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Table 1. Sociodemographic characteristics of Korean adults from the 2010~2019 KNHANES

Characteristic Total 2010~2012 2013~2015 2016~2019
(n = 51,296) (n = 15,817) (n = 14,661) (n = 20,818)

Age

19~39 years 13,492 (36.2) 4,300 (38.6) 3,823 (36.3) 5,369 (34.4)

40~64 years 23,872 (47.0) 7,308 (46.6) 6,822 (47.1) 9,742 (47.3)

>65 years 13,932 (16.8) 4,209 (14.8) 4,016 (16.6) 5,707 (18.3)
Sex

Males 21,310 (49.9) 6,415 (49.8) 6,048 (49.8) 8,847 (50.0)

Females 29,986 (50.1) 9,402 (50.2) 8,613 (50.2) 11,971 (50.0)
Education level"

Less than middle school 16,913 (25.4) 5,928 (29.0) 4,819 (26.2) 6,166 (22.4)

High school 15,747 (36.9) 4,994 (38.9) 4,434 (37.7) 6,319 (35.1)

College or above 15,858 (37.7) 4,383 (32.1) 4,115 (36.2) 7,360 (42.5)
Household income?

Lowest 10,487 (15.8) 3,289 (16.4) 3,030 (15.6) 4,168 (15.5)

Lower middle 12,881 (25.1) 4,010 (27.2) 3,705 (24.8) 5,166 (23.8)

Upper middle 13,496 (28.7) 4,150 (28.9) 3,876 (29.0) 5,470 (28.3)

Highest 14,092 (30.4) 4,173 (27.5) 3,967 (30.6) 5,952 (32.3)
Regional type®

Metropolitan 22,506 (47.3) 6,957 (47.6) 6,367 (45.4) 9,182 (48.4)

Urban 18,328 (36.1) 5,398 (32.6) 5,313 (37.4) 7,617 (37.6)

Rural 10,462 (16.6) 3,462 (19.9) 2,981 (17.2) 4,019 (14.0)

Values are presented as n (weighted %).
KNHANES, Korea National Health and Nutrition Examination Survey.
D Missing values: n=2,778 (512 in 2010~2012; 1,293 in 2013~2015; 973 in 2016~2019).
? Missing values: n=340 (195 in 2010~2012; 83 in 2013~2015; 62 in 2016~2019).
% In accordance with the administrative divisions of Korea, Seoul (the capital city) and 6 metropolitan cities were classified as metropolitan areas, while
"dong" area were classified as urban areas, and "eup" or "myeon" areas were classified as rural areas, including those located in metropolitan cities.
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Fig. 1. Secular trends in protein intake among Korean adults according to sex

and age group (g/day) "

Values are presented as mean.

DP for trend <0.05 for all subjects from a genetal linear model(except, total
19~39years(0.8390), male 19~39years(0.5734), male =>65years(0.3807), female
19~39years(0.7001), female 40~64years(0.1576)).

-12 -



a) Total

1.6 -
1.5
149128 {95 . —
.. 131 126 123 197 191 123125 | o 0g 122
SNl e
g 1.1 71,18 1. . —
= 1.0 114 4 4,0 112 113 112 111 111 3.10
0.9 W
0.8 1098 422 001 0.82 091 0.93 g4 0.94 0.94 4 g4
0.7 -

20102011 2012 20132014 2015 2016 2017 2018 2019

Year

g/kg/day

: > 1.04 |
08|  ggr 101 1.01 gog 102 57 1.00 g g7

201020112012 2013 2014 2015 2016 2017 2018 2019
yedr

c¢) Females

1.21 119 1.20 116 116 119 117 1.17 1.17 1.18

[ L i e i e
O B L W U1
|

g/kg/day

-"_"'_'-—-_._-..-"".-—""—‘-‘—--—-....___-,_._.-I
11.08 1.07 1.07 oy 109 1.08 106 105 1 04 1.06

- 0.89
3

084 g g, 0.85 0.85 0.85 087 5 o0 0.8 0.83

coe e
o =1 Do W
.

20102011 20122013 2014 2015 2016 2017 2018 2019
year

—— 19— 30 yearg —=—40 — G4 vears —— = B5 vears
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sex and age group (g/kg/day) "

Values are presented as mean.

P for trend <0.05 for all subjects from a genetal linear model(except, total =
65years(0.6434), male =65years(0.2270), female 19~39years(0.2970), female
40~64years(0.1466), female =65years(0.1934)).
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Fig. 3. Secular trends in protein intake among Korean adults according to
sex and age group (% of energy) "

Values are presented as mean.

1) P for trend < 0.05 for all subjects from a general linear model.
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Table 2. Secular trends in protein intake relative to the Recommended Nutrient Intake among Korean adults by sex and age

group
P value” P for
Sex and age group 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 (2010vs 9
oo19) e
Total 1302 + 14° 1287 =15 1254 =14 1218 =12 1237+ 1.3 1241 =15 1237 *£13 1214 = 1.3 1219+ 12 1211 £ 14 <0.0001 <0.0001
(n=51,296)

19 ~ 39 years 1405 + 24 1388 = 28 1356 £ 25 1327 £ 21 1327 £22 1347+25 1372+£22 1305+23 131818 1346=*25 0.0868 0.0096
(n=13492)
40 ~ 64 years 1300 =17 1306 = 1.8 1253 =16 1203 =16 1253 £ 1.8 123718 123317 121914 1219*£15 1206*15 <00001 <0.0001
(n=23872)

=65 years 102322 59%62*16 100418 101.2 =20 1001 =18 102719 597815 102821 1029=*15 986=18 01865 06434
n=13932)
Males 1407 £20 1400+ 23 1329+ 22 1285 £ 1.7 1297 £17 1299+£20 1316+18 127.3*£16 1282*15 1268*17 <0OO000L <0.0001
(n=21,310)

19 ~ 39 years 1469 = 36 1461 = 4.2 1395 = 39 1372 =31 136.7 =33 1384 =35 1447 £30 1323*+32 1348=*26 138733 0.0929 0.0086
(n=5,659)
40 ~ 64 years 1410 = 26 1434 = 26 1332 = 26 1264 = 2.3 1308 =23 120026 129824 1282+19 1293=*£21 1252=*21 <0.0001 <0.0001
(n=19648)

= 65 years 1173 £32 106.1 = 24 1110 £ 28 1113+ 27 1089 = 25 1116 £27 1064 £22 1139+28 1097 *+22 1071 =26 0.0135 0.2270
(n=6,003)
Females 1198 £ 16 1174 £ 16 1180+ 16 1152+ 15 1177+ 17 118318 1157*£14 11565*16 1156*+14 1154*16 0.0525 0.0261
(n=29,986)

19 ~ 39 years 1334 = 25 1305 = 28 1314 =30 1276 = 26 1280 = 26 1307 =32 1286 £27 128427 128529 1299 =34 04079 0.2970
n="728333)

40 ~ 64 years 1191 =22 1177 £ 21 1173 =19 1144 =21 1201 £ 22 1186 =2 116919 11569*19 1145*17 1161 =*17 0.2889 0.1466
(n=14,224)

=65 years 920 £ 2.1 894 £ 19 929 £19 933 £ 24 929 £19 955 £25 905 = 1.8 933 =22 976 £ 1.8 916 £ 20 0.8762 0.1934
(n="7929)

Values are presented as mean = SE.

1) Difference in protein intake between 2010 and 2019 was tested using t—test.

2) Secular trend of protein intake was tested using a general linear model.

