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IIEJIb. HecmoTps Ha TO, YTO OBLIN OIYOJIMKOBAHBI OTPAaHUYEHHBIE U ITPOTHBOPEUHBHIE
JIAHHBIE O CBSA3H MEXKAY JUETHYECKUM X0JIECTEPUHOM WJIH ITOTPeOIEHUEM ST U
[JTIOKO30U HATOIIAK, HU OJTHO U3 IPEeAbIAYIINX UCCIeOBAHUN He U3y4asIo CBSA3b MEXK/IY
oTpebIeHNeM sSIUIL U UAOEeTOM 2 TUIIa. ITOT MPOEKT ObLI HAIIPpaBJIeH HA U3YYEHHE CBSI3HU
MEXXIy IOTpebJIeHHeM STUI] M PUCKOM JirabeTa 2 TUIIA B IBYX OOJIBIITUX IMEPCIEKTUBHBIX
KOTOpTax.

JIn3aiiH 1 MeTObI MCCEeA0OBaHUA. B 5TOM MPOCIIEKTUBHOM HCCJIEIOBAHUN MBI
HCIIOJIb30BAJIH JJAHHBIE IBYX 3aBEPIIIEHHBIX PAHIOMU3UPOBAaHHBIX UCCIEA0BAHUN: 20 703
MY>KYUH U3 UCCJIeIOBaHUA «310pOBbe Bpauel I» (1982—2007 rT.) U 36 295 KEHIIUH U3
HCCJIEIOBAHUSA «30POBbE JKEHIMUH» (1992—2007 IT.). [loTpebenue suIy ObLIO
YCTaHOBJIEHO C IIOMOIIIBIO AHKET, ¥ MbI UCIIOJIb30BAI MOJEJTh IIPOIIOPIIMOHATBHBIX
puckoB Kokca /ij1s1 OlleHKH OTHOCHTEIbHBIX PHCKOB JabeTa 2 TUIIa.

PE3YJ/IBTATBI. B TeueHue cpe/iHero nepuojia HabIoAeHus 20,0 JieT Y My>K4YUH U 11,7
JIET y KEHIIH y 1921 MY>KUHHBI U 2112 KeHIITUH pa3BuIcsa auaber 2 tuna. [To
CpPaBHEHUIO C OTCYTCTBHUEM IIOTpeOJIeHUS NI, MHOTOBaPUAHTHbBIE CKOPPEKTHPOBAHHBIE
OTHOIIIEHUS PUCKOB JIUIs AuabeTa 2 TUIa coctaBwiu 1,09 (95% AU 0,87-1,37), 1,09
(0,88-1,34), 1,18 (0,95-1,45), 1,46 (1,14—1,86) u 1,58 (1,25). —2.01) ipu toTpebIeHNN <1,
1, 2—4, 5—6 U >7 AUI B HEJIEJII0, COOTBETCTBEHHO, My>KunHaMu (P 11 TeHieHIun
<0,0001). COOTBETCTBYIOII[IE MHOTOMEPHBIE OTHOIIIEHUSI PUCKOB JIJISI YKEHIIIUH
cocTaBwiIu 1,06 (0,92—1,22), 0,97 (0,83—-1,12), 1,19 (1,03-1,38), 1,18 (0,88-1,58) u 1,77
(1,28-2,43), cooTBeTcTBeHHO ( P 171 TpeH1a <0,0001). ).
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BbBIBO/IBI. 9tu faHHbIe CBU/IETETLCTBYIOT O TOM, YTO BBICOKUU ypPOBEHD ITOTPEOIeHUA
AuIl (e:KeTHEBHO) CBSA3aH C TOBBIIIIEHHBIM PUCKOM JuabeTa 2 THUIA Y MYKYUH U YKEHIIHH.
IToxTBepxeHne 3TUX Pe3yJIbTaTOB B PYTUX IONYJIANNAX ABJIAETCA OIPABJAHHBIM.

