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ABSTRACT

The purpose of this study was to compare the intake levels of nutrients and food sources according to the carbonated
beverage consumption of Korean adults in their 20s and analyze the relationship of this intake with metabolic diseases. The
study subjects were 1,558 adults aged 19 to 29 years who participated in the Korea National Health and Nutrition Examination
Survey (KNHANES) from 2019 to 2021. The intake of nutrients and food groups, according to the frequency of carbonated
beverage consumption, was investigated using the 24-hour recall method, and the association between carbonated beverage
consumption and metabolic diseases was analyzed through multiple logistic regression. The men and women in the group that
consumed carbonated beverages more than once a week had a higher sugar intake, lower energy intake ratios of fat and
protein, and lower nutrient densities of protein, phosphorus, and potassium compared to the group that consumed carbonated
beverages less than once a week. Both men and women in the group that consumed carbonated beverages more than once
a week had a higher intake of beverages and a lower intake of vegetables than the group that consumed carbonated beverages
less than once a week. Among men, those who consumed carbonated beverages more than once a week consumed more grains
and fewer eggs than those who consumed these beverages less than once a week. An analysis of the association between
carbonated beverage consumption and metabolic disease revealed that the group that consumed carbonated beverages more
than once a week among women had an increased risk of abdominal obesity and obesity compared to the group that consumed
these beverages less than once a week. There was no significant correlation between carbonated beverage consumption and
the risk of metabolic disease in men. In conclusion, increased consumption of carbonated beverages was closely linked to
a higher prevalence of abdominal obesity and obesity in Korean adult women in their 20s.
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Table 1. Characteristics of subjects according to sex
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Variables Total Men Women p-value
(n=1,558) (n=737) (n=821)
Age (years) 24.3+0.1" 24.5+0.1 24.1£0.1 0.001
Household income
Low 384(23.6)? 191(24.0) 193(23.1) 0.573
Low-middle 389(25.0) 182(25.6) 207(24.4)
Middle-high 391(25.0) 178(23.4) 213(26.8)
High 394(26.4) 186(27.0) 208(25.7)
Education
< High school 16(0.9) 5(0.6) 11(1.2) <0.001
High school 878(57.1) 478(65.4) 400(48.4)
>College 664(42.0) 254(34.0) 410(50.4)
Smoking status
Current smoker 304(20.6) 222(30.0) 82(10.7) <0.001
Nonsmoker 1,254(79.4) 515(70.0) 739(89.3)
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Table 1. Continued
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Total

Men

Women

Variables (n=1,558) (n=737) (n=821) p-value
Alcohol consumption
>1 time/month 990(63.8) 493(66.7) 497(60.7) 0.015
<l time/month 568(36.2) 244(33.3) 324(39.3)
Physical activity”
Low 20(1.3) 13(1.8) 7(0.9) 0.255
Moderate 67(4.8) 37(5.4) 30(4.1)
High 1,471(93.9) 687(92.8) 784(95.0)
Metabolic indicators
BMI (kg/m®) 23.3+0.1 24.4+0.2 22.2+0.1 <0.001
WC (cm) 79.1+0.3 84.44+0.4 73.5+0.3 <0.001
Systolic blood pressure (mmHg) 111.2+£0.3 116.0+£0.4 106.0+£0.4 <0.001
Diastolic blood pressure (mmHg) 71.8+0.2 73.8+0.3 69.7+0.3 <0.001
Fasting glucose (mg/dL) 90.3+0.2 90.94+0.3 89.6+0.3 0.009
Triglyceride (mg/dL) 98.0+2.1 109.5+3.6 85.9+1.9 <0.001
HDL cholesterol (mg/dL) 54.9+0.3 50.8+0.4 59.3+0.4 <0.001

D MeantS.E. (standard error). ? n (%).