3) Individual protein intake (g/kg/day) / recommended nutrient intake for protein (0.91 g/kg/day for adult) * 100
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Table 3. Secular trends in percentage of Korean adults below DRI standards for protein by sex and age group

P value”

Sex and age group 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 (2010vs Pforz)
2019 trend
BowFAR?
Totd, >19years (1=51,296) 21707 23509 24109 26309 25408 25309 2209 26109 24708 271009 <00001 <00001
Makess
19~39years n=5659) 14617 16217 166 (20) 181(18) 218719 1817 182(18) 21320 176 15 19919 00356 00165
40~ 64 years 0=9648) 141013 141013 18717 201014 172014 191 16) 198 (15) 20716 185(15) 21615 00001 <0001
>65years (=6008) 26021 344 (25) 33323 33024 33422 206 23) 02@D 204 @21 21220 523 00072 08302
Fermdles
19~Pyears ©=7833) 198(15) 2317 217 (20) 263(16) 2107 21719 2718 23919 24718 26519 00058 00173
40~ 64 years 0=14224) 27314 216(15) 27015 2315 267(16) 20713 269(16) 273(15) 2915 21612 08736 Q7179
265 years (=7929) 458 (25) 506 23) 463 @21) 46522 468 (22) 466 (22) 430Q21) 456(25) 40019 47019 07098 00247
Below AMDR®
Totd, >19years (1=51,296) 026 008 023007 049 Q13 050012 063 (015 063(016) 059 (012) 051 013 02006 053013 00832 01971
Maks
19~years h=5659) 0202 00 036032 017 Q17 014014 030022 05203 084039 00 034 039 01473 00620
40~ 64 years 0=9648) 000 028 (018 014 Q14 044 020) 016 012 086 037) 00 0100 007000 013013 03170 05252
>65years (1=6008) 033025 00 061 034 00 083 (055 032021 098 (045) 047 025) 00 042 021) 07975 06613
Femdes
19~ yeas ©=7833) 063035 009 (006) 087043 101 046) 191 Q74 082033 036 (018 081 (043) 01201 054032 08461 04800
40~64years 0=14224) 013007 026 013 051 ©27) 051 Q19 063 021) 078 029 108037 042023 024010 052020 01368 02278
265 years (=7929) 062027 102058 078 034) 069 3D 071 031 026 018 101037 06031 127053 09053 05351 05300

Values are presented as mean of percentage (SE).

AMDR, Acceptable Macronutrient Distribution Range; DRI, Dietary Reference Intake; EAR, Estimated Average Requirement.
1) Difference in protein intake between 2010 and 2019 was tested using t—test.

2) Secular trends in proportions below and above DRIs standards were tested using a general linear model.

3) <0.73 g/kg/day.
4) <7% of energy.
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Table 4. Secular trends in percentage of Korean adults above DRI standards for protein by sex and age group

P value? Pror
Sex and age group 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 (2010vs 2)
2019 trend
Above AMDR”
Total, > 19 years (n=51,296) 10506 10806 10806 96006 9906 940H 12306 12106 12506 14807  <00001  <00001
Males
19 ~ 39 years (n= 5,659) 14817 1324 14317 1BL7A7 130A7 13716 20008 19320 17116 24021 00007  <0.0001
40~ 64 years (n=9,648) 11713 14704 125014 108(Q1LD 12913 10311 146012 111@QD 13412 142013 0.1738 04796
> 65 years (n=6,003) 54 (1.0) 4909 56 (1.0) 66 (1.1 7412 6311 511D 69 (1.1) 95015) 89 (1.3) 0.0350 0.0027
Females
19~ 39 years (n=7,333) 11713 112303 136015 8212 10212 98012 130013 15917 152014 19817 00002  <0.0001
40~ 64 years (n=14,224) 9009 84 (1.0) 8009 8109 7809 7909 93009 103 09 10 (08 114 1.0) 00706 0.0032
> 65 years (n="7,929) 1.3 04 43(1.3) 40 (08) 2506) 3208 4109 4.2(09) 340.7) 6.2 (1.0) 57(10)  <00001 00009

Values are presented as mean of percentage (SE).

AMDR, Acceptable Macronutrient Distribution Range; DRI, Dietary Reference Intake; EAR, Estimated Average Requirement.

1) Difference in protein intake between 2010 and 2019 was tested using t—test.

2) Secular trends in proportions below and above DRIs standards were tested using a general linear model.

3) >20% of energy
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Fig. 4. Percentage of Korean adults below the EAR for protein intake
according to sociodemographic characteristics by KNHANE survey cycle

from 2010 to 2019V

EAR, Estimated Average Requirement; KNHANES, Korea National Health and Nutrition
Examination Survey. Values are presented as n (weighted %).

1) P value < 0.0001 for all groups except regional type from chi—square test. P values for
regional type are 0.0017 in 2010 ~ 2012,0.0818 in 2013 ~ 2015, and 0.0270 in 2016 ~
2019.
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Fig. 5. Percentage of Korean adults above the AMDR for protein intake
according to sociodemographic characteristics by KNHANES survey cycle

from 2010 to 2019V

AMDR, Acceptable Macronutrient Distribution Range; KNHANES, Korea National Health and
Nutrition Examination Survey. Values are presented as n (weighted %).

1) P value < 0.0001 for all groups except regional type from chi—square test. P values for
regional type are 0.0004 in 2010 ~ 2012,0.6167 in 2013 ~ 2015, and 0.1492 in 2016 ~
2019.
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Table 5. Contribution rate of major food groups to protein intake according to protein intake status by KNHANES survey

cycle from 2010 to 2019

2010~ 2012 2013 ~ 2015 2016 ~ 2019
Food group Below EAR Above EAR Pualie? Below EAR  Above EAR Pualie? Below EAR  Above EAR P value? P value?
(n= 3993 (n=11,824) m=4150) (©=1051D (n=5.368) (n=14,950)
Animal food 259 £ 04 448 £03 <0.0001 294 £ 04 469 £ 0.3 <0.0001 340 £ 04 513 £ 02 <0.0001 <0.0001
Meat 96 £03 21903 <0.0001 116 £03 24303 <0.0001 148 =03 278 £ 03 <0.0001 <0.0001
Red meat 74 £03 143 £ 02 <0.0001 87103 153+ 02 <0.0001 107 £ 0.3 181 =02 <0.0001 <0.0001
Poultry 16 02 6.5 £ 0.2 <0.0001 1.8 £0.2 75 *£02 <0.0001 23 £02 79 £02 <0.0001 0.0010
Processed meat 06 £ 0.1 1.0 =01 <0.0001 11 £01 1501 0.0001 1.8 £ 0.1 19+ 01 0.8424 <0.0001
Seafood 93+ 0.3 149 £ 0.2 <0.0001 92 +t02 139 £ 0.2 <0.0001 93 £0.2 132 =02 <0.0001 0.8992
Dairy 38 £ 0.2 38 £01 0.8399 45+ 02 39 t01 0.0029 46 £02 43+01 0.0724 0.0015
Eggs 32=*02 4201 <0.0001 41+02 48 =01 0.0001 52*02 5901 <0.0001 <0.0001
Plant food” 720 £ 04 533 £0.3 <0.0001 703 £ 04 529 £0.3 <0.0001 65.6 £ 04 484 £ 0.2 <0.0001 <0.0001
Grains 452 £ 04 296 £ 0.2 <0.0001 422 03 292 £02 <0.0001 395 £ 0.3 271 £01 <0.0001 <0.0001
Vegetables 110 £ 0.2 85t 01 <0.0001 9.7 £01 76 £ 0.1 <0.0001 90 £ 0.1 6.7 £ 00 <0.0001 <0.0001
Beans 56 0.2 6.0+ 0.1 0.0351 5502 54 01 0.7629 53 £ 0.1 54 +£01 0.4537 0.1913
Plant seasoning 3901 3700 0.1733 37+01 36 £ 00 0.2660 37+01 34 00 <0.0001 0.1969
Fruit 2501 19 £ 00 <0.0001 26 0.1 19 £ 00 <0.0001 23101 15+ 00 <0.0001 0.0276
Potatoes and starches 1.3+ 01 1.2 £ 00 0.1468 1701 1.2 =00 <0.0001 1.3+01 08 £00 <0.0001 07111
Seaweed 1.3t01 09 £ 00 <0.0001 1.3+101 09 £00 <0.0001 14 =00 09 £00 <0.0001 0.0424
Nuts and seeds 0701 08 £00 0.0630 1.0 =01 1.1 £00 0.0292 12+ 01 1.2 =00 0.3722 <0.0001

Values indicate percentages of protein intake from each food group compared to total protein intake and are presented as mean * SE.

AMDR, Acceptable Macronutrient Distribution Range; EAR, Estimated Average Requirement; KNHANES, Korea National Health and Nutrition

Examination Survey.

1) Differences in contribution rates between protein intake groups (e.g., below EAR vs. above EAR) in the same survey cycle were tested using t—

test.

