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ABSTRACT

Aims: Eggs are a good source of lutein and zeaxanthin, carotenoids known for their
antioxidant properties. Mexican children have been shown to consume limited amounts
of fruit and vegetables. The purpose of the current study is to determine whether the
inclusion of eggs in the diet increases plasma carotenoids in this population.

Study Design: This study is a follow up on the effects of high egg intake on plasma
lipids and atherogenic lipoproteins in children. Fifty four Mexican children (25 boys/29
girls) aged 8-12 y were randomly assigned to consume either 2 eggs/d (518 mg
additional dietary cholesterol) (EGG period) or the equivalent amount of egg whites (SUB
Period) in a cross-over design for 4 wk. After a 3 wk washout, children were crossed
over to the alternate treatment.

Methodology : 3-day dietary records, plasma carotenoids and apolipoproteins were
measured at the end of the EGG and SUB Periods.

Results: In agreement with the lack of effects of eggs in increasing atherogenic
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lipoprotein profiles, plasma apolipoprotein B concentrations did not change between
periods indicating that increases in plasma cholesterol were not associated with higher
number of LDL particles. Although the values for apo C-llIl were high compared to other
pediatric populations, they were not affected by egg intake. Dietary records indicated
low intake of carotenoids, especially during the SUB period. Plasma lutein and
zeaxanthin were increased during the EGG period from 0.235 + 0.071 to 0.280 + 0.147
pmol/L (P<0.001) and 0.044 + 0.019 to 0.051 + 0.031 pmol/L (P<0.001), respectively.
Conclusions: These results suggest that the eggs are a good source of lutein and
zeaxanthin in this population and that the increases in LDL size during the egg period
may also be related to a better transport of these carotenoids in plasma.

Keywords: Eggs; Mexican children; lutein; zeaxanthin; LDL/HDL ratio.
1. INTRODUCTION

Dietary guidelines that target reductions in coronary heart disease (CHD) risk, recommend
no more than 300 mg/day of dietary cholesterol, a recommendation that limits egg intake [1].
There are a number of epidemiological studies that do not support a relationship between
egg intake and CHD incidence [2,3]. Furthermore, the Lipid Research Clinics Prevalence
Follow-up Study [4], which examined both men and women (n=4546) reported no significant
relationships between CHD deaths and dietary cholesterol intake. Several other studies
[5,6,7] have also failed to find associations between CHD incidence and egg intake. More
recently, lack of correlations between egg intake and risk for coronary heart disease or
stroke, have been reported [8,9].

Epidemiological studies indicate an inverse relationship between intake of lutein and
zeaxanthin, and age related macular degeneration [10]. Clinical interventions have
demonstrated that egg intake increases macular pigment density [11]. These carotenoids
may also play a role in decreasing the susceptibility of the LDL particle to oxidation [12].

In spite of the modifications of the American Heart Association from their previous policy of
eating only two eggs per week, to permitting the consumption of one yolk per day [13], the
majority of the population is still concerned in regards to egg intake. These
recommendations create uncertainty in those individuals who might derive health benefits by
including eggs in their diets.

In a National survey conducted to evaluate risk for heart disease in Mexico, the Northern
States including Sonora and Sinaloa were reported to have the highest levels of plasma LDL
cholesterol and triglycerides compared to the rest of the country [14]. Data from The National
Census on Health and Nutrition reports that similar to developed countries, the nhumber one
cause of death in Mexico is CHD [15]. Previous studies have clearly demonstrated that not
only adults [16,17] but also children from this area of Mexico [18] present the lipid profiles
characteristic of the metabolic syndrome and insulin resistance [19], which greatly increase
the risk for diabetes and heart disease later in life.

In addition, to this high predisposition for CHD, Mexican children from this region consume
limited amounts of fruits and vegetables [20], which can greatly increase the oxidation
capacity in plasma. However, these children consume eggs as part of their regular diet. We
previously reported that egg consumption does not increase the risk of heart disease in this
population [18]. Our current hypothesis is that that egg consumption would favorably affect
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the concentrations of plasma lutein and zeaxanthine, which may increase plasma antioxidant
capacity in a pediatric population characterized by low intake of fruits and vegetables.