JlnabeT 2 THIa MUPOKO PACIPOCTPAHEH U CBSA3aH C BBICOKMMU 3aTpaTaMH Ha
37IpaBOOXpAHEHUE U CONUATLHBIM OpeMeHeM ( 1 ). [ToaTomMy Ba’KHO OIpPeeTUuTh
TIO/I/TAI0IIMECsS U3MEHEHUIO (PAKTOPHI PUCKA, KOTOPbhIE MOTYT IIOMOYb CHU3UTH PUCK
nuabera 2 Tumna. fia SBIA0TCSI He TOJIbKO OCHOBHBIMH HCTOUYHHKAMU ITHILEBOTO
xoJiectepuHa (~ 200 MT / SIHI0), HO TAKIKe COJIEPKAT APYTHE BasKHbIE TUTATEIbHbIE
BEIECTBA, TAKHE KAaK MUHEPAJIbl, BATAMHHBI, O€JIKH, KADOTHHOU/IBI, a TAKIKE
HAaCBIIIleHHbIE (~ 1,5 T / AHII0), TOJTMHEHACHIIIEHHBIE (~ 0,7 T / AUI0) , 1
MOHOHEHAaCHIIMeHHbIE (~ 1,9 T / IUI10) )KUPHbIE KUCJIOTHI ( 2, 3 ). [[puHHMAas Bo
BHUMAaHHE, YTO HEKOTOPbIE U3 3TUX ITUTATEIbHBIX BEIIECTB ObLJIH CBSI3aHBI C
MIOBBIIIIEHHBIM PUCKOM JiiabeTra 2 Tumna (HalpuMep, HachIIleHHbIE YKUPHI U XOJIECTEPHUH [
4, 5]), Apyrue nmuTaTeIbHBIE BEIECTBA MOTYT CHU3UTH PUCK Auabera 2 Tumna (Hampumep,
TTOJIMHEHACHIITIIEHHbIE YKUPHI [ 4 ]).

[IpuHuMas BO BHUMaHUe, YTO NOTpebseHne NIl He ObLIO CBA3AHO C UIIEMUYECKOU
6ose3nblo cepana (MBC) unu uncynproM B 1iesioMm, Hu et al. (6 ) coobmmmm o
JIByKpaTHOM MoBbIlieHnH pricka MIBC mpu ynorpebieHnH siuil 60Jiee 0JTHOTO pasa B
HEJIETI0 CPeIN MY>KYIHH C JUAa0eTOM 2 THIIA B ITOCIIE/YIOEM UCCIIeIOBAaHUH
MEIUITTHCKUX CIIENNAINCTOB U 0 moBbImeHnu pucka MBC Ha 49% cpeay »KeHIWH B
HCCJIE/TOBAHUHM 3/IOPOBbsI M€JICECTED. 10 CPAaBHEHHUIO C ITOTpebIeHHeM MeHee OJTHOTO pasa
B Hefiesio. Kpome Toro, MbI cooOIIIMIN 00 aHAJIOTUYHBIX PEe3yJIbTaTaX y aMePUKAHCKUX
Bpauer-My>KYHH ¢ I1abeToM 2 THUIIa, HO He Yy IaleHToB 0e3 quabera 2 Tumna ( 7),
MpeAIiosaras, 4To YacToe yIoTpebieHne SSUIl MOKET UMEeTh HETaTUBHBIE TIOC/IECTBUS
JULSL 37I0POBbA JII0/IeH ¢ uabetom 2 tumna. OHaKO HEU3BECTHO, YBETUIUBAET JIN
rotpebJIeHHe STUI] PUCK caMoTo JinabeTa 2 Tuma. B akcepuMeHTax Ha JKUBOTHBIX OBLIO
IIOKa3aHO, YTO JIeTa, boraTasi >KUpPaMU, BbI3bIBAET THIIEPTJINKEMUIO 1
runepuHcyimHeMuto ( 8 ). Kpome Toro, auera, oborareHHas SMYHBIM KEJITKOM, ObL1a
CBsI3aHA C TOBBIIIIEHHBIM YPOBHEM TJIIOKO3bI B IJIa3Me 10 CPABHEHUIO ¢ KOHTPOJIbHOM
nuetolt y kpeic ( 9 ). [lanuble uccnenoBanusa Zutphen ( 10) ykazaau Ha MOJIOKUTETHHYIO
CBSI3b MEXK/Ty IIOTPEOIEHHNEM SUIL UJIX ITUIIEBBIM X0JIeCTEPHHOM M TJIFOKO301 HATOIIIAK.
OpHako B paHIOMHU3UPOBAHHOM HCCJIEIOBAHUH 28 MaIeHTOB ¢ H30BITOYHBIM BECOM HJIH
O’KUPEHHEM, COOTIOIAIONINX JUETY C OTPAaHUUEHUEM YTJIEBOJOB, ITOTPeOJIEHNE TPEX SUII B
JIeHb He BJIUSJIO Ha YPOBEHD IVIIOKO3bI HATOIIAK IO CPABHEHUIO C BO3/Iep;KaHUEM OT SUIT (
11 ). Texy1ye JaHHBIE O BJIMSHUY TUIIEBOTO X0JIECTEPHUHA Ha YPOBEHD X0JIECTEPUHA B
CHIBOPOTKE IIPOTHUBOPEUUBBI: OT IOJIOKUTETBHBIX acCOIHANK (2 , 12 ) 10 OTCYTCTBUS
addexra (12 - 14 ), YTO OTIYACTH MOKET OBITHh CBA3aHO ¢ OOJIBIION BaprabeTbHOCTHIO
WHAUBUAYATLHOU PEaKIMU Ha JUETHUECKUH XoJiecTepuH ( 14). , 15 ).

