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Tablel. Basal characteristics of the study subjects

Variables Men Women
Frequency(%) or Frequency(%) or
meanzstd meanzstd P value
N 2612 (40.30) 3869 (59.70)
Age(year) 49 +16.17 49 +16.19 0.15
Income
1t quartile 641 (24.92) 896 (23.63) 0.56
2" quartile 646 (25.12) 941 (24.82)
3 quartile 649 (25.23) 1003 (26.45)
4th quartile 636 (24.73) 952 (25.11)
Education
<Elementary school 447 (17.17) 1169 (30.30) <0.001
Middle school 357 (13.71) 411 (10.65)
High school 973 (37.38) 1340 (34.73)
>College 826 (3L.73) 938 (24.31)
Alcohol use
<1/wk 1626 (62.30) 3512 (90.89) <0.001
2-3/wk 630 (24.14) 268 (6.94)
>4 /wk 354 (13.56) 84 (2.17)
Smoking
Non 509 (19.49) 3402 (88) <0.001
Ex 971 (37.19) 230 (5.95)
Current 1131 (43.32) 234 (6.05)
Supplement intake
No 1847 (72.12) 2162 (57.90) <0.001
Yes 714 (27.88) 1572 (42.10)
IPAQ"(MET-minutes/wk) 3579.46  +5367.88 2573.06  +4117.75 <0.001
Total cholesterol(mg/dL) 187.22 +35.46 188.09 +36.18 0.34
HDL cholesterol (mg/dL) 45.08 +10.17 50.13 +10.99 <0.001
Triglyceride(mg/dL) 165.81 +141.27 114.59 +81.19 <0.001
Serum creatinine(mg/dL) 1.01 +0.19 1.00 +0.10 0.01
SBP" (mmHg) 120.51 +15.87 115.47 +18.46 <0.001
DBP* (mmHg) 78.68 +10.29 73.96 +10.30 <0.001
Hypertension
No 2066 (79.10) 3147 (81.34) 0.03
Yes 546 (20.90) 722 (18.66)
Hyperlipidemia
No 2478 (94.87) 3638 (94.03) 0.15
17 -



Yes 134 (5.13) 231

Diabetes mellitus

No 2402 (91.96) 3600

Yes 210 (8.04) 269
HRT§

No 3486

Yes 355

(5.97)

(93.05) 0.10
(6.95)

(90.76)
(9.24)

" International Physical Activity Questionnaire

" systolic blood pressure, * diastolic blood pressure *: hormone replacement treatment

T-test was used for the analysis of continuous variables.

X?-test was used for the analysis of categorical variables.
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Table2. Body composition and nutritional factors of the subjects

Variables Men Women
Frequency,% or Frequency,% or
meanzstd meanzstd P value

Body mass index (kg/m2) 23.99 +3.11 2341 +3.48 <0.001
Lean mass index (kg/m2) 14 +3.42 16.39 +4.08 <0.001
ALMI" (kg/m2) 6.57 +1.82 7.69 +2.17 <0.001
Meal frequency <2/day 58 (2.22) 131 (3.39) <0.001

2-<3/day 713 (27.30) 1165 (30.11)

3/day 1841 (70.48) 2573 (66.50)
Snack frequency <1/day 2140 (81.99) 2662 (68.86) <0.001

2/day 359 (13.75) 885 (22.89)

>3/day 111 (4.25) 319 (8.25)
Eating frequency <3/day 645 (24.71) 930 (24.06) <0.001

4/day 1598 (61.23) 2025 (52.38)

>5/day 367 (14.06) 911 (23.56)
Diet intake (g/day) 1570.39 +878.10 1183.90 +626.05 <0.001
Nutrient energy (kcal/day) 220392 +872.02  1586.97 +636.72 <0.001
Water (g/day) 1057.96 +74590 80141 +522.27 <0.001
Protein (g/day) 79.18 +40.23 55.66 +27.27 <0.001
Fat (g/day) 4344 +32.94 29.58 +22.62 <0.001
Carbohydrate (g/day) 34195  +123.01 27444 +111.62 <0.001
Fiber (g/day) 8.16 +5.00 6.87 +5.19 <0.001
Ash (g/day) 22.80 +11.35 16.84 +9.21 <0.001
Calcium (mg/day) 546.94  +347.03 42561 +344.66 <0.001
Phosphorus (mg/day) 130741 +54949 97035 +419.48 <0.001
Ferritin (mg/day) 15.79 +10.17 12.40 +9.27 <0.001
Sodium (mg/day) 5842.94 +3276.38 4044.88 +2560.28 <0.001
Potassium (mg/day) 335551 +1584.66 2676.15 +139740 <0.001
Vitamin A (ugRE/day) 890.24  +1007.49 72648 +807.20 <0.001
Carotene (ug/day) 454251 +4810.67 3868.54 +4641.12 <0.001
Retinol (ug/day) 12329  +49451  75.56 +146.29 <0.001
Thiamine (mg/day) 147 +0.86 1.08 +0.62 <0.001
Riboflavin (mg/day) 1.32 +0.78 0.99 +0.63 <0.001
Niacin (mg/day) 18.62 +10.28 13.01 +6.77 <0.001
Vitamin C (mg/day) 110.75  +90.72 99.29 +87.81 <0.001