2) Differences in contribution rates among three survey cycles in the below EAR or above AMDR groups were tested using ANOVA.
3) Plant food groups also include mushrooms, beverages, and sugars and sweets, but contribution rates of these food groups are not presented here
due to their relatively small contribution.
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(Continued)

2010~ 2012 2013 ~ 2015 2016 ~ 2019
Food group Within AMDR ~ Above AMDR Pualue Within AMDR  Above AMDR Pualue Within AMDR ~ Above AMDR P value” P value”
(n=14,346) n=1471 (n=13462) (n=1,199 (n=18438) (n= 2,380
Animal food 37203 674 = 05 <0.0001 395 0.2 700 = 04 <0.0001 432 02 712 =03 <0.0001 <0.0001
Meat 168 £0.2 37210  <00001 190 £02 401 £ 10 <0.0001 217 £ 02 433 =07 <0.0001 <0.0001
Red meat 126 £02 136 £ 06 0.1414 135 £02 142 £ 07 0.4080 156 £ 02 202 £ 06 <0.0001 <0.0001
Poultry 3301 23110  <00001 40 £ 0.1 251 11 <0.0001 4201 218 =07 <0.0001 0.1476
Processed meat 1.0 =00 0501 <0.0001 15+ 0.1 08 =01 <0.0001 1.9 =01 1.3+ 01 <0.0001 <0.0001
Seafood 123 £02 245 09 <0.0001 115 £02 239 =09 <0.0001 110 £ 01 19.7 =05 <0.0001 <0.0001
Dairy 40 =01 25603 <0.0001 42 £0.1 2301 <0.0001 46 £ 01 3101 <0.0001 0.0311
Eggs 40x01 32x02 0.0003 4701 3702 <0.0001 58 £01 48 £ 02 <0.0001 <0.0001
Plant food 609 = 0.3 302 = 04 <0.0001 60.3 = 0.2 300 = 04 <0.0001 564 = 0.2 285 03 <0.0001 0.0005
Grains 356 £ 0.2 13502 <0.0001 346 £ 0.2 129 £ 02 <0.0001 329 =02 131 £02 <0.0001 0.3426
Vegetables 94 0.1 62+ 02 <0.0001 84 0.1 5302 <0.0001 7701 49 £ 0.1 <0.0001 <0.0001
Beans 6.1 0.1 4703 <0.0001 56 £0.1 3702 <0.0001 56 £ 01 4202 <0.0001 0.3572
Plant seasoning 39 £ 00 30=*01 <0.0001 3.7 00 29 £ 01 <0.0001 36 £00 28 01 <0.0001 0.0049
Fruit 22*01 09 =01 <0.0001 2200 09 =01 <0.0001 1.8 =00 0.7 =00 <0.0001 0.0519
Potatoes and starches 1.3 £ 00 06 £00 <0.0001 1.5 £ 00 05£00 <0.0001 10£00 04 £00 <0.0001 <0.0001
Seaweed 1.1 £00 05 =00 <0.0001 10 £ 00 06 £01 <0.0001 1100 05£00 <0.0001 0.5936
Nuts and seeds 08 =00 06 =01 0.0386 1.1 00 08 =01 <0.0001 1.3+ 00 08 =00 <0.0001 0.0896
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Trends in Dietary Protein Intake and Its Adequacy among
Korean Adults: Data from the 2010 ~ 2019 Korea
National Health and Nutrition Examination Survey

(KNHANES)

Hyun ji Ham

Department of Food Science and Nutrition, The graduate School,

Jeju National University

VII. Abstract

Recently, as studies have reported that high—protein meals or protein
supplementation are effective in increasing lean body mass, interest in
protein is increasing, and the market size of domestic protein—related foods
is also rapidly expanding. Accordingly, it is believed that an absolute protein
intake evaluation and an appropriacy evaluation in terms of deficiency/excess
should be carried out together. This study aimed to evaluate dietary protein
intake and its adequacy among Korean adults during recent 10 years. Based
on the 2010~2019 Korea National Health and Nutrition Examination Survey
(KNHANES) data, a total of 51,296 adults aged 19 years old or more who

participated in a one—day 24 —hr dietary recall were included. Dietary protein
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intake was estimated as percentages of total energy (% of energy) and grams
per body weight(g/kg/day) and compared with the 2020 Dietary Reference
Intakes for Koreans to evaluate the adequacy of protein intake. In addition,
proportions of people whose protein intakes were less than the estimated
average requirement(EAR) and above the upper limit of the acceptable
macronutrient distribution range (AMDR) > 20% of energy) were calculated
according to sociodemographic characteristics. As a result, Protein intake
was increased from 14.7% of energy in 2010 to 15.6% of energy in 2019
among Korean adults. However, there was no increase in protein intake
relative to the recommended nutrient intake (% RNI) during the recent 10
years. Protein intake relative to the RNI was decreased from 130.2% in 2010
to 121.1% in 2019 (P for trend < 0.0001) among total participants, and a
significant decreasing trend was observed in all age groups except for over
65 years old. However, protein intake relative to the RNI was lowest in the
elderly (98.6%). Proportions of low protein intake (< EAR) and high protein
intake (> AMDR) increased in the past 10 years (P for trend < 0.0001 for
all), and these were associated with socioeconomic statuses, such as
education and household income levels. These findings suggest that protein
adequacy in Korean adults has not been improved over the past decade
compared with recommended levels. Nutritional education and intervention
programs should consider different intake levels according to

sociodemographic characteristics
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Table 1. Sociodemographic characteristics of Korean adults from the 2014

to 2019 KNHANES

Characteristic (n=r€%t,35165)
Sex

Males 7,886(50.9)

Females 10,679(49.1)
Age

19~64 years 16,095(92.3)

>65 years 2,470(7.7)
Education level

Middle school or less 2,911(11.5)

High school 6,248(39.3)

College or above 7,951(49.2)
Household income

Low 2,314(10.4)
Lower middle 4,477(23.5)

Upper middle 5,538(30.9)

High 6,179(35.2)
Marital status

Unmarried 4,142(30.4)
Married 12,769(63.1)

Separated, widowed, or divorced 1,648(6.5)

Regional type
Dong
Eup/Myeon

Current smoking®
Yes
No

Alcohol consumption?
None

Moderate
High

Resistance exercise
Yes

No

3)

15,468(87.1)
3,097(12.9)

3,305(22.0)
14,835(78.0)

7,629(37.8)
8,517(49.8)
1,999(12.4)

3,726(23.4)
13,670(76.6)

Values are presented as n (weighted %).

*Missing values: Education level(1,455), Household income(57), Marital status(6), Current

smoking (425), Alcohol consumption(420), Resistance exercise(1,169)

1) Percentage of cigarettes you have smoked more than 5 packs (100 cigarettes) in your

lifetime and currently smoke

2) None: Percentage of subjects with a monthly drinking rate of "No" and a high—risk drinking

rate of "No"; Moderate: Subject fraction with monthly drinking rate "yes" and high risk drinking

rate "no"; High: Subject fraction with monthly drinking rate "yes" and high risk drinking rate

uyesu

3) Percentage of people who have practiced strength exercises such as push—ups, sit—ups,

dumbbells, weights, and an iron bar for more than 2 days in the last 1 week
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Table 2. Sociodemographic characteristics of Korean adults by sex from

2014 to 2019 KNHANES

Sex
Characteristic Males Females Pvalue
(n=7,886) (n=10,679)

Age 0.0189
19~64 years 6,595(91.9) 9,500(92.7)

>65 years 1,291(8.1) 1,179(7.3)
Education level <0.0001
Middle school or less 1,110(9.4) 1,801(13.6)

High school 2,682(40.7) 3,566(37.9)

College or above 3,370(50.0) 4,581(48.5)
Household income 0.0429
Low 995(9.9) 1,319(10.9)

Lower middle 1,904 (23.2) 2,573(23.9)

Upper middle 2,372(31.7) 3,166(30.1)

High 2,5688(35.3) 3,5691(35.1)
Marital status <0.0001
Unmarried 2,140(35.4) 2,002(25.2)

Married 5,351(60.9) 7,418(65.4)

Separated, widowed, or divorced 395(3.7) 1,253(9.4)
Regional type 0.0006
Dong 6,457(86.3) 9,011(87.9)

Eup/Myeon 1,429(13.7) 1,668(12.1)
Current smoking® <0.0001
Yes 2,748(37.5) 557(6.1)

No 4,935(62.5) 9,900(93.9)
Alcohol consumption? <0.0001
None 2,187(27.0) 5,442(48.9)

Moderate 4,128(54.8) 4,389(44.6)

High 1,371(18.2) 628(6.5)
Resistance exercise” <0.0001
Yes 2,159(30.7) 1,567(16.0)

No 5,151(69.3) 8,519(84.0)

Values are presented as n (weighted %).

