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Egg consumption is associated with a lower risk of type 2
diabetes in middle-aged and older men

Jieul Lee and lJihye Kim®
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BACKGROUND/OBIJECTIVES: This prospective study examined gender-specific associations between egg intake and the risk of
developing type 2 diabetes using data from a large-scale cohort study.

SUBJECTS/METHODS: A total of 7,002 Korean adults (40-69 years) without type 2 diabetes at baseline were analyzed. Dietary
intake was evaluated by a food frequency questionnaire administered at baseline (2001-2002) and the second follow-up examination
(2005-2006). Type 2 diabetes was diagnosed as a fasting glucose concentration > 126 mg/dL or current use of glucose-lowering
medications or insulin injection. Multivariate Cox proportional hazard models were used to calculate hazard ratios (HRs) with
95% confidence intervals (Cls) for incident type 2 diabetes according to egg consumption or cholesterol intake.

RESULTS: During a 14-year follow up period, 857 subjects developed type 2 diabetes. In men, frequent egg intake (2-<4
servings/week) was associated with a 40% lower risk of developing type 2 diabetes than infrequent egg intake (0- < 1 serving/week)
(HR =0.60, 95% Cl: 0.37-0.97), whereas no association between egg intake and incidence of type 2 diabetes was observed
in women (HR=0.61, 95% ClI: 0.27-1.37). There was no association between cholesterol intake and risk of incident type 2
diabetes in either men or women.

CONCLUSIONS: Egg consumption was inversely related to the risk of incident type 2 diabetes in men, but not in women,

suggesting gender differences in the relationship between diet and disease risk.
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INTRODUCTION

Type 2 diabetes remains a major health problem around the
world [1]. According to the International Diabetes Federation,
type 2 diabetes is expected to increase by 54.5% relative to
the 2013 level by 2035 [2]. The prevalence of type 2 diabetes
increased from 8.6% to 11.0% between 2001 and 2013 in Korean
adults aged = 30 years [3].

The risk of type 2 diabetes has been associated with
modifiable lifestyle factors including diet [4]. Among dietary
factors, high egg intake has been suggested to be associated
with increased risk of type 2 diabetes because eggs are high
in cholesterol (=200 mg/egg), and cholesterol has been related
to an increased glucose level [5]. However, eggs contain various
beneficial nutrients such as vitamins, minerals, proteins, and
fatty acids [6,7], in addition to nutrients considered detrimental
to health such as saturated fats and cholesterol [8,9].
Epidemiologic studies have explored the link between egg
consumption and the risk of incident type 2 diabetes, but
findings are inconsistent. Studies have found a negative

association [10], positive association [11], or no association
[12-15]. Virtanen et al. [10] reported that higher egg intake (>
45 g/d) was associated with a 45% lower risk of incident type
2 diabetes compared with lower egg intake (< 14 g/d) in Finish
men aged 42-60 years. In a prospective study, however, daily
egg consumption (= 7 servings/week) was associated with an
increased risk of developing type 2 diabetes compared with
no egg consumption in both men and women [11]. In a cohort
study using data from the Japan Public Health Center-based
Prospective Study, there was no association between egg intake
and risk of type 2 diabetes [15].

A recent meta-analysis suggested that the relationship
between egg intake and the risk of type 2 diabetes might differ
between populations because of different egg intake habits
[16]. Most studies have been conducted in populations from
Western countries, with only one study conducted in an Asian
population [15]. Asian people have different dietary patterns
[17], lower body mass, and insulin secretory capacity than
Western populations [18,19].

Recently, gender differences with respect to dietary factors
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and the risk of chronic diseases such as hypertension and
metabolic syndrome have been suggested [20,21]. It is well
known that men and women had different eating habits. Song
et al. [21] reported that men and women have different dietary
patterns, and an inverse association between a diet rich in
whole grains and legumes and hypertension was found only
in women. However, most previous studies have not conducted
gender-stratified analyses, or the analyses have been conducted
in only one gender group.

Therefore, we explored if there was a gender-specific
association between egg consumption and the risk of incident
type 2 diabetes in Korean adults using data from a large-scale
community-based cohort study. In addition, we examined the
effect of dietary cholesterol, which is a major component of
eggs, on the risk of type 2 diabetes according to gender.

SUBJECTS AND METHODS

Study subjects

This population-based prospective study used data from the
Korean Genome and Epidemiology Study (KoGES). The KoGES
was conducted to examine the association among environ-
mental, lifestyle, and dietary factors on the development of
chronic diseases such as hypertension and diabetes mellitus in
Korean adults. A total of 10,030 Korean adults (40-69 years) were
recruited from Ansan and Ansung areas at baseline (2001-2002).
Questionnaires on lifestyle factors and demographic information
were administered and anthropometric and biochemical
measurements were conducted every 2 years. The present study
analyzed the data from baseline through the sixth follow-up
examination (2013-2014). All participants provided written
informed consent. The study procedure was approved by the
Institutional Review Boards of Kyung Hee University (KHSIRB-
16-022) and the Korea Centers for Disease Control and
Prevention.

