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Association between Carbonated Beverage Intake and High-Sensitivity C-Reactive Protein in

Korean Adults

Jungyoon Cha', Min-Jeong Oh'**, Minji Jang', Yuiee Jo'

'Department of Family Medicine, Busan Medical Center; Department of Family Medicine, Pusan National University Hospital, Busan, Korea

Background: The purpose of this study was to evaluate the association between carbonated beverage intake and high-sensitivity C-reactive protein
(hs-CRP) in Korean adults. Sugar consumption by Korean adults has increased, and carbonated beverages make up a large percentage of that
increase. Hs-CRP is a clinically applicable marker that provides evaluation for cardiovascular disease (CVD) risk and prognosis.

Methods: We included 3,991 adults (aged >19 years) from the 2015 and 2016 Korea Health and Nutrition Examination Survey. The frequency of
carbonated beverage intake was classified into four categories: 1) none; 2) 1-3 times a month; 3) 1-6 times a week; and 4) 1-3 times a day. The cut-
off value for hs-CRP was referenced from the American Heart Association (AHA)/Centers for Disease Control and Prevention (CDC). Multinomial
logistic regression analysis was conducted to evaluate the association between carbonated beverage intake and hs-CRP.

Results: The multinomial-adjusted odds ratio for hs-CRP greater than 3 mg/L was 1.71 (95% confidence interval, 1.12-2.61) for those with a carbonated
beverage intake of 1-6 times a week and 3.10 (95% confidence interval, 1.34-7.16) for those with a carbonated beverage intake of 1-3 times a day.

Conclusion: This study shows that carbonated beverage intake may be associated with the increase of hs-CRP.

Keywords: Carbonated Beverage; Sugar-Sweetened Beverage; C-Reactive Protein; Cardiovascular Diseases
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Table 1. Difference in intake frequency of carbonated beverage according to general characteristics
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% A‘le H|EOI xl.ol

A= 1,3927(34.9%), A= 2,599

Intake frequency of carbonated beverage

Variable None 1-3 times/mo 1-6 times/wk 1-3 times/d Total P-value
(n=1,928) (n=993) (n=988) (n=82) (n=3,991)
Sex <0.001
Male 485 (25.2)° 356 (35.9) 499 (50.5) 52 (63.4) 1,392 (34.9)
Female 1,443 (74.8) 637 (64.1) 489 (49.5) 30 (36.6) 2,599 (65.1)
Age () <0.001
19-29 143 (7.4) 217 (21.9) 420 (42.5) 40 (48.8) 820 (20.5)
30-39 353(18.3) 344 (34.6) 299 (30.3) 3(28.0) 1,019 (25.5)
40-49 585 (30.3) 275 (27.7) 177 (17.9) 3(15.9) 1,050 (26.3)
50-59 612 (31.7) 129 (13.0) 72 (73) 6(7.3) 819 (20.5)
>60 235(12.2) 28 (2.8) 20 (2.0) 0(0.0) 283 (7.1)
Marriage status <0.001
Married 1,691 (87.7) 720 (72.5) 546 (55.3) 36 (43.9) 2,993 (75.0)
Unmarried 237(12.3) 273 (27.5) 442 (44.7) 46 (56.1) 998 (25.0)
Education level <0.001
<Elementary school 162 (8.4) 27 (2.7) 25(2.5) 224 216 (5.4)
Middle school 191 (9.9) 31 (3.1) 31 (3.1) 3(3.7) 256 (6.4)
High school 708 (36.7) 366 (36.9) 415 (42.0) 40 (48.8) 1,529 (38.3)
>College 876 (45.0) 569 (57.3) 517 (52.3) 37 (45.1) 1,990 (49.9)
Household income/mo <0.001
Low 136 (7. 1) 49 (4.9) 86 (8.7) 8(9.8) 279 (7.0)
Middle-low 406 (21. 220 (22.2) 230(23.3) 21(25.6) 877 (22.0)
Middle-high 599 (31. 1) 364 (36.7) 347 (35.1) 30 (36.6) 1,340 (33.6)
High 787 (40.8) 360 (36.3) 325(32.9) 23(28.0) 1,495 (37.5)
Economic activity 0.366
Yes 1,289 (66.9) 661 (66.6) 629 (63.7) 54 (65.9) 2,633 (66.0)
No 639 (33.1) 332 (33.4) 359 (36.3) 28 (34.1) 1,358 (34.0)
Smoking <0.001
No 1,725 (89.5) 866 (87.2) 797 (80.7) 48 (58.5) 3,436 (86.1)
Yes 203 (10.5) 127 (12.8) 191 (19.3) 34 (41.5) 555 (13.9)
Alcohol intake <0.001
No 956 (49.6) 428 (43.1) 355 (35.9) 32 (39.0) 1,771 (44.4)
Yes® 972 (50.4) 565 (56.9) 633 (64.1) 50 (61.0) 2,220 (55.6)
Physical activity <0.001
Yes 176 (9.1) 132(13.3) 151 (15.3) 6(19.5) 475(11.9)
No 1,752 (90.9) 861 (86.7) 837 (84.7) 66 (80.5) 3,516 (88.1)
Stress <0.001
No 1,444 (74.9) 705 (71.0) 642 (65.0) 47 (57.3) 2,838 (71.1)
Yes 484 (25.1) 288 (29.0) 346 (35.0) 35 (42.7) 1,153 (28.9)
Depression 0.557
Yes 103 (5.3) 44 (4.4) 53(5.4) 6(7.3) 206 (5.2)
No 1,825 (94.7) 949 (95.6) 935 (94.6) 76 (92.7) 3,785 (94.8)

