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ABSTRACT

Objectives: The purpose of this study was to investigate the food, nutrient intake, and diet quality
of postmenopausal women at high risk of osteoporosis (OP) and cardiovascular disease (CVD)
compared with those of control subjects.

Methods: A total of 1,131 post-menopausal women aged over 45 years, who took the 2010-2011
Korean National Health and Nutrition Examination Survey (KNHANES), were included for
analysis. These participants were classified into the following groups: the OP group, with a risk
of OP (n=135); the CVD group, with a risk of CVD (n=373); the OP+CVD group, with a risk
of OP and CVD concurrently (n=218); and the control group (n=405) according to bone mineral
density (BMD) and CVD risk. Anthropometric measurements, blood profiles, dietary intake, and
dietary quality indices were measured and compared among the four groups.

Results: Waist circumference, total body fat percentage, blood pressure, fasting plasma glucose,
total cholesterol, triglyceride, and LDL-cholesterol were higher, and HDL-cholesterol and BMD
were lower in the OP+CVD group than in the control group. In the food frequency questionnaire,
the OP+CVD group had significantly higher frequencies of grain (except for multi-grain) and lower
frequencies of fruit and dairy product. The frequency of consumption of red meat, processed meat,
and carbonated beverages was higher in OP+CVD group. In nutrient density analysis, proteins and
vitamin B, levels were significantly lower in the OP+CVD group than in the control group. The
nutritional quality index (INQ) values of calcium were in the order of 0.63, 0.58, 0.56, and 0.55
in each group, and it was urgent to improve the dietary intake for calcium in postmenopausal
women. In addition, vitamin B, was inadequately consumed by all groups.

Conclusions: These results suggest that it is necessary to increase the intake of vitamin B, and
calcium and decrease the frequency of intake of red meat, processed meat, and carbonated
beverages in postmenopausal women with the risk of OP and CVD.
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Table 1. Group classification by OP and CVD risk criteria
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Control” OP? CcvD? OP+CVD?

(N=405) (N=135) (N=373) (N=218)
Osteoporosis Normal & Osteopenia Osteoporosis Normal & Osteopenia Osteoporosis
(T-score) (T-score < -2.5) (T-score > -2.5) (T-score < -2.5) (T-score > -2.5)
Cardiovascular disease Low risk Low risk High risk High risk
(risk) (Risk < 10%) (Risk < 10%) (Risk > 10%) (Risk>10%)

1) Control: Normal group

2) OP: Osteoporosis group

3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD
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Table 2. Anthropometric characteristics of the subjects

Variables Control" OP? CVDY OP+CVDY Total P

(N=405) (N=135) (N=373) (N=218) (N=1,131)

Age (yr)*** 57.70 + 0.38 6216 £ 084 6607 =052 7095+072 6422 +0.35 -
Waist circumference (cm) 80.7 + 0559 78.06 +0.97 87.75+053 8293+074 8236+0.37 <0.001
Body mass index (kg/cm?) 23.57 = 0.20 22.84 = 0.30 26.06 = 0.21 24.05 = 0.31 2413 =0.12 <0.001
Total bodly fat (%) 35.10 = 0.42 3465 +0.63 3872+x035 3647 =057 3623 +0.31 <0.001
Total body muscle mass (kQ) 32.77 =+ 0.22 31.57 = 0.33 34.58 = 0.30 32.18 = 0.39 32,78 £ 0.17 <0.001
Systolic blood pressure (mMmHg) 118.41 = 0.93 118.81 =1.35 140.03 = 1.14 139.76 +1.34 129.25 +0.65 <0.001
Diastolic blood pressure (mmHg) 72,90 = 0.64 73.84 +088 8220+0.72 8211 +0.72 77.76 =037 <0.001
Fasting plasma glucose (mg/dl) 96.74 + 1.29 9498 + 0.97 10542 =155 10646 +2.68 100.90+0.83 <0.001
Total cholesterol (mg/dl) 197.43 =233 19632 + 3.22 20690 +2.46 21525+ 3.10 203.97 =153 <0.001
Triglyceride (mgy/dl) 119.08 = 613 12933 +£7.79 16195+ 626 16256+ 7.48 143.23 +3.30 <0.001
HDL-cholesterol (mg/dl) 56.36 + 0.84 53.90 £ 1.08  49.62+095 48.85+ 1.01 52.18 £ 0.45 <0.001
LDL-cholesterol (mg/dl) 117.26 =232 11655+ 265 12489 +222 13389252 123.15=1.21 <0.001
Vitamin D (ng/ml) 18.31 + 0.56 17.77 £ 0.65 17.50 + 0.54 17.27 £ 0.84 17.71 £ 0.38 0.334
Parathyroid hormone (pg/ml) 66.40 = 2,02 78.73 = 4.67  69.80+1.94 6932 + 2.2] 71.06 = 1.55 0.047
Total femur BMD (g/cm?) 0.79 = 0.01 0.70 = 0.01 0.78 = 0.01 0.72 = 0.01 0.75+0.00 <0.001
Femur neck BMD (g/cm?) 0.64 = 0.01 0.56 = 0.01 0.64 = 0.01 0.58 = 0.01 0.61 £ 0.00 <0.001
Lumbar spine BMD (g/cm?) 0.86 = 0.01 0.65 = 0.01 0.85 £ 0.01 0.67 = 0.01 0.76 £ 0.00 <0.001

