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ABSTRACT

Purpose: This study investigated major dietary patterns among healthy Korean adults using cluster analysis and analyzed
the relationship between energy intake and skeletal muscle mass, Methods: This study was conducted using the data from
the 2008 ~ 2010 Korea National Health and Nutrition Survey. The data of 7,922 subjects aged 30 years and over, without any
missing values, were included in the final analysis, K—means cluster analyses were conducted to identify the dietary patterns
of the study subjects, which were based on the energy intake from 21 food groups using a 24—h recall method, The changes
in energy intake with each dietary pattern, according to quartiles of skeletal muscle mass, were investigated. Results: Three
dietary patterns were identified for both men and women: ‘Flour, Animal fat’, ‘White rice’ and ‘Healthy mixed diet’. The
association between energy intake and skeletal muscle mass for both men and women was significant only in the ‘White rice’
dietary pattern, In the ‘White rice” pattern, the energy intake increased up to ) 300 kcal from the lowest to the highest quartile
of skeletal muscle mass after adjustment for covariates, Within the ‘White rice’ pattern, skeletal muscle mass was linearly
associated with energy intake in all the age groups in men, Conclusion: Energy intake was significantly associated with
changes in skeletal muscle mass only in the ‘White rice’ pattern, Furthermore, the degree of association between the change
in skeletal muscle mass and energy intake differed according to gender. These results indicate that the association between
skeletal muscle mass and energy intake may be specific to Korean people who are accustomed to a traditional Korean diet,
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Table 1. Mean percent energy infake from each food group by cluster

Men Flour, Animal fat White rice Healthy mixed diet

(n = 525) (h=2,107) (n=710) P
White rice 26.61 + 0.55" 55.73 = 0.34? 27.47 = 0.35 0.0188"
Whole grains 2,99 +0.22 3.68 +0.14 7.35 +0.45 < 0.0001
Flour 32.68 +=0.48 491 £0.19 7.05+0.28 < 0.0001
Potato 1.54 +0.16 1.29 + 0.08 1.79 £ 0.21 0.2317
Beans 2.49 +0.21 2,90 +0.11 3.11+0.17 0.0267
Nuts 0.39 = 0.05 0.51 +0.04 0.91 +0.11 < 0.0001
Vegetables 2,73 +0.11 2.86 = 0.06 3.15+0.11 0.0036
Kimchi 1.58 = 0.07 2.07 = 0.05 1.51 £0.07 0.1864
Seaweed 0.31 +0.03 0.47 +0.02 0.40 = 0.03 0.1259
Fruits 2.86 +0.23 3.39 +0.17 4,86 +0.36 < 0.0001
Fish 2,64 +0.16 3.94 +0.13 4,60 +0.22 < 0.0001
Meat 5.96 +0.33 4,94 +0.17 10.94 = 0.47 < 0.0001
Egg 2.14 = 0.15 1.23 +£0.07 1.39 =£0.10 0.0002
Milk 2,45 +0.26 1.37 +£0.09 293 +0.26 0.0653
Plant oil 3.57 £0.17 2.67 = 0.08 3.43 +0.15 0.9182
Animal fat 0.14 = 0.04 0.01 £0.00 0.03 +0.01 < 0.0001
Beverage 0.08 =0.02 0.07 =0.01 0.07 =£0.02 0.5717
Sugar Beverage 3.59 £0.23 3.17 £0.11 3.28 £0.19 0.3637
Seasonings 2,66 +0.15 2.49 +0.07 3.32+0.15 0.0008
Alcohol 2.57 +0.35 2.35+0.17 12.44 + 0.71 < 0.0001
Energy infake
Energy (kcal) 2,237.1 +28.5 1,989.1 = 14.5 2,361.8 + 27.8 0.0002
Carbohydrate (% Energy) 65.7 +0.5 71.9 =0.2 56.0 +0.7 < 0.0001
Fat (% Energy) 19.3+0.4 13.2+0.2 19.1 = 0.4 0.3406
Protein (% Energy) 140 +0.2 13.7 0.1 155 +0.2 < 0.0001
Women Flour, Animal fat White rice Healthy mixed diet