1) Percentage of cigarettes you have smoked more than 5 packs (100 cigarettes) in your
lifetime and currently smoke

2) None: Percentage of subjects with a monthly drinking rate of "No" and a high—risk drinking
rate of "No"; Moderate: Subject fraction with monthly drinking rate "yes" and high risk drinking
rate "no"; High: Subject fraction with monthly drinking rate "yes" and high risk drinking rate
ves"

3) Percentage of people who have practiced strength exercises such as push—ups, sit—ups,
dumbbells, weights, and an iron bar for more than 2 days in the last 1 week
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Table 3. Sociodemographic characteristics of Korean adults by age from

2014 to 2019 KNHANES

Characteristic 19~64 years >65 years P value
(n=16,095) (n=2,470)

Sex 0.0189
Males 6,595(50.7) 1,291(53.5)

Females 9,500(49.3) 1,179(46.5)
Education level <0.0001
Middle school or less 1,473(7.3) 1,438(65.2)

High school 5,865(40.8) 383(19.7)

College or above 7,664(51.9) 287(15.2)
Household income <0.0001
Low 1,234(7.7) 1,080(42.7)

Lower middle 3,756(23.1) 721(29.2)

Upper middle 5,161(32.1) 377(15.9)

High 5,900(37.1) 279(12.2)
Marital status <0.0001
Unmarried 4,132(32.9) 10(0.4)

Married 10,991 (62.3) 1,778(73.1)

Separated, widowed, or divorced 966 (4.8) 682(26.5)
Regional type <0.0001
Dong 13,728(88.0) 1,740(76.5)

Eup/Myeon 2,367(12.0) 730(23.5)
Current smoking® <0.0001
Yes 3,051(22.9) 254(11.4)

No 12,767 (77.1) 2,068 (88.6)
Alcohol consumption? <0.0001
None 6,218(36.0) 1,411(59.6)

Moderate 7,715(50.9) 802(35.3)

High 1,888(13.0) 111(5.1)
Resistance exercise” 0.0010
Yes 3,304 (23.7) 422(20.1)

No 11,925(76.3) 1,745(79.9)

Values are presented as n (weighted %).

1) Percentage of cigarettes you have smoked more than 5 packs (100 cigarettes) in your
lifetime and currently smoke

2) None: Percentage of subjects with a monthly drinking rate of "No" and a high—risk drinking
rate of "No"; Moderate: Subject fraction with monthly drinking rate "yes" and high risk drinking
rate "no"; High: Subject fraction with monthly drinking rate "yes" and high risk drinking rate
ves"

3) Percentage of people who have practiced strength exercises such as push—ups, sit—ups,
dumbbells, weights, and an iron bar for more than 2 days in the last 1 week
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Table 4. Dietary protein intake among Korean adults according to sex and

age group
Sex Age
Total Pvalue Pvalue
(n=18.565) Males Females 19~64 years =65 years
(n=7,886) (n=10,679) (n=16,095) (n=2,470)

Protein(g/day)
Total protein 75.3£0.4 87.0+£0.5 63.3+04 <0.0001 76.8£0.4 58.1£0.7 <0.0001
Animal protein 40.1x£0.3 47.4x0.5 325x0.3 <0.0001 41.6*0.3 22.0£0.5 <0.0001
Plant protein 36.3%£0.2 39.6x0.2 30.8x0.2 <0.0001 35.2x0.2 36.1£0.4 0.0321
Protein(% of energy)
Total protein 15.3£0.0 15.7+0.1 14.9£0.1 <0.0001 15.5%0.0 13.5%0.1  <0.0001
Animal protein 8.0x0.1 8.4*=0.1 7.6%0.1 <0.0001  8.3%0.1 5.0£0.1 <0.0001
Plant protein 7.3£0.0 7.3x0.0 7.3%=0.0 0.6359  7.2x0.0 8.60.0 <0.0001

Values are presented as mean = SE.
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Table 5. Dietary amino acids intake (g/day) among Korean adults according

to sex and age group

Sex Age
Total Pvalue — Pvalue
(n=18.565) Males Females 19~64 years =65 years
(n=7,886) (0=10,679) (n=16,095) (n=2,470)

Total amino acids 59.15%£0.44 75.31%£0.51 54.00£0.35 <0.0001 66.19+0.36 48.97£0.61 <0.0001
Essential amino acids 25.91£0.14 30.20%£0.21 21.46£0.14 <0.0001 26.46+0.15 19.33%0.25 <0.0001
BCAA 12.25%£0.06 14.27%£0.09 10.15%0.06 <0.0001 12.46=0.07 9.72=0.11 <0.0001
Isoleucine 3.03£0.02 3.53x0.02 2.50£0.02 <0.0001 3.08x0.02 2.35=0.03 <0.0001
Leucine 5.42%0.03 6.30x£0.04 4.50£0.03 <0.0001 5.52%0.03 4.25=0.05 <0.0001
Valine 3.80£0.02 4.44%0.03 3.15%£0.02 <0.0001 3.86%£0.02 3.12£0.03 <0.0001
Lysine 3.88+0.03 4.55%£0.04 3.19£0.03 <0.0001 4.00£0.03 2.51£0.04 <0.0001
Methionine 1.36£0.01 1.59+0.01 1.13%£0.01 <0.0001 1.40£0.01 0.93£0.01 <0.0001
Phenylalanine 3.13£0.02 3.63x0.02 2.61£0.02 <0.0001 3.18%0.02 2.46=0.03 <0.0001
Threonine 2.66T0.02 3.08x0.02 2.21£0.02 <0.0001 2.72x0.02 1.84=0.03 <0.0001
Tryptophan 0.63£0.00 0.73x£0.01 0.53£0.00 <0.0001 0.65*0.00 0.48=0.01 <0.0001
Histidine 2.00£0.01 2.35%£0.02 1.64£0.01 <0.0001 2.056£0.01 1.38£0.02 <0.0001
Nonessential amino acids 38.94£0.20 45.12£0.30 32.53£0.21 <0.0001 39.72£0.21 29.64£0.37 <0.0001
Arginine 4.30£0.02 5.03*€0.04 3.55£0.02 <0.0001 4.38*0.02 3.38%0.04 <0.0001
Tyrosine 2.05£0.01 2.38x0.02 1.71£0.01 <0.0001 2.10£0.01 1.46=0.02 <0.0001
Cysteine 0.78£0.00 0.89*0.01 0.65£0.00 <0.0001 0.79£0.00 0.58*0.01 <0.0001
Alanine 3.90£0.02 4.57£0.03 3.21£0.02 <0.0001 3.96£0.02 3.17£0.04 <0.0001
Aspartic acid 6.22+0.03 7.19£0.05 5.21£0.03  <0.0001 6.33£0.03 4.91£0.06 <0.0001
Glutamic acid 11.61£0.06 13.38+0.09 9.78£0.06  <0.0001 11.88+0.07 8.42£0.12 <0.0001
Glycine 2.75£0.02 3.21x0.03 2.26£0.02 <0.0001 2.82%0.02 1.83=0.03 <0.0001
Proline 4.30£0.02 4.99%£0.03 3.60£0.02 <0.0001 4.36%£0.02 3.64*0.04 <0.0001
Serine 2.85£0.02 3.28x0.02 2.41%0.02 <0.0001 2.92%0.02 2.09£0.03 <0.0001
Taurine 0.18%£0.00 0.21£0.01 0.15£0.00  <0.0001 0.18£0.00 0.16£0.01  0.0046

Values are presented as mean = SE.
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Table 6. Handgrip strength levels(kg) of Korean adults by sex, age, and

resistance exercise

Handgrip Strength Pvalue
Sex <0.0001
Males 42.15*0.12
Females 25.17%0.06
Age <0.0001
19~64 years 34.36%£0.10
=65 years 27.37*0.21
Resistance exercise! <0.0001
Yes 37.45*0.20
No 32.65%+0.11

Values are presented as mean £ SE.
1) Percentage of people who have practiced strength exercises such as push—ups, sit—ups,
dumbbells, weights, and an iron bar for more than 2 days in the last 1 week
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Table 7. Hand grip strength levels(kg) according to quintiles of dietary protein intake (g/day) in Korean adults”

Dietary protein intake (g/day)

Total
(n=18,565) Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P value P for
trend