1) Control: Normal group

2) OP: Osteoporosis group

3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD

5) P-values was obtained from general linear model (GLM) for contfinuous variables after adjusting for age

6) Age-adjusted Mean + SD
*** Significantly different among the groups af p<0.001
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Table 3. Daily nutrient intakes of the subjects
Varidoles Control” OP? CcvD? OP+CVD? Total po
(N=405) (N=135) (N=373) (N=218) (N=1,131)

Energy (kcal) 1,566.94 + 39989 1,685.83 + 9821 1,559.16 = 38.63 1,658.96+ 48.62 1,617.72+ 36.11 0.230
Carbohydrate (Q) 290.86 = 2.83 30710+ 7.10 301.87 = 264 300.64 = 389 30012+ 256 0.111
Protein (Q) 5550 + 0.95 50.37 = 213 50.62 = 0.74 5072+ 1.3 51.80+ 0.76 0.090
Fat (g) 24,62 + 079 2141+ 155 2193+ 074 2238+ 1.03 2258 + 0.59 0.259
Carbohydrate (%) 73.60 = 0.66 7652+ 1.05 7610+ 0.62 7592 = 0.86 7554 = 0.47 0.027
Protfein (%) 1372+ 024 12.85+ 0.38 1256 = 0.18 12.69 = 0.29 1296 = 0.15 0.001
Fat (%) 1331 = 044 1200 = 0.68 11.97 = 0.42* 12.03 = 0.56 1233 = 029 0.128
C:P:F ratio 74:14:13 77:13:12 76:13:12 76:13:12 76:13:12
Fiber (Q) 696+ 026 757 + 0.56 687 = 027 698+ 033 710 020 0.425
Vitamin A (ugRE) 749.54 + 82.00 691.00 = 90.00 621.11 = 41.82 636.58 = 58.38  674.56 = 37.42 0.255
Carotene (ug) 4,037.63 = 487.48  3,639.96 + 462.05 3,372.95 + 246.50 3,367.60 + 350.47 3,604.53 + 213.12 0.434
Retinol (ug) 6641 + 7.39 85.16 + 35.03 54.60 + 6.43 40.34 +  6.07 61.63 + 9.64 0.005
Vitamin B, (Mg) 1.01 = 0.02 1.02+ 0.04 099+ 0.02 1.01 + 0.03 1.00+ 0.02 0.307
Vitamin B, (Mg) 098 + 0.02 0.86 + 0.05 085+ 0.02 083+ 0.04 0.88 + 0.02 0.017
Niacin (mg) 1320+ 0.25 1224 + 026 1259 + 0.22 11.95+ 0.26 1249 + 0.19 0.652
Vitamin C (mg) 99.08 + 4.70 92.56 + 7.66 92.77 = 519 93.39 + 657 94.45 + 331 0.776
K (mg) 2,628.78 = 5629 2,580.14 = 110.28 2,479.51 = 5454 2,505.01 + 103.24 2,548.36 + 44.24 0.308
Ca (mg) 47618 = 19.27 404,38 = 2522 42289 = 18.85 40095+ 23.12 42610+ 9.99 0.371
P (mQ) 996.30 = 15.39 947.45 = 27.36  930.39 = 1257 930.44 = 1665 95114 = 9.12 0.149
Fe (mg) 1295+ 0.46 13.68 + 0.86 1419 = 1.1 1447 =+ 172 13.82 + 0.54 0.400
Na (mg) 3,923.66 = 153.59  4,085.60 = 280.37 3,568.66 = 133.95 4,161.66 + 189.47 3,934.87 + 94.60 0.004