Values are presented as number (%) and obtained by Chi-square test. °Drinking more than one drink per month in the last year.

P-value is obtained by Chi-square test.
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FHFE FosHA S7I8HALm(P<0.05), Aol HIEH C HHF

2. 7% B3 SN0 [ SMSE 45 WEQ Ro| 3. EHAHSE 4% HIE0| OHE hs-CRPY| OR
EHESE A7 WIETL ROl U4 S MTHBMIS kg/m)Th AETH oY S92 BT Modd 1 B4 23, BAHGE A3 HIE )
A3t 19 E T (hs-CRP>3 mg/1)9] BlE&0] EOHFIL, hsCRP A= 3'E 7|0 & ofF0 1-38] AT 49 hs CRP7} 3 mg/LE 23
Table 2. Difference in intake frequency of carbonated beverage according to health-related characteristics
Intake frequency of carbonated beverage
Variable None 1-3 times/mo 1-6 times/wk 1-3 time/d Total P-value
(n=1,928) (n=993) (n=988) (n=82) (n=3,991)
BMI (kg/m?) <0.001
<185 80 (4.1)° 58 (5.8) 63 (6.4) 6(7.3) 207 (5.2)
18.5<BMI<23 909 (47.1) 449 (45.2) 429 (43.4) 31(37.8) 1,818 (45.6)
23<BMK25 460 (23.9) 190 (19.1) 198 (20.0) 3(15.9) 861 (21.6)
>25 479 (24.8) 296 (29.8) 298 (30.2) 32 (39.0) 1,105 (27.7)
hs-CRP (mg/L) 0.81£1.09° 0.93+1.22 0.98+1.24 1.15+1.38 0.89+1.17 <0.001
<1 1,535 (79.6) 752 (75.7) 725 (73.4) 58 (70.7) 3,070 (76.9) <0.001
1-3 314 (16.3) 183 (18.4) 200 (20.2) 13 (15.9) 710 (17.8)
>3 79 (4.1) 58 (5.8) 63 (6.4) 11(13.4) 211(5.3)
Waist circumference (cm) 79.03+8.91 79.80+10.30 80.82+11.00 82.73+£10.99 79.74+9.89 <0.001
SBP (mmHg) 113.39+15.25 111.23£13.50 111.97+12.47 113.50+12.45 112.50£14.15 0.001
DBP (mmHg) 74.77+9.63 73.98+9.55 74.35+9.19 76.50+10.20 74.50+9.52 0.038
FBS (mg/dL) 94.56+13.93 93.61+14.62 93.34+16.23 97.29+31.47 94.08+15.27 0.104
HbA1c (%) 5.46+0.44 5.41+0.47 5.39+0.54 5.51+1.10 5.43+0.50 0.002
Total cholesterol (mg/dL) 198.14+34.66 191.65+35.45 189.13+35.11 191.22+40.79 194.16+35.31 <0.001
HDL (mg/dL) 54.24+13.50 52.41+11.86 52.16+12.37 51.54+£13.09 53.22+£12.85 <0.001
LDL (mg/dL) 119.34+31.34 115.80£30.45 116.63+30.65 112.28+35.77 117.68+31.07 0.081
Triglyceride (mg/dL) 118.36+83.50 118.46+110.09 120.26+105.15 144.56+181.00 119.394+98.96 0.593
WBC (10%/uL) 5.95+1.46 6.23+1.46 6.50£1.48 6.74+£1.42 6.17£1.48 <0.001
AST (U/L) 20.98+8.60 20.30+9.25 21311217 22.13+21.21 20.92+10.14 0.133
ALT (U/L) 19.01+£14.08 20.67+18.33 23.34+25.75 26.76+43.95 20.65+19.65 <0.001
Sugar (mg/d) 4.43+3.18 4.35+3.10 4.56+3.04 5.27+3.05 4.4613.14 0.045
Chocolate (piece) 1.76%1.25 2.19+1.32 2.43+1.50 2.27£1.39 2.05+1.37 <0.001
