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mellitus in middle and elderly Chinese population
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Abstract N
Data on the association between egg consumption and the risk of type 2 diabetes mellitus (T2DM) in the Chinese population are scarce. In |
the present study, we aimed to examine the association between egg consumption and the risk of T2DM in a middle and elderly Chinese
population. A total of 3298 subjects (1645 men and 1653 women) from the Nutrition and Health Survey (2015-2017) in Hangzhou city were
selected for the final analysis. Egg consumption was assessed using a validated food frequency questionnaire. All biochemical data and
anthropometric measurements were collected following standardized procedures. Multivariable logistic regression analyses were used to
assess the association between egg consumption and the risk of T2DM and the results were presented as odds ratios and 95% confidence
interval (Cl). Restricted cubic spline combined with logistic regression was used to explore the dose-response relationship between egg
consumption and T2DM. Among 3298 subjects, 693 (21.0%) people had T2DM. Compared with participants who did not consume egg
per week, the multivariable-adjusted odds ratios were 0.97 (95%Cl : 0.78-1.21), 1.08 (95%Cl : 0.91-1.06), 1.20 (95%Cl : 0.94-1.55), 1.27
(95%Cl : 0.99-1.68) in men (P> .05); 1.06 (95%Cl : 0.81-1.37), 0.97 (95%Cl : 0.78-1.21), 1.26 (95%Cl : 0.99-1.59), 1.19 (0.92—1.54) in
women (P> .05); 0.89 (95%Cl : 0.79-1.04), 0.98 (95%Cl : 0.91-1.06), 1.06 (95%Cl : 0.87-1.30), 1.09 (95%Cl : 0.88-1.34) in both men and
women for egg consumption 0~7, 7, 7~14, and >14 eggs/week, respectively (P> .05). The dose-response curve showed that, with the
increase of egg consumption, the risk of T2DM first increased and then decreased (P=.027).

We found that the association between egg consumption and T2DM was nonlinear, and higher egg consumption was not
associated with an elevated risk for T2DM in middle-aged and elderly Chinese. However, future prospective studies are needed to
confirm these findings.

Abbreviations: BMI = body mass index, Cl = confidence interval, FFQ = food frequency questionnaire, T2DM = type 2 diabetes

mellitus.
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1. Introduction

Type 2 diabetes mellitus (T2DM) remains a major public health
problem, and the rapid increase in the prevalence over the past
decades is expected to continue.!!! In the United Kingdom,
about 3.2 million people have type 2 diabetes, and it is predicted
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that this will increase to 5 million by 2025.1?! In the United States,
12.0 million older adults had diabetes, comprising 40% of the
30.2 million persons with the disease in 2003." In China, T2DM
has become an alarming health problem and the prevalence has
rapidly increased from 13.7% between 2000 and 2001 to 27.4%
between 2009 and 2010."! Known risk factors for T2DM
included genetic factors, physical inactivity, tobacco use and
cigarette smoking.!*! Besides, epidemiological data suggests that
dietary factors have an important role in the prevention and
management of T2DM.!*7!

Among the dietary factors, egg consumption has been
recognized as a possible risk factor for T2DM. Eggs are a major
source of dietary cholesterol that may disrupt glucose metabo-
lism™! and increase inflammation.””! Many observational studies
have reported the associations between egg consumption and the
risk of T2DM," %151 but the majority of studies are based on data
from Western countries, and the findings are inconsistent.
Although previous 2 meta-analyses of prospective cohorts
showed a positive association between egg consumption and
the risk of T2DM,['®'! other studies in European,!''!?!
Asian,"¥! and US populations"® have also reported no
association or an inverse association.''*! But at the same time,
epidemiological data on the impact of egg consumption on the
risk of T2DM in a Chinese population are scarce. To date, only a
published epidemiological study!"*! to our knowledge, has
examined the association of egg consumption in relation to
diabetes risk in Jiangsu, East China. Given the inconsistent
findings across populations, the potential relation between egg
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consumption and the risk of T2DM warrants further study in
other populations. Therefore, we conducted this study to
investigate the association of egg consumption with the risk of
T2DM in a middle and elderly Chinese population.

