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Sex- and age group-specific associations between intakes of dairy foods and
pulses and bone health in Koreans aged 50 years and older: Based on
2008~2011 Korea National Health and Nutrition Examination Survey*
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Department of Food and Nutrition, Daegu University, Gyeongbuk 38453, Korea

ABSTRACT

Purpose: This study was performed to examine associations of intakes of milk and dairy products, pulses, and soy foods
with bone health in Koreans aged 50 yr and older. Methods: A total of 3,201 men and 3,581 women aged 50 yr and older
who participated in the 2008~2011 Korea National Health and Nutrition Examination Survey were grouped by sex and age
groups of 50~64 yr and 65 yr and older. Subjects within each sex and age group were divided into three bone health
groups: normal, osteopenia, and osteoporosis groups based on bone mineral density, Intakes of nutrients and foods
derived from 24-hour recall data were compared among three bone health groups. Associations between intake
frequencies of foods, including milk, yogurt, tofu, or soy milk, and osteoporosis risk were evaluated based on confounding
risk factor—adjusted logistic regression, Results: Calcium intake was in the order of normal, osteopenia, and osteoporosis
in men (p ¢ 0.01) and women (p ¢ 0.05) aged 50~64 yr as well as in men aged 65 yr and older (p { 0.001), In women aged
50~64 yr, intake of milk and dairy products was lower in the osteoporosis group (p ¢ 0.01) as compared with the
osteopenia group, Intake of pulses or tofu was not significantly different among bone health groups. Odds ratio (OR) for milk
intake frequency (= 2 times/week) compared to intake frequency less than 1 time/month was 0.45 (95% CI 0.24~0.85, p for
trend = 0.022) in men aged 65 yr and older, The OR for yogurt intake frequency (1 time/month~1 time/week) was 0.47 (95%
Cl 0.30~0.73, p for trend = 0,019) in women aged 50~64 yr, Intake frequency of tofu or soy milk was not associated with
reduced risk of osteoporosis in all groups. Conclusion: Dairy food intake was significantly associated with bone health, and
its effect was sex— and age group—specific, whereas soy food intake was not, Dietary intervention to prevent osteoporosis
would be effective for women aged 50~64 yr old and for men aged 65 yr and older,
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Table 1. Age and anthropometric measurements of subjects depending on bone health status
Men Women
Age group Variable
Normal Osteopenia Osteoporosis  F-value Normal Osteopenia Osteoporosis  F-value
n (%) 888 (53.4)  752(427) 81(3.8) 559 (28.0) 1,130 (56.1) 351 (15.9)
Age (y) 55.6+0.2°1 562+02° 57.5+0.6° 5.6 53.8+0.2° 562+02° 580%03° 89.07
50~64 Height(cm) 168.9+0.2° 167.320.3° 1667+07° 1297 156.8+0.3° 1547+0.2° 1533+0.4° 3637
Weight (kg)  71.3+0.4°  65.9+0.4° 60.6+1.4° 656 61.8+0.4° 57.7+03° 552+05° @ 574"
BMI (kg/m?)  24.9+0.19 235+0.1° 218+05° 4777 251+0.2° 24.1+0.1° 235+02° 233"
n (%) 485(33.9)  806(53.0) 189 (13.1) 54(3.0) 584(33.9)  993(63.0)
Age ly) 70.3£0.2°V 725020 743x04° 39372 69.3£0.7° 71.3x05° 747+02° 6787
>65 Height (cm)  166.3+0.3% 1647+0.2° 1623+0.5° 19.9™ 152.6+1.39 152.1£0.3° 149.3+02° 29.57
Weight (kg)  68.1+0.59 51.7+£0.4° 55007 12267 622+13% 586+04° 522+03° 984"
BMI (kg/m?)  24.6+0.2° 22.8%0.1° 209+02° 985" 26.6+0.4° 253+0.2° 23.4+0.1° 626"

