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Egs Consumption and Prevalence of Metabolic Syndrome
in Korean Adults: Based on 2007-2008 Korean National Health
and Nutrition Examination Survey
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Department of Food & Nutrition, Yeungnam University, Gyeongsan, Gyeongbuk, Korea

Abstract

There is a great public concern that higher consumption of eggs may increase the risk of chronic disease due to high
levels of cholesterol in eggs. In contrast to this concern, limited studies have examined this relationship, and the study
results have been inconsistent. This study was to evaluate the cross-sectional associations between egg consumption,
blood markers and metabolic syndrome in Korean adults. We analyzed data from the combined 2007-2008 Korean
National Health and Nutrition Examination Survey (KNHANES). Egg intakes were assessed using a food frequency
questionnaire. Metabolic syndrome was ascertained using criteria of the NCEP ATP III (2001) and abdominal obesity
criteria of the WHO. In 5,548 subjects, 937 subjects were defined as having metabolic syndrome. In linear regression
models, subjects reporting one or more egg consumption per day had significantly lower levels of triglyceride, fasting
blood glucose and blood pressure, and a higher level of HDL cholesterol, compared to those who rarely consumed
eggs (P-trends <0.05). After adjustments for potential confounding factors, the associations were no longer significant
except for total cholesterol, showing higher levels with frequent egg consumption. More frequent intakes of egg (1
egg or more/day) were associated with lower risk of metabolic syndrome in a logistic regression model (OR: 0.69,
95% CI: 0.50-0.96), but this association also became insignificant after adjustments for multiple confounding factors
(OR: 1.05, 95% CI: 0.71-1.57). In healthy Korean adults, frequent intakes of eggs did not adversely affect the risk
of metabolic syndrome. Further studies are needed to confirm this finding. (Korean J Community Nutr 16(3):

364~374, 2011)
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™ (Hegsted & 1965; Mattson 5 1972; Keys 1984;
Hopkins 1992), & d% FUAHES g8y A
A%k vy QS F7AYIE AR dHEA gkt

5
53] 52§57 9 SRR A g I ARE S
7N ltkeE AT dybso] HaE AR Song &

s 2009), &7 9 S7keE Al o9 7
s SR 0R AlTE AT AHErS 5 F
HIAEHE Tl foA 0% FopH| Aol we ekt
] st AEES 085 AT Aol Al
F7F gol7t % FuAEE TS 2RItk UAd A
£ Hol= whd (Bartov 5 1973; Srilatha 5 1997), Ak
TS o E & AT e =2 A A3 85 9
HIE Ao 2] 5515t A& vraui] Jshar Qlvk (Porter
51977, Flynn & 1979; 1982;
Weggemans & 2001).

Al AF 9} iy 1w 213l Bk AIE B A
T3k 1) H=3c(Djousse & 2009; Djousse %
2010; Shi % 2011). Physicians’ Health Study Il 3
71t 40A4] o3¢ wl=l E=} 2JA) 22,0713 Women’s
Health Studyell 371 454 ode] ml=el o] 7%
7} 39,876 thi o Z oF WAl FITE ATl 3}
F 3 W ol AlFS FFT T50] AFS AQ] AFHEHA
& 1w vt Sty el disk f13o] wWaks
58% A= 77% =t B 3kt (Djousse & 2009).
I2]y Cardiovascular Health Studye®l &7}k 654 ©]
o] ml=el 3,898 o= g AR IS E A
JME H2 Ald AF W% (= 53)/15) & Gy Wy
1] Fo AR IAIE WA xekglar, Bk Ao] =
A2EHE AF S G ATe] A s BAsHA] XS
9ot (Djousse 5 2010).
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= Ak 2231 4) T8 SR Al RN ) FE5H
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g3lo] S48, A, & Fel2EE, HDL
el a1 47 AW F AR AN § 54
St} HDL ZdAHE-S 200793 200812 J3AAM]
2 W7ol we} FAGA) e BAY Ul Bl Agow
HDL Zel bl E 5 Aol7h waelsich. weby 2 Qi
oAt o 45 Aol 2 mAaks thee] AeAE Heet A
25 o] £33t (Korea Centers for Disease Control
and Prevention 2010).

