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Abstract

This study investigates the relationship between vitamin C intake and obesity prevalence among Korean adults. Based on
data of the Korean National Health and Nutrition Examination Survey (2016-2017), a total of 1,356 participants were
included in this analysis. Increasing the dietary vitamin C intake resulted in a significantly decreased occurrence of BMI
obesity prevalence (p for trend=0.0194) and WC obesity prevalence (p for trend=0.0452). Moreover, increasing the dietary
vitamin C intake of Korean adults having a high frequency of eating breakfast resulted in significantly decreased BMI obesity
prevalence (p for trend=0.0406) and WC obesity prevalence (p for trend=0.0432). Among the Korean adults who ate out
frequently, decreased BMI obesity prevalence was determined with increased intakes of dietary vitamin C (p for
trend=0.0193) and total vitamin C (food and dietary supplements) (p for trend=0.0429), whereas significant decrease in
WC obesity prevalence was observed with increased dietary vitamin C intake (p for trend=0.0484). Our results provide
conclusive evidence that consumption of dietary vitamin C is associated with obesity prevalence in Korean adults, according

to their habits of eating breakfast and frequency of eating out.

Key Words : Korea national health and nutrition examination survey, vitamin c, obesity prevalence, adults
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<Figure 1> Flow chart of study enroliment
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<Table 1> General characteristics of participants according to total vitamin C

Total vitamin C intake (food and dietary supplements) (mg/day)"

Variables Total N=1,356)  T1 (N=452) T2 (N=452) T3 (N=452) p-value®
Mean (IQR)? 119.7(157.02793)  32.7(22.4-445)  84.0(66.0-102.0) 242.3(157.0-279.3)
Sexd Male 473(34.88) 187(41.37) 162(35.84) 124(27.43) 0001+
Female 883(65.12) 265(58.63) 290(64.16) 328(72.57)
19-29 67(4.94) 28(6.19) 24(531) 15(3.32)
30-49 518(38.20 197(43.58 176(38.94 145(32.08
Age (vears) 5 64 560541.303 162§35.84§ 189241.81% 209%46.24; 0.0010%
65-69 211(15.56) 65(14.38) 63(13.94) 83(18.36)
<Elementary 183(13.50) 66(14.60) 60(13.27) 57(12.61)
. Middle school 144(10.62 45(9.96 46(10.18 53(11.73
Education High school 420530.97% 136%30.02)) 130((28.76)) 154((34.07)) 02734
3University 608(44.82) 205(45.35) 216(47.79) 187(41.37)
Low 282(20.80) 111(24.56) 84(18.58) 87(19.25)
Personal Middle-low 328(24.19) 107(23.67) 123(27.21) 98(21.68) 0.0458*
income Middle-high 334(24.63) 116(25.66) 102(22.57) 116(25.66)
High 412(30.38) 118(26.11) 143(31.64) 151(33.41)
. Married 1233(90.93 402(88.94 405(89.60 426(94.25
Marital status i 1o 123&9.07)) 50((11.06)) 47((10.40)) 26§5.75)) 0.0465%
Non-smoke 898(66.22) 252(55.75) 309(68.36) 337(74.56)
Smoking status  Ex-smoke 286(21.09) 111(24.56) 95(21.02) 80(17.70) <.0001 %%+
Current-smoke 172(12.68) 89(19.69) 48(10.62) 35(7.74)
Alcohol status ~ No 348(25.66) 93(20.58) 107(23.67) 148(32.74) 00002+
(within a year)  Yes 1008(74.34) 359(79.42) 345(76.33) 304(67.26)
5-7 times a week 995(73.38) 290(64.16) 344(76.11) 361(79.87)
Breakfast 3-4 t?mes a week 144(10.62) 61(13.50) 46(10.18) 37(8.19) <0001 ***
frequency 1-2 times a week 100(7.37) 44(9.73) 34(7.52) 22(4.87)
0 times a week 117(8.63) 57(12.61) 28(6.19) 32(7.08)
more than 1 times a day 54(3.98) 21(4.65) 16(3.54) 17(3.76)
Eating out 3-6 times a week 651(47.79) 184(40.71) 195(43.14) 269(59.51) <0001 #%*
frequency 1-8 times a month 354(26.11) 142(31.42) 117(25.88) 95(21.02)
less than 1 times a month 300(22.12) 105(23.23) 124(27.43) 71(15.71)
Phys_ica;l Low 735(54.20) 265(58.63) 246(54.42) 224(49.56) 00005+
activity” High 621(45.80) 187(41.37) 206(45.58) 228(50.44)
Under weight 45(3.32) 17(3.76) 13(2.88) 15(3.32)
BMI® Nomal 839(61.87) 254(56.19) 281(62.17) 304(67.26) 0.0150*
Over weight 472(34.81) 181(40.04) 158(34.96) 133(29.42)
BMI (kg/m?) 23.97+3.43 24224347 23.97+3.37 23.74+3.44 0.1073
Energy (kcal/day) 1,940.74+762.10 1,931.73+818.62 2,002.47+72645 1,888.03+735.12 0.0745
Carbohydrate (g/day)” 314.73+61.29 299.46+65422  318.78+56.37°  325.94+58.745%  <.0001%**
Protein (g/day) 72.12421.78 72.36£23.63 73.84+21.32 70.16+20.13 0.0382*
Fat (g/day) 42.70+18.75 43.94+19.54 42.83+17.98 4132+18.64 0.1093
Dietary vitamin C intake (mg/day) 100.12+£105.66 30.30+13.87 69.01£30.04>  201.07+107.96°  <.0001***
Supplementary vitamin C intake (mg/day) 166.12+175.30 50.26+23.013 114.50+49.83 333.61+212.32 0.1344