1) Mean + SE by GLM analysis, values with different superscript characters are significantly different among the three groups at p <0.05

by Bonferroni’s test.
"p<0.01, Tp<0.001

Table 2. Nutrient intakes of subjects depending on bone health status

Age . Men Women
Nutrient
group Normal Osteopenia Osteoporosis  F-value Normal Osteopenia  Osteoporosis  F-value
Energy (kcal)  2,321.2+32.69 22467 +£380%° 2059.2+749° 547 1,691.4+37.2 16210224 1,6529+415 1.5
Protein (g) 828+ 1.4 790+1.5 722+ 4.2 36 588%16 56.51.1 542£16 21"
50~ gqS00UM (M) 620691447 5988.5+1618% 5061.3+3457° 507 44735+191.6 399861907 417671603 26°
Potassium (mg) 3,610.2+68.0° 3,447.5+71.6° 2962.1+1588° 7.17 3070.6+78.3% 2,823.1+53.6° 2739.1£90.12 67"
Calcium (mg)  627.9+15792  562.5+14.7° 502.0+41.5° 647 489241789 4538+9.9%  417.1+179° 417
Vitamin C (mg)  118.3+3.3° 1137439 84.6+70° 947  1202+49° 107.0+3.4%°  101.3+51° 39
Energy (kcal)  2038.4+430%) 1,8334+27.3° 1817.3£684° 1077 1599.6+957 145164309 13879%19.9 39’
Protein (g) 69.0£1.6° 61.2%1.4° 57.5£27° 140" 500£37°%°  459%1.2° 425+08° 477
L5 Sodium(mg) - 51517£1538% 4727.6+1366% 4379.31267.2° 41" 41900£616.1 331021330 3279.1856 1.1
Potassium (mg) 3,173.0+86.3%  2,8352+749° 2,498.5+1020° 141" 2767.5+178.2° 2,270.8+71.2° 2,0959+49.5° 84"
Cdlcium (mg)  548.6+18.0%  467.3+168°  3835+230° 1707 43604751 3858163  346.4%251 1.2
Vitamin C (mg) ~ 98.3+4.8° 93.4£39° 75.4%53° 55" 106.4489°  78.1%40° 69.2£2.6° 107"

1) Mean + SE by GLM analysis, values with different superscript characters are significantly different among the three groups at p <0.05

by Bonferroni's test.
NS: Noft significant

0<0.05 "p<0.01, "p<0.001
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Table 3. Intakes of milk and dairy products and pulses of subjects depending on bone health status (g/day)
Men Women
Age .
Variable Osteo- Osteo- F- P for Osteo- Osteo- F- P for
group Normal A . Normal : .
penia porosis  value trend penia porosis value trend
Milks and dairy products 67.8+9.7")  47.3+46 423+130 21 0040 77.2+87% 712+52° 404+64° 927 0.005
Adjusted? 664+89 483148 493+134 20 0048 70.4+84%° 733+53% 450+7.3° 587 0.101
Milk 550+9.5 350+42 30099 22 0039 609+8.1% 5594487 31.4+56° 747 0013
50~ 64 Adjusted? 539+87 359+43 357+107 23 0035 565+80%° 573+48% 340+64° 50 0.101
Pulses 51.0+33" 472437 588+143 05 0809 354+3.1 285+17 370+39 33 0860
Tofu 30621 282+32 399+122 05 0968 221+26 161+13 235+3.1 38 0846
Soy milk 70£17  64%18  7.6+52 01 0867 1.5+07 39+10 24+13 24 0232
Milks and dairy products 52.6+7.6" 387+6.4 312+70 22 0047 251+11.0% 460+56° 290+33° 38 0036
Adjusted? 51078 39.5+65 32173 15 0.104 226+11.0 450+57 29.6+33 33 0085
Milk 420+72 31061 24463 1.7 0085 80+44° 366+54° 187+28° 857 0024
>65  Adjusted? 400+7.4 319463 25765 1.1 0190 47+47° 350%55° 19.7+£29° 957 0.112
Pulses 455+47") 436+42 335+41 25 0180 357494 272+28 362+37 20 0.117
Tofu 285+41 218%24 206%41 12 0133 247+90 15621 15819 05 0618
Soy milk 61221  84%28 3219 1.7 0806 00+00° 36%17° 108+33° 80" 0027