1) A2 (20079) = {(®AFx1.15)+3.70} X 0.86
+ 2.98

2) A2 (20089) = (FAE X 0.86) +2.98

ke F AYAE olg3lo] 08 B JAF ] o
31, 18] 274 53 Al)e 23],
38 27 5x19) il AT 537), o9 Wt ARE P

Table 1-1. General characteristics of subjects by age
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Age
Total
20-29 30- 39 40— 49 50— 59 > 60 Pvalue
N (%) N (%) N N (%) N (%) N (%)
Subjects 5548 818 (147) 1573 (28.4) 1260 (22.7) 817 (147) 1080 (19.5 -
Sex 0.5
Men 2091 (37.7) 301 (36.8) 533 (339) 465 (369) 306 (37.5) 486 (45.0)
Smoking status < 0.0001
Never 3423 (61.8) 497 (60.8) 984 (62.7) 810 (64.3) 520 (63.7) 612  (56.8)
Former 969 (175) 108 (132) 232 (148 185 (147) 157 (19.3) 287 (26.4)
Curent 1150 (20.7) 213 (2600 354 (225 265 (21.0) 139 (1700 179 (16.6)
Alcohol consumption < 0.0001
Never 1416 (256) 111 (13.6) 289 (184) 277 (220) 271 (33.2) 468 (43.4)
<1/mo 1735 (31.3) 287 (35.1) 559 (356) 397 (31.5) 247 (30.3) 245 (22.7)
< 1/week 1246 (22.5) 288 (35.2) 414 (264) 305 (242) 124 (152 115 (10.7)
2 - 3jweek 765 (13.8) 108 (132) 256 (163) 198 (157) 100 (123) 103 (9.
4+/week 378 ( 68) 24 (29) 52 (3.3 83 ( 6.6) 73 (90) 146 (13.6)
Physical activity < 0.0001
Low 2551 (46.1) 347 (42.4) 737 (47.0) 519 (41.3) 338 (415 610 (56.8)
Mid 2536  (459) 406 (49.6) 702 (44.8) 622 (49.4) 404 (49.6) 402 (37.4)
High 444 (80) 65 (80) 128 (82 17 (93 72 (89 62 (58
Income 0.7
Low 1286 (23.9) 195 (24.6) 349 (225) 289 (235 187 (23.6) 266 (26.0)
Midt low 1344 (249) 197 (24.8) 398 (257) 299 (24.4) 209 (264) 241 (23.6)
Mid high 1404 (261) 205 (25.8) 416 (268 320 (26.1) 207 (262) 256 (25.1)
High 1351 (25.1) 197 (24.8) 388 (250) 319 (260) 188 (23.8) 259 (25.3)
Education < 0.0001
"g’g‘ﬂﬁgg‘ﬁg oss 1786 (322 20 (24) 60 (38 300 (23.8) 503 (61.6) 903 (83.8)
High school 2102 (379) 434 (53.1) 735 (468) 599 (47.5) 221 (27.1) 113 (10.5)
graduation
Colegeormore 1654 (29.9) 364 (445 776 (49.4) 361 (287) 92 (113 61 (57

