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Abstract
The association between egg consumption and cognitive function is inclusive. We aimed to assess the association between egg consumption
and cognitive function in Chinese adults and tested the interaction between egg consumption and Fe intake. The data used were from a nation-
wide sample (n 4852, age≥ 55 years) from the China Health and Nutrition Survey between 1991 and 2006. Assessment of cognitive function was
conducted in 1997, 2000, 2004 and 2006. Dietary egg intake was obtained by 24-h dietary recalls of 3 consecutive days during home visits
between 1991 and 2006. Multivariable mixed linear regression and logistic regression were used. Egg intake was positively associated with
global cognitive function. In fully adjusted models, across the quartiles of egg intake the regression coefficients were 0, 0·11 (95 % CI –0·28,
0·51), 0·79 (95 % CI 0·36, 1·22) and 0·92 (95 % CI 0·43, 1·41), respectively. There was a significant interaction between egg intake and Fe intake.
The association between high egg intake and cognitive function was stronger among those with low Fe intake than those with high Fe intake.
In addition, there was a significant interaction between egg consumption and sex, with the association mainly observed in women but not men.
Furthermore, compared with non-consumers, those with higher egg consumption (Q4) had the OR of 0·93 (95 % CI 0·74, 1·19), 0·84 (95 % CI
0·69, 1·02) for self-reported poor memory and self-reported memory decline, respectively. Higher egg intake is associated with better cognition
in Chinese adults among those with low Fe intake.
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The dietary factor associated with cognitive function has been
well-established(1). Epidemiological studies have shown an asso-
ciation between the diet and cognitive function in children(2),
adults(3) and the elderly(4).

In recent years, egg consumption is on an upward trend in
Asian countries(5,6), especially in China(5,7). Eggs contribute to
around 6 % of the total protein in the diets of Chinese individ-
uals(5). More than 40 % of eggs in the world are produced in
China, making it the largest producer globally(8). Although eggs
contain high-quality protein, unsaturated fats and all essential
vitamins andminerals, with the exception of vitamin C, their role
in health benefits has long been debated over many years, par-
ticularly concerning their association with CVD. This dispute has
recently been clarified, with increasing evidence supporting
the benefits of egg consumption over cardiovascular risk.
Nevertheless, the debate is ongoing, with some studies continu-
ing to show a significant association with CVD(9) and others
claiming no association(10) or inconclusive evidence(11–13).

Although most studies on egg consumption have focused on
cardiovascular health, research is beginning to implicate eggs in
their relationship to cognitive health(14–17), yet evidence on the
benefit of whole egg consumption is lacking. A case–control
study of elderly individuals in China revealed that healthy con-
trols had higher egg intake compared with those with mild cog-
nitive impairment, suggesting that sufficient egg intake may play
a role in preventing the development of mild cognitive impair-
ment(15). This may be due to particular nutrients available in eggs
such as choline and lutein that have been previously shown to
have a beneficial effect on cognitive function(18,19). Also, a study
on adults aged 65 years or older fromMadrid showed that dietary
patterns that involve egg consumption are associated with
enhanced cognitive capacity(16). On the other hand, a multi-
domain study of representative samples of older adults in the
USA revealed inconclusive evidence on egg consumption and
cognitive health, suggesting that egg intake is not beneficial
nor detrimental to cognitive function(17).
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Furthermore, eggs are an important source of protein. Protein
intake and cognitive health have also been investigated.
Evidence suggests that higher protein intake may decrease the
risk of cognitive impairment or dementia(20,21). This may be
due to the presence of particular amino acids that are important
for cognitive function, such as leucine, isoleucine, valine,
phenylalanine and tryptophan(22). It is worth to mention that
increased egg consumption has been shown to be associated
with an increased diabetes risk in several countries(23–26), includ-
ing China(25). Moreover, diabetes has been shown to be associ-
atedwith cognitive impairment(27,28), dementia(29,30), Alzheimer’s
disease(30,31) and vascular dementia(30). It is unknown whether
this association between egg consumption and diabetes can
be translated into cognitive impairment.