1) Mean + SE by GLM analysis, values with different superscript characters are significantly different among the three groups at p <0.05

by Bonferroni's test.
'0<0.05 "p<0.01,"

2) Adjusted for age and energy intake
p <0.001
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Table 4. Correlation coefficients between calcium intake and
dairy foods and pulses intake

Men Women
Variables

50~64y =65y 50~64y =65y
Milks and dairy products  0.360°1) 0.329***  0.459"" 0.222"
Milk 0.326™ 0313  0.437"" 02257
Milk + yogurt 0.349™ 0.330™ 0.461"" 0.223™
Pluses 0219 02057 0.195™ 0.104™
Tofu 0228 0212 0.207"" 0.126™
Soy milk 0.044  0.001 0.004  0.002

1) Adjusted for age and energy intake
"p <0.0001
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Table 5. Odds ratios (ORs) for osteoporosis of subjects depending on quartile level of calcium intake

Age s ’ Crude Adjusted? Adjusted®
ex Ca
group OR 95% Cl P for trend OR 95% Cl P for trend OR 95% Cl P for trend
Q1 1 - 1 - 1 -
Men Q2 0.56 0.28,1.12 0.012 0.63 0.30, 1.30 0266 0.58 0.27,1.23 0.410
Q3 0.32 0.17,0.60 0.39 0.18,0.85 ’ 0.41 0.18,0.90 ’
Q4 0.47 0.23,0.94 0.73 0.32, 1.66 0.77 0.33,1.82
50~ 64
Q1 1 - 1 - 1 -
Womnen Q2 1.15 0.80, 1.66 0.013 1.14 0.77,1.70 0.009 1.50 0.90, 2.50 0,055
Q3 0.84 0.56, 1.25 0.80 0.50, 1.28 0.93 0.54,1.62 ’
Q4 0.65 0.44,0.97 0.56 0.33,0.95 0.65 0.34,1.26
Ql 1 - 1 - 1 -
Men Q2 0.74 0.44,1.22 <0001 0.99 0.59, 1.66 0.005 0.89 0.50, 1.59 0.051
Q3 0.40 0.24,0.66 0.56 0.31,0.99 0.54 0.28, 1.02 ’
565 Q4 0.36 0.20, 0.63 0.49 0.26,0.94 0.57 0.28,1.17
- Q! 1 - 1 - 1 -
Women Q2 0.83 0.58, 1.19 0.001 0.94 0.63, 1.40 0.063 0.96 0.57,1.61 0.420
Q3 0.67 0.45,0.98 0.83 0.53,1.30 1.1 0.61,2.03
Q4 0.56 0.39,0.81 0.66 0.41,1.04 0.74 0.41,1.35

1) Calcium intake quartile distribution level: 50 ~ 64 male (mg) Ca < 354.4, 354.4 < Ca < 513.0, 513.0< Ca <7175, 717.5< Ca 50 ~ 64
female (mg) Ca<245.1,245.1 <Ca<381.6, 381.6 <Ca<574.1, 574.1 <Ca > é5male (mg) Ca<248.1,248.1 <Ca<387.6,387.6 <Ca<

591.6,591.6 <Ca=>é5female (mg) Ca<174.8, 174.8<Ca<285.5 285.5<Ca<446.2, 446.2<Ca

intake

2) Adjusted for age, BMI and energy

3) Adjusted for age, BMI, energy intake, physical activity, smoking status and current drinking status
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Table 6. Odds ratios (ORs) for osteoporosis of subjects depending on milk intake frequency