Abbreviation: T, Tertile; ref, reference.

DTotal vitamin C intake mean dietary vitamin C and supplementary vitamin C intake.
DValues are expressed as Mean(Interquartile Rang, IQR).

ICategorical variables cells are reported as %.

“Mean (M) and standard deviation (SD) were calculated with weight, cluster, and strata for continuous variables.
STotal nutrient intake Calculated by using residual method.
9P value are based on ANOVA for continuous variables and Chi-square test for categorical variables. (*p<0.05, **p<0.001, ***p<0.0001)
"Divided into 2 groups depending on which medium-strength physical activity is practiced more than 2 and half hours per week, or high-
intensity physical activity is practiced more than quarter past 1 hour, or by mixing medium-intensity and high-intensity physical activity.
9Defined as Underweight (BMI<18.5 kg/m?), Normal (18.5 kg/m’><BMI<25 kg/m?), Over weight (BMI>25 kg/m?) levels of Body mass index

(BMI).

=Values with different superscripts within a row are significantly different (p<0.05) as measured by Duncan’s test for continuous variables.
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<Table 2> Odds ratios (95% confidence intervals) for obesity prevalence according to vitamin C intake among Korean adults

Dietary vitamin C intake (mg/day)

Variable T1 T2 T3 p for trend®
Mean (IQR)
24.1(15.7-32.6) 67.2(64.2-80.7) 209.0(127.9-245.7)
no of case/total 186/452 162/452 127/452
modell 1.00 (Ref) 0.73 (0.53 1.00) 0.61 (0.44 0.84) 0.0058*
model2 1.00 (Ref) 0.73 (0.53 1.00) 0.61 (0.44 0.85) 0.0061*
model3 1.00 (Ref) 0.74(0.54 1.01) 0.63(0.45 0.90) 0.0194*
Supplementary vitamin C intake (mg/day)
T1 T2 T3 p for trend®
Mean (IQR)
40.1(26.1-54.2) 111.5(96.9-134.1) 346.9(212.3-407.8)
no of case/total 162/452 165/452 148/452
(@MIZ) modell 1.00 (Ref) 110 (0.84 1.46) 0.92 (0.69 1.22) 0.3148
m
s model2 1.00 (Ref) 1.11 (0.84 1.47) 0.91 (0.69 1.21) 0.2948
model3 1.00 (Ref) 1.04 (0.77 1.39) 0.88(0.66 1.17) 0.5127
Total vitamin C intake (food and dietary supplements) (mg/day)
Tl T2 T3 p for trend®
Mean (IQR)
32.7(22.4-44.5) 84.0(66.0-102.0) 242.3(157.0-279.3)
no of case/total 181/452 159/452 135/452