To our knowledge, no previous study has examined the association between egg
consumption and the incidence of type 2 diabetes in a large prospective cohort of men
and women. Because eggs can serve as a good source for vitamins, proteins, and other
nutrients in the U.S., it is important to determine the net degree of benefit and harm of
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egg consumption on the risk of type 2 diabetes. The current study examines the
association between egg consumption and incident type 2 diabetes among men and
women who participated in two large completed randomized control trials.

Go to:

RESEARCH DESIGN AND METHODS

We used data from the Physicians’ Health Study (PHS) I and the Women's Health Study
(WHS), two completed randomized, double-blind, placebo-controlled trials designed to
study the effects of aspirin and -carotene (PHS) or low-dose aspirin and vitamin E
(WHS) in the prevention of cardiovascular disease and cancer. Detailed description of the
PHS I and WHS has been published previously (16—18). Briefly, a total of 22,071 U.S.
male physicians aged >40 years at entry (1982) were randomized using a 2x2 factorial
design to aspirin (325 mg every other day), f-carotene (50 mg every other day), or their
corresponding placebos. Similarly, 39,876 female health professionals aged >45 years at
entry (1992—1995) were randomized to low-dose aspirin (100 mg on alternate days),
vitamin E (600 IU on alternate days), or their corresponding placebos. Each participant
gave written informed consent, and the institutional review board at Brigham and
Women's Hospital approved both study protocols. For the present analyses, we excluded
1,368 men because of prevalent type 2 diabetes (n = 641), missing data on egg
consumption (n = 365), or missing data on potential confounders: smoking, alcohol
intake, BMI, exercise, hypertension, and fruits and vegetables (n = 362). Among women,
we excluded 3,581 because of prevalent type 2 diabetes (n = 1,171), missing data on egg
consumption (n = 852), or missing data on potential confounders: BMI, exercise,
smoking, energy intake, fruits and vegetables, nutrients, alcohol consumption, and
hypertension (n = 1,558). Thus, a final sample of 20,703 men and 36,295 women was
used in the current analyses.

Egg consumption

Among men, information on egg consumption was self-reported at baseline using a
simple abbreviated semiquantitative food-frequency questionnaire. Participants were
asked to report how often, on average, they had eaten one egg during the past year.
Possible response categories included “rarely/never,” “1—3/month,” “1/week,” “2—
4/week,” “5—-6/week,” “daily,” and “2+/day.” This information was obtained at baseline
and at 24, 48, 72, 96, and 120 months after randomization. Among women, information
on egg consumption was self-reported using a 131-item validated food-frequency
questionnaire (19) at baseline. Women were asked to report their average consumption of
eggs over the past year. Possible response categories were “Never or <1/month,” “1—
3/month,” “1/week,” “2—4/week,” “5—6/week,” “1/day,” “2—3/day,” “4—5/day,” and
“6+/day.” Because very few subjects consumed one or more eggs per day (7.8% for men
and 1.0% for women), we combined categories of one per day and beyond for stable
estimates. The validity of food-frequency questionnaires in similar populations has been
published elsewhere (19,20). The correlation of egg consumption with dietary cholesterol
was 0.61 (P < 0.0001) and with saturated fat among women was 0.26 (P < 0.0001).
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Ascertainment of incident type 2 diabetes