We excluded 909 individuals who had type 2 diabetes at
baseline, 879 individuals who declined to participate in follow-up
examinations, 197 individuals who had cardiovascular disease
or cancer, 318 individuals who had an extraordinary energy
intake (<500 or > 5,000 kcal), and 725 individuals who did not
complete the food frequency questionnaire (FFQ). A total of
7,002 subjects (3,318 men and 3,684 women) were included
in the final analysis. A follow-up rate of 71.5% was achieved.

Assessment of dietary intake

Diet was assessed by a 103-item semi-quantitative FFQ [22]
at baseline and the second follow-up examination. To assess
the validity of this FFQ, 12-day diet records were collected from
124 participants over a period of 1 year and nutrient intake
from the diet records was compared with that inferred from
the FFQ. The adjusted correlation coefficients between the FFQ
and the 12-day diet records in the Korean population ranged
between 0.23 and 0.64 (median for all nutrients was 0.39) [22].
Subjects reported the usual frequency and portion sizes of
foods consumed during the previous year. Frequency was
assessed according to nine categories for each food from
“never/almost” to “3 times/day”. Details are provided elsewhere
[23]. Portion size choices were as follows: “1/2 serving,” “1

serving (standard),” and “= 2 servings.” One serving of eggs was
considered to be equivalent to 60 g. For analysis, egg consu-
mption was converted into frequency of egg consumption per
week and then multiplied by the portion sizes of eggs. Finally,
subjects were classified into four groups according to egg
consumption: 0-< 1, 1-<2, 2-<4, and = 4 servings/week.

Likewise, intake of meat, vegetables, fruit, and dairy was
expressed as food consumption per week and then summed
as the total intake of each food group. Egg consumption
included whole eggs only, but not mixed egg dishes. Meat
included seven types of meat such as beef, pork, chicken, and
processed meat (ham, sausage, etc.). Fish referred to 15 types
of fish including white fish, omega-3 rich fish, squid, shellfish,
fish cake, and salted seafood. Vegetables included 20 types such
as green leafy vegetables, dark-yellow vegetables, mushrooms,
and vegetable juice. Fruit referred to 12 types of fruit including
non-citrus fruits, citrus fruits, and carotene-rich fruits. Dairy
included milk, yogurt, and cheese.

Egg consumption was examined from the FFQ at baseline
for subjects who developed type 2 diabetes or who were
censored between baseline and the second follow-up. Egg
consumption was examined based on the average of the two
FFQs from baseline and the second follow-up for subjects who
developed type 2 diabetes or who were censored after the
second follow-up examination. Daily nutrient intake in terms
of total energy, dietary cholesterol, and fiber was evaluated
using the Korean Food Composition Table [24].

Diagnosis of type 2 diabetes

Type 2 diabetes was diagnosed as a fasting glucose concen-
tration =126 mg/dL, the current use of glucose-lowering
medications, or the use of insulin injection based on the
modified WHO criteria [25]. A self-reported physician’s diagnosis
was also defined as a diagnosis of type 2 diabetes.

Other variables

Data on demographic characteristics, social-economic status,
and lifestyle factors were collected using a questionnaire. The
study collected data on education level (< 6 years (elementary
school graduate), 7- < 12 years (middle school or high school
graduate), and > 12 years (college graduate or more)), household
income level (< 850 US$, 850- < 1,700 US$, 1,700- < 2,500 USS,
and = 2,500 US$), alcohol intake (never, former, and current),
and smoking status (never, former, and current). Physical activity
was evaluated as metabolic equivalent of task (MET) hours per
day [26]. Subjects reported hours spent on sleep and four
activities categorized according to activity intensity.

Anthropometric data were obtained at baseline. Height and
body weight were measured using a stadiometer (Samhwa
Instrument, Seoul, Korea) and Inbody 3.0 (Biospace Corp., Seoul,
Korea), respectively. Body mass index (BMI) was calculated as
kg/m2. Biochemical measurements were conducted every 2
years. Blood samples were collected after 8 hours of fasting.
Plasma glucose concentration was measured with an auto
analyzer (ADIVA 1650, Bayer HealthCare, Tarrytown, NY, USA).