(n = 804) (n=3,018) (n=758) P
White rice 25,47 + 0.43" 57.12 +0.34% 23,73 + 0.40 0.7264?
Whole grains 3.19 £0.19 409 £0.12 13.3 £ 0.57 < 0.0001
Flour 32.62 + 0.47°% 4,68 +0.16 570 £0.23 < 0.0001
Potato 2,26 +0.20 1.78 +0.10 4,03 +0.32 < 0.0001
Beans 2.14 +0.20 2.86 = 0.09 413 £0.24 < 0.0001
Nuts 0.52 = 0.07 0.62 +0.04 1.11 £0.13 < 0.0001
Vegetables 2.65 +0.09 2.85 + 0.06 3.568 +0.17 < 0.0001
Kimchi 1.65 + 0.08 1.91 = 0.04 1.72 £ 0.08 0.4579
Seaweed 0.39 +0.03 0.48 + 0.02 0.44 +0.04 0.1894
Fruits 4,90 = 0.26 491 +0.19 10.59 = 0.46 < 0.0001
Fish 2.80+0.16 3.01 +0.09 414 +0.27 < 0.0001
Meat 5.15+0.22 413 £0.14 10.11 = 0.57 < 0.0001
Egg 2,00 +0.10 1.23 +0.05 1.32 £ 0.10 < 0.0001
Milk 3.45 +0.25 2.37 =0.11 4.61 £0.32 0.0071
Plant oil 3.34 +0.14 2.15 = 0.06 2.85+0.12 0.0046
Animal fat 0.08 +0.02 0.01 +0.00 0.06 +0.02 0.4731
Beverage 0.12 +0.02 0.07 £ 0.01 0.14 £ 0.04 0.6632
Sugar Beverage 3.07 +0.17 2,73 +0.10 2,99 +0.22 0.7312
Seasonings 250 +0.16 2.31 = 0.06 3.03+0.18 0.0315
Alcohol 1.73 £0.27 0.72 +0.08 2.45 +0.35 0.1062
Energy intake
Energy (kcal) 1,722.0 = 19.1 1,546.6 = 10.4 1,639.6 = 22.0 0.0029
Carbohydrate (% Energy) 67.1 +0.4 74.9 £ 0.2 662 +0.6 0.4177
Fat (% Energy) 19.0+0.3 12.5 £ 0.1 192 +04 0.9030
Protein (% Energy) 13.9 £ 0.1 13.1 £0.1 16.2 +0.2 < 0.0001

1) Data are presented as mean =+ SE.

2) The mean values of food or food group that were consumed highly in each cluster are indicated in bold.

3) The p values are from by proc survey regression for continuous variobles for assessing the difference among clusters.
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Table 2. Age distribution and lifestyle characteristics of the study subjects by cluster