2. Subjects and methods

2.1. Study population

This cross-sectional study was carried out performed in the city of
Hangzhou, Zhejiang Province in China from May 2015 to
August 2017. The Nutrition and Health Survey is designed to
evaluate the association between diet and some chronic diseases
in the city of Hangzhou, Zhejiang Province. The details of this
study and the recruitment procedures are described elsewhere.!®!
Participants aged 45 years and above from Hangzhou were
selected from 10 areas (Xihu, Gongshu, Shangcheng, Xiacheng,
Bingjiang, Jianggan, Xiaoshan, Yuhang, Fuyang, and Linan) and
3 counties (Tonglu, Chunan, and Jiande) by a stratified cluster
random-sampling method. The 10 areas and 3 counties
represented a geographically and economically diverse popula-
tion in Hangzhou. Hangzhou city is designed as 13 monitoring
points (areas/counties) in accordance with the principle of
representativeness. The sample population at each monitoring
point is designed to be 300, and the total sample population at 13
monitoring points is 3600. Considering the 10% missed rate, the
final sample size is determined to be 3962. Each monitoring point
(area/county) draws 2 committees (residential villages), and each
committee (residential village) draws 58 households (calculated
based on the monitoring results of 2.6 persons per household in
Hangzhou Nutrition and Health Surveillance in 2009). A total of
3962 eligible participants were invited to attend a health
examination at the Medical Center for Physical Examination,
Zhejiang Hospital, where the participant was face-to-face
interviewed by a trained interviewer using written questionnaires.
We excluded 240 participants who had missing values for egg
consumption; 18 participants with type 1 diabetes mellitus; 406
participants with an unrealistic energy consumption. Finally,
3298 participants (1645 men and 1653 women) were included
for the present analyses. Each participant gave written informed
consent and the study protocol was approved by the Institutional
Review Board and Ethic Committee of Zhejiang Hospital.

2.2. Assessment of egg consumption

Egg consumption was assessed through using a semi-quantitative
food frequency questionnaire (FFQ) containing questions on the
frequency with which 83 food items were eaten in the previous a
year."”I The frequency of egg consumption was measured using S
categories: <1 time/week, 1 time/week, 2 to 4 times/week, 5 to 6
times/week, >7times/week. Participants were asked to report
how often, on average, they had consumed eggs of hen (1 egg was
a unit of consumption) during the previous week. Then, egg
consumption was converted into an average daily consumption in
the present analysis. Egg consumption were categorized into
quintiles, Q1 : Oegg/d; Q2 : 0~1egg/d; Q3 : Tegg/d; Q4 : 1~2egg/
d; Q5 > 2eggs/d (Q1 represented a lower egg consumption; QS5
represented a higher egg consumption).

2.3. Assessment of blood pressure

After a 5 to 10 minutes rest in a quiet room, blood pressure was
measured by a trained nurse twice at an interval of a few minutes
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on the right arm with a standard mercury sphygmomanometer.
Thereafter, the mean of 2 measurements was considered as the
subject’s blood pressure.

2.4. Assessment of biomarker

A blood sample was drawn between 7:00 and 9:00 into evacuated
tubes from each participant after 12 hours of fasting overnight.
Then, samples could be allowed to clot at room temperature for 1
to 3 hours. Serum samples were separated from whole blood and
stored at —80°C until subsequent analyses. Finally, serum was
separated by centrifugation for 15 to 30 minutes at 3000 r.p.m.
The blood samples were analyzed in the department of
laboratory, Zhejiang Hospital for fasting plasma glucose
(FPG), total cholesterol (TC), triglycerides (TG), high-density
lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cho-
lesterol (LDL-C), serum uric acid (SUA), alanine aminotransfer-
ase (ALT), and asparagine aminotransferase (AST) using the
Hitachi 7180 auto-analyzer (Hitachi, Tokyo, Japan).

2.5. Assessment of anthropometric measurements

Body weight was measured to the nearest 0.1kg with a digital
scale when the subjects were in light clothes and not wearing
shoes. Height was measured to the nearest 0.1cm when subjects
were standing and not wearing shoes. Body mass index (BMI)
was calculated as weight (in kilograms) divided by squared height
(in meters). Waist circumference was measured at the narrowest
level (minimal circumference between umbilicus and xiphoid
process).*°! All anthropometric measurements were carried out
by a dietitian.