Statistical analysis
Characteristics of subjects at baseline are shown as means
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and standard deviations or as numbers and percentages. All
data were analyzed according to gender because there was an
interaction between gender and egg consumption (P for
interaction = 0.0002). Comparison of variables at baseline across
egg consumption and dietary cholesterol intake categories was
performed using generalized linear models with post-hoc
Tukey's HSD test for continuous variables and the x° test for
categorical data. Hazard ratios (HRs) and 95% confidence
intervals (Cls) for incident type 2 diabetes according to egg
consumption or cholesterol intake were evaluated by time-
dependent Cox proportional hazard models. Average values of
egg and cholesterol consumption calculated from two dietary
measures were used to minimize within-subject variation in diet
[27]. No major violation of the proportional hazard assumption
was identified using log-log plots [28] or Schoenfeld's residuals
[29].

Multivariable adjusted models were used. Age was adjusted
in model 1. BMI, residential location, education, income,
smoking status, alcohol consumption, and physical activity were
further adjusted in model 2. Confounders such as intake of
energy, cholesterol (or eggs), fiber, meat, fish, vegetables, fruit,
and dairy were further adjusted in model 3. Residual analysis
was used to adjust for the intake of nutrients such as cholesterol
and fiber. To select variables for adjustment in the multivariable
model, potential confounders from the scientific literature were
taken into account using stepwise procedures or by comparing
adjusted and unadjusted effect estimates [30]. A sex interaction

was identified using both a likelihood ratio test and stratified
analyses. Statistical analyses were performed using SAS 9.3 (SAS
Institute, Cary, NC, USA). A P value <0.05 was considered a
significant difference.

RESULTS

Characteristics of subjects according to egg consumption at
baseline

A total of 857 subjects (442 men and 415 women, 12.2%)
developed type 2 diabetes during the average follow-up of
110.2 months (range 15 ~ 152 months). Characteristics of
subjects at baseline according to egg consumption by gender
are described in Table 1. Regardless of gender, frequent egg
consumers (=4 servings/week) were younger, more likely to
live in a rural area, to be educated, and have higher income
than infrequent egg consumers (<1 serving/week). Also,
frequent egg consumers had a higher intake of total energy,
cholesterol, fiber, meat, fish, vegetables, fruit, and dairy. Baseline
characteristics of 7,002 subjects who were included in the
analysis were compared with those of 3,028 participants who
were excluded from the analysis (data not shown). Participants
who were excluded from the analysis were older, more likely
to live in a rural area, and have a lower income than those
who were included in the analysis. Furthermore, participants
who were excluded had a higher intake of total energy,
cholesterol, fiber, meat, fish, vegetables, and dairy.

Table 1. Baseline characteristics of participants according to egg consumption (n = 7,002)"

Egg consumption per week (servings/week)

Characteristics P-trend
0-<1 1-<2 2-<4 =4
Men (n=3,318) 1,432 856 653 377
Age?, yrs 526+8.7 499+83° 50.6 +84™ 51.9+89" <0.0001
Residential location, n (%) < 0.0001
Ansan (urban) 856 (59.8) 304 (35.5) 255 (39.1) 143 (37.9)
Ansung (rural) 576 (40.2) 552 (64.5) 398 (60.9) 234 (62.1)
Educational level, n (%) <0.0001
< 6 years 351 (24.6) 139 (16.3) 101 (15.5) 61 (16.4)
7- < 12 years 837 (58.6) 508 (59.6) 372 (57.1) 212 (56.8)
> 12 years 240 (16.8) 205 (24.1) 178 (27.4) 100 (26.8)
Household income (US$/mo.), n (%) <0.0001
< 850 471 (33.3) 180 (21.2) 145 (22.3) 92 (24.6)
850- < 1700 441 (31.1) 256 (30.1) 197 (30.3) 118 (31.6)
1700- < 2500 268 (18.9) 196 (23.1) 129 (19.9) 79 (21.1)
> 2500 236 (16.7) 218 (25.7) 179 (27.5) 85 (22.7)
Smoking status, n (%) 0.4432
Never 303 (21.2) 168 (19.7) 133 (20.4) 65 (17.3)
Former 449 (31.4) 261 (30.5) 213 (32.7) 111 (29.6)
Current 679 (47.4) 425 (49.8) 305 (46.9) 199 (53.1)
Alcohol intake, n (%) 0.0655
Never 289 (20.2) 149 (17.5) 102 (15.7) 71 (18.9)
Former 136 (9.5) 77 (9.0) 53 (8.1) 44 (11.7)
Current 1,006 (70.3) 628 (73.5) 497 (76.2) 261 (69.4)
Physical activity 0.0003
MET® (hours/d) 257 +164° 232+148° 237+15.1° 2324156
BMI (kg/m?) 24.1+3.0° 242+28% 244+30° 24129 0.0338
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Table 1. Baseline characteristics of participants according to egg consumption (n=7,002)" (continued)

Egg consumption per week (servings/week)