" appendicular lean mass index.

T-test or x*-test was used used for the analysis.
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Table 3. Multiple factors associated with the appendicular lean mass

Variables Appendicular lean mass index
Q1l(n=1,621) Q2(n=1,619) Q3(n=1,621) Q4(n=1,620)
Frequency(%) or meanzstd P value
Sex(N,%) Men 967 (59.65) 630 (3891) 613 (37.82) 402 (24.81) <0.001
Women 654 (40.35) 989 (61.09) 1008 (62.18) 1218 (75.19)
Age(year) 44.66 +15.14  49.55 +16.12 4945 +16.29  51.27 +16.40 <0.001
ALMI'(kg/m?) 493 +0.51 6.20 +0.34 7.64 +0.53 10.20 +131 <0.001
BMI' (kg/m2) 23.69 +3.32 23.62 +3.35 23.73 +3.48 23.55 +3.25 043
Education
<Elementary school 224 (13.87) 438 (27.10) 434 (26.86) 520 (32.22) <0.001
Middle school 176 (10.90) 204 (12.62) 194 (12.00) 194 (12.02)
High school 652 (40.37) 572 (35.40) 566 (35.02) 523 (32.40)
>college 563 (34.86) 402 (24.88) 422 (26.11) 377 (23.36)
Alcohol use
<1/week 1199 (73.97) 1269 (78.43) 1313 (81.25) 1357 (83.82) <0.001
2-3/week 281 (17.33) 231 (14.28) 217 (13.43) 169 (10.44)
>4 /week 141 (8.70) 118 (7.29) 86 (5.32) 93 (5.74)
Smoking
Non 752 (46.39) 999 (61.74) 995 (61.50) 1165 (71.91) <0.001
Ex 375 (23.13) 300 (18.54) 288 (17.80) 238 (14.69)
Current 494 (30.48) 319 (19.72) 335 (20.70) 217 (13.40)
IPAQ* (MET-minute/wk) 321165 +4999 312297 +4641 287218  +4351 2709.73 +4726 0.01
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Supplement intake
No
Yes
HRT®
No
Yes
Hypertension
No
Yes
Hyperlipidemia
No
Yes
Diabetes mellitus
No

Yes

1059
517

611
38

1386
235

1557
64

1528
93

(67.20)
(32.80)

(94.14)
(5.86)

(85.50)
(14.50)

(96.05)
(3.95)

(94.26)
(5.74)

991
582

881
100

1275
344

1528
91

1517
102

(63)
37)

(89.81)
(10.19)

(78.75)
(21.25)

(94.38)
(5.62)

(93.70)
(6.30)

996
578

912
87

1309
312

1534
87

1488
133

(63.28)
(36.72)

(91.29)
(8.71)

(80.75)
(19.25)

(94.63)
(5.37)

(91.80)
(8.20)

963
609

1082
130

1243
377

1497
123

1469
151

(61.26)
(38.74)

(89.27)
(10.73)

(76.73)
(23.27)

(92.41)
(7.59)

(90.68)
(9.32)

0.01

<0.001

<0.001

<0.001

<0.001

*. appendicular lean mass index

t: body mass index

#: International Physical Activity Questionnaire

§:hormone replacement treatment

ANOVA was used for the analysis of continuous variables.