2.6. Assessment of other variables

Information on physical activity was collected using the
International Physical Activity Questionnaire,'*°! and expressed
as metabolic equivalent hours per week (MET-h/week). Addi-
tional information such as smoking habits (never, current, and
former smokers), educational level (middle school or below, high
school, college or above) was obtained with questionnaires.
Besides, total energy intake was estimated through the reliable
semi-quantitative FFQ, expressed in kilocalorie per day (kcal/
day) and categorized according to quartile.

2.7. Definition of T2DM
T2DM was defined as the presence of any one of the following:

(1) FPG>7.0mmol/L on at least 2 separate occasions, or an oral
glucose tolerance test with a value >11.1 mmol/L;

(2) current use of insulin or oral hypoglycemic agents; or

(3) a positive response to the question: have you ever been
diagnosed with diabetes by a doctor?!®!

2.8. Statistical analysis

Data were analyzed based on the frequency of egg consumption,
and results for continuous variables are presented as mean +
standard deviation (SD), and categorical variables are presented
as sum and percentages. We categorized egg consumption as 0,
0~7,7,7~14, and >14 eggs/week. First of all, data were checked
for normality using histograms and logarithmic transformation
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was applied whenever appropriate. For the normal distributed
variables, we used Independent-Samples # test to assess the
significant differences in continuous variables. If not, the Mann-
Whitney test was required. The chi-squared test was used to
evaluate the significant differences in categorical variables.
Moreover, multicollinearity was examined via a correlation
matrix and multicollinearity diagnostic statistics. After adjusting
for potential confounders, multivariable logistic regression
models were used to estimate the odds ratios (ORs) and their
95%ClIs in quintiles of egg consumption, with the lowest
category as the reference. Models were adjusted for age
(continuous), gender (men/women), education level (<high
school, high school, >high school), physical activity (continu-
ous), smoking status (never, current, former), family history of
diabetes and hypertension, alcohol intake, total energy intake
(continuous) and BMI. Restricted cubic spline combined with
logistic regression was used to explore the dose-response
relationship between egg consumption and T2DM. Statistical
analyses were performed with version 22.0 of the SPSS software
package(SPSS Inc., Chicago, IL), and a 2-tailed P<.05 was
considered statistically significant.

3. Results

Of the 3298 participants, 49.9% (1645) were men. The overall
prevalence of T2DM in our study population was 21.0%. Egg
consumption was 0.58 +0.03 eggs/day in total population, with
T2DM was 0.91 +0.02 eggs/day and without T2DM was 0.76 +
0.01 eggs/day. Baseline and demographic characteristics of the
study participants by T2DM status are shown in Table 1. There
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were significant differences between participants with and
without T2DM by age, smoking status, educational level,
income, and the prevalence of obese (P <.05).

General characteristics of participants according to egg
consumption frequencies are shown in Table 2. Compared with
those in the lowest quartile (0egg/week), participants in the
highest quartile of egg consumption (>14 eggs/week) were more
likely to be younger, men, smoker, and to have higher BMI
income, physical activity level and total energy intake, and lower
educational level (P <.035).

The relationship between egg consumption and T2DM risk by
logistic regression analysis is shown in Table 3. After adjustment
for several confounding factors, compared with participants who
did not consume egg per week, the multivariable-adjusted ORs
were 0.89 (95%CI: 0.79-1.04), 0.98 (95%CI: 0.91-1.06), 1.06
(95%CIL: 0.87-1.30) and 1.09 (95%Cl:0.88-1.34) for egg
consumption 0~7, 7, 7~14, and >14eggs/week, respectively
(P>.05). Corresponding ORs (95 %CI) in men were 0.97 (0.78-
1.21), 1.08 (0.91-1.06), 1.20 (0.94-1.55) and 1.27 (0.99-1.68),
respectively (P>.05). Moreover, the ORs (95% CI) in women
were 1.06 (0.81-1.37), 0.97 (0.78-1.21), 1.26 (0.99-1.59), and
1.19 (0.92-1.54), respectively (P>.05). We selected 5 knots (0,
0.5, 1, 1.5, and 2eggs/day) of egg consumption to explore the
dose-response relationship between egg consumption and T2DM
after adjustment. The dose-response curve of the relationship
between egg consumption and T2DM was shown in Figure 1.
The results showed the association between egg consumption and
T2DM was nonlinear. The dose-response curve also showed that,
as a whole, with the increase of egg consumption, the risk of
T2DM first increased and then decreased (P=.027).