Total protein
Median (range) 31.29(0.41-39.40) 46.70(39.40—53.83) 61.28(53.84—69.31) 79.34(69.32—92.00) 114.75(92.00-402.42)
Modell 28.52+0.21 30.67%0.20 32.55%0.19 35.2810.19 38.58*0.18 <0.0001 <0.0001
Model2? 32.47%+0.17 33.02+0.14 33.16%+0.13 33.50%+0.12 33.87%+0.16 <0.0001 <0.0001
Model3® 32.85*0.18 33.05*0.16 33.12*0.15 33.26*0.16 33.54*0.19 0.0991 0.0060
Model4? 33.37*0.18 33.56+0.16 33.62*0.16 33.70*0.16 33.95*0.19 0.2487 0.0254

Animal protein

Median (range) 5.31(0.00—10.24) 15.40(10.25-20.22) 25.76(20.23-31.69) 39.63(31.70-50.51) 70.10(50.52—-374.46)

Modell 29.57+0.22 31.22%0.22 32.76%0.20 34.32%0.19 37.75%0.18 <0.0001  <0.0001
Model?2 32.20£0.16 33.19£0.13 33.41£0.12 33.44%0.12 33.64*0.14 <0.0001  <0.0001
Model3 32.84x0.18 33.23%0.16 33.26x0.15 33.16x0.16 33.32%0.16 0.1378 0.1701
Model4 33.36x0.18 33.74%0.16 33.74x0.16 33.61x0.16 33.76%0.17 0.2000 0.3353

Plant protein

Median (range) 17.24(0.17-21.70) 25.41(21.71-28.85) 32.40(28.85-36.26) 40.84(36.26—-46.66) 56.20(46.66—156.66)

Modell 30.19£0.20 31.79%0.21 33.92%0.21 35.27£0.21 37.77%0.20 <0.0001  <0.0001
Model2 33.06£0.14 33.19£0.13 33.31£0.13 33.34£0.14 33.37£0.16 0.5673 0.1779
Model3 32.88x0.16 33.12£0.15 33.15%0.16 33.25%0.17 33.57%0.19 0.0523 0.0035
Model4 33.35x0.17 33.62£0.16 33.64x0.16 33.72x0.17 34.04%0.19 0.0478 0.0040

Values are presented as adjusted mean £ SE.

1) The number of subject was total protein (3,143 for quintilel, 3,481 for quintile2, 3,723 for quintile3, 3,962 for quintile4, 4,256 for quintileb), plant
protein (3,833 for quintilel, 3,677 for quintile2, 3,689 for quintile3, 3,652 for quintile4, 3,714 for quintile5), animal protein(2,825 for quintilel, 3,447 for
quintile2, 3,831 for quintile3, 4,063 for quintile4, 4,399 for quintileb).

2) Adjusting for age, sex, and total energy intake.

3) Additionally adjusting for education, household income, marital status, regional type, alcohol consumption, smoking, and BMI.

4) Additionally adjusting for resistance exercise
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Table 8. Hand grip strength levels(kg) according to quintiles of dietary protein intake (% of energy) in Korean adults"

Dietary protein intake (% of energy)

Total
(n=18,565) Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Pvalue  Pfor
trend
Total protein
Median(range)  10.07(1.44-11.28)  12.27(11.28—13.15)  14.04(13.15-15.02)  16.19(15.02-17.65)  20.33(17.65—62.72)
Modell 31.39%0.22 33.06%0.21 33.63+0.21 34.57+0.19 35.57+0.21 <0.0001  <0.0001
Model2? 32.48+0.14 33.19%0.13 33.16+0.13 33.5140.12 33.75%0.12 <0.0001  <0.0001
Model3? 32.90%0.16 33.23%0.16 33.04%0.16 33.2240.15 33.40%0.15 0.0335  0.0071
Model4" 33.42%0.17 33.72%0.16 33.51%0.16 33.7%0.15 33.83%0.16 0.0884  0.0262
Animal protein
Median (range) 5.14(0.05-6.02) 6.61(6.02—7.14) 7.64(7.14-8.16) 8.72(8.16-9.45) 10.47(9.45—24.09)
Model1l 30.85+0.24 33.10%0.22 33.56+0.21 34.26+0.19 35.63%0.20 <0.0001  <0.0001
Model2 32.28+0.16 33.31%0.14 33.26+0.13 33.42%0.12 33.66+0.12 <0.0001  <0.0001
Model3 32.9240.18 33.33%0.17 33.09%0.16 33.17+0.16 33.29+0.15 0.2201  0.2414
Model4 33.44%0.18 33.82+0.17 33.58+0.16 33.64%0.16 33.73%0.16 0.3355  0.4360
Plant protein
Median (range) 1.51(0.00-2.73) 3.91(2.73-4.96) 6.04(4.96-7.21) 8.63(7.22-10.48) 13.54(10.49-60.35)
Modell 34.19%0.18 34.18%0.20 33.97+0.21 33.49+0.21 32.71+0.24 <0.0001  <0.0001
Model2 32.97+0.12 33.35%0.13 33.52+0.14 33.32+0.13 33.15%0.15 00138  0.2058
Model3 32.91+0.15 33.18%0.16 33.27+0.16 33.33%0.17 33.29%0.17 0.0774  0.0145
Model4 33.37+0.15 33.67+0.16 33.7740.17 33.81%0.17 33.77+0.17 0.0488  0.0096

Values are presented as adjusted mean + SE.

1) The number of subject was total protein (3,330 for quintilel, 3,525 for quintile2, 3,725 for quintile3, 3,884 for quintile4, 4,101 for quintile5), plant
protein (4,519 for quintilel, 4,012 for quintile2, 3,650 for quintile3, 3,379 for quintile4, 3,005 for quintile5), animal protein (2,860 for quintilel, 3,520 for
quintile2, 3,789 for quintile3, 4,061 for quintile4, 4,335 for quintileb).

2) Adjusting for age, sex, and total energy intake.

3) Additionally adjusting for education, household income, marital status, regional type, alcohol consumption, smoking, and BMI.

4) Additionally adjusting for resistance exercise
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Table 9. Hand grip strength levels (kg) according to 5th quintile of dietary amino acids intake in Korean adults"

Dietary amino acids intake (g/day)

Total
(n=18,565) Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Pvalue  Plor
trend

Essential amino acids

Median (range) 9.87(0.13—12.65) 15.26(12.66—17.69) 20.26(17.70—23.13) 26.79(23.13-31.50) 40.12(31.51-214.23)

Modell 28.72+0.20 30.82£0.20 32.48+0.20 35.28+0.20 38.34£0.18 <0.0001 <0.0001

Model2? 32.6910.16 33.11%0.13 33.13*0.12 33.563%0.13 33.62%0.15 0.0005 0.0002

Model3? 32.95%0.17 33.09*0.16 33.07%0.15 33.28%0.16 33.42%0.18 0.2488 0.0301

Model4? 33.47*0.17 33.59*0.16 33.55*0.16 33.73%0.16 33.85%0.18 0.4546 0.0782
Branched chain amino acids

Median (range) 5.04(0.06-6.42) 7.63(6.42—8.75) 9.97(8.76—-11.24) 12.85(11.24-14.93) 18.68(14.93-92.95)

Modell 28.57%0.19 30.69*0.21 32.700.21 35.3510.20 38.563%0.18 <0.0001 <0.0001

Model2 32.78£0.15 33.08£0.14 33.20£0.13 33.561£0.13 33.56£0.15 0.0540 0.0016

Model3 32.95+0.17 33.12£0.16 33.06£0.16 33.30£0.16 33.38£0.18 0.2901 0.0654

Model4 33.45%0.17 33.63*0.17 33.55*0.16 33.76£0.16 33.82£0.19 0.4373 0.1314
Nonessential amino acids

Median (range) 15.50(0.27-19.75) 23.65(19.76—27.19) 31.22(27.20—35.43) 40.63(35.43—-47.49) 59.98(47.49-294.00)

Modell 28.55+0.20 30.80£0.20 32.53%0.20 35.38£0.19 38.42%+0.18 <0.0001 <0.0001

Model2 32.52%0.16 33.01%0.14 33.07%0.12 33.63%0.13 33.79%0.16 <0.0001 <0.0001

Model3 32.82%0.17 33.05*0.16 33.03%0.15 33.36%0.16 33.56%0.19 0.0171 0.0019

Model4 33.33%0.18 33.55*0.16 33.51*0.16 33.82%0.16 33.98%0.19 0.0483 0.0064

Values are presented as adjusted mean £ SE.