Type 2 diabetes was ascertained by self-report on annual follow-up questionnaires in both
men and women. Follow-up and ascertainment of type 2 diabetes cases were completed in
March 2007. Because all men were physicians, self-report was deemed sufficient. Among
the female health professionals, self-reports of type 2 diabetes were validated using
American Diabetes Association criteria, for which additional information was obtained
using telephone interviews, supplemental questionnaires, or review of medical records
from treating physicians (21,22). Overall, the positive predictive value for type 2 diabetes
validation was 91% (21).

Other variables

Demographic data were collected at baseline. In addition, information on prevalence of
hypertension, hypercholesterolemia, family history of diabetes (WHS only), smoking,
exercise, and alcohol consumption was obtained at baseline. Whereas limited data on
foods were available in men, detailed dietary information was collected in the WHS,
allowing estimation of energy intake and nutrients.

Statistical analyses

We classified each subject according to the following categories of egg consumption per
week: 0, <1, 1, 2—4, 5—6, and >7. We computed person-time of follow-up from baseline
until the first occurrence of 1) type 2 diabetes, 2) death, or 3) censoring date, the date of
receipt of the last follow-up questionnaire (March 2007). Within each egg-consumption
group, we calculated the incidence rate of type 2 diabetes by dividing the number of cases
by the corresponding person-time. We used Cox proportional hazard models to compute
multivariable adjusted hazard ratios (HRs) with corresponding 95% CIs using subjects in
the lowest category of egg consumption as the reference group. The initial model adjusted
for age, whereas the multivariable model controlled for age (continuous), BMI (<25, 25—
29, >30 kg/m?), smoking (never, former, and current smokers), alcohol consumption (0,
1—3 drinks/month, 1-6 drinks/week, >1 drinks/day), physical activity (vigorous exercise
0, <1, 1-3, =4 times per week in men and quintiles of kilocalories per week expended in
leisure-time physical activity in women), and history of hypercholesterolemia and
hypertension. Because detailed information on diet and family history was available for
women, the multivariable model in women also adjusted for family history of diabetes,
energy intake (quintiles), intake of fruits and vegetables (quintiles), red meat
consumption (<0.5, 0.5—0.9, and >1 serving/day), and intake of polyunsaturated fats
(quintiles), saturated fats (quintiles), and trans fats (quintiles). To examine whether the
relation between egg and diabetes was mediated by dietary cholesterol, we evaluated the
risk of diabetes associated with dietary cholesterol and also included dietary cholesterol in
the multivariable model in women. A similar approach was used for saturated fat. A P
value for linear trend was obtained by fitting a continuous variable that assigned the
median egg consumption in each egg category in a Cox regression model.
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In secondary analyses, we examined possible effect modification by prevalent
hypercholesterolemia (yes/no) and amount of energy from carbohydrate (low vs. high),
using median energy from carbohydrate as cut point in women only, where data were
available. We tested for statistical interaction by including the main effects and the
product terms between egg consumption and hypercholesterolemia in a hierarchical Cox
regression model (PROC TPHREG in SAS). We also conducted sensitivity analyses by
excluding subjects with less than 2 years of follow-up. We repeated the main analysis
using updated egg consumption at 24, 48, 72, 96, and 120 months in a time-dependent
Cox model in men only, where repeated measures on egg consumption were available.
Lastly, we used generalized linear models and polytomous logistic regression to impute
missing values for continuous and categorical variables, respectively. All analyses were
completed using SAS (version 9; SAS Institute, Cary, NC). Significance level was set at
0.05.