Baseline and demographic characteristics of the study participants by T2DM status.

Total Participants with T2DM Participants without T2DM
Variables (n=3298) (n=693) (n=2605) Significance*
Demographic
Age (years) 51.9+7.1 542+9.6 51.5+£95 P=.000
Gender
Male 1645 366 (52.8) 1279 (49.1) x>=3.023
Female 1653 327 (47.2) 1326 (50.9) P=.082
Egg consumption (eggs/day) 0.58+0.03 0.91+0.02 0.76 +£0.01 P<.01
Smoking status (%)
Never 2062 377 (54.4) 1685 (64.7) x°=40.726
Former 396 128 (18.5) 268 (10.3) P<.0001
Current 840 188 (27.1) 652 (25.0)
Education (%)
<High school 540 70 (10.1) 470 (18.0) x°=33.075
High school 2557 562 (81.1) 1995 (76.6) P<.0001
>High school 201 61 (8.8) 140 (5.4)
Monthly income per person (%)
<2000 (RMB) 1265 300 (43.3) 965 (37.0) x°=24.256
2000-5000 (RMB) 1620 342 (49.4) 1278 (49.1) P<.0001
>5000 (RMB) 413 51 (7.3 362 (13.9)
Obese (%)
Yes 252 95 (13.7) 157 (6.0) x°=45.769
No 3046 598 (86.3) 2448 (94.0) P<.0001
Hypertension (%)
Yes 712 163 (23.5) 549 (21.1) ¥2=1.935
No 2586 530 (76.5) 2056 (78.9) P=.164

Categorical variables are presented as sum and percentages, and continuous variables are presented as Mean + SD.

T2DM: type 2 diabetes mellitus.

 Palues for continuous variables (for the normal distributed variables, Independent-Samples ttest was used to assess the significant differences; If not, the Mann-Whitney test was required) and for Categorical

variables (chi-square test).
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General characteristics of 3298 men and women of the Nutrition and Health Survey according to egg consumption frequency.

Egg consumption

0 egg/week 0~7 eggs /week 7 eggs /week 7~14 eggs /week >14 eggs/week

Characteristics (n=1186) (n=923) (n=764) (n=193) (n=232) Pvalue”
Age (years) 54.5+8.1 53.0+84 521+85 519+84 54.0+8.8 <.0001
BMI (kg/m?) 24.21+2.65 24.43+2.86 24.57 +2.81 25.10+2.84 24.93+2.93 .036
Obese [n (%)] 85 (7.2) 72 (7.8) 58 (7.6) 16 (8.3) 21 (9.9) .881
Hypertension [n (%)) 270 (22.8) 192 (20.8) 167 (21.9) 40 (20.7) 43 (18.5) .608
T2DM [n (%)] 255 (21.5) 190 (20.6) 163 (21.3) 38 (19.7) 47 (20.3) .963
Gender (%) 109
Men 586 (49.4) 453 (49.1) 384 (50.3) 88 (45.6) 134 (57.8)

Women 600 (50.6) 470 (50.9) 380 (49.7) 105 (54.4) 98 (42.2)

Smoking status (%) <.0001
Non-smokers 836 (70.5) 643 (69.7) 399 (52.2) 95 (49.2) 89 (38.4)

Ex-smokers 74 (6.2) 95 (10.3) 86 (11.3) 70 (36.3) 71 (30.6)

Current-smoker 276 (23.3) 185 (20.0) 279 (36.5) 28 (14.5) 72 (31.0)

Education [n (%)] <.0001
< High school 145 (12.2) 117 (12.7) 173 (22.6) 45 (23.3) 60 (25.9)

High school 978 (82.5) 772 (83.6) 542 (70.9) 125 (64.9) 140 (60.3)

>High school 63 (5.3) 34 (3.7) 49 (6.5) 23 (11.8) 32 (13.8)

Income/person (%) <.0001
<2000 (RMB) 507 (42.7) 361 (39.1) 247 (32.3) 59 (30.6) 91 (39.2)

2000-5000 (RMB) 578 (48.7) 411 (44.5) 450 (58.9) 81 (42.0) 100 (43.1)

>5000 (RMB) 101 (8.6) 151 (16.4) 67 (8.8) 53 (27.4) 41 (17.7)

Physical activity (METs-h/week) 23.2+3.11 23.8+2.88 23.9+3.02 26.6+2.91 30.2+2.89 <.0001
Total energy intake (kcal/d) 1899.4 +502.3 2058.8+479.6 2180.2+505.6 2246.1+514.5 2460.0+477.5 <.0001

Categorical variables are presented as sum and percentages, and continuous variables are presented as Mean + SD.
BMI = body mass index, T2DM = type 2 diabetes mellitus, RMB = ren min bi.
P values were derived by chi-square tests for categorical variables and ANOVA tests for continuous variables.

