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Objectives: The purpose of the study was to examine the relationship between added sugar consumption and dyslipidemia.
Methods: Final study subjects consisted of 18,713 participants after the exclusion of participants with dyslipidemia or under
lipid lowering medications at baseline. Added sugar levels were categorized into tertiles [men: Low <8.0 g, Middle: 8.0-21.9
g High >22.0 g; women: Low <6.0 g Middle 6.0-14.9 g, High >15.0 gl. Dyslipidemia was analyzed based on two
of the most recent guidelines identified from the National Cholesterol Education Program Adult Treatment Panel Il (NCEP
ATP 1ll) and the 2009 Korean Society of Lipidology and Atherosclerosis (KSLA). We used Kaplan-Meier and Cox proportional
hazard models to estimate the hazard ratio (HR) with 95% confidence interval (Cl) of dyslipidemia.

Results: High added sugar was associated with hypercholesteremia (HR, 1.22; 95% Cl, 1.06-1.40), high LDL cholesterolemia
(1.29; 1.13-1.48), and low HDL cholesterolemia (1.26; 1.10-1.44) based on the KSLA Standard in men. In women, the
high added sugar was only related to the risk for hypercholesteremia (1.26; 1.07-1.49) based on the KSLA Standard. A
similar trend was shown in both men and women with application of NCEP-ATP I standard.

Conclusion: In this study, an increase in added sugar consumption was associated with an increased risk of dyslipidemia
in men. Additional studies assessing the association between cardiovascular and other diseases should be conducted in

the future.
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Table 1. Definition of dyslipidemia in the study

Dyslipidemia *NCEP-ATP Il

TKSLA

Hypercholesterolemia (mg/dL)
High LDL-cholesterolemia (mg/dL)
Low HDL-cholesterolemia (mg/dL)
Hypertriglyceridemia (mg/dL)
Elevated TG/HDL-cholesterol ratio

Triglyceride >200

Total Cholesterol >240
LDL-cholesterol >160
HDL-cholesterol <40

Total Cholesterol >230
LDL-cholesterol >150
HDL-cholesterol <40
Triglyceride >200
>3.8

*National Cholesterol Education Program (NCEP) ATP Il guideline
TKSLA; The Korean Society of Lipidology and Atherosclerosis. Dyslipidemia treatment guideline
LDL; Low density Lipoprotein, HDL; High density Lipoprotein, TG; Triglyceride
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Table 2. Characteristics of study participants at baseline (1998-2008) in accordance with added sugar consumptions, the

Severance Nutrition Cohort Study

Men (n=11,139)

Women (n=7,574)

<8.0 g/day 8.0-21.9 g/day >22.0 g/day

<6.0 g/day 6.0-14.9 g/day >15.0 g/day

(=3407) (=3826) (=3906) PV (=25a8)  (n=2307) (n=2719 P VAUe

Age (year) 46.1£10.4 46.1£10.4 444492  <0.0001 45.6+10.9 45.0£11.1 429494  <0.0001
Body Mass Index (kg/mz) 243127 245428 24628  <0.0001 22.81t3.0 227130 22.743.0 0.9530
Total cholesterol (mg/dL) 193.0£34.2 194.94+32.0 196.7433.2 <0.0001 19124359 19024336 189.0+34.3 0.0661
LDL-cholesterol (mg/dl) 114.1£31.4 11644296 119.3430.8 <0.0001 112.3+32.1 112.3£30.0  112.2430.6 0.9841
HDL-cholesterol (mg/dL) 50.0£11.8 4924116 48.0£10.9 <0.0001 57.5+13.2 57.5+812.7 58.2+12.8 0.0552
Triglyceride (mg/dL) 155.9£105.3 159.0£97.1 160.0£98.6 02038 113.0£80.2 109.0#688 101.94609 <0.0001
TG/HDL-cholesterol ratio  3.5£3.2 3.6£3.0 374828 0.0548 22423 21418 19+1.6  <0.0001
Systolic Blood Pressure  122.5+16.4  122.1#158 119.6+15.5 <0.0001 116.2+18.3 115.6+18 4 112.8£16.6  <0.0001

(mmHg)
Fasting glucose (mg/dL) 99.0+24.7 955+19.4 93.7+16.8 <0.0001 91.9+21.1 89.3+13.7 88.1+12.4  <0.0001
Income 400.8+£159.8 401.3+155.6 3914+153.0 00076 372.4+171.2 367.6£169.0 389.9+166.0 <0.0001

(ten thousand won)
Total calorie intake 1907.31293.9 1946.5£285.0 1996.1£294.4 <0.0001 1647.5£290.1 1699.2+287.6 1719.6£289.0 <0.0001

(kcal/day)
Added Sugars (g/day) 41817 14.9+4.1 33.4+12.7 <0.0001 3.5+1.2 10.1£2.5 231887  <0.0001
Cigarette smoking

Former (%) 385 374 278 2.6 23 2.7

Current (%) 32.1 375 58.6 <0.0001 33 3.1 53 0.0005
Alcohol drinking (%) 86.6 88.2 859 0.0115 324 333 399 <0.0001
Obesity (BMI >25) (%) 385 417 426 0.0011 209 205 204 0.8802

LDL; Low density Lipoprotein, HDL; High density Lipoprotein, TG; Triglyceride
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Table 3. Adjusted hazard ratios (HR, 95% CI)* for dyslipidemia according to added sugar consumptions in men