1) Control: Normal group

2) OP: Osteoporosis group

3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD

5) Pvalues was obtained from general linear model (GLM) for continuous variables after adjusting for age

6) Age-adjusted Mean = SD
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Table 4. Consumption frequencies of foods of the subjects
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Variables Control" cvp?¥ OP+CVDY Total P9

Grain (n=1,127) 3413+ 0679 3511 +1.15 3476 +0.62 3397 +0.78 3449 =044 0713
Grain(except for multigrain) (n=1,128) 20.98 = 0.28 21.84+047 2106024 2191 £027 21.45+0.18 0.001
Multigrain (n=1,129) 13.12 + 0.53 1326 £ 090 13.71 £0.62 1210+x0.73 13.05+0.38 0.340
Potatoes (n=1,131) 1.28 = 0.09 1.28 +0.13 1.35 + 0.08 1.57 £0.18 1.37 £ 006 0518
Bean (1,130) 11.48 = 0.51 1126 £ 095 1154 +0.62 11.32+0.89 11.4 =036 0.996
Meat (n=1,131) 3.560 = 0.19 3.07 £ 0.36 3.14 £ 0.20 3.79 = 0.25 3.37 =0.12 0.090
Red and processed meat (n=1,131) 1.36 = 0.09 1.19 = 0.15 1.19 + 0.87 1.61 = 0.14 1.34 £ 0.06 0.032
Fish (n=1,131) 5.99 =+ 0.35 4.91 = 0.51 5.45 + 0.34 5.96 = 0.35 558 +020 0.128
Vegetable (n=1,128) 29.01 = 0.99 27.65+1.20 29.27 =098 3259=*13 29.60 = 0.60 0.033
Seaweed (n=1,131) 3.82=+024 2.96 = 0.26 3.66 =023 3.65 = 0.31 3.52=0.12 0.091
Fruit (n=1,131) 7.92 = 0.37 6.44 = 0.53 6.30 = 0.33 6.31 =0.47 6.74 =025 0.006
Dairy product (n=1,130) 3.45 = 0.26 2.28 £ 0.33 2.88 £ 0.22 2.28 = 0.27 272 +0.13 0.028
Drink (n=1,130) 8.92 =052 8.33 = 0.71 8.69 =053 10.29 =0.68 9.06 =0.31 0.150
Soft drink (N=1,131) 0.27 = 0.05 0.14 = 0.04 0.41 =0.10 0.37 =£0.10 0.30 = 0.03 0.027
Alcohol (n=1,130) 0.63 +0.12 0.36 = 0.09 0.47 = 0.09 059 =013 0.51 =006 0.266
Fast food (n=1,131) 0.28 = 0.03 0.24 = 0.05 0.25 += 0.04 0.30 = 0.04 0.27 =0.02 0.568

1) Control: Normal group

2) OP: Osteoporosis group

3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD

5) P-values was obtained from general linear model (GLM) for continuous variables after adjusting for age

6) Age-adjusted Mean + SD
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Table 5. Nufrient Adequacy Ratio (NAR) and Mean Adequacy Ratio (MAR) of the subjects

Control”

OP?

CVD?

OP+CVDY

Total

NARBMAR (N=405) (N=135) (N=373) (N=218) (N=1,131) P
Protein 0.87 + 0.019 0.85 = 0.01 0.85 = 0.01 0.85 = 0.01 0.86 = 0.01 0.473
Vitamin A 0.70 + 0.02 0.67 = 0.04 0.69 = 0.02 0.70 = 0.03 0.69 = 0.01 0.922
VitaminB, 0.76 + 0.01 0.73 + 0.02 0.75 = 0.01 0.78 = 0.01 0.76 = 0.01 0.126
VitaminB, 0.67 = 0.01 0.62 = 0.02 0.64 = 0.01 0.63 = 0.02 0.64 = 0.01 0.673
Niacin 0.78 = 0.01 0.73 + 0.02 0.77 = 0.01 0.76 = 0.01 0.76 = 0.01 0.920
Vitamin C 0.68 + 0.02 0.69 = 0.03 0.64 = 0.02 0.67 = 0.03 0.67 = 0.01 0.190
Ca 0.52 + 0.01 0.49 + 0.02 0.48 = 0.01 0.48 = 0.02 0.49 = 0.01 0.312
P 0.95 = 0.01 0.93 = 0.02 0.93 = 0.01 0.94 = 0.01 0.93 = 0.01 0.620
Fe 0.91 = 0.01 0.88 += 0.02 0.89 = 0.01 0.89 = 0.02 0.89 = 0.01 0.457
MAR 0.76 + 0.01 0.73 + 0.02 0.74 = 0.01 0.74 + 0.01 0.74 = 0.01 0.552
1) Control: Normal group
2) OP: Osteoporosis group
3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD
5) Pvalues was obtained from general linear model (GLM) for continuous variables after adjusting for age
6) Age-adjusted Mean + SD
Table 6. Nutrient Density (ND) of the subjects