All Pvalues were derived by chi-square tests
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Table 1-2. General characteristics of subjects according to the frequency of egg consumption
Tofal Egg consumption
Rarely 1/week 2 — 3/week 4 — 6/week 1+/day P-value
N (%) N (%) N (%) N (%) N (%) N (%)
Subjects 5548 1294 (23.3) 1093 (19.7) 1914 (345) 749 (13.5) 498 ( 9.0) -
Sex 0.002
Men 2091 (37.7) 496 (38.3) 459 (42.0) 727 (380) 237 (31.6) 172 (34.5)
Age < 0.0001
20-29 818 (14.7) 129 (10.0) 150 (13.7) 303 (158 142 (19.0) 94 (18.9)
30-39 1573 (28.4) 156 (12.0) 291 (26.6) 643  (33.4) 284  (37.9) 199  (40.0)
40-49 1260 (22.7) 244 (18.9) 245 (22.4) 468 (24.5) 180 (24.0) 123 (24.7)
50-59 817 (14.7) 256 (19.8) 188 (17.2) 247 (12.9) 80 (10.7) 46 (9.2
> 60 1080 (19.5) 509 (39.3) 219 (20.1) 253 (132 63 (8.4 36 (72
Smoking status 0.4
Never 3423 (61.8) 796 (61.6) 649 (59.5) 1194 (625 487 (650) 297 (59.6)
Former 969 (17.5) 249 (19.2) 204 (187) 311 (163) 121 (16.2) 84 (16.9)
Current 1150 (20.7) 248 (19.2) 238 (21.8) 406 (21.2) 141 (188) 117 (23.5)
Alcohol consumption < 0.0001
Never 1416 (25.6) 429 (33.2) 270 (24.7) 426 (22.3) 186 (24.8) 105 (21.1)
<1/mo 1735 (31.3) 377 (29.2) 340 (31.2) 599 (31.3) 248 (33.1) 171 (34.3)
< 1/week 1246 (22.5) 210 (16.3) 254 (23.3) 496 (2600 177 (23.6) 109 (21.9)
2-3/week 765 (13.8) 143 (11.1) 150 (13.7) 288 (151) 104 (13.9) 80 (16.1)
4+ /week 378 (68 132 (102 77 (7)) 102 (53 34 (4.6) 33 (66
Physical activity 0.037
Low 2551 (46.1) 645 (50.1) 507 (46.6) 828 (43.4) 356 (47.5) 215 (43.2)
Mid 2536  (45.9) 563 (43.8) 496  (45.5) 909 (47.6) 335 (44.7) 233 (46.9)
High 444 ( 8.0) 79 (6. 86 (79 172 (90 58 (7.8) 49 (99
Income 0.009
Low 1286 (23.9) 382 (30.8) 241 (22.8) 393 (21.0) 169  (23.2) 101 (20.9)
Mid low 1344 (24.9) 322 (25.9) 275 (260) 461 (24.6) 167 (229) 119 (24.7)
Mid high 1404 (26.1) 303 (24.4) 265 (251) 518 (27.7) 185 (25.3) 133 (27.5)
High 1351  (25.1) 235 (18.9) 276  (26.1) 501  (26.7) 209 (28.6) 130  (26.9)
Education < 0.0001
Miadle school 1786 (32.2) 756 (58.6) 382 (350) 449 (235 127 (17.0) 72 (14.5)
graduation or less
High school 2102 (37.9) 335 (260) 405 (37.1) 819 (42.8) 319 (426) 224 (45.0)
graduation
Colegeormore 1654 (29.9) 199 (154) 305 (27.9) 645 (33.7) 303 (40.4) 202 (40.5)
All Pvalues were derived by chi-square tests
O% WHOSIA AARE ofrlolele 918 B vle/lEe 4 & ¥3h 557] P9t > 130 mmblg T
o] &-3}5l 1, FEI Ao 7|52 American Diabetes o]¢7] g9t =85 mmHg
Association®|4] 2003 1104 100 mg/dLo.% %74 5) FEddel: ¥ 9 >100 mg/dL
g ks AREsl o, vl 5714 @5 5 370 o sl
S Aol drAEFEo R Folalginh 6. 51 24
1) Sl g2 SekEe = 90 em, £ A7 WO sampling®] 71HEA), F3, 1
oz} gEd > 80 cm 2} F2A9E ALt BAREA Al ZF el Fet o
2) 1AL ET SAAL = 150 mg/dL S EFE 4 QI EE ARAF N e RS 571
3) A HDL ¥ AHES 94 < 40 mg/dL, A (AL] HA] k5, ATl 18], Lol 2~33], Y

%42} <50 mg/dL of 4~63], aFF 13] o) =& ATt AT-E
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A A, AT e, 07 A, ok el tat