4. Discussion

Limited data are available regarding the association of egg
consumption and risk of T2DM in a Chinese population. To the
best of our knowledge, no previous study has investigated the
association between egg consumption and the risk of T2DM in a
middle and elderly Chinese population. However, we observed

no evidence of a significant association between higher egg
consumption and the risk of T2DM in men and women,

respectively.

In our analyses, higher egg consumption was not associated
with an increased risk of T2DM after adjusting for age, gender
and some known and suspected potential confounders. Our
findings are inconsistent with findings from 2 previous systematic

Multivariable adjusted odds ratio (95%CI) for T2DM according to egg consumption frequencies.

Egg consumption

0 egg/week 0~7 eggs/week 7 eggs/week 7~14 eggs/week >14 eggs/week
Men n=505 n=438 n=2307 n=114 n=149
Incident cases of T2DM 137 99 76 21 25
Model 1 1 (ref) 0.57 (0.32—0.75)* 0.76 (0.48—0.90)* 1.39 (1.13-1.76)" 1.54 (1.22-1.94)"
Model 2 1 (ref) 0.85 (0.67-1.07) 0.90 (0.72-1.13) 1.34 (1.06—1.80)* 1.51 (1.18—1.93)*
Model 3 1 (ref) 0.97 (0.78-1.21) 1.08 (0.86-1.43) 1.20 (0.94-1.55) 1.27 (0.99-1.68)
Women n=681 n=485 n=457 n=79 n=283
Incident cases of T2DM 118 91 87 17 22
Model 1 1 (ref.) 0.63 (0.45—0.87)* 0.77 (0.62—0.98)* 1.51 (1.18-1.93)" 1.44 (1.17-1.98)"
Model 2 1 (ref) 0.84 (0.66-1.06) 0.88 (0.70-1.11) 1.38 (1.04—1.91)* 1.34 (1.02—1.87)*
Model 3 1 (ref) 1.06 (0.81-1.37) 0.97 (0.78-1.21) 1.26 (0.99-1.59) 1.19 (0.92-1.54)
Total n=1186 n=923 n=764 n=193 n=232
Incident cases of T2DM 255 190 163 38 47
Model 1 1 (ref) 0.60 (0.39—0.81)* 0.85 (0.53—0.97)* 1.24 (1.12-1.37)** 1.33 (1.06—1.65)*
Model 2 1 (ref) 0.82 (0.67-1.09) 0.91 (0.73-1.17) 1.17 (1.05—1.31)* 1.15 (0.86-1.54)
Model 3 1 (ref) 0.89 (0.79-1.04) 0.98 (0.91-1.06) 1.06 (0.87-1.30) 1.09 (0.88-1.34)

Model 1: adjusted for age (continuous) and gender. Model 2: additionally adjusted for education level (<high school, high school, >high school), physical activity (continuous), smoking status (never, current,
former), family history of diabetes and hypertension, alcohol intake and total energy intake (continuous); Model 3: additionally adjusted for BMI.

T2DM = type 2 diabetes mellitus.

P<.05.
TP<.01.
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Relationship between egg consumption and T2DM using RCS with 5 knots
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Figure 1. The dose-response curve of the relationship between egg
consumption and T2DM.