Go to:

RESULTS

The mean + SD age at randomization was 53.5 + 9.4 years (range 39.7—85.9) in the PHS I
and 54.5 + 7.0 years (38.7—-89.9) in the WHS. Among egg consumers, the median egg
consumption was approximately one egg per week in men and women. Table 1 presents
baseline characteristics of the study participants. Frequent consumption of eggs was
associated with higher BMI, higher proportion of current smoking, higher prevalence of
hypertension, and lower prevalence of hypercholesterolemia. In addition, frequent
consumption of eggs was associated with older age and more alcohol consumption in men
and higher energy intake, as well as intakes of saturated and trans fatty acids, and dietary
cholesterol in women.

Table 1

Baseline characteristics of 20,703 men and 36,295 women according to egg consumption

Eggs per week

0 <1 1 2-4 5-6 27
Men
n 1,430 3,025 6,466 6,792 1,378 1,612
Age (years) 53.1+9.2 52.8 + 532+ 534+ 53.8 ¢ 56.4 +
9.3 9.3 9.4 9.3 10.0
BMI (kg/m?) 24127 246 + 247 249+ 251+ 249 +
26 2.7 2.7 29 3.1
Fruits and vegetables 152184 141+ 14.8 £ 153 ¢ 15.8 £ 17.0 £
per week 7.4 71 6.9 7.4 8.5

5/13


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2628696/table/t1/

Eggs per week

0 <1 1 2-4 5-6 27
Whole milk 16.7 31.1 37.1 42.8 50.9 54.2
Skim milk 60.8 61.9 67.7 65.9 61.4 53.5
Nut intake” 72.2 77.9 80.4 81.8 82.7 77.8
Breakfast cereal 60.7 62.1 74.2 7.7 74.2 58.9
Smoking 6.4 8.8 9.8 12.0 14.6 16.8
Never smokers 56.9 51.0 51.1 48.6 46.9 41.6
Exercise 84.4 86.2 87.4 87.6 87.4 84.9
Current drinkers of 21 21.5 23.3 23.9 25.8 26.4 30.7
per day
Hypertension 22.8 20.3 22.8 22.9 24.7 26.2
High cholesterol 14.6 12.9 12.0 11.1 10.4 10.4
Women
n 6,381 10,758 9,222 8,921 647 366
Age (years) 552+7.2 543 + 54.4 + 545+ 54.6 + 551+
7.0 6.9 7.0 7.0 7.2
BMI (kg/m?) 251+46 25.7 258+ 26.6 £ 274 + 269+
4.8 4.8 5.2 6.0 6.0
Fruits and vegetables 6.2+3.6 57+32 60+31 63+31 64+35 6438
per week
Red meat 0.45 + 0.62 + 0.75 £ 0.93 115+ 1.26 =
(servings/day) 0.45 0.46 0.49 0.59 0.76 0.83
Energy intake (kcal/day) 1,547 + 1,614 1,758 1,925 + 2,043 £ 2,072 +
506 498 503 530 585 605
Exercise (kcal/week) 1,078 + 931 911 % 882 833 800
1,282 1,172 1,145 1,104 1,073 1,040
Dietary cholesterol 017 0.20 £ 0.22 £ 0.28 £ 0.35% 0.44
(g/day)’ 0.06 0.05 0.05 0.05 0.07 0.15
Trans fat (g/day)t 1.95+1.11 228+ 235+ 240+ 255+ 241+
1.08 1.01 1.00 1.1 0.98
Polyunsaturated fat 10.6 £ 3.2 110+ 1.2+ 114+ 118+ 119+
(g/day)T 29 2.7 2.7 2.8 3.1
Saturated fat (g/day)t 17.3+5.2 194 + 20.0 £ 209+ 224 + 231+
4.7 4.40 4.4 4.8 5.5
Smoking 10.8 121 11.8 15.3 19.8 23.5
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Eggs per week

0 <1 1 2-4 5-6 27
Current drinkers of 21 10.2 9.8 10.8 11.5 10.5 10.4
per day
Hypertension 24.7 23.6 23.4 26.6 29.5 271
High cholesterol 38.0 28.9 26.4 253 26.1 19.1
Family history of 246 24.2 241 25.9 27.5 23.5
diabetes