1) The number of subject was Essential amino acids (3,144 for quintilel, 3,466 for quintile2, 3,690 for quintile3, 3,967 for quintile4, 4,298 for quintile5),
Branched chain amino acids (3,261 for quintilel, 3,478 for quintile2, 3,658 for quintile3, 3,914 for quintile4, 4,254 for quintile5), Nonessential amino
acids (3,121 for quintilel, 3,505 for quintile2, 3,713 for quintile3, 3,963 for quintile4, 4,263 for quintileb).

2) Adjusting for age, sex, and total energy intake.

3) Additionally adjusting for education, household income, marital status, regional type, alcohol consumption, smoking, and BMI.

4) Additionally adjusting for resistance exercise
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Figure 1. The level of hand grip strength according to the quintiles of dietary

protein intake (g/day) by sex and age group in Korean adults"

Values are presented as adjusted mean £ SE.

* P for trend<0.05

1) Adjusting for total energy intake, education, household income, marital status, regional
type, alcohol, smoking, BMI, and resistance exercise
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Figure 2. The level of hand grip strength according to the quintiles of dietary
protein intake (g/day) by sex and resistance exercise in Korean adults”
Values are presented as adjusted mean + SE.

* P for trend<0.05

1) Adjusting for age, total energy intake, education, household income, marital status,
regional type, alcohol, smoking, and BMI.
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Figure 3. The level of hand grip strength according to the 5th quintile (% of
energy) of dietary protein intake by sex and age in Korean adults"

Values are presented as adjusted mean + SE.

* P for trend<0.05

1) Adjusting for total energy intake, education and household income, marital status, regional
type, alcohol, smoking, BMI, and resistance exercise
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Figure 4. The level of hand grip strength according to the 5th quintile (% of
energy) of dietary protein intake by sex and resistance exercise in Korean

adults”

Values are presented as adjusted mean + SE.

* P for trend<0.05
1) Adjusting for age, total energy intake and education, household income, marital status,
regional type, alcohol, smoking, and BMI
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Figure 5. The level of hand grip strength according to the quintiles of dietary
amino acids intake (g/day) by sex and age group in Korean adults”

Values are presented as adjusted mean + SE.

* P for trend<0.05

1) Adjusting for total energy intake, education, household income, marital status, regional
type, alcohol, smoking, BMI, and resistance exercise
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Figure 6. The level of hand grip strength according to the quintiles of dietary
amino acids intake (g/day) by sex and resistance exercise in Korean adults”
Values are presented as adjusted mean + SE.

* P for trend<0.05

1) Adjusting for age, total energy intake, education, household income, marital status,
regional type, alcohol, smoking, and BMI.
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Table 10. Multivariable—adjusted odds ratios of sarcopenia according to quintiles of dietary protein intake (g/day) among

adults aged 60 years or older

Dietary protein intake (g/day)

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

Pfor trend

Total (n=3,635)

Total protein
Median (range)
Model1"
Model2?

Animal protein
Median (range)
Modell
Model2

Plant protein
Median (range)
Modell
Model2

30.41(10.63—39.40)
1.00
1.00

3.95(0.00—10.23)
1.00
1.00

17.97(4.60—21.69)
1.00
1.00

46.53(39.45-53.83)
0.79(0.55-1.13)
0.78(0.54-1.13)

15.02(10.27-20.22)
0.98(0.74-1.30)
0.99(0.75-1.33)

25.57(21.71—-28.85)
0.64(0.44-0.93)
0.65(0.45-0.96)

61.14(53.84-69.31)
0.56(0.35—0.89)
0.58(0.37-0.93)

25.01(20.23-31.67)
0.90(0.63—-1.30)
0.92(0.64-1.33)

32.38(28.86—36.26)
0.69(0.45-1.04)
0.69(0.45—-1.05)

78.96(69.33—91.87)
0.68(0.40—1.16)
0.70(0.41-1.21)

38.50(31.73-50.50)
0.71(0.46—-1.10)
0.74(0.48—1.15)

40.86(36.26—46.65)
0.50(0.31-0.81)
0.50(0.31-0.82)

110.37(92.12—299.71)

0.55(0.25—-1.22)
0.58(0.27-1.28)

66.37(50.69—252.10)
0.98(0.58—1.64)
1.03(0.61-1.73)

56.94 (46.69—156.66)
0.50(0.27-0.93)
0.50(0.27-0.93)

0.1256
0.1680

0.5033
0.6444

0.0357
0.0350

Values are presented as OR (95% CI)?

1) Adjusting for sex, age, total energy intake, education, household income, marital status, regional type, alcohol, smoking, and BMI.

2) Additionally adjusting for resistance exercise.

3) OR:odds ratio; Cl:confidence interval
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(Continued)

Dietary protein intake (g/day)

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

Pfor trend

Males (n=1,805)

Total protein
Median (range)
Modell
Model2

Animal protein
Median (range)
Modell
Model2

Plant protein
Median (range)
Modell
Model2

31.36(13.14—39.36)
1.00
1.00

4.05(0.00—10.23)
1.00
1.00

18.26(7.76—21.69)
1.00
1.00

46.97(39.48-53.83)
0.75(0.44-1.28)
0.74(0.43-1.27)

14.97(10.36—20.21)
0.90(0.56—1.43)
0.92(0.58—1.47)

25.84(21.71-28.85)
0.70(0.36—1.36)
0.74(0.38—1.44)

61.09(53.84-69.17)
0.51(0.25-1.02)
0.54(0.27-1.08)

25.07(20.23-31.67)
1.05(0.60—1.85)
1.07(0.61-1.90)

32.50(28.86—36.26)
0.61(0.30—1.23)
0.63(0.31-1.28)

79.56(69.33—-91.87)
0.70(0.33—1.51)
0.72(0.33—1.57)

38.80(31.74-50.50)
0.74(0.39-1.41)
0.77(0.40—1.47)

41.09(36.27—46.65)
0.37(0.17-0.79)
0.38(0.18-0.81)

113.79(92.13-299.71)

0.66(0.22—1.96)
0.69(0.23-2.06)

68.64(50.69—252.10)

1.15(0.56—2.38)
1.19(0.57-2.50)

57.82(46.69-120.26)

0.42(0.16—1.07)
0.44(0.17-1.10)

0.5132
0.5895

0.8827
0.8129

0.0441
0.0462
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(Continued)

Dietary protein intake (g/day)

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

Pfor trend

Females (n=1,830)

Total protein
Median (range)
Modell
Model2

Animal protein
Median (range)
Modell
Model2

Plant protein
Median (range)
Modell
Model2

29.94(10.63—39.40)
1.00
1.00

3.79(00.00—10.17)
1.00
1.00

17.78(4.60—21.68)
1.00
1.00

46.22(39.45-53.81)
0.74(0.47-1.18)
0.75(0.47-1.19)

15.14(10.27-20.22)
1.03(0.71-1.48)
1.02(0.71-1.49)

25.48(21.71-28.85)
0.62(0.39-0.97)
0.62(0.39-0.99)

61.18(53.88—69.31)
0.56(0.31-0.99)
0.58(0.32—1.02)

24.93(20.23-31.67)
0.76(0.47-1.23)
0.78(0.49—-1.26)

32.33(28.87—36.26)
0.73(0.43—-1.24)
0.73(0.43—-1.24)

77.48(69.35—91.80)
0.67(0.32—1.38)
0.70(0.34—1.45)

38.05(31.73-50.41)
0.71(0.40—-1.29)
0.74(0.41-1.33)

40.73(36.26—46.63)
0.64(0.34-1.2)
0.64(0.34-1.2)

106.75(92.12—278.10)
0.46(0.15—1.40)
0.48(0.15-1.47)

60.69(50.84—243.14)
0.83(0.36—1.89)
0.88(0.39-2.01)

55.42(46.73—156.66)
0.58(0.26—1.31)
0.57(0.25-1.30)