T1 (<8.0 9 T2 (8.0-21.9 g) T3 (>22.0 9)
HR H H P for
(mgy/dL) Case 95% Q) Case (95% Cl) pvalue Case ©95% ) o value trend
Hyperchqle- otal Cholesterol >240 278/3106 1.0  297/3491 1.01 0.8881 363/3542 117  0.0563 0.0010
sterolemia (0.86-1.19) (1.00-1.38)
TTotal Cholesterol >230 351/2941 1.0  426/3295 1.14 0.0692 477/3316 1.22  0.0071 <0.0001
(0.99-1.32) (1.06-1.40)
High LDL TLDL-cholesterol >160  271/3147 1.0  300/3556 1.02 0.7958 391/3565 1.24  0.0088 <0.0001
cholesterolemia (0.87-1.21) (1.06-1.46)
TLDL-cholesterol >150  376/2996 1.0  456/3345 1.19 0.0128 528/3314  1.29 0.0002 <0.0001
(1.04-1.37) (1.13-1.48)
Low HDL TTHDL-cholesterol <40 368/2772 1.0  421/3062 1.10 0.1688 544/3090 1.26  0.0010 <0.0001
cholesterolemia (0.96-1.27) (1.10-1.44)
Hypertrigly- TfTriegceride >200 588/3463 1.0 459/2509 1.02 0.7665 506/2650 1.01 0.8872 0.3595
ceridemia (0.90-1.15) (0.89-1.14)
Elevated TG/HDL >3.8 627/3069 1.0 497/2181 1.14 0.0272 585/2260 115  0.0199 0.0007
cholesterol ratio (1.02-1.29) (1.02-1.30)

*Model; adjusted for age, smoking status, alcohol intake, income and total calories intake, HR; hazard ratio, 95% C; 95% confidence
interval

"National Cholesterol Education Program (NCEP) ATP Iil treatment guideline

"The Korean Sodiety of Lipidology and Atherosderosis. Dyslipidemia treatrment guideline

Added sugars (g/day); T1 (<8.0), T2 (8.0-21.9), T3 (>22.0)

DL Low density Lipoprotein, HDL; High density Lipoprotein, TG; Triglyceride

Table 4. Adjusted hazard ratios (HR, 95% CI)* for dyslipidemia according to added sugar consumptions in women

T1 (<6.0 g) T2 (6.0-14.9 g) T3 (=15.0 9)
HR HR HR P for
(moy/dL) Case (9% Q) Case (5% Q) pvalue Case (5% ) o value trend
Fiypergholeste' otal Cholesterol >240 203/2305 1.0 209/2126 1.29 0.0095 236/2514 1.36 0.0018 0.0012
rolemia (1.07-1.57) (1.12-1.64)
Total Cholesterol >230  277/2175 1.0 279/2021 1.20 0.0315 308/2401 1.26 0.0066 0.0030
(1.02-1.42) (1.07-1.49)
High LDL L DL-cholesterol >160 195/2340 1.0 179/2154 1.08 0.4836 203/2539 1.17 0.1301 0.0274
cholesterolemia (0.88-1.32) (0.96-1.43)
TLDL-cholesterol >150 268/2229 1.0 249/2041 1.15 0.1164 283/2428 1.17 0.0717 0.0161
(0.97-1.37) (0.99-1.39)
Low HDL TTHDL-cholesterol <40 174/3155 1.0 91/1902 1.04 0.7841 94/2033 1.1 0.4258 0.7496
cholesterolemia (0.80-1.34) (0.86-1.45)
Hypertrigly- T’fTriglyceride >200 273/3101 1.0 118/1860 0.81 0.0522 116/2027 0.83 0.1103 0.0338
ceridemia (0.65-1.00) (0.67-1.04)
Elevated >38 279/2986 1.0 143/1803 096 0.6737 148/1979 1.04 0.7239 0.9879
TG/HDL (0.78-1.17) (0.85-1.27)

cholesterol ratio

*Model; adjusted for age, smoking status, alcohol intake, income and total calories intake, HR; hazard ratio, 95% C; 95% confidence
interval

"National Cholesterol Education Program (NCEP) ATP Il treatment guideline,

TThe Korean Society of Lipidology and Atherosclerosis. Dyslipidemia treatment guideline

Added sugars (g/day); T1 (<6.0), T2 (6.0-14.9), T3 (>15.0)

LDL; Low density Lipoprotein, HDL; High density Lipoprotein, TG; Triglyceride
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Hypercholesterolemia (Total Cholesterol >230 mg/dL) High LDL-cholesterolemia (LDL-cholesterol >150 mg/dL)
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1 B—8 17 i—
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1 2 3 45 6 7 8 9 10 11 12 13 14 1 2 3 45 6 7 8 9 1 11 12 13 14
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Low HDL-cholesterolemia (HDL-cholesterol <40 mg/dL) Hypertriglyceridemia (Triglyceride >200 mg/dL)
S(t) S(t)
178~y 17—
091 : 091
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Fig. 1. Distribution of dyslipidemia incidence according to added sugar consumptions and medical treatment guidance in
men. Added sugars (g/day); T1 (<8.0), T2 (8.0-21.9), T3 (=22.0), LDL; Low density Lipoprotein, HDL; High density
Lipoprotein, TG; Triglyceride, S(t); Cum survival
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