In a study of elderly women in the Daegu
area conducted by Choi et al. [10], the intake of vitamin A,
thiamin, and riboflavin were significantly lower in the osteopenia
and osteoporosis groups than in the normal status group; they
also found that a low proportion of these women consumed the
recommended intake according to KDRIs standards. Also, Yu
et al. [27,28] reported that the intake of Ca, phosphorus, iron,
thiamin, and vitamin C were low in children, adults, and elderly
with low BMD.

In our study, the risk of osteoporosis tended to decrease as
Ca intake increased. After adjustment for gender, age, BMI,
serum 25(0OH) vitamin D level, menstruation status, female
hormone intake, menopausal status, and the number of days per
week of muscular strength exercise (all factors that can affect
osteoporosis risk), the Q4 group (Ca intake > 592.3 mg/day) had
an ORs for osteoporosis of 0.66 (Q4 vs. Q1, 95% CI: 0.50-0.87),
suggesting that increased Ca intake can reduce the risk of
osteoporosis. The ORs for osteoporosis was 0.57 (crude ORs, 95%
CI: 0.48) when the Ca/P ratio was over 0.498 compared to when
the ratio was less than 0.297, showing that the risk for osteoporosis
tended to decrease as the Ca/P ratio increased. Several previous
studies [10,27,28] have reported that Ca intake and Ca/P ratio
were lower in groups with osteoporosis than in normal groups.

It has been reported that increased dietary Ca intake reduces
the risk of fracture in adults. In one study conducted in
menopausal American women [7], individuals with Ca intake
(including supplements) of more than 1,200 mg/day had a
decreased risk of fracture (relative risk 0.70, 95% CI: 0.52-0.92)
compared to those with an intake of less than 600 mg/day,
suggesting that Ca intake can also reduce the risk of fracture.
Furthermore, a daily increase in the intake of Ca of 300 mg
can reduce the risk of fracture, according to the results of the

Switzerland Mammography Cohort study. A study of women
aged > 55 years [3] reported that women with osteoporosis or
fracture experience had low Ca intake, and the results of our
study also showed a reduced risk for osteoporosis not only with
an increased Ca intake but also with an increased Ca/P ratio.
Thus, it is considered that increased Ca intake in adults can help
to prevent not only osteoporosis but also fracture.

A survey on the intake of milk and dairy products (major food
sources of Ca) showed that more than 80% of subjects never
consumed such products, and only 20% consumed more than
1 serving (the daily recommended intake for Korean adults). In
a study of female college students [29], the BMD of femur and
lumbar spine were significantly higher in groups with milk and
dairy product intake >260 g/day than in groups with intake <
120 g/day; the study also reported that increased intake of dairy
products increased the BMD of L2 in the femur and lumbar spine.
Also, a study of Polish women aged > 55 years [3] reported a
positive correlation between Ca intake through milk and dairy
products and BMD of femoral neck and hip. The Framingham
Offspring Cohort study in adults reported that an increase in milk
and yogurt intake increased BMD of the trochanter, but did not
affect BMD of the femoral neck and lumbar spine (L1-L4) [30].
In a study on the relationship between food frequency and BMD
using domestic KNHANES (2008-2009) data [11], a correlation
between the frequency of milk and dairy product intake and BMD
of femur and lumbar spine was not observed in women, but a
positive correlation between frequency and BMD of femoral neck
was observed in men. Meanwhile, however, a study in elderly
subjects in Nuuk, Greenland, found that the intake of milk and
dairy products was not related to the incidence of osteoporosis
[31], and a study analyzing the Nurses’ Health Study data [32]
found that the intake of milk did not affect hip fracture incidence.
Thus, inconsistencies exist in the results of studies on the effects
of milk and dairy products on BMD and the incidence of
osteoporosis and fracture. According to several studies, the intake
of Ca, milk, and dairy products has positive effects on Ca balance
and bone metabolism, leading to improvements in BMD and the
prevention of osteoporosis [3,5-7,29,30,32]. Therefore, we believe
that consuming more than 1 serving of milk or dairy products
per day is a dietary factor that can reduce the risk of osteoporosis.
The consumption of more than 1 serving of milk or dairy products
each day provides an average Ca intake of 319.2 mg/day, which
is about 50% of the recommended Ca intake for Korean adults
in the form of milk and dairy products, the important sources
of Ca.

In addition, vitamin D-fortified dairy products are a source of
vitamin D that can positively affect Ca metabolism and bone
health. In fact, it has been found that serum 25(OH) vitamin
D levels were increased when 2 servings of Ca- and vitamin
D-fortified milk were provided each day for 12 weeks to
menopausal women [33]. In a study using the US National Health
and Nutrition Evaluation Survey (NHANES) III data [16], and
a study of women in menopause [18], a positive correlation
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between serum 25(OH) vitamin D level and BMD was reported.
In our study, osteoporosis risk tended to decrease as serum
25(0OH) vitamin D level increased, and the average serum 25(OH)
vitamin D level in all subjects was 19.0 ng/mL. This level is
slightly lower than the normal level (20 ng/mL). On the other
hand, when serum 25(OH) vitamin D levels were analyzed
according to quartiles of Ca intake, the Q3 group that had a
relatively large number of subjects in the normal range had levels
of 18.5-24.0 ng/mL and had the lowest risk of osteoporosis (ORs
0.68). This result is consistent with the findings of previous
studies.

The results of this study showed that BMD increases as Ca
intakes increases, and that the risk of osteoporosis incidence was
reduced when more than 1 serving of milk or dairy products were
consumed and serum 25(OH) vitamin D level was maintained
in the normal range. Thus, it is considered important that Ca,
milk, and dairy product intake should be increased, and that
serum 25(OH) vitamin D levels should be maintained in the
normal range, for the maintenance of bone health and the
prevention of osteoporosis in adults. In addition, it is important
for people not only to increase dietary vitamin D intake but also
to facilitate sufficient vitamin D synthesis through participation
in outdoor activities of at least 30 minutes’ duration each day.
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