ND Control” OP? CVDY OP+CVD¥ Total P9

(N=405) (N=135) (N=373) (N=218) (N=1,131)
Protein 34.31 + 0.599 3212+ 0.95 31.40 + 0.49 3173+ 073 3240+ 0.38 0.001
Vitamin A 447.55 = 45.37 431.63 = 45.28 365.33 + 24.10 394.27 = 38.26 409.70 = 17.86 0.304
VitaminB, 0.63 = 0.01 0.63 + 0.02 0.61 = 0.01 0.63 = 0.02 0.62+ 0.01 0504
VitaminB, 059 = 0.01 054 + 0.03 053+ 0.02 052+ 0.02 054+ 0.01 0018
Niacin 8.17 = 0.16 7.58 = 0.28 783+ 0.14 752 + 0.15 7.78 = 0.10 0.046
Vitamin C 60.08 £ 2.61 58.89 + 3.76 55.49 + 2.97 59.71 + 4.15 58.54 + 1.77 0.651
Ca 293.86 = 11.98 266.56 + 16.23 259.72 = 11.67 255.89 + 15.40 269.01 £ 6.38 0.198
P 621.08 = 9.00 601.43 = 15.91 582.29 = 8.00 585.26 = 10.5 59752 = 5469 0.028
Fe 8.04 = 0.29 8.62 + 0.65 8.92 + 0.88 8.99 + 1.09 8.656+ 036 0512
1) Control: Normal group
2) OP: Osteoporosis group
3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD
5) Pvalues was obtained from general linear model (GLM) for continuous variables after adjusting for age
6) Age-adjusted Mean + SD
Table 7. Index of Nutritional Quality(INQ) of the subjects
ND Control" op? cvp? OP+CVD? Total po
(N=405) (N=135) (N=373) (N=218) (N=1,131)

Protein 1.23 = 0.029 1.15+0.03 1.13 = 0.02 1.14 = 0.03 1.16 £ 0.01 0.001
Vitamin A 1.33 +0.13 1.28 +0.13 1.09 + 0.07 1.17 £ 0.11 1.21 + 0.05 0.317
VitaminB, 0.99 = 0.02 0.98 + 0.04 0.95 + 0.02 0.98 + 0.03 0.98 + 0.01 0.581
VitaminB, 0.86 = 0.02 0.77 + 0.04 0.76 = 0.02 0.75 += 0.03 0.79 = 0.01 0.013
Niacin 1.01 = 0.02 0.94 + 0.04 0.97 = 0.02 0.93 = 0.02 0.96 = 0.01 0.035
Vitamin C 1.05 = 0.04 1.02 = 0.07 0.96 + 0.05 1.03 = 0.07 1.01 =+ 0.03 0.656
Ca 0.63 = 0.03 0.568 + 0.03 0.56 = 0.03 0.55 + 0.03 0.568 + 0.01 0.215
P 1.63 + 0.02 1.48 + 0.04 1.44 + 0.02 1.44 = 0.03 1.47 £ 0.01 0.032
Fe 1.76 = 0.07 1.86 £0.13 192 +0.18 1.95 + 0.25 1.87 = 0.08 0.721

1) Control: Normal group
2) OP: Osteoporosis group

3) CVD: High risk group for cardiovascular disease
4) OP+CVD: High risk group for OP and CVD
5) Pvalues was obtained from general linear model (GLM) for continuous variables after adjusting for age

6) Age-adjusted Mean = SD
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