Energy intake (kcal/d) 1,928.06+904.22 2,125.83+928.60 2,280.89+1,047.27 2,554.57+1,407.89 2,077.48+973.19 <0.001
Carbohydrate (g/d) 299.25+122.70 316.39+136.14 322.55+£132.79 358.18+189.47 310.50+130.85 <0.001
Protein (g/d) 70.10+60.80 76.46x38.70 84.41+54.42 86.57+56.23 75.56+54.69 <0.001
Fat (g/d) 43.88+36.98 52.40£35.49 61.46+43.53 76.91+63.16 51.03+£39.86 <0.001
Dietary fiber (g/d) 27.16+£15.14 24.20+12.70 23.22+12.99 22.27+12.40 25.35+14.11 <0.001
Sodium (mg/d) 3,589.28+4,400.74 3,844.62+2,422 62 4,113.95+2,730.52 3,988.49+2,506.96 3,790.90+3,582.08 0.002
Calcium (mg/d) 532.90+£351.21 519.55+313.02 532.19+319.71 534.174£316.13 529.43+£333.58 0.762
Vitamin C (mg/d) 95.32+108.77 83.11+93.03 75.84+93.06 73.65+93.09 87.01£101.27 <0.001

BMII, body mass index; hs-CRP, high-sensitivity C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA1c, hemoglo-

bin A1c; HDL, high density lipoprotein; LDL, low density lipoprotein; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferse.

3Values are presented as number (%) and obtained by Chi-square test. ®Values are presented as meanzstandard deviation and obtained by ANOVA.
P-value is obtained by Chi-square test.
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Table 3. Odds ratio of hs-CRP according to intake frequency of carbonated beverage

) Model 1 (mg/L)? Model 2 (mg/L)°
Variable
<1 1-3 >3 <1 1-3 >3
Carbonated beverage
None 1.00 Reference Reference 1.00 Reference Reference
1-3 times/mo 1.00 1.25(1.01-1.56)° 1.72 (1.18-2.50) 1.00 1.11 (0.88-1.40) 1.48(1.00-2.19)
1-6 times/wk 1.00 141(1.12-1.78) 2.14 (1.45-3.17) 1.00 1.18 (0.92-1.53) 1.71(1.12-2.61)
1-3 times/d 1.00 1.03 (0.54-1.94) 4.78 (2.30-9.95) 1.00 0.85 (0.42-1.70) 3.10(1.34-7.16)

Hs-CRP, high-sensitivity C-reactive protein.

2Model 1 is adjusted for sex, age, marriage status, education level, monthly household income, smoking, alcohol intake, physical activity, stress. "Model 2 is adjusted for
Model 1 and body mass index, waist circumference, systolic blood pressure, diastolic blood pressure, hemoglobin A1c, total cholesterol, high density lipoprotein, white
blood cell, alanine aminotransferase, sugar, chocolate, energy intake, carbohydrate, protein, fat, dietary fiber, sodium, vitamin C. “Values are presented as odds ratio
(confidence interval) and calculated by Multinomial Logistic Regression.