Characteristics P-trend
0-<1 1-<2 2-<4 >4
Fasting blood glucose (mmol/L) 50+0.6 50+06 50+05 50+0.6 0.1027
Diabetes status, n (%) 212 (14.8) 98 (11.5) 85 (13.0) 47 (12.5) 0.1317
Nutrient intake
Total energy (kcal/d) 1,880.2 + 582.6" 2,009.5 +551.8° 2,146.3 + 565.5° 2,294.3 + 630.6° <0.0001
Cholesterol (mg/d) 114.7 +81.8 1747 £85.9° 2435+ 112.9° 3482+ 148.9° <0.0001
Fiber (g/d) 65+3.2° 6.7+29° 74+29° 79+35° <0.0001
Food intake (servings/d)
Meat 0.6+0.6 0.7 406" 08+0.7° 0.9+0.8° <0.0001
Fish 1.1£1.1° 15+£1.1° 1714 1.8+ 16° <0.0001
Vegetables 27424 31+22° 37+23° 38+25° <0.0001
Fruit 1.6+ 2.0° 15£19° 1.9+20° 20+23° <0.0001
Dairy 05+07 06+0.8° 0.7+08> 0.7 £0.8° <0.0001
Women (n =3,684) 1,729 904 710 341
Age, yrs 542+9,0° 513+88° 50.1+82° 51.0+8.6™ <0.0001
Residential location, n (%) <0.0001
Ansan (urban) 1,158 (67.0) 390 (43.1) 291 (41.0) 183 (53.7)
Ansung (rural) 571 (33.0) 514 (56.9) 419 (59.0) 158 (46.3)
Educational level, n (%) <0.0001
< 6 years 943 (55.0) 343 (38.1) 220 (31.2) 114 (334)
7- < 12 years 717 (41.8) 495 (55.1) 409 (57.9) 191 (56.0)
> 12 years 54 (3.2) 61 (6.8) 77 (10.9) 36 (10.6)
Household income (US$/mo.), n (%) <0.0001
<850 876 (51.8) 299 (33.7) 205 (29.3) 116 (35.1)
850- < 1700 434 (25.7) 276 (31.1) 218 (31.1) 92 (27.8)
1700- < 2500 228 (13.5) 169 (19.1) 139 (19.8) 65 (19.6)
> 2500 152 (9.0) 143 (16.1) 139 (19.8) 58 (17.5)
Smoking status, n (%) 0.5643
Never 1,614 (94.7) 853 (95.2) 668 (95.4) 317 (95.2)
Former 22 (1.3) 14 (1.6) 8 (1.1) 1 (0.3)
Current 68 (4.0) 29 (32) 24 (35) 15 (4.5)
Alcohol intake, n (%) 0.0572
Never 1,237 (71.9) 647 (71.8) 478 (67.7) 234 (69.2)
Former 54 (3.1) 21 (23) 12 (1.7) 9 (2.7)
Current 430 (25.0) 233 (25.9) 216 (30.6) 95 (28.1)
Physical activity 0.0002
MET (hours/d) 24.1+159° 214+138° 229+ 14.1% 230+ 15.1%°
BMI (kg/m?) 249+33 247 +3.1 246+3.2 25.1+33 0.0529
Fasting blood glucose (mmol/L) 49+05 48+05% 48+05° 48+05® 0.0349
Diabetes status, n (%) 218 (12.6) 89 (9.6) 72 (10.1) 36 (10.6) 0.1110
Nutrient intake
Total energy (kcal/d) 1,721.2+578.7° 1,856.4 + 575.1° 2,034.4+614.1° 2,319.2 + 783.6° <0.0001
Cholesterol (mg/d) 94.3+79.0° 1558+ 73.6° 236.6+ 121.5° 377.5+179.6° <0.0001
Fiber (g/d) 6.6+34 69+3.0° 76+32° 89+4.1° <0.0001
Food intake (servings/d)
Meat 03+04° 0405 0.6+ 0.6° 08+ 1.1 <0.0001
Fish 1.0£12° 13£10° 16+15° 19£17° <0.0001
Vegetables 3.0+29° 33+24° 37+23° 44+25° <0.0001
Fruit 20+24° 22+24° 24425 34+ 40° <0.0001
Dairy 06+0.8° 06+0.7° 08+09° 1.0£1.1° <0.0001

" Data were missing for the following variables: educational level, n = 38; household income, n=103; smoking status, n=58; alcohal intake, n=23; body mass index, n=4,
?Values are means + SD or numbers (percentages).