Open in a separate window

A total of 1,921 new cases of type 2 diabetes were documented in men during a mean
follow-up of 20.0 years. Among women, 2,112 new cases of type 2 diabetes occurred
during a mean follow-up of 11.7 years. From the lowest to the highest category of egg
consumption, crude incidence rates of diabetes were 35.8, 41.3, 42.7, 46.8, 62.4, and 67.0
cases per 10,000 person-years in the PHS I. A similar increase in rates of type 2 diabetes
with egg consumption was observed in women, with corresponding crude incidence rates
of 39.6, 45.8, 43.3, 64.8, 76.8, and 112.7 cases per 10,000 person-years, respectively.
Whereas consumption of up to one egg per week was generally not associated with an
increased risk of type 2 diabetes in either sex in multivariate analyses, more frequent
consumption of eggs was associated with an increased risk of type 2 diabetes (Table 2).
Compared with subjects who did not report egg consumption, intake of seven or more
eggs per week was associated with a 58% increased risk of type 2 diabetes in men and a
77% increased risk of type 2 diabetes in women after adjustment for potential
confounders (Table 2). Updating egg consumption using time-dependent Cox regression
(PHS I) yielded a stronger relation between egg consumption and incident type 2 diabetes
in men with HRs of 1.0 (reference), 1.10 (95% CI 0.99—1.23), 1.31 (1.16—1.47), 1.40 (1.10—
1.77), 1.77 (1.39—2.26), and 1.99 (1.23—3.23), from the lowest to the highest category of
egg consumption, respectively, using a multivariable model as above (this was not done
for women due to lack of updated information on egg consumption). Lastly, exclusion of
subjects with follow-up time <2 years in either cohort did not alter the results (P for trend
<0.0001 in men and 0.0001 in women).

Table 2

HR (95% CI) of type 2 diabetes according to egg consumption in men and women

Men Women

n Age adjusted Model 1" n Age adjusted Model 11

Egg intake per
week
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Men Women

n Age adjusted Model 1" n Age adjusted Model 17
0 104 1.0 1.0 295 1.0 1.0
<1 254 1.16 (0.92- 1.09 (0.87- 576 1.16 (1.01- 1.06 (0.92—
1.45) 1.37) 1.34) 1.22)
1 560 1.19 (0.96— 1.09 (0.88- 470 1.10 (0.95- 0.97 (0.83—
1.46) 1.34) 1.27) 1.12)
2-4 637 1.30 (1.06- 1.18 (0.95- 669 1.65 (1.44- 1.19 (1.03-
1.61) 1.45) 1.89) 1.38)
5-6 169 1.73 (1.36- 1.46 (1.14- 56 1.97 (1.48- 1.18 (0.88—
2.21) 1.86) 2.63) 1.58)
27 197 1.82 (1.44— 1.58 (1.25- 46 2.88 (2.11- 1.77 (1.28-
2.31) 2.01) 3.94) 2.43)
P for trend <0.0001 <0.0001 <0.0001 <0.0001

Dietary cholesterol was positively associated with the risk of diabetes (multivariable
adjusted HR 1.00 [reference], 0.94 [95% CI 0.80-1.11], 1.03 [0.88—-1.21], 1.07 [0.91—-1.25],
and 1.28 [1.10—1.50], from the lowest to the highest quintile of dietary cholesterol,
respectively (P for trend <0.0001). Additional adjustment for dietary cholesterol in
women attenuated the point estimates in the multivariable model with corresponding
HRs of 1.00 (reference), 1.05 (0.91—1.21), 0.94 (0.80-1.10), 1.07 (0.90—1.27), 1.00 (0.73—
1.37), and 1.49 (1.06—2.09), respectively (P for trend = 0.10). However, saturated fat was
not associated with type 2 diabetes (multivariable adjusted HR 1.0, 1.03 [0.87-1.21], 1.00
[0.84-1.19], 1.00 [0.84—-1.20], and 1.10 [0.92—-1.33], from the lowest to highest quintile of
energy-adjusted saturated fat, respectively). Additional control for saturated fat did not
alter the results (e.g., HR of 1.78 [1.30—2.45] without and 1.77 [1.28—2.43] with additional
control for saturated fat, comparing the highest with the lowest egg consumption
categories). Imputing missing data did not change the findings (online appendix Table A1,

available at http://dx.doi.org/10.2337/dco8-1271).