X2-test was used for the analysis of categorical variables.
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Table 4. Nutrient factors associated with the appendicular lean mass

Variables Appendicular lean mass index
Q1 Q2 Q3 Q4
Frequency(%) or meanzstd P value

Meal frequency  <2/day 51 (3.15) 50 (3.09) 39 (2.41) 49 (3.02) 0.74

2-<3/day 487 (30.04) 466 (28.78) 467 (28.81) 458 (28.27)

3/day 1083 (66.81) 1103 (68.13) 1115 (68.78) 1113 (68.70)
Snack frequency <1/day 1230 (75.97) 1160 (71.69) 1213 (74.88) 1199 (74.06) 0.15

2/day 296 (18.28) 336 (20.77) 299 (18.46) 313 (19.33)

>3/day 93 (5.74) 122 (7.54) 108 (6.67) 107 (6.61)
Eating frequency <3/day 417 (25.76) 388 (23.98) 388 (24.14) 379 (23.41) 0.12

4/day 910 (56.21) 875 (54.08) 918 (56.67) 920 (56.83)

>5/day 292 (18.04) 355 (21.94) 311 (19.20) 320 (19.77)
Nutrient intake energy(kcal/day) 199778 823.78 1813.33 805.81 183966 82418 1691.57 711.54 <0.001
Water intake(g/day) 100415 729.89 895.02 596.839  904.09 640.11 815.90 543.44 <0.001
Protein intake(g/day) 71.34 35.19 64.71 36.01 64.98 35.61 59.52 32.34 <0.001
Fat intake(g/day) 40.14 29.97 35.00 28.37 34.96 29.08 30.55 23.70 <0.001
Carbohydrate intake(g/day) 31739 12238 29776 12252  303.98 12342 287.46 113.40 <0.001
Fiber intake(g/day) 7.66 5.03 7.22 4.81 7.36 5.14 7.32 5.58 0.10
Ash intake(g/day) 21.00 10.94 18.98 10.11 19.31 10.84 17.67 9.96 <0.001
Calcium intake(mg/day) 51546 31340 47570 43475 466.38 336.62 440.48 297.89 <0.001
Phosphorus intake(mg/day) 119117 50493 109742 51218 110660 510.07 1029.51 475.37 <0.001
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Ferritin intake(mg/day) 14.56 9.18 13.55 9.21 14.03 11.17 12.93 9.38 <0.001

Sodium intake(mg/day) 529296 3248.78 4698.97 2888.15 476555 301244 432032 276184  <0.001
Potassium intake(mg/day) 3148.23 149279 291494 1496.31 2964.05 1559.84 277242 1478.28 <0.001
Vitamin A intake(ugRE/day) 853.71 989.24 79049 87632 78341 785.53 742.28 921.42 0.01
Carotene intake(ug/day) 441817 5205.14 408744 4560.77 414451 442521 3910.34 4647.18 0.02
Retinol intake(ug/day) 11021  386.55 103.79 36942 81.21 159.01 83.99 368.61 0.03
Thiamine intake(mg/day) 1.34 0.78 1.23 0.78 1.25 0.76 113 0.67 <0.001
Riboflavin intake(mg/day) 1.22 0.71 111 0.73 112 0.71 1.03 0.68 <0.001
Niacin intake(mg/day) 16.80 9.26 15.15 8.90 15.38 8.90 13.75 7.84 <0.001
Vitamin C intake(mg/day) 107.55 8784 10371 93.03 106.02 90.70 98.35 84.69 0.02

ANOVA was used for the analysis of continuous variables.

X2-test was used for the analysis of categorical variables.
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Table 5. The associations between meal frequency, snack frequency, eating frequency and appendicular lean mass

Variables Appendicular lean mass index(kg/m?)
Model 1° Model 2° Model 3¢
aOR’ C1r'(95%)  aOR’ ' (95%)  aOR’ 1’ (95%)
Men Meal frequency
<2/day 1.00 - 1.00 - 1.00 -
2-<3/day 1.00 0.58 - 1.73 101 058 - 176 1.05 0.60 - 182
3/day 1.02 085 - 124 1.02 085 - 124 101 0.83 - 122
Snack frequency
< 1/day 1.00 1.00 - 1.00
2/day 1.07 0.73 - 158 1.08 073 - 159 113 075 - 1.69
>3/day 101 0.66 - 156 101 066 - 156 1.02 0.65 - 1.59
Eating frequency
<3/day 1.00 1.00 1.00
4/day 112 086 - 146 113 086 - 148 1.16 0.88 - 153
>5/day 1.10 087 - 138 1.10 087 - 139 1.14 090 - 144
Women  Meal frequency
<2/day 1.00 1.00 1.00
2-<3/day 1.18 082 - 171 121 083 - 176 1.23 0.83 - 181
3/day 1.16 100 - 134 117 101 - 136 117 101 - 137
Snack frequency
<1/day 1.00 1.00 1.00
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2/day 1.28