9 MET: metabolic equivalent of task

b9 Difference in variables among categories were evaluated by a generalized linear model (Tukey's test of multiple comparisons),
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Baseline characteristics of subjects according to cholesterol intake

The characteristics of subjects at baseline according to
cholesterol intake by gender are shown in Table 2. Regardless
of gender, subjects in the highest quartile of cholesterol intake
were younger, more likely to live in a rural area, to be educated,

the risk of type 2 diabetes

have a higher income, and to be inactive than those in the
lowest quartile of cholesterol intake. Also, subjects who were
in the highest quartile had a greater intake of total energy,
cholesterol, fiber, meat, fish, vegetables, fruit, and dairy than
those in the lowest quartile.

Table 2. Baseline characteristics of participants according to quartile categories of cholesterol intake (n=7,002)"

Cholesterol intake

Characteristics P-trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Men (n=3318) 829 830 830 829
Age?, yrs 546 +9.0° 509 +83° 498 +8.1° 50.5 +84° <0.0001
Residential location, n (%) <0.0001
Ansan (urban) 592 (71.4) 370 (44.6) 274 (33.0) 322 (38.8)
Ansung (rural) 237 (28.6) 460 (55.4) 556 (67.0) 507 (61.2)
Educational level, n (%) <0.0001
<6 yrs 272 (329) 155 (18.7) 109 (13.2) 116 (14.1)
7-< 12 yrs 457 (55.3) 482 (58.1) 522 (63.2) 468 (56.9)
>12 yrs 97 (11.8) 192 (23.2) 195 (23.6) 239 (29.0)
Household income (US$/mo.), n (%) <0.0001
<850 369 (45.1) 200 (24.3) 149 (18.1) 170 (20.6)
850- < 1700 254 (31.0) 265 (32.2) 249 (30.2) 244 (29.6)
1700- < 2500 122 (14.9) 188 (22.9) 190 (23.0) 172 (20.9)
> 2500 74 (9.0) 169 (20.6) 237 (287) 238 (28.9)
Smoking status, n (%) 0.6177
Never 176 (21.2) 165 (19.9) 177 (21.4) 151 (18.3)
Former 249 (30.1) 272 (32.8) 253 (30.5) 260 (31.5)
Current 403 (48.7) 392 (47.3) 399 (48.1) 414 (50.2)
Alcohol intake, n (%) 0.0024
Never 176 (21.2) 157 (18.9) 143 (17.2) 135 (16.3)
Former 100 (12.1) 66 (8.0) 73 (8.8) 71 (8.6)
Current 552 (66.7) 605 (73.1) 614 (74.0) 621 (75.1)
Physical activity < 0.0001
MET? (hours/d) 272 £16.7° 240 +154° 225 +154° 238 +15.1°
BMI (kg/m?) 23.7 +3.0° 241 +28° 244 +29° 245 +29° <0.0001
Fasting blood glucose (mmol/L) 49 +06® 50 +05° 51 +05° 50 +0.5® <0.0001
Diabetes status, n (%) 106 (12.8) 97 (11.7) 123 (14.8) 116 (14.0) 0.2548
Nutrient intake
Total energy (kcal/d) 1,6182 +441.8° 1,874.6 +470.7° 2,0905 +471.3° 2,4685 +6209° <0.0001
Cholesterol (mg/d) 56.0 +22.7° 1218 +17.8° 194.8 +26.4° 355.7 +106.4° <0.0001
Fiber (g/d) 55 +26° 6.5 +2.8° 72 +29° 84 +34° <0.0001
Food intake (servings/d)
Meat 02 +0.2° 0.5 +04° 0.8 +05° 12 +09° <0.0001
Fish 0.5 +0.3° 1.0 +06° 1.6 +0.8° 26 £1.7° <0.0001
Vegetables 21 +1.8° 29 +20° 35 +26° 43 +26° <0.0001
Fruit 12 £15° 16 +1.9° 1.7 £19° 23 +24° <0.0001
Dairy 03 +05° 0.5 +0.6° 06 £0.7° 08 +1.0° <0.0001
Women (n =3,684) 221 921 921 921
Age, yrs 56.6 +8.7° 526 +88° 50.6 +8.5° 49.7 +8.1° <0.0001
Residential location, n (%) <0.0001
Ansan (urban) 722 (784) 496 (53.9) 369 (40.1) 435 (47.2)
Ansung (rural) 199 (21.6) 425 (46.1) 552 (59.9) 486 (52.8)
Educational level, n (%) <0.0001
<6 yrs 635 (69.9) 417 (45.4) 312 (34.0) 256 (27.9)
7-<12 yrs 258 (284) 452 (49.2) 533 (58.1) 569 (62.1)
>12 yrs 15 (1.7) 49 (5.4) 72 (7.9) 92 (10.0)
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Table 2. Baseline characteristics of participants according to quartile categories of cholesterol intake (n=7,002)" (continued)