While many factors may contribute to the development of
cognitive decline in adults and elderly, dietary factors have been
increasingly recognised as having one of the key roles which are
amenable to change. In particular, eggs are a common food sta-
ple which are generally inexpensive and accessible to all popu-
lations, yet their role in cognition is not well-studied. Another
important question which has not been answered concerning
the impact of egg consumption on cognition lies inwhether addi-
tional nutrients function as a modifier variable in relation to egg
cognition. We have previously described that higher Fe intake
has an inverse association with cognitive function in Chinese
adults(32). Putting these together, the aim of this study was 2-fold.
Firstly,we aimed to assess the longitudinal association between egg
consumption and cognitive function among Chinese adults using
data obtained over 15 years from the China Health and Nutrition
Survey (CHNS). In addition, our aim was to assess the interaction
between egg intake and Fe in relation to cognition.

Methods

Study design and sample

This was a longitudinal study based on repeated measurements
of dietary intake and cognitive function over 15 years from the
CHNS. The CHNS study is an ongoing open prospective house-
hold-based cohort study conducted in thirteen provinces in
China between 1989 and 2015(7,33). Samples are selected from
both urban and rural areas through a multistage random-cluster
sampling process. Ten waves of data collection have been con-
ducted between 1989 and 2015. In the surveys of 1997, 2000,
2004 and 2006, cognitive screen tests were conducted among
those above 55 years. As the dietary data in 2015 survey were
not released and the 1989 survey only collected dietary data
in a subgroup, we only used data between 1991 and 2006.
Between 1997 and 2006, a total of 4852 participants (2309
men and 2543 women) attended the cognitive screen tests. Of
these participants, 3302 participants attended the screen test in
at least two surveys. Participants who did at least one cognitive
screen test were included in the analysis (Fig. 1).

The survey was approved by the institutional review commit-
tees of the University of North Carolina (USA) and the National
Institute of Nutrition and Food Safety (China). Informed consent
was obtained from all participants. The response rate based on
those who participated in 1989 and remained in the 2006 sur-
vey was> 60 %.

Outcome variable: cognitive function

The cognitive function was assessed by both objective measures
for global cognitive function and self-report for memory.

Total global cognitive score. The cognitive screening items
used in CHNS were face-to-face and included a subset of items
from the Telephone Interview for Cognitive Status–Modified(34).
The tool has been used to assess cognitive function in other
population studies in China(35). The global cognitive score was
calculated using composite scores of memory, counting back
and subtraction scores. The cognitive screening contained three
tasks, an immediate (score 10) and delayed (score 10) recall of a
10-word list, counting backward from 20 to 1 (score 2), and serial
7 subtractions (score 5). The total global cognitive score ranged
from 0 to 27, with a higher cognitive score representing better
cognition. For the first task, scores were 1 through 20, in which
a score of 1 is given to each correctly recalledword. A total verbal
memory score was constructed as the sum of the immediate and
delayed 10-word recall. For the second task, those who counted
backward correctly in the first try were given a score of 2. For
those who counted backward correctly in the second try, they
received a score of 1. For the last task, the participants were
asked to do five consecutive subtractions of 7 from 100. For each
of the correct 5 serial 7 subtractions a score of 1 was given. An
orientation was assessed only in 1997, 2000 and 2004; therefore,
we did not include it in the analysis.

Self-reported memory. Participants were also asked ‘How is
your memory? (1) Very good, (2) good, (3) OK, (4) bad, (5) very
bad, (9) unknown’. Participants who reported ‘bad’ or ‘very bad’
were considered as having a poor memory. Memory changewas
assessed by the question ‘In the past twelve months, how has
your memory changed? (1) Improved, (2) stayed the same, (3)
declined, (9) unknown’. Participants who reported ‘declined’
were considered as having memory decline.

Exposure variable: cumulative mean egg intake and iron
intake

Egg and Fe intake data were collected in multiple waves. At each
wave, individual dietary intake data were gathered by a trained
investigator conducting a 24-h dietary recall on each of 3 con-
secutive days. Food and condiments in the home inventory, food
bought from markets or brought from gardens and food waste
were weighed and recorded by interviewers at the start and
end of the 3-d survey period. Detailed description of the dietary
measurement has been discussed elsewhere(7). Food consump-
tion data were converted to nutrient intakes using the Chinese
Food Composition Table(36). The dietary assessment method
has been validated for energy intake(37).