Men Flour, Animal fat White rice Healthy mixed diet
(n = 525) (n=2,107) (n=710) P
Age 458 = 0.5" 522 + 0.4 47.7 05 0.1132Y
30< year < 40 152 (36.3)” 276 (20.1) 144 (27.1) < 0.0001
40< year < 50 138 (33.5) 367 (25.9) 189 (33.3)
50< year < 60 86 (16.5) 421 (24.4) 156 (23.9)
60< year < 70 82 (7.8) 550 (17.1) 129 (9.8)
70 < year 67 (6.0) 493 (12.4) 92 (5.9)
Household income < 0.0001
Low 84 (11.3) 574 (19.2) 97 (9.4)
Low-Middle 108 (20.8) 573 (26.9) 167 (23.6)
Middle-High 173 (33.9) 518 (29.3) 216 (33.1)
High 160 (34.0) 442 (24.6) 230 (34.0)
Education < 0.0001
Below high school 145 (19.1) 1,048 (39.2) 204 (21.1)
Above high school 380 (80.9) 1,059 (60.8) 506 (78.9)
Smoking status 0.5714
Non-smoker 102 (18.0) 417 (18.9) 124 (16.8)
Smoker 423 (82.0) 1,690 (81.1) 586 (83.2)
Alcohol intake” < 0.0001
<1~ 2 sening/d 425 (80.0) 1,755 (81.4) 495 (65.3)
>1 ~ 2 sening/d 100 (20.0) 352 (18.6) 215 (34.7)
Physical Activity 0.0201
Never 276 (48.4) 1,62 (52.4) 370 (50.1)
1 ~ 2 times per week 126 (27.4) 356 (19.6) 162 (25.6)
3 ~ 5 fimes per week 94 (18.1) 389 (20.5) 129 (17.3)
Every day 29 (6.1) 200 (7.5) 49 (6.9)
Women Flour, Animal fat White rice Healthy mixed diet
(n = 804) (n=3,018) (n = 758) P
Age 44,7 + 0.47 52.9 + 0.4 47.9 +0.5 <0.00013
30< year <40 302 (39.5)? 568 (21.7) 182 (25.0) < 0.0001
40< year < 50 234 (33.6) 573 (24.4) 228 (35.3)
50< year < 60 139 (17.0) 584 (20.5) 191 (24.4)
60< year < 70 85 (6.8) 666 (17.0) 104 (10.1)
70 < year 44 (3.2) 627 (16.4) 53 (5.1)
Household income < 0.0001
Low 112 (11.8) 889 (24.0) 95 (9.7)
Low-Middle 186 (24.0) 823 (28.2) 171 (23.4)
Middle-High 246 (32.2) 706 (26.2) 229 (32.0)
High 260 (32.0) 600 (21.6) 263 (34.9)
Education < 0.0001
Below high school 241 (25.8) 1,815 (53.2) 251 (29.1)
Above high school 563 (74.2) 1,203 (46.8) 507 (70.9)
Smoking status 0.0081
Non-smoker 732 (89.8) 2,786 (91.2) 715 (94.6)
Smoker 72 (10.2) 232 (8.8) 43 (5.4)
Alcohol intake < 0.0001
<1~ 2 sening/d 752 (92.8) 2,940 (97.0) 721 (93.8)
>1 ~ 2 sening/d 52 (7.2) 78 (3.0 37 (6.2)
Physical Activity < 0.0001
Never 482 (57.0) 1,826 (62.3) 416 (53.0)
1 ~ 2 fimes per week 140 (19.2) 389 (12.4) 117 (16.4)
3 ~ 5 times per week 116 (15.9) 478 (15.9) 169 (23.0)
Every day 66 (7.9) 325 (9.5) 56 (7.6)

1) Data for continuous variables are presented as mean + SE.

2) Numbers of frequency with percent ratio for categorical variables, n (%)

3) The p values are from survey regression for continuous variables and Rao-Scott chi square test for assessing the difference among clusters.

4) A serving size of alcohol intake: one cup (50 cc) of soju or one glass of beer (200 cc), ">1 ~ 2 sewning/d” corresponds fo >2
serving/day for men and > 1.5 servings/day for women, "< 1 ~ 2 sening/d” corresponds to < 2 serving/day for men and < 1.5
servings/day for women.
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Table 3. Anthropometric and biochemical parameters by cluster
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Men Flour, Animal fat White rice Healthy mixed diet

(n = 525) (h=2,107) (n=710) P
sm” 0.9199 = 0.0057% 0.9062 = 0.0035 0.9219 = 0.0049 0.4115"
Weight (kg) 69.9+05 67.3+0.3 69.6+05 0.9546
Height (cm) 169.8 = 0.3 168.5 + 0.2 1700 0.3 0.3641
BMI (kg/m?)? 24,2 +0.2 23.7 +0.1 24.1 +0.1 0.6723
wC (cm)®? 84.6+05 83.9 + 0.2 84.5+0.4 0.9630
SBP (mmHg)” 119.8 + 0.7 122.8 +0.5 121.3 0.7 0.2128
DBP (mmHg)® 80.8 0.6 80.2 + 0.3 81.4+05 0.2557
Women Flour, Animal fat White rice Healthy mixed diet