Cholesterol intake

Characteristics P-trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Household income (US$/mo.), n (%) <0.0001
<850 591 (65.7) 375 (414) 283 (31.4) 247 (27.4)
850- < 1700 184 (20.5) 278 (30.6) 287 (31.8) 271 (30.1)
1700- < 2500 82 (9.1) 153 (16.9) 171 (18.9) 195 (21.7)
> 2500 42 (47) 101 (11.1) 162 (17.9) 187 (20.8)
Smoking status, n (%) 0.6010
Never 859 (94.3) 864 (95.7) 868 (95.2) 861 (94.9)
Former 17 (1.9) 8 (0.9) 10 (1.1) 10 (1.1)
Current 35 (3.8) 31 (34) 34 (3.7) 36 (4.0)
Alcohol intake, n (%) 0.0007
Never 691 (75.3) 649 (71.1) 649 (70.7) 607 (66.2)
Former 25 (2.7) 26 (2.8) 26 (2.8) 19 (2.1)
Current 202 (22.0) 238 (26.1) 243 (26.5) 291 (31.7)
Physical activity < 0.0001
MET (hours/d) 253 +16.6° 229 +145° 215 £13.7° 228 +147°
BMI (kg/m?) 249 +35 249 +32 247 +3.1 248 +33 0.6544
Fasting blood glucose (mmol/L) 49 +0.5 48 +0.5 48 +£0.5 48 +£0.5 0.1308
Diabetes status, n (%) 132 (14.3) 102 (11.1) 82 (89) 99 (10.8) 0.0028
Nutrient intake
Total energy (kcal/d) 1,497.9 +461.6° 1,7129 +472.2° 1,913.9 +536.1° 2,355.6 +695.8° <0.0001
Cholesterol (mg/d) 39.3 +185° 99.6 +183° 171.8 +24.9° 341.4 +133.9° <0.0001
Fiber (g/d) 57 +2.9° 6.5 +3.0° 73 +3.1° 89 +37° <0.0001
Food intake (servings/d)
Meat 0.1 +0.1° 03 +03° 0.5 +04° 09 +09° <0.0001
Fish 03 +0.3° 0.8 +0.5° 14 £0.8° 24 +19° <0.0001
Vegetable 22 +2.1° 3.1 +26° 38 +2.5° 48 +28° <0.0001
Fruit 16 £2.0° 19 £2.1° 25 +2.7° 32 +33¢ <0.0001
Dairy 03 +05° 06 +0.7° 08 +0.8° 1.1 +1.1¢ <0.0001

Y Data were missing for the following variables: educational level, n=38; household income, n=103; smoking status, n=58; alcohal intake, n=23; body mass index, n=4,
?'Values are means + SD or numbers (percentages),

9 MET: metabolic equivalent of task

2559 Differences in variables among categories were examined by a generalized linear model (Tukey’s test of multiple comparisons).

Table 3. Hazard ratios (HRs) and 95% confidence intervals (Cls) for the risk of incident type 2 diabetes according to egg consumption

Egg consumption (servings/week)

o<1 1-<2 2<4 >4 Prrend
Men
No. of subjects (No. of cases) 1,432 (212) 856 (98) 653 (85) 377 (47)
Model 1 1.00 0.78 (0.61-0.99) 0.86 (0.66-1.10) 0.83 (0.61-1.15) 0.1349
Model 2 1.00 0.81 (0.64-1.04) 0.85 (0.66-1.10) 0.85 (0.61-1.17) 0.1656
Model 3 1.00 0.71 (0.47-1.05) 0.60 (0.37-0.97) 0.62 (0.33-1.17) 0.0342
Women
No. of subjects (No. of cases) 1,729 (218) 904 (89) 710 (72) 341 (36)
Model 1 1.00 0.88 (0.69-1.13) 0.93 (0.71-1.22) 0.96 (0.67-1.37) 0.6022
Model 2 1.00 0.95 (0.73-1.22) 0.92 (0.69-1.23) 0.95 (0.66-1.36) 0.5744
Model 3 1.00 1.10 (0.74-1.62) 0.83 (0.48-1.44) 0.61 (0.27-1.37) 0.2986
Model 1 was adjusted for age,
Model 2 was adjusted for age, BMI, residential location, education level, household income, smoking status, alcohol intake, and physical activity,
Model 3 was adjusted for covariates included in model 2 plus intake of total energy, cholesterol, fiber, meat, fish, vegetables, fruit, and dairy,
Association of egg consumption with type 2 diabetes consumers (2- < 4 servings/week) than infrequent egg consumers
The risks of developing type 2 diabetes according to egg (0- < 1 serving/week) (HR =0.60, 95% Cl = 0.37-0.97). The risk for
consumption by gender are shown in Table 3. In men, the risk type 2 diabetes tended to decrease in egg consumers who had

for developing type 2 diabetes was 40% lower in frequent egg = 4 servings/week compared with infrequent egg consumers
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Table 4. Hazard ratios (HRs) and 95% confidence intervals (Cls) for the risk of incident type 2 diabetes according to quartile categories of cholesterol intake