0.1270
0.1535

0.2857
0.3739

0.2572
0.2432
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Table 11. Multivariable—adjusted odds ratios of sarcopenia according to quintiles of dietary protein intake (% of energy)

among adults aged 60 years or older

Dietary protein intake (% of energy)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Pfor trend
Total (n=3,635)
Total protein
Median (range) 10.00(5.81—11.28) 12.24(11.29-13.15)  14.01(13.15-15.02)  16.06(15.03—17.64) 19.72(17.65—44.02)
Model1" 1.00 0.80(0.58—1.11) 0.82(0.57-1.18) 0.83(0.56—1.22) 0.52(0.33—0.83) 0.0131
Model2? 1.00 0.82(0.59—-1.14) 0.85(0.59—1.23) 0.87(0.59—1.28) 0.54(0.34—0.87) 0.0244
Animal protein
Median (range) 1.14(0.00-2.73) 3.79(2.73—4.96) 5.92(4.96-7.21) 8.55(7.22—10.47) 12.77(10.50—35.62)
Modell 1.00 0.90(0.65—1.23) 0.93(0.68—1.29) 0.89(0.60—1.33) 0.73(0.45-1.19) 0.2278
Model2 1.00 0.91(0.66—1.25) 0.98(0.71-1.34) 0.92(0.61—1.38) 0.76(0.47—1.24) 0.3263
Plant protein
Median (range) 5.33(1.70-6.02) 6.62(6.02—7.14) 7.65(7.15—-8.16) 8.77(8.17-9.45) 10.59(9.45-20.72)
Modell 1.00 0.73(0.43-1.22) 0.72(0.43-1.22) 0.52(0.31-0.87) 0.67(0.41-1.09) 0.1339
Model2 1.00 0.73(0.44-1.22) 0.72(0.43—1.20) 0.51(0.30—0.84) 0.66(0.40—1.08) 0.1195

Values are presented as OR (95% CI)
1) Adjusting for sex, age, total energy intake and education, household income, marital status, regional type, alcohol, smoking, and BMI.

2) Additionally adjusting for resistance exercise.

3) OR:odds ratio; Cl:confidence interval
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(Continued)

Dietary protein intake (% of energy)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Pfor trend
Males (n=1,805)
Total protein
Median (range) 10.08(5.81-11.28) 12.25(11.29-13.15)  13.96(13.15-15.01)  16.18(15.03—17.64) 20.01(17.65-44.02)
Modell 1.00 0.85(0.50—1.44) 0.95(0.55-1.65) 0.72(0.39-1.33) 0.73(0.36—1.46) 0.3208
Model2 1.00 0.88(0.52—1.51) 0.99(0.56—1.75) 0.76(0.41—1.42) 0.75(0.37-1.53) 0.3833
Animal protein
Median (range) 1.20(0.00-2.73) 3.87(2.74—4.95) 5.89(4.96-7.21) 8.58(7.23-10.46) 12.91(10.50—35.62)
Modell 1.00 0.87(0.52—1.46) 1.17(0.71-1.91) 0.77(0.44—1.36) 0.94(0.47-1.90) 0.8053
Model2 1.00 0.89(0.53-1.51) 1.22(0.74-1.99) 0.80(0.45—1.42) 0.98(0.48—2.01) 0.9071
Plant protein
Median (range) 5.31(1.70-6.02) 6.62(6.02—7.14) 7.65(7.15-8.16) 8.75(8.17—9.45) 10.64(9.45—-20.72)
Modell 1.00 0.80(0.34—1.84) 0.72(0.31-1.64) 0.49(0.22—1.10) 0.55(0.25—1.19) 0.0540
Model2 1.00 0.82(0.35-1.92) 0.73(0.32—1.69) 0.49(0.22—1.10) 0.55(0.25-1.21) 0.0504
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(Continued)

Dietary protein intake (% of energy)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Pfor trend
Females (n=1,830)

Total protein

Median (range) 9.93(6.18—11.28) 12.23(11.29-13.15)  14.06(13.15-15.02)  15.96(15.04—17.64) 19.28(17.65—34.04)

Modell 1.00 0.76(0.50—1.16) 0.71(0.44-1.14) 0.94(0.57-1.54) 0.34(0.17-0.67) 0.0087

Model2 1.00 0.77(0.50-1.17) 0.73(0.45-1.17) 0.98(0.60-1.59) 0.35(0.18—0.70) 0.0136
Animal protein

Median (range) 1.08(0.00-2.73) 3.70(2.73-4.96) 6.00(4.97-7.21) 8.50(7.22-10.47) 12.56(10.51-26.98)

Modell 1.00 0.96(0.64—1.44) 0.79(0.51—1.24) 1.00(0.58-1.74) 0.56(0.28—1.15) 0.1525

Model2 1.00 0.97(0.64—1.45) 0.83(0.53—1.28) 1.02(0.59-1.78) 0.59(0.29—1.20) 0.2040
Plant protein

Median (range) 5.34(1.74—6.00) 6.62(6.02—7.14) 7.65(7.16—-8.16) 8.79(8.17-9.45) 10.51(9.45—-18.40)

Modell 1.00 0.68(0.35—1.32) 0.75(0.39—1.43) 0.55(0.29-1.03) 0.75(0.4—1.41) 0.6248

Model2 1.00 0.67(0.34-1.31) 0.73(0.38—1.38) 0.52(0.28—0.97) 0.74(0.4—1.38) 0.5983
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Table 12. Multivariable—adjusted odds ratios of sarcopenia according to quintiles of dietary amino acids intake (g/day)

among adults aged 60 years or older

Amino acids intake (g/day)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Pfor trend
Total (n=3,635)

Essential amino acids

Median (range) 9.92(1.74-12.65)  15.19(12.66-17.69) 20.2(17.71-23.10)  26.32(23.13-31.46)  38.35(31.57—135.10)

Model1" 1.00 0.95(0.68—1.32) 0.71(0.48-1.05) 0.73(0.43-1.22) 0.52(0.25-1.05) 0.0497

Model2? 1.00 0.97(0.69—1.36) 0.74(0.50—1.10) 0.77(0.46—1.30) 0.56(0.28—1.14) 0.0863
Branched chain amino acids

Median (range) 5.20(0.75—6.42) 7.61(6.43—-8.75) 9.96(8.76-11.24)  12.71(11.24-14.93)  18.10(14.93-59.39)

Modell 1.00 0.85(0.60—1.20) 0.74(0.50—1.09) 0.70(0.42-1.19) 0.49(0.24—1.00) 0.0462

Model2 1.00 0.86(0.60—1.22) 0.75(0.51-1.11) 0.74(0.43—1.26) 0.52(0.26—1.06) 0.0713
Nonessential amino acids

Median (range) 15.29(3.46-19.71)  23.75(19.76-27.19) 31'03‘2%')20_ 40.18(35.43-47.47)  57.49(47.53—188.00)

Modell 1.00 0.75(0.54—1.06) 0.56(0.36—0.87) 0.64(0.38—1.08) 0.34(0.16—0.72) 0.0062

Model2 1.00 0.75(0.54—1.06) 0.59(0.38—0.91) 0.67(0.4-1.13) 0.37(0.17-0.78) 0.0119

Values are presented as OR (95% CI)?

1) Adjusting for sex, age, total energy intake and education, household income, marital status, regional type, alcohol, smoking, and BMI

2) Additionally adjusting for resistance exercise
3) OR:odds ratio; Cl:confidence interval
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(Continued)

Amino acids intake (g/day)

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

Pfor trend

Males (n=1,805)

Essential amino acids
Median (range)
Modell
Model2

Branched chain amino acids
Median (range)
Modell
Model2

Nonessential amino acids
Median (range)
Modell
Model2

10.36(1.74-12.65)
1.00
1.00

5.31(0.75-6.42)
1.00
1.00

15.94(3.76—19.71)
1.00
1.00

15.27(12.66—17.68)

0.98(0.59-1.63)
1.01(0.60—1.70)

7.71(6.43—-8.75)
1.10(0.64—1.88)
1.15(0.66—1.98)

23.89(19.79-27.19)

0.89(0.52—-1.51)
0.88(0.52—1.51)

20.27(17.71-23.10)

0.58(0.31-1.07)
0.61(0.33-1.14)

10.03(8.76—11.24)
0.77(0.42-1.39)
0.79(0.43-1.46)

31.28(27.20—35.42)

0.56(0.29—-1.10)
0.60(0.31-1.17)

26.73(23.13—-31.46)
0.71(0.34-1.52)
0.75(0.35-1.61)

12.77(11.24-14.92)
0.81(0.37-1.79)
0.86(0.38—1.93)

40.57(35.44—-47.43)
0.72(0.33—1.59)
0.77(0.35-1.71)

39.98(31.59-135.10)
0.53(0.19—-1.46)
0.58(0.21-1.61)

18.43(14.94-59.39)
0.61(0.23-1.64)
0.67(0.25—1.80)

58.71(47.53—188.00)
0.32(0.11-0.97)
0.35(0.12—1.06)

0.1898
0.2521

0.2426
0.3140

0.0436
0.0677
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(Continued)