% Physical activity: the number of days of moderate-intensity physical activity per week was used and categorized into ‘low-intensity
activity’ for 1 day, ‘moderate-intensity activity’ for 2—3 days, and ‘high-intensity activity’ for 4 or more days.
BMI: body mass index, WC: waist circumference, HDL: high-density lipoprotein.
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Table 2. Dietary habits according to carbonated beverage intake groups
Total (n=1,558) Men (n=737) Women (n=821)
Variables <1 time/week >1 time/week 5 <I time/week >1 time/week <1 time/week >1 time/week
@=483)  (m=1,075) PV =157 m=580) PV (1=326) (n=a9s)  P-value
Breakfast skipping
Yes 235(47.5)" 641(58.7) <0.001 74(48.0) 329(55.6)  0.111 161(47.2) 312(62.8)  <0.001
No 248(52.5) 434(41.3) 83(51.9) 251(44.4) 165(52.8) 183(37.2)
Out-eating frequency
>1 time/day 133(27.2) 343(31.1) <0.001 47(31.1) 213(35.6)  <0.001 86(25.0) 130(25.0)  <0.001
1 -6 time/week  270(56.2) 676(63.5) 78(49.0) 340(59.5) 192(60.3) 336(69.0)
<3 time/month 80(16.6) 56(5.4) 32(19.8) 27(4.9) 48(14.7) 29(6.0)
Use of nutrition labeling
Yes 231(48.5) 395(36.4) <0.001 71(45.2) 217(36.6)  0.076  160(50.4) 178(36.0)  <0.001
No 252(51.5) 680(63.6) 86(54.8) 363(63.4) 166(49.6) 317(64.0)
Take a dietary supplement
Yes 273(57.7)  496(46.5)  <0.001  77(50.8)  259(44.9)  0.177  196(61.7)  237(48.8)  0.002
No 210(42.3) 579(53.4) 80(49.2) 321(55.1) 130(38.3) 258(51.2)
Y'n (%).
2 p-values are calculated via x* test for categorical variables.
Aoz yehgth Sibsg 3 13 ol AFTS 9 2% vlel dy B Age] oyA] AF HlEo] wgton, Hdnt
F 13] vink A3l vls) Age] ] 7]ofu&p<0.01)  HLo® Ae] w2 AH A4S Bk A2 =1l A
I G oqA] 7] E(p<0.05)°] FreletAl Wkt F WS FE A AH HlEe dU 2R S TV AS%
89 A% SR F 15 ol HHZE F 18 U0 g3 A 1ol 530 200 o199 A5 AR AL E
ol vlal BrElE(p<0.05)9] dFa D=7t felstAl & o] kel 30%el 235 AL, 20t <F 30t 4 9] HlnkE
HhaA, E‘r@ﬂ%‘(p<o 01), 21(p<0.01), Z& (p<0 001)] FFA £ 2022 dHT} oF 4~5% FA F7}E BH(Korea Disease

D]Eh
=2

& Aoz ettt o] A% BHgE F 13
ST RAEE F 151 W {3 B FHA<0000),
A o)A FH(p<0.01), ZE(p<0.05), S1(p<0.001), H(p<0.05), Z
F(p<0.001), EloP(p<0.05), Lo}al(p<0.05)¢] ¥ D
7F frelstl W Ao w yehgth S FeAl ol wad,
SRS 20t FUe] & AA 7P Bel Z1dste AE
olglon], thlE 84 FelA WA 49l, 4 5918 2]
3} th(Korea Health Industry Development Institute 2021).
o5 1E o, BisE HHe 200 A Yd R A
el frojulg s v Ao AlrEh & ATlA
30 EF FER9] AUAAHF vles duEd, dtEe]
7l ee BREER 18] o) AF T 56.1%, F 13]
n|Rk A3l 53.9%R0H, Ae] 7oA Es F 13 o]
& AFILNA 27.9%, F 18] mRE A3 TolA 28.6%31 T
TP, SR F 13 o) A2 5 18] mRk AF Tl

-, T umot

Control and Prevention Agency 2023). ¥ <17rol|A] dAde]
B, AR T 13] o) AR TM gerskEe] ddA
Ux=rk 'rr«]u]'é}ﬂ] EUTe A sV Fag &

2 2hg3gt Aoz AW ¢ gk giks s

“

(2017)«1 @?01]*14 ek AEo] QM 7}
=S5 A, DE AT FAS Hol B A
T} frAkgE 235 Btk e E ARV ddider &
v# ZEol T5 1 2 AE Fd Ak 4HE
FoAIZI o B H o5 2 Fol T8 dFae] HFA7E =
A3 4 thHestmark AT 2010). o]A# A& ge

01?1{, ll
AL
lo
oY oX

i n



Table 3. Energy and nutrients intake according to carbonated beverage intake groups