In a secondary analysis stratified by prevalent hypercholesterolemia at baseline (Table 3),
similar patterns were observed in subjects of either sex with and without
hypercholesterolemia (P for interaction 0.37 for men and 0.13 for women). Similar
relations were observed between egg consumption and type 2 diabetes when data were
stratified by low energy from carbohydrate (P for linear trend = 0.0004 for low energy
from carbohydrate and 0.12 for high energy from carbohydrate) in women only (data were
not available to estimate carbohydrate intake in men), and these findings were not altered
when restricted to overweight or obese subjects (online appendix Table A2).

Table 3
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Hazard ratios of diabetes according to prevalent hypercholesterolemia and egg
consumption

Men Women
Normal High or treated Normal High or treated
cholesterol cholesterol cholesterol cholesterol
Egg consumption
per week
0 1.0 1.0 1.0 1.0
<1 1.09 (0.84- 1.11 (0.70-1.74) 1.11 (0.91- 1.02 (0.83-1.25)
1.42) 1.37)
1 1.03 (0.80- 1.28 (0.84-1.94) 1.00 (0.80- 0.98 (0.79-1.22)
1.31) 1.24)
2-4 1.16 (0.92- 1.19 (0.79-1.81) 1.26 (1.02- 1.14 (0.92-1.42)
1.48) 1.55)
5-6 1.34 (1.01- 1.78 (1.11-2.87) 0.88 (0.57— 1.68 (1.13-2.51)
1.79) 1.36)
>7 1.47 (1.11- 1.96 (1.23-3.12) 1.84 (1.24- 1.72 (0.98-3.02)
1.94) 2.75)
P for trend <0.0001 0.0001 0.0045 0.0028
Go to:
CONCLUSIONS

In this large prospective study, we have demonstrated that daily consumption of at least
one egg is associated with an increased risk of type 2 diabetes in both men and women,
independently of traditional risk factors for type 2 diabetes. Furthermore, the observed
association between egg consumption and incident type 2 diabetes was not modified by
prevalent hypercholesterolemia in either sex.

To the best of our knowledge, this is the first study to examine prospectively the
association between egg consumption and incident type 2 diabetes in a large population
of men and women. Before the current study, limited and inconsistent data (mainly from
animal models) have been reported in the literature on the effects of eggs or dietary
cholesterol on glucose metabolism. In an animal experiment, a diet rich in fat was shown
to induce hyperglycemia and hyperinsulinemia (8). Furthermore, Adamopoulos et al. (9)
demonstrated that a diet enriched with egg yolk resulted in elevated plasma glucose
compared with a control diet in male Wistar albino rats. Data from the Zutphen Study
(10) showed a positive association between egg consumption or dietary cholesterol and
fasting glucose. These animal studies and data from the Zutphen Study are consistent
with our findings. In contrast, in a randomized trial of 28 overweight or obese subjects on
a carbohydrate-restricted diet, consumption of three eggs per day had no effects on
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fasting glucose compared with no egg consumption (11). Because the positive associations
described above were observed in studies without restricted consumption of
carbohydrates, it is possible that the hyperglycemic effect of frequent egg consumption
might only occur with a diet rich in carbohydrates. However, our secondary data analysis
provided no evidence for such a hypothesis in that we observed similar increased risk of
type 2 diabetes with consumption of one or more eggs per day in women with low or high
energy intake from carbohydrate. Further restriction to women with BMI >25 kg/m?, to
mimic the above trial of 28 overweight or obese subjects on restricted carbohydrate diet
(11), did not alter these findings. Under the premise that our observed findings were
driven by dietary cholesterol contained in eggs, one possible explanation for the
inconsistency in reported data on the association between egg consumption and glucose
metabolism could be the large variability of individual response to dietary cholesterol
(14,15,23). Whereas dietary cholesterol has been shown to increase plasma cholesterol in
hyperresponders (2,12,24), no effect was documented among hyporesponders (12—14).
Second, the lack of an effect of egg consumption on fasting glucose among obese or
overweight subjects in the only human randomized trial (11) may imply differential
physiological effects of eggs in lean versus overweight or obese subjects. However, the
lack of repeated data on fasting glucose in men and women in the present study prevented
us from further exploring the relation between adiposity, egg consumption, and fasting
glucose.