Covariates

Demographic characteristics included age and sex. Measures of
socio-economic status included education (low: illiterate/pri-
mary school, medium: junior middle school and high: high
middle school or higher), annual family income per capita
(recoded into tertiles: low, medium and high), urbanisation
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levels(7) (recoded into tertiles: low, medium and high). In addi-
tion, other covariates including physical activity level (metabolic
equivalent of task) estimated on the basis of self-reported
activities (including occupational, domestic, transportation
and leisure-time physical activity), smoking (non-smokers,
ex-smokers and current smokers), alcohol drinking (yes/
no), BMI, self-reported diabetes and stroke (yes/no) and hyper-
tension (systolic blood pressure> 140 mmHg or diastolic blood
pressure> 90 mmHg or self-reported hypertension).

Two dietary patterns were constructed based on thirty-five
food groups, including alcohol which was aggregated from
24-h dietary recalls of 3 consecutive days with the use of factor
analysis(38). The first pattern (traditional south pattern) is charac-
terised by a high intake of pork, vegetables and rice, and low
intake of wheat. The second pattern (modern dietary pattern)
is characterised by a high intake of milk, soya milk, eggs, fruits,
deep fried food and beer.

Statistical analysis

Cumulativemean egg intake across surveywaves was calculated
and recoded into quartiles. To compare differences between
groups for categorical variables, the χ2 test was used, and for con-
tinuous variables the ANOVA test was used. To assess the asso-
ciation between egg intake and cognitive function, a mixed-
effects model using mixed command in Stata (StataCorp) was
used. A negative regression coefficient represents cognitive
function decline. A set of models were used: model 1 adjusted
for age, sex and energy intake. Model 2 further adjusted for
intake of fat, smoking, alcohol drinking, income, urbanisation,
education and physical activity. Model 3 further adjusted for
overall dietary patterns, and model 4 further adjusted for BMI

and hypertension. Model 5 further excluded those who only par-
ticipated in one wave of the cognitive function tests. All the
adjusted variables were treated as time-varying covariates
(except sex). In sensitivity analyses, we further adjusted for total
protein intake (and without eggs) in order to separate the effect
between egg intake and total protein intake. To assess the asso-
ciation between cumulativemean egg intake and the risk of poor
cognitive function, mixed-effects logistic regression was used
while adjusting for the same covariates as in model 4 mentioned
above. Furthermore, we used themean egg intake between 1991
and 1993 as the exposure variable to assess the association. To
test the interaction between egg intake and a set of variables
including BMI, hypertension, sex and Fe intake, a product term
of each pair of variables was put in the regression model. The
command marginsplot was used in Stata 17 to visually present
the interaction. All of the analyses were conducted using
STATA 17 (Stata Corporation). Significance was considered
when P< 0·05 (two-sided).

Results

Descriptive results

The sample characteristics of participants who attended the first
cognitive function test based on quartiles of cumulative egg
intake are presented in Table 1. Across egg intake quartiles,
the intake of protein, fat and Fe increased. Modern dietary pat-
tern was also positively associated with egg intake. However,
carbohydrate intake was negatively associated with egg intake.
There was no difference in energy intake and traditional dietary
patterns across quartiles of egg intake. Those with higher egg
consumption had a higher BMI, income and education level

Fig. 1. Sample flow chart of participants attending China Health and Nutrition Survey. Number of participants included in the analyses in each wave were 2109, 2209,
2947 and 3339 in 1997, 2000, 2004 and 2006, respectively.
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and were less physically active compared with those with lower
egg consumption. The prevalence of self-reported poor memory
and self-reported memory decline declined with the increase in
egg consumption.

Overall, the mean global cognitive score had a downward
trend between 1997 and 2006 (Fig. 2). Themean global cognition
score was 12·1 (SD 6·8) in 1997. The decline in the annual cog-
nitive function score was 0·10 (95 % CI 0·07, 0·13).