Total (n=1,558) Men (n=737) Women (n=821)
Variables <1 time/week >1 time/week <1 time/week ~ >1 time/week <1 time/week  >1 time/week
(n=483) (n=1,075) p-value (n=157) (n=580) p-value (n=326) (1=495) p-value
Sugar (g) 52.2+1.9" 65.3£1.6 <0.001? 52.6+3.5 68.242.2 <0.001 52.0+2.1 61.3+2.0 0.001
Total energy (kcal/day) 1,855.2438.4  2,074.2+31.5 0.079°  2,193.1%74.7  2,318.1+41.6 0.414 1,660.8+36.2 1,743.8+37.2 0.085
% Energy from carbohydrate  53.9+0.6 56.1+0.4 0.001 52.3+1.2 55.4+0.5 0.163 54.8+0.7 56.9+0.6 0.632
% Energy from fat 28.6+0.5 27.9+0.3 0.205 29.11.0 27.9+0.4 0.004 28.4+0.6 27.8+0.5 <0.001
% Energy from protein 17.3+0.3 15.9+0.2 <0.001 18.50.6 16.5+0.2 0.009 16.6+0.3 15.2+0.2 0.048
Nutrient density per 1,000 kcal
Carbohydrate (g) 131.2+1.7 135.1+1.1 0.005 126.9+3.3 133.1+1.4 0.021 133.7£1.9 137.9+1.6 0.112
Fat (g) 30.8+0.6 29.7+0.4 0.227 31.1%1.1 29.7+0.5 0.190 30.6+0.7 29.8+0.5 0.637
Protein (g) 41.9+0.8 38.1+0.4 <0.001 44515 39.2+0.6 0.005 40.4+0.8 36.6+0.6 <0.001
Dietary fiber (g) 11.5+0.2 10.3+0.1 <0.001 11.4+0.4 10.4 +£0.2 0.111 11.5£0.3 10.2+0.2 0.001
Calcium (mg) 271.0+8.6 238.0+4.5 0.024 248.7+13.8 228.0+5.6 0.371 283.949.8 251.6+7.1 0.016
Phosphorus (mg) 584.9+9.2 523.4+4.9 <0.001 595.7+17.2 526.2+6.4 0.001 578.7+9.9 519.6+7.5 <0.001
Iron (mg) 5.2+0.1 4.7+0.1 0.007 5.3+0.2 4.8+0.1 0.153 52402 4.6+0.1 0.029
Sodium (mg) 1,674.2+36.6  1,585.2+20.6 0.019 1,772.9465.6 1,636.0+29.7 0.167 1,617.4+40.5 1,516.3+27.5 0.087
Potassium (mg) 1,377.3£23.9  1,194.1+13.5 <0.001 1,406.9+47.9 1,167.7£168  <0.001 1,360.3+25.3 1,229.8+21.8 <0.001
Vitamin A (ug RAE)  231.8+13.4 202.6+17.0 0.411 235.0+30.6 186.5+12.7 0.207 229.9+11.8 224.4425.2 0.918
Thiamin (mg) 0.6+0.0 0.6+0.0 0.001 0.7+0.0 0.6+0.0 0.078 0.6+0.0 0.5+0.0 0.010
Riboflavin (mg) 0.9+0.0 0.8+0.0 0.012 0.9+0.0 0.8+0.0 0.117 0.9+0.0 0.8+0.0 0.058
Niacin (mg) 7.3+0.2 6.8+0.1 0.021 7.5+0.3 7.0+0.2 0.312 7.240.2 6.5+0.2 0.042
Vitamin C (mg) 36.8+4.1 30.0+1.5 0.149 44.4+10.8 28.142.0 0.122 32.5+1.8 32.6+2.6 0.928

Y Mean=S.E (standard error).

2 p-values are calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption, physical activity, and energy intake.
3 p-values are calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption, and physical activity.
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Table 4. Food intake

according to carbonated beverage intake groups

Total (n=1,558) Men (n=737) Women (n=821)
Variables <l time/week  >1 time/week 5 <l time/week >1 time/week <l time/week ~ >1 time/week