2. SUBJECTS AND METHODS
2.1 Experimental Protocol

The Experimental protocol was approved by the University of Connecticut Institutional
Review Board and by the Review Board of CIAD A.C. The experimental design has been
described in detail previously [18]. Briefly, the protocols were explained to the children and
parents signed the consent form. Children from the School Mauricio Kelly (Hermosillo,
Mexico) were provided free breakfast during 2 two month intervals. They were randomly
allocated to consume 2 eggs (additional 518 mg of cholesterol) per day or the equivalent
amount of egg whites (0 additional mg of dietary cholesterol). After a three week wash out
period, children were allocated to the alternate diet. Based on the mean differences in LDL
and HDL-C concentrations and standard deviations following egg intake, from our previous
studies, we estimated that a total of 50 children would be needed to identify differences in
plasma lipids and plasma carotenoids [21,22]. We recruited 60 children to allow for attrition
and 54 subjects (25 boys and 29 girls) completed the study.

Children were asked not to change their regular diet during the whole intervention. Three-
day weighed food records [23] were used to evaluate cholesterol and carotenoids intake.
The individuals in charge of preparing meals at home were given food scales (Ohaus CS
2000) and a chart to record the child’s daily intake [23]. Diet intake was analyzed using the
ESHA Food processor program (ESHA, Food Processor, 7.20, ESHA Research Editor,
1998). Regional foods that were not included in the data-base were analyzed for individual
components and added to the data-base (Ballesteros et al., unpublished data). Parents in
agreement with children completed three 24-h dietary records during each treatment period.

2.2 Plasma Lipids, Apolipoproteins and Insulin

Fasting blood samples were collected on two separate days for each child to account for day
to day variability and plasma lipids were measured at baseline, during the washout and at
the end of each dietary period as previously reported [18]. Apolipoprotein (apo) B
concentrations were determined using an immunoturbidimetric method and turbidity was
measured in a microplate spectrophotometer at 340 nm [24]. Plasma apo Clll was measured
from 150ul of sample using WAKO Kits in a Hitachi Autonalyzer 740 as previously reported
[25]. Plasma insulin was measured using a Linco RIA kit (Linco Research, Inc, St. Charles,
MI) that utilizes the double-antibody/PEG technique [26].

2.3 Plasma Carotenoids

Plasma (200ul) was prepared for HPLC analysis by combining each sample with an internal
standard of 50 pl ethyl-B-apo-8-carotenoate (Fluka, Ronkonkoma, NY) and 200 pl ethanol
containing butylated hydroxytoluene, similar to the method previously described [27]. Briefly,
the sample was extracted three separate times using a hexane carrier containing butylated
hydroxytoluene while centrifugation facilitated the phase separation. The solvent was
removed with a stream of nitrogen and the resulting hexane layers were reconstituted with
100 pl of 2-propanol and placed into HPLC injection vials. A Waters HPLC system equipped
with a Varian column (100x4.6 mm Microsorb-MN 100-3 C-18), and preceded by an
Upchurch C-18 guard column (Upchurch Scientific, Oak Harbor, WA) was used to analyze
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the carotenoid content of the plasma. The isocratic mobile phase contained 80% acetonitrile,
15% dioxane, 2.5% methanol, 2.5% 2-propanol, 0.01% triethylamine, and 0.01% ammonium
acetate. The internal standard and carotenoid content of the plasma was detected at 450
nm. All solvents were HPLC grade and were filtered and degassed before use. Standard
curves were compiled from HPLC purified lutein and zeaxanthin.

2.4 Data Analysis

Repeated measures ANOVA was utilized to determine dietary treatment effects on plasma
lipids, apolipoproteins B and C-lll, insulin and both dietary and plasma carotenoids between
the EGG and SUB periods. The repeated measure was time and the between subjects factor
was gender. P<0.05 was considered statistically significant. SSPS version 11.5 was used for
statistical analysis

3. RESULTS AND DISCUSSION
3.1 Diet

The main differences in diet have been previously reported [18]. All children irrespective of
gender consumed more total fat, saturated and monounsaturated fat and vitamin E during
the EGG period while they consumed more carbohydrate and protein during the SUB period
(P<0.05) [18]. The amount of dietary cholesterol was higher (P<0.001) during the EGG
period with boys consuming 677 + 121 mg versus 171 + 127 and girls consuming 614 +158
mg versus 125 + 66 during the EGG and SUB periods, respectively. The amount of dietary
cholesterol during the egg period corresponds to 2X the recommendations in US. However,
it is important to note that many countries including European Union, Korea, India, Australia
and New Zealand among others, do not have an upper limit for dietary cholesterol [28].

3.2 Plasma Lipid, Apolipoproteins and Insulin

Both LDL and HDL cholesterol were higher during the EGG period for both genders (P<0.05)
(Table 1); however the LDL/HDL was maintained during both dietary periods. Plasma
apolipoproteins B and C-Ill as well as plasma insulin were not affected either by gender of by
dietary intervention.