Age Crude Adjusted Adjusted?
Sex Frequency
group OR  95%Cl Pfortrend OR 95%Cl Pfortrend OR 95%Cl P fortrend
<1/mo (n=36/596)° 1 - 1 - 1 -
Men 1/mo ~ 1/wk (n=24/558) 0.78 0.41,1.46 0.078 0.79 0.41,1.52 0.188 0.87 0.43,1.74 0.309
50~ 44 >2/wk(n=17/531) 0.57 0.30, 1.06 0.66 0.34,1.26 0.73 0.38,1.41
<1/mo (n=135/703) 1 - 1 - 1 -
Women 1/mo ~ 1/wk (n=85/350) 0.69 0.49,0.96 0.015 0.72 0.50, 1.04 0.076 0.63 0.41,0.98 0.180
>2/wk (n=128/353) 0.65 0.47,0.90 0.71 0.50, 1.02 0.72 0.47,1.12
<1/mo (n=109/623) 1 - 1 - 1 -
Men 1/mo~1/wk (n=32/533) 0.61 0.36,1.05 0.003 0.74 0.42,1.28 0.016 0.73 0.39,1.35 0.022
565 >2/wk (n=30/867) 0.44 0.26,0.75 0.50 0.29,0.86 0.45 0.24,0.85
<1/mo (n=554/862) 1 - 1 - 1 -
Women 1/mo~ 1/wk (n=170/292) 0.73 0.52,1.03 0.005 0.80 0.54,1.19 0.042 0.77 0.46,1.30 0.081
> 2/wk(n=195/383) 0.64 0.47,0.88 0.71 0.51,1.00 0.63 0.38, 1.06

1) Adjusted for age and BMI
cases/number of subjects

2) Adjusted for age, BMI, physical activity, smoking status and current drinking status

3) Number of
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Table 7. Odds ratios (ORs) for osteoporosis of subjects depending on yogurt intake frequency

Crude Adjusted"! Adjusted?
Age Sex Frequency
group orR  9smcl LT or 9smar PPN or o esga PO
frend trend frend
< 1/mo (n = 48/985)% 1 - 1 - 1 -
Men 1/mo~1/wk (n=20/493)  1.09 0.63,1.90 0.847 1.15  0.65,2.04 0.385 111 0.62,1.99 0.234
S0~ 64 >2/wk (n=9/207) 1.02  0.47,2.23 1.44  0.65,3.20 1.54 0.9, 3.45
< 1/mo(n = 227/1054) 1 - 1 - 1 -
Women 1/mo~ 1/wk (n=76/247)  0.49 0.35,069 0.001 0.55 0.38,0.79 0.058  0.47 0.30,0.73 0.019
>2/wk (n = 45/105) 0.61 0.41,0.91 0.77 0.50,1.18 0.62 0.37,1.03
<1/mo (n=136/1074) 1 - 1 - 1 -
Men 1/mo~1/wk (n=25/583)  0.63 0.37,1.07 0077 073 0.42,126 0202 068 0.36,1.28 0.385
S5 >2/wk (n=10/367) 0.61 0.28,1.34 0.67 0.30,1.50 0.85 0.37,1.91
<1/mo (n=707/1165) 1 - 1 - 1 -
Women 1/mo~ 1/wk (n=145/251) 096 0.67,1.36 0.265 114 077,1.69 0433 079 0.43,1.44 0.144
>2/wk (n=67/121) 0.74 0.46,1.20 0.70 0.42,1.15 0.64 0.35,1.16

1) Adjusted for age and BMI  2) Adjusted for age, BMI, physical activity, smoking status, and current drinking status ~ 3) Number of
cases/number of subjects

Table 8. Odds ratios (OR) for osteoporosis of subjects depending on tofu intake frequency

Age Crude Adjusted'! Adjusted?
Sex Frequency
group OR 95%Cl Pfortrend OR 95% Cl  Pfortrend OR 95% Cl P fortrend
<1/mo (n=8/125)% 1 - 1 - 1 -
Men  1/mo~1/wk(n=44/875) 079 0.36,1.75  0.649 1.00 0.40,2.48 0.746 085 0.35205 0.732
S0~ 4 > 2/wk (n=25/685) 0.66 0.26,1.63 0.93 0.32,2.66 0.83 0.30,2.31

<1/mo (n=43/199) 1 - 1 - 1
Women 1/mo ~ 1/wk (n=196/824) 0.56 0.34,0.91  0.002 0.60 0.36,1.02 0.047 0.59 0.31,1.14 0.164

> 2/wk (n = 108/382) 0.43 0.26,0.71 0.52  0.30,0.91 0.55 0.28,1.07
<1/mo (n=30/162) 1 - 1 - 1