Cholesterol intake

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Prirend
Men (range of intake) (0.09-90.45) (90.49-154.11) (154.16-247.05) (247.05-1,145.84)
No. of subjects (No. of cases) 829 (106) 830 (97) 830 (123) 829 (116)
Model 1 1.00 0.92 (0.70-1.22) 1.21 (0.93-1.58) 1.14 (0.87-1.48) 0.1291
Model 2 1.00 0.97 (0.73-1.29) 1.27 (0.97-1.68) 1.15 (0.87-1.51) 0.1408
Model 3 1.00 0.92 (0.57-1.47) 1.21 (0.71-2.07) 1.39 (0.70-2.73) 0.2913
Women (range of intake) (0.00- 69.8) (69.83-131.76) (132.15- 219.71) (219.94-1,452.6)
No. of subjects (No. of cases) 921 (132) 921 (102) 921 (82) 921 (99)
Model 1 1.00 0.88 (0.68-1.14) 0.79 (0.60-1.05) 0.99 (0.76-1.30) 0.7337
Model 2 1.00 0.87 (0.66-1.14) 0.82 (0.61-1.11) 0.96 (0.72-1.28) 0.6946
Model 3 1.00 0.95 (0.62-1.44) 0.69 (0.39-1.20) 0.96 (0.44-2.12) 0.4519

Model 1 was adjusted for age,

Model 2 was adjusted for age, BMI, residential location, education level, household income, smoking status, alcohol intake, and physical activity,
Model 3 was adjusted for covariates included in model 3 plus intake of total energy, fiber, meat, fish, vegetables, fruit, dairy, and eggs.

(0- < 1 serving/week), but this difference was not significant. No
association was observed between egg consumption and the
incidence of type 2 diabetes in women (HR=0.61, 95% Cl =
0.27-1.37, P =0.2986).

Association of cholesterol intake with type 2 diabetes

The risk of developing type 2 diabetes according to quartile
categories of cholesterol intake by gender are shown in Table
4. There was no association between cholesterol intake and risk
of incident type 2 diabetes in either men or women.

DISCUSSION

Frequent egg consumption (2-<4 servings/week) was
associated with a 40% lower risk of developing type 2 diabetes
than infrequent egg consumption (0-<1 serving/week) in
middle-aged and older Korean men after adjusting for potential
confounders, whereas no significant association was observed
between egg consumption and the risk of incident type 2
diabetes in Korean women. Cholesterol intake was not
significantly associated with the risk of incident type 2 diabetes
in either sex. These results suggest that high egg consumption
may be an independent risk factor that protects against the
development of type 2 diabetes, and that there may be gender
differences between dietary factors and the risk of type 2
diabetes in Korean adults.

These findings are consistent with the results from one
previous study. In a cohort study, higher egg intake (> 45 g/d)
was associated with a 45% lower risk of incident type 2 diabetes
than low egg intake (< 14 g/d) after adjusting for confounding
factors including dietary cholesterol in middle-aged and older
Finish men aged 42-60 years during 19 years of follow-up [10].
Results from other studies are, however, inconsistent with our
findings. In a prospective study using data from the Physician’s
Health Study with a follow-up of 20 years and the Women's
Health Study with follow up of 11.7 years, men aged = 40 years
and women aged = 45 years old who were daily egg consumers
(=7 servings/week) had a 58% and 77% increased risk of
developing type 2 diabetes, respectively, compared with no-egg
consumers after adjustment for potential confounding factors

[11]. Other cohort studies have reported no relationship
between egg intake and type 2 diabetes [14,31]. These studies
cannot be compared directly because there are differences in
study design, egg consumption level, and age, gender, and
ethnicity of subjects among studies. Different results may be
due to different egg intake levels among ethnic groups. Egg
intake in Asian populations may be lower than intake in
populations from Western countries. In a study of a Western
population, the risk of type 2 diabetes increased with egg
consumption of =7 servings per week [11], but only a few
subjects in our study ate this quantity of eggs per week; thus,
the relatively lower egg consumption in our study (= 4 servings
per week) may have had a favorable effect on type 2 diabetes.
Average egg intake was 16.5 g/day in our study, whereas egg
intake averaged 30 g/day in a Western population [12]. In
addition, differences in dietary habits related to egg consumption,
which may be related to the risk of type 2 diabetes, could affect
the results. In many countries, eggs are generally consumed
as part of a mixed dish [10]. In Western countries, eggs are
commonly eaten with processed meats such as sausage, bacon,
or burgers, which are themselves associated with a higher risk
of type 2 diabetes [32]. However, in Korea, middle-aged and
older Korean men do not commonly eat processed meats with
eggs. In Korea, eggs are often consumed with ‘banchan,” which
refers to various side dishes usually consumed with rice; eggs
are also often consumed in isolation as a boiled or baked egg.
Thus, differences in dietary habits among different ethnic
groups could affect the relationship between egg intake and
incident type 2 diabetes. It would be interesting to explore
Korean dietary patterns associated with the risk of type 2
diabetes in a prospective study.