>3/day 113
Eating frequency

<3/day 1.00

4/day 1.30

>5/day 121

1.01
0.87

1.08
1.03

1.63
147

1.58
142

131
115

1.00
132
121

1.02
0.88

1.09
1.03

1.67
151

161
143

1.26
1.10

1.00
133
1.21

0.97
0.83

1.08
1.02

1.62
1.44

1.63
143

" adjusted odds ratio, T : confidence interval

Appendicular lean mass was defined as the appendicular lean soft tissue(kg)/height squared(m?).

Dependent variable was grouped into below the mean of the appendicular lean mass index and above the mean of the appendicular lean mass index according

to sex.

Odds ratio was calculated from multiple logistic regression.
2 adjusted variables; age, body mass index.

b adjusted variables; age, body mass index, nutrient intake energy, meal frequency(if independent variable was snack frequency) or snack frequency(if independent

variable was meal frequency).

¢ adjusted variables; age, body mass index, nutrient intake energy, meal frequency(if independent variable was snack frequency) or snack frequency(if independent

variable was meal frequency), education, alcohol use, smoking, physical activity(MET-minute/week), supplement intake, hypertension, hyperlipidemia, diabetes

mellitus, hormone replacement treatment(in women).
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Table 6. Correlation of appendicular lean mass and nutrients

Men Women
Model 12 Model 2° Model 3 ¢ Model 12 Model 2 Model 3¢
Variables r P value r P value r P value r P value r i r i
value value
Protein(g/kg/day) 0.025 0.21 0.064 <0.001 0.069 <0.001 0.005 0.76 0.044  0.006 0.048 0.003
Fat(g/kg/day) 0.015 0.45 0.042 0.03 0.046 0.02 -0.004  0.82 0.020 021 0.023 015
Carbohydrate(g/kg/day)  0.026 0.18 0.059 0.00 0.054 0.01 0.017 0.30 0.084 <0.001 0.083 <0.001
Fiber(g/kg/day) 0.014 0.48 0.024 0.21 0.023 0.24 0.030 0.06 0.046 0.004 0.047 0.004
Ash(g/kg/day) 0.015 0.45 0.035 0.07 0.033 0.09 -0.006 0.70 0.017 030 0.021 019
Calcium(mg/kg/day) -0.005 0.80 0.005 0.80 0.007 0.72 -0.013 042 -0.001 094 -0.001 093
Phosphorus(mg/kg/day)  0.030 0.12 0.074 <0.001 0.078 <0.001 0.007 0.66 0.051 0.001 0.052 0.001
Ferritin(mg/kg/day) 0.009 0.63 0.020 031 0.018 0.35 0.001 093 0.018 0.25 0.021 020
Sodium(mg/kg/day) -0.006 0.77 0.005 0.79 0.003 0.87 -0.005  0.75 0.010 052 0.012 045
Potassium(mg/kg/day) 0.013 0.50 0.035 0.08 0.037 0.06 0.004 0.78 0.032 0.05 0.035 0.03
Vitamin A(ugRE/kg/day)  0.011 0.56 0.019 0.33 0.016 041 -0.009 057 0.002 0093 0.005 0.77
Carotein(ug/kg/day) 0.001 0.95 0.007 0.70 0.004 0.82 -0.003 0.84 0.006  0.69 0.010 0.55
Retinol(ug/kg/day) 0.019 0.33 0.023 0.24 0.022 0.26 -0.030 0.06 -0.023  0.15 -0.022 0.18
Thiamine(mg/kg/day) 0.005 0.78 0.023 0.24 0.026 0.18 0.009 0.57 0.034 003 0.035 0.03
Riboflavin(mg/kg/day) 0.026 0.18 0.050 0.01 0.052 0.01 0.007 0.68 0.029 0.8 0.034 0.04
Niacin(mg/kg/day) 0.015 0.45 0.044 0.03 0.051 0.01 -0.010 053 0.017 030 0.020 022
Vitamin C(mg/kg/day) 0.010 0.62 0.018 0.37 0.020 0.32 -0.006  0.72 0.006 071 0.008 0.63
29



Correlation coefficients(r) were obtained from the spearman partial correlation analysis.