Association between egg intake and cognitive function

Egg intakewas positively associatedwith cognitive function on a
global cognitive scale (Table 2). Compared with non-consumers
(Q1), those in the fourth quartile of egg consumption had a

higher global cognitive score. In the fully adjusted model
(model 5), regression coefficients for the global cognitive
score for the first, second, third and fourth quartiles of egg
intake were 0, 0·11 (95 % CI –0·28, 0·51), 0·79 (95 % CI 0·36,
1·22) and 0·92 (95 % CI 0·43, 1·41), respectively. The associ-
ation still remained when we adjusted for total protein intake
(without eggs).

High egg intake was inversely associated with both self-
reported poor memory and memory decline after adjusting for
age, sex and energy intake. The associations were attenuated
with further adjustment of covariates. There was a dose–
response inverse relationship between egg consumption and
self-reported memory decline in the fully adjusted model
(Table 3). There was no interaction between egg consumption

Table 1. Sample characteristics of Chinese adults aged≥ 55 years old attending the first cognitive function test by quartiles of cumulative egg intake (n 4661)
(Numbers and percentages; mean values and standard deviations)

Q1 Q2 Q3 Q4

Pn 1406 n 934 n 1178 n 1143

n % n % n % n %
Age (years)
Mean 64·3 62·3 62·7 64·0 < 0·001
SD 7·9 7·7 7·7 7·6

Women 752 53·5 499 53·4 619 52·5 554 48·5 0·049
Low income 596 42·6 312 33·9 321 27·5 234 20·8 < 0·001
Education < 0·001
Low 1068 85·8 714 78·7 711 66·9 555 55·9
Medium 112 9·0 120 13·2 185 17·4 206 20·7
High 65 5·2 73 8·0 167 15·7 232 23·4

Urbanisation < 0·001
Low 575 40·9 304 32·5 185 15·7 119 10·4
Medium 394 28·0 280 30·0 347 29·5 277 24·2
High 437 31·1 350 37·5 646 54·8 747 65·4

Smoking 0·20
Non-smoker 922 65·8 617 66·3 797 67·8 796 69·6
Ex-smokers 60 4·3 26 2·8 43 3·7 41 3·6
Current smokers 420 30·0 287 30·9 335 28·5 306 26·8

Survey year < 0·001
1997 766 54·5 419 44·9 463 39·3 404 35·3
2000 233 16·6 148 15·8 189 16·0 227 19·9
2004 266 18·9 233 24·9 306 26·0 301 26·3
2006 141 10·0 134 14·3 220 18·7 211 18·5

Alcohol drinking 427 31·2 281 30·7 353 30·4 371 33·0 0·53
Mean SD Mean SD Mean SD Mean SD

Physical activity (MET, h/week) 107·9 109·0 102·1 108·9 73·7 85·7 64·4 82·2 < 0·001
BMI (kg/m2) 22·2 3·5 22·7 3·6 23·5 3·7 23·9 3·4 < 0·001
BMI≥ 24 (kg/m2) 351 27·1 273 32·0 465 42·2 512 47·4 < 0·001
Energy intake (kcal/d) 2066·7 631·3 2119·1 649·1 2063·5 596·0 2135·5 638·9 0·008
Fat intake (g/d) 55·9 33·3 65·5 37·6 70·3 35·7 77·1 37·4 < 0·001
Total protein intake (g/d) 59·1 21·7 60·8 21·1 63·7 21·1 71·3 25·9 < 0·001
Protein intake from meat (g/d) 8·3 11·3 10·6 12·7 12·3 12·5 13·2 14·0 < 0·001
Protein intake from dairy (g/d) 0·1 1·6 0·1 0·8 0·5 2·0 1·1 2·8 < 0·001
Protein intake from legumes (g/d) 3·8 16·0 2·5 9·1 2·5 9·1 2·3 7·8 0·002
Carbohydrate intake (g/d) 327·3 112·5 313·7 112·5 289·1 93·2 280·8 98·2 < 0·001
Fe intake (g/d) 19·7 11·2 19·9 12·9 19·9 10·5 21·3 12·5 0·003
Traditional dietary pattern score –0·2 0·9 0·0 1·0 0·0 0·9 –0·1 0·9 < 0·001
Modern dietary pattern score –0·5 0·5 –0·3 0·8 0·0 0·7 0·6 1·0 < 0·001
Egg intake (g/d) 0·0 0·2 8·6 3·5 23·6 5·9 68·1 34·3 < 0·001