3} ORS 4.78 (95% ClI, 2.30-9.95)2 LERFTH L 2L FAIst= Ao R YR 7}%054_9} AE A3}
Model 10] A #HA EAZE F7} BAT Model 2 £4 23}, 01310 odgkAlo] gt u]=o] 3t Al AL

SRS oFFol 1-33] AHT A hs-CRP7} 3 mg/LE 233 & 209 ol FH5lom], AT A2 ga l Bt A 52*1]4 7t
ORZ 3.10 (95% CI, 1.34-7.16) 2.2 TfAA] ¢F= HQHT}t heCRP7F  AE2 A% A HEF B Hvh At ¥ o] gigitt. o]
3 mg/LE 23 7hs/do] oF 3u S7Hek2 & = Ath(Table 3). Aol A= SHF 7 & o€ 7?%*—%E% TRA= 7 HAIA] 93A
U 7HE vl 2l vl A@aA 3] 7Hs/do] oF 20% T

ng-s ForATtL Bt E5 o] VM HARRE Wi A= Ak
< A5 wpAA] o= Aboll His A@eA Fe 7HeAdo] 42% H

2 A= 2015 2016 FRIAGFQERAL ARE B O R = =SQIThY

g219] eikZ A9} hs-CRP ARe]9] AHdE B7lshlch Bt 7teE7t A8EES 9 450 IFS = = A= 27 7
S=E o9 1-33] UkA= A9, hs-CRPEFO] =2 AT et AE0] Qo g 7 Z(glycolytic pathway)2] A TA| o] %
ATHOR=3.10). of Ayste] Ergo] He} @ A& fH=c}? o]= I Qe

o] A= o] =& S AR A Bt vI= o | $EE HEA 451 £0l1, £& FFH5Hglycaemic load)
< o= o 7gERdl Ut 9H 7oA 7MSRE okRel & AE i AERES A B3] e CRP 22 95
13] o1} AF%t ol 7 w2 Bt CRP A5 B =9 A AERAAE oAl AR UEHTEY A5 $47%
ALY 400 E tde s o R A3 B Holgte] 5 Bplque)d] P, 181 BT G v 1A 7t
w3t AT oA HF W=7t S7FEF hs-CRPE ZHS Jg Fe=o] A&H 3= B3 32 | ool B ED fdel
A, 571 89, ol] B9, S4A1, LDL EHAHECIAM = FFE &+ A B @FHPE B2 Aole AEE A=
TAE HY 0w, HDL | 2HE00M s W2 A E‘”E}.“’) S AlFe ST, 2 Wi et AFS fedtt

7teER AFle Ao 3t AdgsTE dHe + At 2|3l e g 28] AEe At ARE S| SR E
713 O A AFlole A2 2o, |, 9REH W A W 84k U9 Ashda 242 SQnh Abshda g4o]
, T, Aol vl SE AE2 € He APl otk o Eoled ded AFAe] FEEH oY iS00l dMEe s
A2 AR ASdE 7 Al vis] HElE O weal, A dojyt Wyl s ol Tt HEtAE 2B A0 Z]ofsal, AEadst
G52 Aon, 52 BMIE 7KL, TV A AlZte] B 21 B3Fe]l  H»o] JFg Fe A tAE WA, S84 S
AL o] = B A7-9] Aot ARt Hg HAlT R A

hs-CRPE ©]-83t /g4 oJn|§ A EH, 3t dtolA Hgad £ a7 g9 7eE § 7 Al 2 vSE et '

S AT e AT A2 HEE Aol 28 ¢ w2 =25 AETO 2N hs-CRPS] Aol tieh 235 i xd

E A =
A0 ety heCRPE ASERAT] o) LDLE B 4 4 QLI AFIS RO ek ol Qe o AelA
2 oS Lhehton]” heCRPZE LDLY) BE AEOIA 8 b FUAZYFRA YRS GO R 32 ) IFE
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