B Uoltid, Al A3 HE
S AABL TRl A 1 3R RS o] 85k F2)Ad

A5l7] flste] R A 3 RS ARSIt
o] Mo = WEsta AAIACE wHIAE R 9
5lo] 4714 A~ S HEA Bdo] Mgt 1) wek
AAE BAHA 9k 2 (Model 1); 2) Yo], A4, 315
oflui#] A # %, BMIE 273 4 52 (Model 2); 3)
model 29 S5, §<1 ], A4 5 =, 2557 F
712 B3 B4 2d (Model 3), 18]31 4) model 3ol &
WA 2 weslE A, Q) g RZE AHEE SR
B £ 29 (Model 4). 4] £42 SAS version
9.2 &AM Eg|olE o] g3}t

45x|01 a1 FAdo] 37.7%
A BT A 53 Ys

Table 2-1. Metabolic bio-markers of subjects by age

Lo g Falo] Table 1— 190 ARSI thdake] v
O} HETE FAE, AT, ASTES Ashe
S ¥ AL(p < 0.0001), thFAFS] A5G Lo]o]
wE 2fo]E HolA] ekt = 0.7).

OIS AIT-EAISA 549 g 53 ARl AR
A3 Riof weh #2498k A2R= Table 1—2¢] A|AISHIC
Ak Lol 7 BemE Al A3 M) v S W
A, 53] 1 504 o Aol Al AH Rt
#AA3] It (p < 0.0001). Al AF vk ©he A5
o] Aol frolHol#] egkont, Ehitst A 5} e 4
55, 183 8 550 tdAEe] Alee o
A AEFS B, o] HAES FHott

(p <0.05).

2.MNHE R HENE

Table 2—1°= tPdA=2] 17 A %5 Yol nj2}

Al ool e A Al #HuAE BAT(p for trend
<0.000D). =g 4L, 57 Dt ol €
o, FEUAHE T2 Yok W= =30 U HDL &

AAEES olr} o852 e AFL BT for

Total Age P for trend
20-29 30-39 40-49 50 - 59 >60
BMI (kg/m?) 23 22 23 24 24 23 < 0.0001
Waist circumference (cm) 80 77 78 80 82 82 < 0.0001
Fasting blood glucose (mg/dl) 92 87 90 93 Q4 95 < 0.0001
Triglycerides (mg/dL) 120 95 114 129 128 130 < 0.0001
Total cholesterol (mg/dl) 185 171 178 187 196 194 < 0.0001
HDL-cholesterol (mg/dlL) 49 52 49 49 49 47 < 0.0001
Systolic blood pressure (MmHg) 112 105 107 111 116 123 < 0.0001
Diastolic blood pressure (mmHQ) 73 69 72 74 76 75 < 0.0001
Data are mean
Table 2-2. Metabolic bio-markers of subjects according fo the frequency of egg consumption
Total Fgg consumplion P for frend
Rarely 1/week 2 —3/week 4 -6/week 1+/day
BMI (kg/m?) 23 23 23 23 23 23 02
Waist circumference (cm) 80 81 80 80 79 79 0.9
Fasting blood glucose (mg/dL) 92 93 92 91 Q90 91 0.01
Triglycerides (mg/dL) 120 126 124 117 110 119 0.03
Total cholesterol (mg/dl) 185 187 184 184 183 184 09
HDL-cholesterol (mg/dlL) 49 48 48 50 50 50 0.003
Systolic blood pressure (mmHg) 112 116 112 111 109 109 < 0.0001
Diastolic blood pressure (mmHg) 73 74 74 73 72 73 0.07

Data are mean



trend < 0.0001).