modell 1.00 (Ref) 0.81 (0.60 1.11) 0.70 (0.51 0.97) 0.0460*
model2 1.00 (Ref) 0.81 (0.60 1.10) 0.70 (0.51 0.97) 0.0494*
model3 1.00 (Ref) 0.82 (0.60 1.13) 0.734 (0.53 1.03) 0.1021
Dietary vitamin C intake (mg/day)
Tl T2 T3 p for trend®
Mean (IQR)*
24.1(15.7-32.6) 67.2(64.2-80.7) 209.0(127.9-245.7)
no of case/total 149/452 130/452 111/452
modell 1.00 (Ref) 0.77 (0.55 1.07) 0.67 (0.47 0.94) 0.0326*
model2 1.00 (Ref) 0.77 (0.56 1.08) 0.67 (0.47 0.95) 0.0349*
model3 1.00 (Ref) 0.79 (0.56 1.10) 0.68 (0.48 0.97) 0.0452*
Supplementary vitamin C intake (mg/day)
Tl T2 T3 p for trend®
Mean (IQR)*
40.1(26.1-54.2) 111.5(96.9-134.1) 346.9(212.3-407.8)
WC no of case/total 134/452 138/452 118/452
(cm) modell 1.00 (Ref) 1.26 (0.92 1.73) 1.02 (0.75 1.38) 0.5541
men>=90 model2 1.00 (Ref) 1.27 (0.92 1.74) 1.01 (0.75 1.38) 0.5344
women>=85 model3 1.00 (Ref) 1.26 (0.911.74) 1.00 (0.74 1.36) 0.5136
Total vitamin C intake (food and dietary supplements) (mg/day)
T1 T2 T3 p for trend®
Mean (IQR)*
32.7(22.4-44.5) 84.0(66.0-102.0) 242.3(157.0-279.3)
no of case/total 148/452 127/452 115/452
modell 1.00 (Ref) 0.74 (0.53 1.03) 0.69 (0.49 0.98) 0.0638
model2 1.00 (Ref) 0.74 (0.53 1.02) 0.70 (0.50 0.98) 0.0701
model3 1.00 (Ref) 0.74 (0.53 1.04) 0.71 (0.50 1.00) 0.0881

Abbreviation: T, Tertile; ref, reference. Total vitamin C intake mean dietary vitamin C and supplementary vitamin C intake.

modell: Adjustment for age (year), sex (male/female); model2: Adjustment for model 1+ total energy intake(kcal/day);

model3: Adjustment for model 2+ marital status(married/single), education level (<elementary/middle school/high school/>university), personal
income (low/middle-low/middle-high/high), smoking(non-smoke/ex-smoke/current-smoke), alcohol intake (no/yes), physical activity (high/low)
when using the SURVEYLOGISTIC procedure.

2Values are expressed as Mean (Interquartile Rang, IQR).

%P for trend was calculated using the median value of each vitamin C intake category as a continuous variable (*p<0.05, **p<0.001,
***p<0.0001).
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<Table 3> Association between vitamin C intake and obesity prevalence by frequency of breakfast among Korean adults.