(n = 804) (n=3,018) (n = 758) P
SMI 0.6304 = 0.0037 0.6103 = 0.0023 0.6245 + 0.0035 0.1221
Weight (kg) 575+0.3 56.7 0.2 57.3+0.3 0.6521
Height (cm) 157.9 0.2 155.4 + 0.2 157.1 £0.2 0.0124
BMI (kg/m?) 23.1 +0.1 235+ 0.1 23.2 +0.1 0.3633
WC (cm) 84.6+05 83.9 + 0.2 84.5+0.4 0.9630
SBP (mmHg) 119.8 0.7 122.8 + 0.5 121.3 +0.7 0.2128
DBP (mmHg) 80.8 + 0.6 80.2 + 0.3 81.4+05 0.2557

1) SMI: Skeletal muscle mass index

2) BMI: Body mass index

3) WC: Waist circumference

4) SBP: Systolic blood pressure

5) DBP: Diostolic blood pressure

6) Data are presented as mean =+ SE.

7) The p values are from survey regression for continuous variables for assessing the difference among clusters.

Table 4. Estimated change of fotal energy intake according to quartile of the skeletal muscle mass within each cluster

Men Flour, Animal fat White rice Healthy mixed diet
(n = 525) (n=2,107) (n=710)

R? 0.1782 0.1006 0.1150

Q1 Ref.?? Ref. Ref.

Q 117.8 (-59.7, 295.4)Y 97.7 (18.9, 176.4) -66.6 (-230.8, 97.7)

Q3 190.7 (24.4, 357.1) 166.1 (88.7, 243.4) 70.3 (-89.9, 230.6)

Q4 211.5 (44.9, 378.1) 314.4 (214.4, 414.5) 106.2 (-59.9, 272.3)

p for trend 0.0664 < 0.0001 0.1443

Women Flour, Animal fat White rice Healthy mixed diet
(n = 804) (n=3,018) (n = 758)

R? 0.0304 0.0507 0.0199

Ql Ref. Ref. Ref.

Q2 -14.2 (-139.0, 110.5) 36.8 (-11.1, 84.6) 28.4 (-99.1, 155.9)

Q3 132.9 (17.7, 248.1) 70.8 (18.8, 122.8) 9.2 (-119.7, 138.2)

Q4 129.0 (-2.7, 260.7) 93.8 (33.8, 153.7) 5.6 (-126.9, 138.0)

p for trend 0.0072 0.014 0.9715

1) For men first quartile (Q1): logSMI < -0.1960, Q2: -0.1960 <logSMI < -0.1138, Q3: -0.1138 <logSMI < -0.0288 and Q4: -0.0288 <logSMI,
and for women first quartile (Q1): logSMI < -0.5940, Q2: -0.5940 <logSMI < -0.4954, Q3: -0.4954 <logSMI < -0.4054 and Q4: -0.4054
<logSM

2) Regression model was adjusted for age, household income, education, body mass index, systolic blood pressure.

3) Change of energy intake in each cluster was compared to reference group of skeletal muscle mass index (Q1) within same sex.

4) Beta coefficient with 95% confidence interval is shown.
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Fig. 1. Estimated change of fotal energy intake according to quartile increase of the skeletal muscle mass in men of ‘white rice’ dietary
pattern. The complex sampling design parameters of the Korea Natfional Health and Nutrition Examination Survey were used. Data were
presented by each age group. Data are expressed as estimate mean with the bar of 95% CI. P value for frend is indicated on each
age group. For men first quartile (Q1): logSMI < -0.1960, Q2: -0.1960 <logSMI < -0.1138, Q3: -0.1138 <logSMI < -0.0288 and Q4: -0.0288
<logSMI, Regression model was adjusted for age, household income, education, body mass index, systolic blood pressure.
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AR o A e, AR AF7F B2 CWNC oij®l oA 855 A9 SHA] e thARRe] HlEo
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