review and meta-analyses''®'”! that have shown that higher egg

consumption was associated with an elevated risk for T2DM.
Data from the Physicians’ Health Study and Women’s Health
Study!?!! also indicated that higher egg intake was associated
with an increased risk of T2DM. Besides, in only a published
epidemiological study in Chinese population,”*! an increased risk
of diabetes was also shown for frequency of consumption >1
eggs/day compared to <2eggs/week (OR=2.28; 95%CI: 1.15,
4.54; P=.009). The inconsistency of this finding may be related
to differences in study population. Compared with the study
participants in a previous study by Shi et al™!, our study
participants were a group of Chinese adults aged between 45
years and above, who consumed less eggs. Meanwhile, the study
participants attend a health checkup every year and may have
higher health-conscious than those adults aged >20 years.
However, similar to our findings, Kurotani et al reported no
association between egg consumption and the risk of T2DM in
the Japan Public Health Center-based Prospective Study.™®! In
addition, in that prospective cohort of 3898 men and women,
there was also no association between egg consumption or
dietary cholesterol and incident diabetes."®! The complex
constituents of eggs may explain the null finding to some extent.
On the one hand, eggs are the major source of dietary
cholesterol,'*?! with 1 medium egg containing approximately
200mg cholesterol and 5.5g fat. Some previous studies have
reported a positive association between dietary cholesterol and
risk of T2DM.[123] Besides, eggs contain large amounts of
protein. Several studies have shown that higher protein intake,
especially from animal sources,****! was associated with higher
risk of T2DM. On the other hand, some beneficial nutrients of
eggs, such as minerals, folate, B vitamins and monounsaturated
fats, could improve insulin sensitivity and counteract disturban-
ces in glucose metabolism.!*®*”! Cho et al, reported that egg is a
good source of B vitamins, including choline, which may lower
homocysteine concentrations.'*®! In addition, the possibility that
the observed differences across populations are the result of
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underlying biological mechanisms is still present. Intestinal
microbiota may vary across populations and there is evidence
that intestinal flora affects the production of trimethylamine-N-
oxide from dietary phosphatidylcholine (egg yolks are important
contributors).”’! In animal studies, this metabolite appears to
play a key role in glucose metabolism.! As we all know, eggs are
an important source of choline. Earlier studies have suggested
that choline can be metabolized by gut bacteria to generate
trimethylamine, that can further be transformed to trimethyl-
amine-N-oxide (TMAO) in the liver.®! Tang et al’®?! have also
reported a positive association of egg consumption and TMAO
concentration. TMAQO may increase LDL oxidation and promote
inflammation,®3! a key component of the pathogenesis of
DM.B* Finally, most of published studies have been conducted
in the Western populations’®'* that traditionally have a
relatively high-cholesterol diet. Thus, it is likely that the
background cholesterol concentration among these participants
was already high, so that changes in their cholesterol concen-
trations might not be sensitive to egg consumption.’>*! In short,
these possibilities could not be excluded in this study.

4.1. Strengths and limitations

The present study holds several strengths. First, our study was
designed to assess the association between egg consumption and
T2DM risk in a large sample of middle and elderly Chinese
population. Besides, to our knowledge, this is the first study
examining the association between egg consumption and T2DM
risk in a middle and elderly Chinese population. The findings of
the present study provided valuable information for the primary
prevention of T2DM through the dietary modifications. Second,
the data on egg consumption was collected using a semi-
quantitative FFQ. This tool enabled us to capture more reliable
information on egg intake. Third, we also have adjusted for
some known and suspected potential confounders in our
analyses. However, there are several limitations which should
be considered when interpreting the results of this study. First,
this study was cross-sectional in design and therefore unable to a
cause-and-effect relationship between egg consumption and the
risk of T2DM. Thus, our findings need to be confirmed in future
prospective study. Second, egg consumption and other dietary
factors and covariates were assessed using a FFQ at a single time
point, which inevitably led to a degree of misclassification.
Besides, we also did not calculated detailed nutrients and energy
intakes from dietary habits. Third, although we adjusted for
multiple potential confounding variables in the multivariable-
adjusted model, we were unable to control the effect of
unmeasured confounders or residual confounding. Fourth, egg
consumption might be underestimated since we only have
considered the units of this food consumed, but not eggs or yolk
contained in other products (eg, pastries). Finally, as our study
sample only included middle-aged and elderly Chinese in
Zhejiang Province, East China, our results may not be
generalized to the general population in China.

5. Conclusions

In conclusion, our results indicate that the association between
egg consumption and T2DM was nonlinear, and higher egg
consumption was not associated with an elevated risk for T2DM
in middle-aged and elder Chinese. Our findings do not support
the current dietary recommendations to limit egg consumption as
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an important preventive strategy against T2DM. Moreover, our
results also provide further insight to better understand the
association between egg consumption and the risk of T2DM.
Nevertheless, further research is needed to clarify these findings.