Amino acids intake (g/day)

Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

Pfor trend

Females (n=1,830)

Essential amino acids

Median (range)
Modell
Model2

Branched chain amino acids

Median (range)
Modell
Model2

Nonessential amino acids

Median (range)
Modell
Model2

9.70(2.69-12.64)
1.00
1.00

5.10(1.16—6.41)
1.00
1.00

15.07(3.46—19.71)
1.00
1.00

15.10(12.66—17.69)
0.87(0.57—1.34)
0.89(0.57-1.37)

7.55(6.43—-8.75)
0.72(0.46—-1.13)
0.72(0.46-1.14)

23.61(19.76—27.15)
0.63(0.41-0.97)
0.64(0.41-0.99)

20.09(17.72—-23.07)
0.80(0.47-1.36)
0.83(0.49—-1.40)

9.89(8.76—11.24)
0.72(0.43—1.20)
0.73(0.44—1.23)

30.81(27.20—35.41)
0.57(0.32—1.00)
0.59(0.34-1.03)

25.88(23.15-31.41)
0.77(0.39-1.52)
0.82(0.42-1.62)

12.56(11.26—14.93)
0.72(0.38—1.35)
0.74(0.39-1.41)

39.69(35.43—47.47)
0.57(0.29-1.12)
0.59(0.30—-1.16)

36.41(31.57-132.29)
0.47(0.17-1.34)
0.51(0.18-1.43)

17.24(14.93-56.60)
0.41(0.14-1.20)
0.43(0.15—1.24)

56.46(47.63—177.53)
0.41(0.14-1.19
0.43(0.15-1.25)

0.1552
0.2087

0.0963
0.1189

0.0732
0.0916
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Table 13. Daily nutrient intake according to quintiles of total, animal and plant protein intake

Nutrient intake

Total protein

Animal protein

Plant protein

Quintile 1 Quintile 5 Pvalue Quintile 1 Quintile 5 Pvalue Quintile 1 Quintile 5 Pvalue
Energy (kcal) 19432711700 216306*X1806 <0.0001 188232+1591 2196.03*+19.17 <0.0001 222874%19.28 1950.27£1555 <0.0001
Macronutrients (% of energy)
Carb 71.15%=0.20 53.12%£0.20 <0.0001 72.13%+0.19 5151%+0.19 <0.0001 53.84+0.24 66.23+0.19 <0.0001
Protein 10.16+0.03 22.24+0.09 <0.0001 10.97£0.05 21.75+0.09 <0.0001 16.88+0.11 15.33£0.07 <0.0001
Fat 18.70£0.20 24.64%0.18 <0.0001 16.90%+0.18 26.74%+0.19 <0.0001 29.28£0.20 1845*0.16 <0.0001
Saturated fatty acid (%) 6.360.08 7172007 <0.0001 5.31+007 8.11+0.08 <0.0001 9.69+0.08 5.16+0.06 <0.0001
Monounsaturated fatty acid (%) 559007 7.93£0.08 <0.0001 4.92%0.06 8.84£0.08 <0.0001 9.81+0.09 5.50£0.06 <0.0001
Polyunsaturated fatty acid(%) 456+0.06 6.630.06 <0.0001 4.68+0.06 6.660.06 <0.0001 6.49+0.07 5.75+0.06 <0.0001
n—3 fatty acid (%) 0.62%+0.01 1.05£0.02 <0.0001 0.66+0.01 1.02+0.02 <0.0001 087001 0.90+001 <0.0001
n—6 fatty acid(%) 3.94%005 559+0.06 <0.0001 401005 565006 <0.0001 563006 485005 <0.0001
Fat(g) 41.73+0.66 5499%0.71 <0.0001 36.19£0.56 60.85E£0.78 <0.0001 7003£0.86 3898050 <0.0001
Cholesterol(mg) 150.18+348 403.42%+570 <00001  11751£3.05 424061572 <0.0001  37253%549 18227%+348  <0.0001
Fiber(g) 2359%0.30 2340%0.26 <0.0001 26.23+0.30 21.24+0.25 <0.0001 19.21+0.23 30.52+0.29 <0.0001
Calcium (mg) 444021523 564.85+7.01 <00001  437.84%4.84 54867711 <00001  51225%+659 525.93+5.24 0.1160
Phosphate (mg) 84009767  1371.23=1168 <00001 86247+t793  134547+1201 <00001 117440*11.11 111158%9.16 <0.0001
Iron(mg) 11.30£0.18 15.24£0.22 <0.0001 12.36+0.19 1453+0.21 <0.0001 1250£0.18 15.10£0.19 <0.0001
Sodium (mg) 30149913722 422194+5142 <00001 3271.07£41.04 412289£5259 <00001 3511.10%44.89 3955.61£44.00 <0.0001
Potassium (mg) 25520312974 326522+29.11 <00001 2669.62+3023 316253%29.76 <00001 2862.04%2650 3121.87+3204 <0.0001
Thiamine (mg) 1.33%0.02 1.79£0.02 <0.0001 1.36£0.02 1.79£0.02 <0.0001 1.67£0.02 1.55£0.02 0.0001
Riboflavin(mg) 1.29+0.02 1.89£0.02 <0.0001 1.23£0.02 1.92+0.02 <0.0001 1.81+0.02 1.46+0.01 <0.0001
Niacin(mg) 11.20£0.12 20.30£0.24 <0.0001 11.25+0.12 20.35+0.24 <0.0001 17.43+0.22 1397+0.14 <0.0001
Vitamin C(mg) 88.67%3.29 67.96%£1.50 <0.0001 82231255 66.01%+1.45 <0.0001 7445222 76.02%+1.84 0.5018
Vitamin A ( gRAE)” 29755718 462.80+1216  <00001  272.80+594 4759611295 <00001 45882*11.14 34554722  <0.0001

1) Vitamin A intake was estimated for 2016 to 2019 only
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Relationship between dietary protein intake and grip
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VI. Abstract

Decrease in muscle mass and muscle strength reduces immune function,
causes diseases such as cardiovascular disease, and makes sarcopenia more
likely to occur when it continues to decrease. This sarcopenia is associated
with weakening physical function and mortality in the elderly and affects the
overall quality of life. Muscle reduction can slow or prevent the occurrence
of protein supplementation, and essential amino acids, especially branched—
chain amino acids, are known to promote muscle mass synthesis and increase
muscle strength, which helps prevent muscle loss. However, since most of
previous studies were conducted on a limited group of people such as the

elderly, this study aimed to evaluate the relationship between dietary protein
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and amino acids intake and grip strength, and to examine the relationship with
sarcopenia in older adults aged 60 years or older using the 2014—2019 Korea
National Health and Nutrition Examination Survey (KNHANS). Protein intake
was expressed as a daily protein intake (g/day) and a percentage of energy (%
of energy) and the intake was estimated by food sources (animal/plant). In
the case of amino acids, essential amino acids (branched chain amino acids
(isoleucine, leucine, and valine), methionine, threonine, tryptophan,
phenylalanine, lysine, and histidine) and non—essential amino acids (arginine,
tyrosine, cysteine, alanine, aspartic acid, glutamic acid, glycine, serine,
proline, taurine) were evaluated using the database for the amino acids
content. Sarcopenia was diagnosed if the grip strength was less than 28kg
for men and less than 18kg for women according to the 2019 Asian Working
Group of Sarcopenia(AWGS). As a result, grip strength levels increased with
increasing total, animal, and plant protein intakes, but after adjusting for
resistance exercise, grip strength levels increased with increasing total and
plant protein only, by about 0.58kg and 0.69kg, respectively. These results
were similar for percentages of energy intake from protein. In the case of
amino acids, all types of amino acids were associated with increased grip
strength, however, after adjusting for resistance exercise, the significant
association was observed in non—essential amino acids. Among the
participants aged =60 years, the risk of sarcopenia in the group with highest
protein intakes was 46% lower for total protein (OR=0.54, 95% CI 0.34—

0.87), 50% lower (OR=0.50, 95% CI 0.27—-0.93) for plant protein, and 63%
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lower for non—essential amino acids (OR=0.37, 95% CI 0.17—0.78). These
findings suggest that the intakes of total protein, plant protein, and non—
essential amino acids was associated with increased grip strength among
Korean adults and decreased risk of sarcopenia in the elderly. Further
intervention or prospective cohort studies are required to establish protein
and amino acids recommendations to prevent sarcopenia and cardiometabolic

diseases for Koreans.
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