Table 2—2¢l= tVdA=2] 734
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for trend < 0.0001). vfo]of| whZ 2o, Zh5, 91 A,

SFERES AF T A F7khs AEde B3l v 604
o1 et AN = 2318 A FAIE BATH(p for
trend < 0.05). Elopaz} 2|12l AFH S Yo7t B
T sk A3 Bt (p for trend < 0.0001).
ofuA] A3 = Yo, AH-S BAste] Al A5 Wkel
w2 Az 19 Jda AFHAFS 22$t 47E Table
3—20l| A AltE A= AFH ks thdaks Tl

R =)
FZE ol wpe} -23te] Table 3— 10 AAISFATE & APHEERE ofe} Zhg, Q1 g REeil o] AHH = Foh 52
WA} A AR o7t RS asiglony B AT AT for trend < 0.05).
shee Uol7h W5 o wol 4Fshs 48 nAt (o
Table 3-1. Nutrient intakes of subjects by age
Age
Total P for frend
20-29 30-39 40 - 49 50-59 > 60

Protein (g/day) 64 67 67 66 66 60 < 0.0001
Fat (g/day) 35 44 39 34 30 28 < 0.0001
Carbohydrate (g/day) 300 270 287 298 314 315 < 0.0001
Fiber (g/day) 7.2 5.6 6.6 7.8 8.1 7.3 < 0.0001
Calcium (mg/day) 466 436 468 480 501 445 0.045
Phosphorus (mg/day) 1086 1037 1088 1109 1145 1069 0.0002
Iron (mg/day) 13 12 13 14 15 13 < 0.0001
Sodium (mg/day) 4711 4424 4799 5153 4919 4443 0.040
Potassium (mg/day) 2874 2585 2842 3033 3094 2772 < 0.0001
Vitamin A (ugRE/day) 745 681 791 782 774 667 0.8
Thiamine (mg/day) 1.2 1.3 1.2 1.2 1.2 1.1 < 0.0001
Riboflavin (mg/day) 1.0 1.1 1.1 1.1 1.0 0.9 < 0.0001
Niacin (mg/day) 15 15 15 15 15 14 0.4
Vitamin C (mg/day) 101 92 101 106 105 95 0.07
All nutrients are presented as adjusted means for energy intake and sex
Table 3-2. Nutrient intakes of subjects according to the frequency of egg consumption

Total Egg consumption P for trend

Rarely 1/week 2 — 3/week 4 — 6/week 1+/day

Protein (g/day) 64 63 64 66 67 69 < 0.0001
Fat (g/day) 35 33 36 35 36 37 0.044
Carbohydrate (g/day) 300 301 295 297 295 292 0.1
Fiber (g/day) 7.2 7.0 7.1 7.2 7.1 7.4 0.5
Calcium (mg/day) 466 451 462 465 473 520 0.002
Phosphorus (mg/day) 1086 1068 1079 1090 1099 1156 0.0008
Iron (mg/day) 13 13 14 13 13 16 0.054
Sodium (mg/day) 4711 4650 4683 4907 4817 4901 0.1
Potassium (mg/day) 2874 2822 2860 2904 2887 2995 0.1
Vitarmin A (ugRE/day) 745 741 771 732 741 770 0.8
Thiamine (mg/day) 1.2 1.2 1.2 1.2 1.2 1.2 0.2
Riboflavin (mg/day) 1.0 10 1.0 1.1 1.1 1.2 < 0.0001
Niacin (mg/day) 15 15 15 15 15 15 0.7
Vitamin C (mg/day) 101 99 102 100 99 108 0.3

All nutrients are presented as adjusted means for energy intake, age and sex
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=

A% EAEIITHTable 4).
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A7} A o SAHOE F-o]Ho]#] ekttt HDL gﬂL

Table 4. Relationship between frequency of egg consumption and metabolic bio-markers