n % n % n % n %
Hypertension 413 31·2 291 33·5 416 37·1 446 40·4 < 0·001
Diabetes 32 2·3 21 2·3 36 3·1 60 5·3 < 0·001
Stroke 21 1·5 21 2·3 26 2·2 32 2·9 0·14
Self-reported poor memory 354 25·4 206 22·3 205 17·5 199 17·6 < 0·001
Self-reported memory decline 590 43·2 363 40·2 452 39·4 374 33·6 < 0·001
Global cognitive function score < 7 323 23·0 175 18·7 175 14·9 164 14·3 < 0·001
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and hypertension and overweight/obesity in relation to cogni-
tion (data not shown).

In sensitivity analyses using the mean egg intake between
1991 and 1993 as the exposure variable, most of the above asso-
ciations remained (online Supplementary Tables S1 and S2).
However, the association between egg intake and self-reported
memory decline became statistically not significant in the multi-
variable models.

Iron intake modifies the association between egg
consumption and cognitive function

A significant interaction (P= 0·011) between egg consumption
and Fe intake in relation to cognition function on a global cog-
nitive scale was observed (Fig. 3). The positive association
between egg intake and global cognitive function was stronger
among those with low Fe intake compared with those with high

Fe intake. The interactionwasmainly seen for counting back and
subtraction but not for memory (online Supplementary Fig. S1).
There was a significant interaction between egg consumption
and sex. The positive association between egg consumption
and global cognition score was mainly observed in women
but not men (Fig. 4). However, there was no three-way intera-
ction between egg consumption, Fe intake and sex (data not
shown).

Discussion

In this population-based longitudinal study in China, higher egg
intake was positively associated with cognitive function as
measured by global cognitive scores. Higher egg intake was
inversely associated with self-reported poor memory and self-
reported memory decline. Additionally, there was a significant
interaction between egg intake and Fe intake in relation to
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Fig. 2. Mean global cognitive score (95% CI) by year and quartiles of egg intake among Chinese adults aged >= 55 years and who attended at least two waves of
cognition tests, China Health and Nutrition Survey. Quartiles of egg intake: , Q1; , Q2; , Q3; , Q4.

Table 2. Regression coefficients (95% CI) for cognitive function by quartiles of egg intake among Chinese adults aged 55 years and above attending China
Health and Nutrition Survey (n 4852)
(95% confidence intervals)

Quartiles of egg intake

Q2 Q3 Q4

P for trendQ1 Regression coefficients 95% CI Regression coefficients 95% CI Regression coefficients 95% CI

Global cognitive
function
Model 1* 0·00 0·31 –0·04, 0·65 1·35 1·00, 1·70 2·16 1·79, 2·53 < 0·001
Model 2† 0·00 0·12 –0·24, 0·48 0·81 0·43, 1·19 1·01 0·60, 1·42 < 0·001
Model 3‡ 0·00 0·07 –0·30, 0·43 0·73 0·35, 1·12 0·90 0·46, 1·34 < 0·001
Model 4§ 0·00 0·08 –0·29, 0·45 0·76 0·36, 1·15 0·93 0·48, 1·38 < 0·001
Model 5|| 0·00 0·11 –0·28, 0·51 0·79 0·36, 1·22 0·92 0·43, 1·41 < 0·001
Model 6¶ 0·00 0·13 –0·27, 0·53 0·81 0·38, 1·24 0·96 0·47, 1·45 < 0·001

* Model 1 adjusted for age, sex and energy intake.
† Model 2 further adjusted for intake of fat, smoking, alcohol drinking, income (low, medium and high), urbanicity (low, medium and high), education (low, medium and high) and
physical activity level (continuous).
‡ Model 3 further adjusted for overall dietary patterns.
§ Model 4 further adjusted for BMI and hypertension.
|| Model 5 further excluded those who only participated in one wave of the cognitive function tests.
¶ Model 6 adjusted for the same variables as model 5 but excluded intake of fat. This model also adjusted for total protein intake (without eggs).
All the adjusted variables are treated as time-varying covariates (except sex).
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cognitive function. The positive association between egg intake
and cognitive function was stronger among those with lower Fe
intake.