2 adjusted variables; age, body mass index.

badjusted variables; age, body mass index, nutrient intake energy.

cadjusted variables; age, body mass index, nutrient intake energy, education, alcohol use, smoking, physical activity(MET-minute/week), supplement intake,

hypertension, hyperlipidemia, diabetes mellitus, hormone replacement treatment(in women).
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Abstract

Associations between eating
frequency and dietary nutrients and
muscle mass (Korean National
Health and Nutrition Survey
2008-2009)

Yeong Ju, Kim
Dept. of Public Health, epidemiology of chronic disease
The Graduate School

Seoul National University

Background

Aging is one of the important factors that accelerates the loss of

skeletal muscle mass which causes decreasing physical performance
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and independency. Factors associated with muscle mass include
testosterone, estrogen, IGF-1, growth hormone, physical activity,
nutrition, chronic diseases, the nervous system, etc. Eating
frequency and dietary nutrients are considered part of nutrition.
When eating frequency increases, muscle breakdown decreases. An
appropriate amount of antioxidants and protein intake also helps

muscle anabolism.

Objectives

There have been only a few studies with small populations on the
association between eating frequency and muscle mass. Additionally,
only protein has mainly been studied as a dietary nutrient influencing
muscle mass. The aim of this study was to analyze the associations
between ‘ eating frequency and muscle mass’ and ° dietary

nutrient factors and muscle mass’

Methods

We used data from the Korean National Health and Nutrition

Examination Survey (2008-2009). The study subjects were over 20
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years of age. This study excluded those who did not have data that
included dual energy X-ray absorptiometry, nutrient behaviors,
nutrient intake, height, weight and body mass index. Cancer patients
and pregnant women were excluded. A total of 6,481 subjects were
included. Independent factors were meal frequency (<2/day,
2-<3/day, 3/day), snack frequency (< 1/day, 2/day, = 3/day), eating
frequency which was sum of the meal frequency and snack frequency
(£3/day, 4/day, =5/day) and daily nutrient intake per weight. The
dependent factor was the appendicular lean mass index (appendicular
lean mass/height®, kg/m?. The appendicular lean mass index was
classified into two groups: one under the mean and over the mean
according to sex. T-test, x°~test and analysis of variance were used
to analyze the differences in the variables between groups. Age,
body mass index, nutrient intake energy, education, alcohol use,
smoking, physical activity, supplement intake, hypertension,
dyslipidemia and  diabetes mellitus and hormone replacement
treatment (in women) were accounted for as confounding factors.
Multiple logistic regression or partial correlation was used to analyze
the associations between the independent factors and dependent

factors after adjusting for covariates. A P value under 0.05 was
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considered statistically significant. SPSS 13.0 was used for the

statistical analysis.

Results

There were 2,612 male and 3,869 female subjects in this study.
The mean age was 49 years old. Education, alcohol use, smoking,
physical activity, supplement intake, hormone replacement treatment,
hypertension, dyslipidemia and diabetes mellitus were different
based on the appendicular lean mass index groups. Multiple logistic
regression analysis after adjusting for confounding factors showed
there was no association between meal frequency, snack frequency
and eating frequency and muscle mass in men. However, in women,
the odds ratio for appendicular lean mass index over the mean was
1.17 (CI 1.01-1.37) in the high meal frequency group (= 3/day)
compared with the low meal frequency group (<2/day) and 1.33 (CI
1.08-1.63) and 1.21 (CI 1.02-1.43) in the eating frequency groups of
4/day and =5/day, respectively. According to the partial correlation
analysis, nutrients such as proteins, fats, carbohydrates, phosphorus,

vitamin B2 and niacin had significant positive correlations with
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appendicular lean mass in men. There was a significant positive
correlation between nutrient intake that included proteins,
carbohydrates, fibers, phosphorus, potassium, and vitamins Bl and

B2 and appendicular lean mass in women.

Conclusion

There was no significant association between eating frequency and
muscle mass in men. However, meal frequency and eating
frequency were significantly associated with muscle mass in women.
Proteins, carbohydrates and vitamin B2 had significantly positive
correlations with muscle mass in men and women. These results
could be explained by a mechanism in which frequent eating habits
prevent muscles from breaking down and nutrients such as proteins

and antioxidants help muscle anabolism.

keywords : meal frequency, snack frequency, eating frequency,

dietary nutrients, muscle mass, lean mass
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