Egg consumption

P for frend
Rarely 1/week 2 — 3/week 4 — 6/week 1+/day
Waist circumference
Model 1 0 -0.423 -0.452 -0.448 -0.808 0.4
Model 2 0 -0.581 -0.289 0.129 -0.359 0.7
Model 3 0 -0.530 -0.242 0.181 -0.352 0.6
Model 4 0 -0.520 -0.250 0.173 -0.370 0.7
Triglycerides"
Model 1 0 -0.008 -0.029 -0.048 -0.022 0.002
Model 2 0 -0.005 -0.014 -0.020 0.002 0.3
Model 3 0 -0.004 -0.011 -0.020 0.006 0.4
Model 4 0 -0.003 -0.010 -0.021 0.007 0.4
HDL-cholesterol
Model 1 0 -0.830 0.756 1.442 1.041 0.0002
Model 2 0 -0.790 0.432 0.661 0.421 0.02
Model 3 0 -0.950 0.360 0.401 0.221 0.1
Model 4 0 -1.002 0.346 0.365 0.121 0.08
Fasting blood glucose
Model 1 0 -0.292 -1.329 -2.330 -1.199 0.001
Model 2 0 0.357 -0.130 -0.687 0.367 0.7
Model 3 0 0.284 -0.267 -0.908 0.222 0.4
Model 4 0 0.281 -0.259 -0.926 0.219 0.4
Systolic blood pressure
Model 1 0 -2.025 -3.172 —4.546 -4.159 < 0.0001
Model 2 0 -0.944 -0.940 -1.243 -1.096 0.1
Model 3 0 -1.148 —-1.058 -1.429 -1.275 0.1
Model 4 0 -1.168 -1.081 -1.443 -1.240 0.1
Diastolic blood pressure
Model 1 0 0.198 -0.458 -1.099 -0.844 0.03
Model 2 0 0.340 0.201 0.186 0.219 0.7
Model 3 0 0.108 -0.009 -0.127 -0.019 0.9
Model 4 0 0.080 -0.023 -0.145 -0.038 0.9
Total cholesterol
Model 1 0 -2.301 -2.095 -1.996 -0.187 0.7
Model 2 0 0.338 2.108 3.298 5.232 0.002
Model 3 0 0.267 1.767 2.701 4,684 0.008
Model 4 0 0.138 1.700 2518 4,357 0.01

Data are B-coefficients

Model 1: Unadjusted model; Model 2: adjustment for age, sex, energy, and BMI; Model 3: Model 2 + additional adjustment for
alcohol consumption (never, < = 1/mo, < = T/wk, 2—3/wk, or 4+/wk), smoking status (never, former, or current), physical activity,
and income (low, mid low, mid high, or high); Model 4. Model 3 + additional adjustment for protein (g/day), fat (g/day), carbo-
hydrate (g/day), calcium (mg/day), phosphorus (mg/day), and riboflavin intakes (mg/day)
1) Triglycerides were logarithmically fransformed for the purpose of analysis, and p-coefficients were presented in the log scale (%

change of triglycerides)
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Table 5. Odds ratio (95% Cl) for metabolic syndrome according to the frequency of egg consumption (N=5,548)

Egg Cases Model 1 Model 2 Model 3 Model 4
Consumption N (%) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Rarely 287 (22.2) 1 1 1

1/week 191 (17.5) 0.82 (0.64 - 1.05) 0.99 (0.75-1.32) 0.97 (0.73-1.29) 0.98 (0.74-1.31)
2 -3/week 288 (15.0) 0.66 (0.53 - 0.83) 0.88 (0.67 - 1.14) 0.88 (0.67 - 1.16) 0.88 (0.67 —1.17)
4-6lweek 99 (13.2) 0.62 (0.46 —0.84) 0.85 (0.60-1.21) 0.86 (0.60 - 1.24) 0.87 (0.60 - 1.25)
1+/day 72 (14.5) 0.69 (0.50 - 0.9¢) 1.04 (0.70-1.53) 1.03 (0.70-1.52) 1.05 (0.71 - 1.56)
P for trend - 0.04 0.8 0.6 07

Model 1: Unadjusted model; Model 2: adjustment for age, sex, energy, and BMI;: Model 3: Model 2 + additional adjustment for
alcohol consumption (never, < = 1/mo, < = T/wk, 2 —3/wk, or 44+/wk), smoking status (never, former, or current), physical activity,
and income (low, mid low, mid high, or high); Model 4: Model 3 + additional adjustment for protein (g/day), fat (g/day), caroo-
hydrate (g/day), calcium (mg/day), phosphorus (mg/day), and riboflavin intakes (mg/day)
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