Association between egg intake and cognitive function

To our knowledge, this is the first population-based longitudinal
study to investigate the interaction between egg consumption

and Fe intake in relation to cognitive function. Importantly,
we found a dose–response relationship between egg consump-
tion and cognition. Our findings are supported by a study on the
elderly population fromMadrid region,which found that individ-
uals with higher intake of eggs had less errors in the Short
Portable Mental Status Questionnaire, which was used to assess
cognitive capacity(16). Moreover, a case–control study conducted
by Zhao(15) and his colleges in old Chinese individuals aged

Table 3. Odds ratios (95% CI) for self-reported poor memory and self-reported memory decline by levels of egg intake among Chinese adults aged≥ 55
years old by characteristics, China Health and Nutrition Survey (n 4852)
(95 % confidence intervals)

Quartiles of egg intake

Q2 Q3 Q4

P for
trendQ1

Regression
coefficients 95% CI

Regression
coefficients 95% CI

Regression
coefficients 95% CI

Self-reported poor memory
Model 1* 1·00 1·04 0·89, 1·20 0·77 0·66, 0·90 0·60 0·51, 0·71 < 0·001
Model 2† 1·00 1·10 0·94, 1·30 0·87 0·73, 1·04 0·84 0·70, 1·02 0·018
Model 3‡ 1·00 1·11 0·94, 1·31 0·89 0·75, 1·07 0·90 0·73, 1·11 0·141
Model 4§ 1·00 1·13 0·95, 1·34 0·89 0·73, 1·07 0·91 0·73, 1·13 0·177
Model 5|| 1·00 1·18 0·98, 1·41 0·92 0·75, 1·13 0·93 0·74, 1·19 0·230
Model 6¶ 1·00 1·15 0·95, 1·38 0·90 0·73, 1·10 0·89 0·70, 1·13 0·111

Self-reported memory
decline
Model 1* 1·00 1·03 0·91, 1·17 0·84 0·74, 0·95 0·65 0·57, 0·74 < 0·001
Model 2† 1·00 1·08 0·94, 1·25 0·96 0·82, 1·11 0·80 0·68, 0·95 0·001
Model 3‡ 1·00 1·09 0·95, 1·26 0·99 0·85, 1·16 0·88 0·74, 1·05 0·064
Model 4§ 1·00 1·10 0·95, 1·28 1·00 0·85, 1·18 0·89 0·74, 1·07 0·086
Model 5|| 1·00 1·07 0·91, 1·26 0·98 0·82, 1·17 0·84 0·69, 1·02 0·031
Model 6¶ 1·00 1·05 0·89, 1·24 0·96 0·81, 1·15 0·81 0·66, 0·99 0·015

* Model 1 adjusted for age, sex and energy intake.
† Model 2 further adjusted for intake of fat, smoking, alcohol drinking, income, urbanicity, education and physical activity.
‡ Model 3 further adjusted for overall dietary patterns.
§ Model 4 further adjusted for BMI and hypertension.
|| Model 5 further excluded those who only participated in one wave of the cognitive function tests.
¶ Model 6 adjusted for the same variables as model 5 but excluded intake of fat. This model also adjusted for total protein intake (without eggs).
All the adjusted variables are treated as time-varying covariates (except sex).
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Fig. 3. Interaction between egg intake and Fe intake in relation to global cognitive function. Themixed linear regressionmodel adjusted for age, sex, intake of energy and
fat, smoking, BMI, alcohol drinking, income, residence, education, and physical activity, overall dietary patterns and hypertension. All participants participated at least two
waves of survey. Values represent regression coefficients and 95% CI. P for interaction between Fe intake and egg intake was 0·011. An ordinal value (1, 2, 3, 4) was
assigned to reflect the quartiles of egg intake level and treated as a continuous variable while testing for interactions. Quartiles of egg intake: , Q1; , Q2; , Q3;