Acknowledgments

We thank all participants from Department of Nutrition and
Digestion, Zhejiang Hospital for their assistance and support. We
also acknowledge the Medical Center for Physical Examination,
Zhejiang Hospital for their important contributions to collection
of data in this study.

Author contributions

Ni LP and Zhou JY conceived and designed the experiments. Ni
LP, Du LY, and Huang YQ conducted research. Huang YQ and
Zhou JY analyzed data and wrote the paper. All authors read and
approved the final manuscript.

References

[1] Whiting DR, Guariguata L, Weil C, et al. IDF diabetes atlas: global
estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res
Clin Pract 2011;94:311-21.

[2] Diabetes UK. Diabetes: facts and stats. 2014. http:/www. diabetes. org.
uk/Documents/About%20Us/Statistics/Diabetes-key-stats-guidelines-
April 2014.pdf Accessed June 11, 2014.

[3] Centers for Disease Control and Prevention. National Diabetes Statistics
Report 2017: Estimates of Diabetes and Its Burden in the United States.
2017. Available at: www.cdc.gov/diabetes/pdfs/data/statistics/national-
diabetes-statistics-report.pdf Accessed August 10, 2017.

[4] Woo HD, Shin A, Kim ]. Dietary patterns of Korean adults and the
prevalence of metabolic syndrome: a cross-sectional study. PLoS One
2014;9:e111593.

[5] Djousse L, Driver JA, Gaziano JM, et al. Association between modifiable
lifestyle factors and residual lifetime risk of diabetes. Nutr Metab
Cardiovasc Dis 2013;23:17-22.

[6] Zaroudi M, Yazdani Charati ], Mehrabi S, et al. Dietary patterns are
associated with risk of diabetes type 2: a population-based case-control
study. Arch Iran Med 2016;19:166-72.

[7] Maghsoudi Z, Ghiasvand R, Salehi-Abargouei A. Empirically derived
dietary patterns and incident type 2 diabetes mellitus: a systematic review
and meta-analysis on prospective observational studies. Public Health
Nutr 2016;19:230-41.

[8] Adamopoulos PN, Papamichael CM, Zampelas A, et al. Cholesterol and
unsaturated fat diets influence lipid and glucose concentrations in rats.
Comp Biochem Physiol B Biochem Mol Biol 1996;113:659-63.

[9] Lewis KE, Kirk EA, McDonald TO, et al. Increase in serum amyloid a
evoked by dietary cholesterol is associated with increased atherosclerosis
in mice. Circulation 2004;110:540-5.

[10] Djoussé L, Kamineni A, Nelson TL, et al. Egg consumption and risk of
type 2 diabetes in older adults. Am J Clin Nutr 2010;92:422-7.

[11] Zazpe 1, Beunza JJ, Bes-Rastrollo M, et al. Egg consumption and risk of
type 2 diabetes in a Mediterranean cohort; the sun project. Nutr Hosp
2013;28:105-11.

[12] Lajous M, Bijon A, Fagherazzi G, et al. Egg and cholesterol intake and
incident type 2 diabetes among French women. Br ] Nutr 2015;
114:1667-73.

Medicine

[13] Kurotani K, Nanri A, Goto A, et al. Cholesterol and egg intakes and the
risk of type 2 diabetes: the Japan Public Health Center-based Prospective
Study. Br ] Nutr 2014;112:1636-43.

[14] Virtanen JK, Mursu J, Tuomainen TP, et al. Egg consumption and risk of
incident type 2 diabetes in men: the Kuopio Ischaemic Heart Disease Risk
Factor Study. Am ] Clin Nutr 2015;101:1088-96.

[15] ShiZ, Yuan B, Zhang C, et al. Egg consumption and the risk of diabetes
in adults, Jiangsu, China. Nutrition 2011;27:194-8.

[16] Shin]Y, Xun P, Nakamura Y, et al. Egg consumption in relation to risk of
cardiovascular disease and diabetes: a systematic review and meta-
analysis. Am J Clin Nutr 2013;98:146-59.

[17] LiY, Zhou C, Zhou X, et al. Egg consumption and risk of cardiovascular
diseases and diabetes: a meta-analysis. Atherosclerosis 2013;229:524-30.