Men  1/mo~1/wk (n=107/1135) 098 0.58,1.66 0072  1.12 064,197 0501 094 050,178  0.435

y > 2/wk (n =34/725) 0.65 0.36,1.18 0.86 0.45,1.65 072 0.35,1.47
>

<1/mo (n=211/335) 1 - 1 - 1 -

Women 1/mo ~ 1/wk (n=539/883) 1.02 0.72,1.44 0244 1.1 075164 0980 090 053,151  0.897
> 2/wk(n = 170/321) 0.80 0.54,1.18 1.04  0.67,1.62 111 0.54,1.92

1) Adjusted for age and BMI  2) Adjusted for age, BMI, physical activity, smoking status, and current drinking status ~ 3) Number of
cases/number of subjects
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A oA aohss Aol skl wskern, A5 2eu A ek it
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Table 9. Odds ratios (ORs) for osteoporosis of subjects depending on soy milk intake frequency

Age Crude Adjusted'! Adjusted?
Sex Frequency
group OR 95%Cl Pfortrend OR 95%Cl Pfortrend OR 95%Cl P fortrend
<1/mo (n=54/1107)3 1 - 1 - 1 -
Men 1/mo ~1/wk(n=16/437) 084 0.42,1.64 0872 092 0.47,1.83 0731 097 048197  0.605
S0~ 64 >2/wk (n=7/141) 1.30 0.54,3.09 1.32 0.56,3.12 1.38 0.57,3.31
<1/mo (n=254/936) 1 - 1 - 1 -
Women 1/mo ~ 1/wk (n=78/352) 1.10 0.79,1.54  0.167 1.10 0.76,1.60  0.244 122 076,194 0742
>2/wk (n=16/118) 0.48 0.26,0.89 0.49 0.26,0.90 0.61 0.60,1.24
<1/mo (n=124/1465) 1 - 1 - 1 -
Men 1/mo ~1/wk (n=33/47) 0.7 0.41,1.10 0097 070 0.42,1.16 0.135 0.80 047,138  0.256
> 5 >2/wk (n=14/142) 0.69 0.36,1.34 0.69 0.36,1.32 0.64 0.30, 1.39
B <1/mo (n=667/1128) 1 - 1 - 1 -
Women 1/mo ~ 1/wk (n=192/323) 1.18 0.83,1.66  0.036 1.11 0.77,1.60  0.144 0.89 0.551.45 0379
>2/wk (n=61/88) 2.16 1.19,3.92 1.73 0.93,3.24 2.49 1.00, 6.20

1) Adjusted for age and BMI
3) Number of cases/number of subjects

2) Adjusted for age, BMI, physical activity, smoking status, and current drinking status

Table 10. Serum 25-hydroxy vitamin D levels in subjects depending on bone health status

Men Women

Age 25(0OH)D
group (ng/mL) Normal Osfe.o— Osfeq— F-value Pfortrend  Normal Osie.o— Osfeg— F-value P for
penia porosis penia porosis frend
Crude 21.3+03" 20.8+0.4 207%1.1 1.0 0.170 180£0.3 18203 17.5¥04 1.0 0.426
50~64 Adjusted? 21.3£0.4 20.6+0.4 20.6%£1.1 1.4 0.121 19.0£0.5% 18.6+0.4% 17.5+0.6° 3.0 0.032
Adjusted®  21.2#0.4 20.5+0.4 20.6%1.1 1.3 0.127 19.1£0.59 18.7+0.4% 17.5£0.6° 3.2 0.026
Crude 220+05" 21.0+£0.4 21208 1.9 0.136 19815 18604 17704 2.1 0.041
>65  Adjusted? 21.7+0.5 20.6+0.5 205+10 1.8 0.162 20321 18908 17706 1.5 0.102
Adjusted® 21705 20.5+05 20.1+08 32 0.016 20.6+20 188+0.6 178205 1.7 0.058

1) Mean + SE by GLM analysis, values with different superscript characters are significantly different among the three groups at p <0.05

by Bonferroni's test.

2) Adjusted for age, BMI, physical activity, smoking status and current drinking status

3) Adjusted for age, BMI,

physical activity, smoking status, current drinking status and energy intake
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