, Q4.
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60 years and above found that higher egg intake may play a
role in preventing mild cognitive impairment(15). Additionally,
a ∼22-year follow-up study on 2497 Finnish males showed that
moderate egg intake was associated with greater performance
on certain measures of cognitive function(39). However, a
multi-domain study of older adults in the USA revealed inconclu-
sive evidence on egg consumption and cognitive health, sug-
gesting that egg intake is neither beneficial nor detrimental to
cognitive health(17). This discrepancy in the findings may be
due to different study designs and measurements of the expo-
sure variable. The study considered egg intake as a categorical
variable, and it was measured by a FFQ. Moreover, the authors
of this study failed to adjust for important covariates including
dietary patterns, which may have contributed to their inconclu-
sive results.

The potential mechanisms of the effect of egg intake on cog-
nitive health have yet to be understood. Eggs are a main source
of dietary cholesterol, with one egg containing around 200 mg
of cholesterol. Given that dietary cholesterol has been shown
to have a minor effect on plasma cholesterol concentration in
most people(40), previous studies have revealed no association
between dietary cholesterol and cognitive performance or
risk of incident dementia(39), or Alzheimer’s disease(41).
Furthermore, it is worth to mention that the effect of eggs on
cognitive health is not only to be determined by their choles-
terol content, as eggs are a source of many other nutrients
and bioactive compounds that have a beneficial effect
on cognitive function, notably, lutein, zeaxanthin and
choline(18,19,42). A randomised, double-masked, placebo-con-
trolled trial conducted by Hammond(42) and his colleagues
examined the effect of lutein and zeaxanthin supplementa-
tion on cognitive function in older adults. Cognition was
measured using the Central Nervous System Vital Signs compu-
terised test platform. It was found that supplementation of lutein

and zeaxanthin improved macular pigment optical density,
complex attention and cognitive flexibility domains(42). A
study similar in design was conducted on young healthy
adults, which revealed improved cognitive function and cen-
tral nervous system xanthophyll levels(18). High intake of chol-
ine has also been shown to be associated with improved
cognitive capacity(16).

Furthermore, eggs are a rich source of dietary protein.
Previous evidence demonstrated the beneficial effect of protein
on cognitive health(20,21,43,44). This may be due to the protective
effect of high dietary protein intake on the amyloid-β burden in
the brain(45). Cognitive decline is accelerated by a high amyloid-β
burden(46). In addition, eggs contain essential amino acids
including leucine, isoleucine, valine and tryptophan, which have
been shown to be associated with improved cognition(22,47).
However, it is worthmentioning that evidence on dietary protein
and cognitive health is inconclusive. A previous study on adults
(age≥ 60 years) found a positive association between dietary
protein intake from total animal, total meat, legumes, and eggs
and cognitive function, whereas protein intake from milk and
milk products had a negative association(43). Also, a study in
China found that a dietary pattern with a high percentage of
energy intake from protein may be linked with cognitive
decline(48). In addition, a Spanish study on elderly showed
no significant association between dietary protein intake
and cognitive function(49). In the present study, adjusting for
total protein intake did not change the association between
egg intake and cognitive function. This suggests that the asso-
ciation between egg intake and cognition is independent of
protein intake. Although the exact benefits on eggs v. total
protein intake on cognition are not yet clear, it is possible that
the combined interactions of particular micronutrients, such
as n-3 fatty acids and minerals, with protein and their particu-
lar composition in eggs could play a significant role.

Fig. 4. Interaction between egg intake and sex in relation to global cognitive function. The mixed linear regression model adjusted for age, intake of energy and fat,
smoking, alcohol, BMI, drinking, income, urbanicity, education, and physical activity, overall dietary patterns and hypertension. All participants participated at least two
waves of survey. Values represent regression coefficients and 95% CI. , men; , women.
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Iron intake modifies the association between egg
consumption and cognitive function

Interestingly, we found that high egg consumption is beneficial
for cognitive function only among those with a relatively low
intake of Fe. In our previous study, increased Fe intake was
found to be adversely associated with cognitive function(32). In
addition, it was previously shown in Western populations that
Fe intake is positively associated with disorders that induce cog-
nitive decline, such as Parkinson disease(50,51). However, in a
Japanese case–control study, an inverse association between
Fe intake and Parkinson disease was found(52). This discrepancy
in the findings may be attributed to differences in study designs
and exposure classification.