[18] Shu L, Shen XM, Li C, et al. Dietary patterns are associated with type 2
diabetes mellitus among middle-aged adults in Zhejiang Province, China.
Nutr J 2017;16:81.

[19] Li XD, Qiu BH, Su FC, et al. Gender impacts on the correlations between
nonalcoholic fatty liver disease and hypertension in a Chinese population
aged 45-60 y. Clin Exp Hypertens 2016;38:639-43.

[20] Shu L, Zheng PF, Zhang XY, et al. Association between dietary patterns
and the indicators of obesity among Chinese: a cross-sectional study.
Nutrients 2015;7:7995-8009.

[21] Djoussé L, Gaziano JM, Buring JE, et al. Egg consumption and risk of
type 2 diabetes in men and women. Diabetes Care 2009;32:295-300.

[22] Wallin A, Forouhi NG, Wolk A, et al. Egg consumption and risk of type 2
diabetes: a prospective study and dose-response meta-analysis. Diabe-
tologia 2016;59:1204-13.

[23] Salmeron J, Hu FB, Manson JE, et al. Dietary fat intake and risk of type 2
diabetes in women. Am J Clin Nutr 2001;73:1019-26.

[24] van Nielen M, Feskens EJ, Mensink M, et al. Dietary protein intake and
incidence of type 2 diabetes in Europe: the EPICINTERACT case-cohort
study. Diabetes Care 2014;37:1854-62.

[25] Sluijs I, Beulens JW, van der AD, et al. Dietary intake of total, animal, and
vegetable protein and risk of type 2 diabetes in the European Prospective
Investigation into Cancer and Nutrition (EPIC)-NL study. Diabetes Care
2010;33:43-8.

[26] Lichtenstein AH, Schwab US. Relationship of dietary fat to glucose
metabolism. Atherosclerosis 2000;150:227-43.

[27] Blesso CN. Egg phospholipids and cardiovascular health. Nutrients
2015;7:2731-47.

[28] ChoE, Zeisel SH, Jacques P, et al. Dietary choline and betaine assessed by
food-frequency questionnaire in relation to plasma total homocysteine
concentration in the Framingham Offspring Study. Am ] Clin Nutr
2006;83:905-11.

[29] Tang WH, Wang Z, Levison BS, et al. Intestinalmicrobial metabolism of
phosphatidylcholine and cardiovascular risk. N Engl ] Med 2013;
368:1575-84.

[30] Gao X, Xu ], Jiang C, et al. Fish oil ameliorates trimethylamine N-oxide-
exacerbated glucose intolerance in high-fat diet-fed mice. Food Funct
2015;6:1117-25.

[31] Zeisel SH, Mar MH, Howe JC, et al. Concentrations of choline-
containing compounds and betaine in common foods. ] Nutr 2003;
133:1302-7.

[32] Tang WH, Wang Z, Levison BS, et al. Intestinal microbial metabolism of
phosphatidylcholine and cardiovascular risk. N Engl ] Med 2013;
368:1575-84.

[33] Wang Z, Klipfell E, Bennett BJ, et al. Gut flora metabolism of
phosphatidylcholine promotes cardiovascular disease. Nature 2011;472:
57-63.

[34] Julia C, Czernichow S, Charnaux N, et al. Relationships between
adipokines, biomarkers of endothelial function and inflammation and
risk of type 2 diabetes. Diabetes Res Clin Pract 2014;105:231-8.

[35] Hopkins PN. Effects of dietary cholesterol on serum cholesterol: a meta-
analysis and review. Am ] Clin Nutr 1992;55:1060-70.


http://www.cdc.gov/diabetes/pdfs/data/statistics/national-%20diabetes-statistics-report.pdf
http://www.cdc.gov/diabetes/pdfs/data/statistics/national-%20diabetes-statistics-report.pdf

	Egg consumption and risk of type 2 diabetes mellitus in middle and elderly Chinese population
	1 Introduction
	2 Subjects and methods
	2.1 Study population
	2.2 Assessment of egg consumption
	2.3 Assessment of blood pressure
	2.4 Assessment of biomarker
	2.5 Assessment of anthropometric measurements
	2.6 Assessment of other variables
	2.7 Definition of T2DM
	2.8 Statistical analysis

	3 Results
	4 Discussion
	4.1 Strengths and limitations

	5 Conclusions
	Acknowledgments
	Author contributions
	References