Variable Dietary vitamin C intake (mg/day) p for
p for trend®* . S~
Frequency of breakfast® Tl T2 T3 Interaction
No. of case/Total 61/152 31/113 26/96
Low frequency
OR(95% CI) 1.00 (Ref) 0.38 (0.21 0.69)  0.59 (0.31 1.11) 0.1784 0.0146*
No. of case/Total 125/300 131/339 101/356 '
High frequency
OR(95% CI) 1.00 (Ref) 1.00 (0.70 1.43)  0.69 (0.47 0.96) 0.0406*
Supplementary vitamin C intake (mg/day) p for
p for trend® . .
Tl ™ T3 interaction®
No. of case/Total 36/113 51/136 31/112
BMI Low frequency
OR(95% Cl) 1.00 (Ref) 1.63 (0.96 2.78)  1.29 (0.74 2.25) 0.6091
(kg/m?) 0.0135*
=25 No. of case/Total 126/339 117/316 114/340
High frequency
OR(95% Cl) 1.00 (Ref) 0.94 (0.66 1.33)  0.80 (0.56 1.13) 0.1944
Total vitamin C intake (food and dietary supplements) (mg/day) p for
p for trend®* . .
T1 ™ T3 interaction®
No. of case/Total 62/162 31/108 25/91
Low frequency
OR(95% Cl) 1.00 (Ref) 0.68 (0.38 1.21)  0.72 (0.36 1.43) 0.3800 0.1100
No. of case/Total 119/290 128/344 110/361 .
High frequency
OR(95% CI) 1.00 (Ref) 1.00 (0.68 1.48)  0.81 (0.55 1.19) 0.2198
Dietary vitamin C intake (mg/day) p for
p for trend® . .
Tl ™ T3 interaction®
No. of case/Total 46/152 24/113 24/96
Low frequency
OR(95% Cl) 1.00 (Ref) 0.50 (0.26 0.97)  0.85 (0.42 1.71) 0.7908 0.0451%
No. of case/Total 103/300 106/339 87/356 '
High frequency
OR(95% Cl) 1.00 (Ref) 0.95 (0.65 1.37)  0.68 (0.45 0.98) 0.0432*
Supplementary vitamin C intake (mg/day) p for
p for trend®* . .
T1 ™ T3 interaction®
wC
(cm) No. of case/Total 25/113 45/136 24/112
7 Low frequency
men>=90 OR(95% Cl) 1.00 (Ref) 2.06 (1.13 3.74)  1.28 (0.65 2.49) 0.8698
women>=85 0.0981
No. of case/Total 103/339 95/316 98/340
High frequency
OR(95% CI) 1.00 (Ref) 1.02 (0.68 1.52)  0.94 (0.66 1.34) 0.6937
Total vitamin C intake (food and dietary supplements) (mg/day) p for
p for trend® . .
Tl ™ T3 interaction®
No. of case/Total 46/162 27/108 21/91
Low frequency
OR(95% Cl) 1.00 (Ref) 0.89 (048 1.67)  0.89 (0.43 1.86) 0.7650 00916
No. of case/Total 102/290 100/344 94/361 '
High frequency
OR(95% Cl) 1.00 (Ref) 0.76 (0.50 1.15)  0.72 (0.48 1.09) 0.1886

Abbreviation: T, Tertile; ref, reference; OR, Odds ratio. Total vitamin C intake mean dietary vitamin C and supplementary vitamin C intake.
Adjustment for Adjustment for age (year), sex (male/female), total energy intake(kcal/day), marital status (married/single), education level
(zelementary/middle school/high school/>university), personal income (low/middle-low/middle-high/high), smoking (non-smoke/ex-smoke/
current-smoke), alcohol intake (no/yes), physical activity (high/low) when using the SURVEYLOGISTIC procedure.
aP for trend was calculatedusing the median value of each vitamin C intake category as a continuous variable.
P for interaction was calculated by Wald test using cross-product terms (*p<0.05, **p<0.001, ***p<0.0001)
“Defined as Low frequency (<1-2 times a week) and High frequency (>3-4 times a week) levels of Frequency of breakfast.
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<Table 4> Association between vitamin C intake and obesity prevalence by frequency of eating out among Korean adults