The mechanisms linking Fe intake and cognitive function
have been studied. It was hypothesised that free non-heme Fe
plays an important role in neural and cognitive ageing(53). A
number of reviews revealed a crucial role of Fe in neurodegen-
erative diseases as a redox-active ion that can contribute to oxi-
dative stress in cells(54,55). Furthermore, high Fe status has been
shown to be positively associated with a higher risk of hyperur-
icaemia in CHNS participants(56). Moreover, hyperuricaemia is
associated with poor cognition in the Chinese population(57).

Although eggs are a known source of Fe, it was previously
shown to inhibit Fe absorption(58,59). However, it was suggested
by Kobayashi(60) and his colleagues that egg white protein com-
ponent ovalbumin may increase the absorption of Fe. Higher
egg intake may not be beneficial if Fe intake is high. Future
research should assess whether Fe supplements may modify
the association between egg consumption and cognition.

Strengths and limitations

Our study includes several strengths including the longitudinal
study design and the multiple measurements of dietary intake
such as Fe intake. This study has a relatively large sample size
and a wide variation of egg intake. To provide a strong estimate
of long-term egg consumption, cumulative egg intake based on
repeatedmeasures of a 3-d dietary intake was used. Our findings
can be generalised in the Chinese population. On the other
hand, we were not able to explore potential mechanisms due
to a lack of related biomarkers. In spite of adjusting for potential
confounding variables, residual confounding may still impact
our findings. The information on Fe supplement use was not
available. Considering the low cognitive status of the study
cohort, the use of a 24-h dietary recall may be biased due to
its reliance on memory recall. However, the prevalence of
energy misreporting was low among participants attending
CHNS (7·9 %)(61). Moreover, cognitive function is multifaceted,
and this study measured cognition only as a global measure that
relied on auditory processing skills. We did not have other cog-
nition measures such as verbal, visual or speed of processing.
Our egg consummation data were derived from both 1991
and 2006; the latter one could raise a concern about reversal cau-
sation. On the other hand, we usedmixed effort model approach
to cooperate the change of exposure and changes of outcome
simultaneously. Such approach can offset this potential con-
cern(62). In sensitivity analyses using the mean egg intake
between 1991 and 1993 as the exposure, the sample size was

reduced substantially. It may partly explain why the association
with self-reported memory decline was no longer significant.
Future randomised control trials may aid in elucidating mecha-
nisms and support the association between egg intake and cog-
nitive function.

Implications

The implications of egg consumption and cognition in the el-
derly are important to public health. There is a significant global
burden of dementia. It is estimated that 35·6 million people
worldwide experienced dementia in 2010, with this number
being expected to double every 20 years(63). Only in China,
around 9·5 million adults aged 60 years and older experienced
dementia in 2017(64). Given the detrimental outcomes of demen-
tia for individuals and their families, people are increasingly
aware about prevention strategies, including lifestyle changes
and dietary nutrition to reduce the risk of developing dementia.
Our findingsmay also shed light for peoplewho doubt the health
benefits of eggs. With eggs being a common palatable food sta-
ple in many countries, purchased at a low cost and being easily
accessible, it may be a potential implication that eggs act as a
nutrition factor in preventing cognitive decline.

In conclusion, our study found that higher egg intake is pos-
itively associatedwith better cognition among Chinese adults, in-
dependent of lifestyle and socio-demographic factors. Therewas
a significant interaction between egg consumption and Fe
intake, showing improved cognitive function in those with
higher egg consumption and low Fe intake. We also observed
that higher egg intake is associated with a lower risk of self-
reported poor memory and self-reported memory decline.
Further research is needed to elucidate the relationship between
egg intake and Fe intake in relation to cognitive function.
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