Overall, the observed increased risk of type 2 diabetes with daily consumption of eggs in
the current study raises the possibility of undesirable health effects with high rates of egg
consumption and may help explain previously reported increased risk of CHD that was
restricted to individuals with type 2 diabetes in the Health Professional Follow-up Study
(6), the Nurses’ Health Study (6), and in our earlier publication from the PHS I showing
an increased risk of mortality (and suggesting increased risk of CHD and stroke) with
frequent egg consumption by subjects with prevalent type 2 diabetes (7). It is possible that
frequent egg consumption may potentiate the risk of cardiovascular disease by inducing
impaired glucose metabolism and insulin resistance. Future investigations into
underlying physiological mechanisms are warranted.

Besides dietary cholesterol, eggs contain other important nutrients that have been shown
to increase (i.e., saturated fat and cholesterol [4,5,25]) or decrease (i.e., polyunsaturated
fat [4]) the risk of type 2 diabetes. It is possible that the individual contribution from each
of these components as derived not just from eggs but also from other foods may play a
role in determining the net effect of egg consumption. Unfortunately, as noted above, we
did not have repeated data on fasting glucose, fasting insulin, and other biomarkers of
glucose metabolism in either cohort to comprehensively examine possible physiological
mechanisms by which egg consumption might influence the risk of type 2 diabetes in our
cohort. However, in women, where we had data on dietary cholesterol, there was
attenuation of the association after additional adjustment for dietary cholesterol. This
suggests that the observed relation between egg intake and diabetes may be partially
explained by the cholesterol content of eggs. In contrast, saturated fat was not associated
with type 2 diabetes, and adjustment for this did not attenuate the results.
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Additional limitations of the present study include the observational nature of the study
design in which residual confounding or unmeasured confounding could partly or
completely explain our results. In addition, because egg consumption was self-reported,
we cannot exclude reporting bias in the present study. However, because information on
egg consumption was collected before the occurrence of type 2 diabetes, such reporting
bias is more likely to be nondifferential and thus bias the results toward the null. We did
not collect information on whether participants consumed egg yolk (rich in cholesterol) to
further examine the contribution of dietary cholesterol from eggs on type 2 diabetes risk
in this study. In addition, we had limited dietary data for men to further assess the
interplay of eggs and other foods, energy, and nutrients with the risk of type 2 diabetes.
The generalizability of our finding is limited as both PHS I and WHS consist of
homogeneous groups (male physicians and female health professionals, respectively) with
the possibility that their behaviors may differ from those of the general population.
Furthermore, over 90% of the study participants were Caucasian. Given the self-report
nature of type 2 diabetes, we cannot exclude misclassification of the outcome in these
data, especially in the WHS where not all participants were physicians, as was the case in
the PHS. However, in the WHS, we had a 91% positive predictive value in a validation
study of self-reported type 2 diabetes using American Diabetes Association criteria, for
which data were attained by telephone interview, supplemental questionnaire, or review
of medical records from treating physicians (21). Moreover, egg consumption was
collected before the diagnosis of diabetes; thus, it is likely that any misclassification of
diabetes would be nondifferential and bias the results toward the null. Nevertheless, the
large sample size, the long duration of follow-up, the repeated and standardized methods
for data collection in both cohorts, and the robustness of the findings in sensitivity
analyses are major strengths of this study.

In conclusion, our data are consistent with possible detrimental effects of daily
consumption of eggs on the risk of type 2 diabetes in both men and women. Because the
median egg consumption in this population (one egg per week for men and women) fell
within a range not associated with an increased risk of type 2 diabetes, dietary advice to
reduce egg consumption may target individuals who consume one or more eggs per day if
these findings are confirmed in other studies. Given the societal burden of type 2 diabetes,
confirmation of these findings in other populations and exploration of possible underlying
biological mechanisms are warranted.
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