(n=483) (n=1,075) p-value (n=157) (n=580) p-value (n=326) (n=495) p-value
Cereals 246.3+7.3Y 294.8+5.9 0.001 280.9+14.0 329.248.1 0.002 226.5+7.4 248.1+7.1 0.126
Potato and starches 37.9+5.2 30.9+2.4 0.148 34.0+£10.7 31.143.5 0.554 40.2+5.3 30.742.9 0.129
Sugars 11.4+1.0 12.1+0.7 0.400 9.5+1.2 10.9+0.8 0.463 12.5¢1.3 13.8+1.3 0.633
Legumes 36.5+4 .4 25.0+2.8 0.034 41.6+8.7 27.8+4.0 0.196 33.545.1 21.3+3.7 0.068
Nuts and seeds 3.8+0.7 3.2+0.7 0.469 44+1.3 2.6+0.5 0.277 3.5+0.8 3.9+1.3 0.781
Vegetables 227.6£9.7 196.4+4.5 <0.001 289.9+£20.1 220.4+6.5 <0.001 191.8+9.0 163.8+£5.9 0.010
Mushrooms 7.7x1.4 7.7£0.8 0.824 8.0+3.1 8.2+1.1 0.944 7.5+0.3 7.1+0.9 0.839
Fruits 90.5+8.9 65.0+4.9 0.031 91.8+£17.0 62.44+6.8 0.166 89.8£9.9 68.4+6.6 0.117
Seaweeds 16.8+3.1 16.2+2.0 0.522 22.7+6.1 20.1+£3.2 0.601 13.3+£3.3 10.9+£2.0 0.676
Seasoning 42.3+2.2 43.6+1.5 0.247 50.9+4.2 48.1+1.9 0.200 37.342.3 37.6+2.1 0.777
Meats 174.6+9.9 183.0+6.4 0.020 239.5+£19.9 219.5+9.0 0.064 137.2+10.0 133.6+7.5 0.259
Eggs 39.943.3 30.1£1.5 0.005 47.9+7.4 32.442.1 0.042 353434 26.9+2.1 0.083
Fish and shellfishes 76.2+6.6 70.9£3.9 0.191 84.8+13.0 78.0£5.7 0.428 71.3£7.1 61.4+4.7 0.342
Milks 110.5£9.1 113.3£5.8 0.584 100.4+13.4 104.0+7.4 0.941 116.3+10.8 125.949.5 0.603
Beverages 238.2+17.5 388.9+15.0 <0.001 222.9433.7 418.1£21.3 <0.001 247.0+18.1 349.5+19.8 <0.001
Alcohols 67.4+13.0 99.7+11.1 0.996 69.0+20.6 113.7+15.0 0.823 66.6+16.9 80.9+14.6 0.779
Oils and fat 8.4+0.7 8.3+0.4 0.123 10.8+1.4 9.2+0.5 0.126 7.0+£0.6 7.1£0.4 0.484
Other 1.6+0.6 1.2+0.4 0.295 3.8+1.6 1.8+0.6 0.279 0.3£0.1 0.4+0.1 0.598

) MeantS.E (standard error).
? p-value are calculated via survey regression adjusted for age, income, education, smoking, alcohol consumption, physical activity, and energy intake.
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Table 5. Multivariate odds ratios for obesity and risk factors for metabolic syndrome according to carbonated beverage
intake

Total (n=1,558) Men (n=737) Women (n=821)
Variables <] time/week =1 time/week value? <1 time/week >1 time/week value <1 time/week >1 time/week value
(n=483) m=1,075) (n=157) n=580) (n=326) (m=495) P
Obesity 100 1.39(1.03—1.88)" 0.029 100 1.0700.71-1.63) 0.736 100 1.87(1.21-2.89) 0.005
Azi‘;;‘i;al 100 1.61(1.17-2.20) 0.003 100 1.17(0.74—1.84) 0.508 100 226(1.48—3.43) <0.001
Elevated blood ) 33086 2.05) 0.195 100 131(0.74—2.30) 0.356 100 1.28(0.64—2.60) 0.484
pressure
Hlil;u:::ng 100 127(0.85-1.92) 0.244 100 L1700.64—2.12) 0.611 100 1.29(0.73-2.29) 0.384
Hype;fﬁlzcen' 100 111(0.75—-1.64) 0.592 100 1.040.63—1.71) 0.881 100 1.09(0.60—1.99) 0.780
Low HDL 100 1.1500.83-1.60) 0.392 100 1.090.62-191) 0.767 100 113(0.77-1.65) 0531
cholesterol
Metabolic 100 1.52(0.97-239) 0.066 100 1.24(0.68—2.26) 0.487 100 1.74(0.96—3.15) 0.068
syndrome

Y Odds ratio and 95% confidence interval are calculated via survey logistic regression analysis.
2 Adjusted for age, income, education, smoking, alcohol consumption, physical activity and energy intake.
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