Variable Dietary vitamin C intake (mg/day) p for
p for trend®* . S~
Frequency of eating out® Tl T2 T3 Interaction
No. of case/Total 90/214 79/208 85/280
Low frequency
OR(95% Cl) 1.00 (Ref) 0.92 (0.54 1.57)  0.74 (045 1.21) 0.1946 0.0201*
No. of case/Total 96/238 83/244 42/172 '
High frequency
OR(95% CI) 1.00 (Ref) 0.67 (0.45 1.00)  0.55 (0.35 0.87) 0.0193*
Supplementary vitamin C intake (mg/day) p for
p for trend® . .
Tl ™ T3 interaction®
No. of case/Total 97/227 78/223 79/204
BMI Low frequency
(kgim?) OR(95% Cl) 1.00 (Ref) 0.92 (0.61 1.39)  0.89 (0.58 1.37) 0.6452 07315
m .
=25 ) No. of case/Total 63/225 91/229 67/248
High frequency
OR(95% Cl) 1.00 (Ref) 1.22 (0.84 1.78)  0.93 (0.62 1.39) 0.4501
Total vitamin C intake (food and dietary supplements) (mg/day) p for
p for trend®* . .
T1 ™ T3 interaction®
No. of case/Total 89/205 77/211 88/286
Low frequency
OR(95% Cl) 1.00 (Ref) 0.99 (0.58 1.68)  0.68 (0.41 1.13) 0.0846 0.1668
No. of case/Total 92/247 82/241 47/166 '
High frequency
OR(95% Cl) 1.00 (Ref) 0.82 (0.53 1.26)  0.85 (0.54 0.99) 0.0429*
Dietary vitamin C intake (mg/day) p for
p for trend® . .
Tl ™ T3 interaction®
No. of case/Total 77/214 70/208 76/280
Low frequency
OR(95% Cl) 1.00 (Ref) 1.16 (0.67 1.99)  0.84 (0.51 1.40) 0.3335 0.0344*
No. of case/Total 72/238 60/244 35/172 '
High frequency
OR(95% Cl) 1.00 (Ref) 0.64 (0.39 1.03)  0.600 (0.36 0.98) 0.0484*
Supplementary vitamin C intake (mg/day) p for
p for trend®* . .
T1 ™ T3 interaction®
wC
No. of case/Total 86/227 70/223 67/204
(cm)
. Low frequency
men>=90 OR(95% CI) 1.00 (Ref) 1.05 (0.66 1.67)  0.87 (0.57 1.33) 0.4559
women>=85 0.2403
No. of case/Total 42/225 70/229 55248
High frequency
OR(95% CI) 1.00 (Ref) 148 (0.96 227)  1.17 (0.74 1.84) 0.8909
Total vitamin C intake (food and dietary supplements) (mg/day) p for
p for trend® . .
Tl ™ T3 interaction®
No. of case/Total 78/205 67/211 78/286
Low frequency
OR(95% Cl) 1.00 (Ref) 0.99 (0.58 1.68)  0.68 (0.40 1.13) 0.0846 03072
No. of case/Total 70/247 60/241 37/166 '
High frequency
OR(95% Cl) 1.00 (Ref) 0.82 (0.53 1.26)  0.85 (0.54 1.32) 0.5443

Abbreviation: T, Tertile; ref, reference; OR, Odds ratio. Total vitamin C intake mean dietary vitamin C and supplementary vitamin C intake.
Adjustment for Adjustment for age(year), sex(male/female), total energy intake (kcal/day), marital status (married/single), education level
(Zelementary/middle school/high school/>university), personal income (low/middle-low/middle-high/high), smoking (non-smoke/ex-smoke/
current-smoke), alcohol intake (no/yes), physical activity(high/low) when using the SURVEYLOGISTIC procedure.

aP for trend was calculatedusing the median value of each vitamin C intake category as a continuous variable.

P for interaction was calculated by Wald test using cross-product terms (*p<0.05, **p<0.001, ***p<0.0001)

“Defined as Low frequency (<1-8 times a month) and High frequency (=3-6 times a week) levels of Frequency of eating out.
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