The potential protective mechanisms of egg consumption on
lowering the risk of type 2 diabetes may be explained by various
components in eggs. Eggs, especially egg yolks, contain a lot
of nutrients that have a favorable effect on health such as high
quality proteins, PUFAs, minerals, and vitamins [33]. In addition
to these nutrients, eggs may also contain many bioactive
compounds such as phosphatidylcholine and carotenoids such
as zeaxanthin and lutein, which have anti-inflammatory chara-
cteristics [34-36]. An inverse association between egg intake and
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the risk of type 2 diabetes could be explained by the beneficial
effects of these nutrients and food components on glucose
metabolism. In a clinical trial, daily consumption of two eggs/day
in a high protein and high cholesterol diet (containing 400 mg
cholesterol) for 12 weeks reduced fasting glucose concentra-
tions by 0.32 mmol/L compared to a similar amount of animal
protein (100 g of chicken, meat, or fish) in a diet that was low
in both saturated fat and cholesterol in individuals with type
2 diabetes [37].

Interestingly, there was a negative association between egg
consumption and the risk of diabetes in men only, suggesting
that gender is an important factor that affects the relationship
between diet and the risk of type 2 diabetes. It is not clear
yet why the relationship between diet and disease risk differs
between men and women. One possible explanation is that sex
steroid hormones may lead to the gender differences. For
instance, androgens such as testosterone and dihydrotes-
tosterone have been shown to be inversely related to the risk
of developing diabetes in middle-aged or older men in
prospective cohort studies [38,39]. High levels of androgens
may protect against insulin resistance and reduce the risk of
diabetes by reducing fat mass [40,41] or by influencing insulin
resistance independent of adiposity [42]. Another explanation
is that gender differences may be due to sex-specific food
preferences and dietary habits in relation to type 2 diabetes.
Generally, men prefer animal foods such as meat and fish
(sources of fat including cholesterol) to vegetables, fruit, or dairy
and thus consume higher quantities of fat and cholesterol and
less fiber than women. Furthermore, men consume less of a
variety of food groups and thus have lower quality diets than
women [43,44]. In our study, women had higher scores for
healthy dietary patterns i.e. they consumed various food groups
such as vegetables, mushrooms, fish, potatoes, and seaweed
compared with men, whereas men had higher scores for
westernized dietary patterns including consumption of bread,
pizza, hamburgers, cereals, snacks, and meat compared with
women (data not shown). The healthier diet of women could
attenuate the favorable impact of egg intake on the risk of type
2 diabetes. Vitale et al. [43] reported that women consumed
more vegetables, fruits, legumes, milk, eggs, and vegetable oils,
whereas men consumed more soft drinks, starchy foods, and
alcoholic beverages, suggesting gender differences in dietary
habits in middle-aged and older adults.

A major strength of the study is that this is the first study
to report a cause-effect relationship between egg consumption
and the risk of developing type 2 diabetes in an Asian
population and to reveal gender differences in this association
based on analyses of data from a large population-based cohort
with a long follow up period (=14 y). By using average egg
intake from two FFQs (baseline and follow-up), random error
due to dietary changes during follow-up and within-person
variation were minimized. In addition, standardized protocols
were used to obtain data on exposure and outcome and the
sample size was large.

The study also had several limitations. First, egg consumption
included whole eggs only, but egg consumption from egg
mixed dishes such as breads and cakes was not measured.
Second, information on how the eggs were cooked was not

collected, so we could not determine if the relationships we
found differed according to cooking method (e.g. boiled eggs
vs. fried eggs). Finally, residual confounders or unmeasured
confounders such as saturated fatty acids, trans fatty acids, and
family history of diabetes that could affect the risk of type 2
diabetes might have affected the results.

In conclusion, low egg intake was related to increased risk
of developing type 2 diabetes in middle-aged and older Korean
men but not women, suggesting gender differences in the
association between diet and the risk of type 2 diabetes. Dietary
recommendations to limit egg intake should be re-considered
in the general population. In addition, gender differences
should be considered when making dietary recommendations
for the prevention and management of chronic diseases.
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