3.3 Dietary and Plasma Carotenoids

Result from carotenoid intake in mg/d is presented in Table 2. As predicted by the diet, the
concentrations of lutein + zeaxanthin were higher during the EGG period (P<0.01). In
addition dietary lycopene was also higher during the EGG period. The concentrations of the
other carotenoids: a and 3 carotene, and cryptoxanthine were not different between periods
or between gender.

The concentrations of plasma carotenoids were in agreement with dietary intake (Table 3).
Plasma lutein and zeaxanthin were higher during the egg period both in boys and girls (P <
0.05). While there were no significant differences in the other plasma carotenoids although
dietary lycopene was higher during the EGG period.
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Table 1. Plasma LDL cholesterol (LDL-C), HDL-choles
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terol (HDL-C), LDL/HDL ratio, apolipoprotein (aPO)

B) dietary periods

B apo C and apo E

of boys and girls during the EGG or egg substitute (SU

Boys Girls Diet effect Normal Range
EGG SUB EGG SUB (P value)
LDL-C (mg/dL) 73.7 £17.2 66.2+141 73.7+141 685+17.7 <0.01 70-100 mg/dL
HDL-C (mg/dL) 52.1+8.9 48.3+8.2 475+9.7 46.1+8.9 <0.025 40-70 mg/dL
LDL/HDL 145+043 1.39+052 1.63+0.51 1.55+0.49 NS <3.5
Apo B (mg/L) 596 + 99 620 + 136 586 + 107 616 + 95 NS 630-1114 mg/L
Apo C-lll (mg/L) 105 +28 120 +33 116 +58 111 +33 NS 5.5- 95 mg/L
Insulin (LU/mI) 12.4+6.0 131174 11.9+5.9 13.0+5.7 NS 2.0-20 pu/ml

"Values are expressed as mean + S.D for N= 25 boys and N= 29 girls. There were no gender or interactive effects for any of plasma lipids, apo B,
Apo B or Apo C

Table 2. Dietary Carotenoids in Boys and Girls duri  ng the EGG or Egg Substitute (SUB) periods

(mg/d) Boys Girls Diet Effect
EGG SUB EGG SUB (P value)
Lutein+ Zeaxanthin 538 + 330 271 £294 632 £ 432 264 + 343 <0.01
B-Carotene 962 + 1130 716 £ 675 616 + 633 803 +£1019 NS
a-Carotene 219 + 456 84 +128 91 +164 86 +178 NS
Lycopene 3282 £3158 1680 + 1872 1740 + 2318 140741794 P <0.05
Cryptoxanthine 46 +55 43 £ 90 37+92 59+153 NS

" Values are expressed as mean + S.D for N= 25 boys and N= 29 girls. There were no gender or interactive effects for dietary carotenoids

1

Table 3. Plasma Carotenoids in Boys and Girls durin

g the EGG or Egg Substitute (SUB) periods

pmol/L Boys Girls Diet Effect
EGG SUB EGG SUB (P value)

Lutein 0.273+0.105 0.237 £0.068 0.287 +£0.176  0.237 £0.075 <0.05
Zeaxanthin 0.045+0.030 0.044 +£0.020 0.053+£0.034 0.044 +£0.020 <0.05
B-Carotene 0.135+0.092 0.135+0.064 0.147 £0.089 0.163 +0.108 NS
a-Carotene 0.022 £0.047 0.016 +0.029 0.016 £0.022  0.017 £0.022 NS
Lycopene 0.190 £0.090 0.222 +0.100 0.161+0.093  0.193 +£0.100 NS
Cryptoxanthine 0.082+£0.039 0.108 +0.087 0.104 £0.056  0.119 +0.068 NS

" Values are expressed as mean + S.D for N= 25 boys and N= 29 girls. There were no gender or interactive effects for plasma carotenoids.
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In this study, we demonstrated that consumption of 2 eggs per day for 30 days by Mexican
children, results in significant increases in plasma carotenoids, that may be possibly
associated with the larger LDL size [18] and with the higher concentrations of large HDL [29]
that has been observed following egg consumption. Interestingly, plasma apo B
concentrations and the LDL/HDL ratio, two key markers of heart disease risk [30,31] did not
change. These results also indicate that egg consumption provided higher concentrations of
those plasma carotenoids that have been shown to decrease LDL oxidation [32] and protect
against CHD [33,34].

We have previously shown that some of the children experienced increases in total
cholesterol following the consumption of 2 eggs per day. However, the increases were both
in LDL and HDL cholesterol with the consequent maintenance of the LDL/HDL ratio. It is also
notable that LDL size was increased during the EGG period for all children irrespective of
response classification [18].

It is well documented that the small dense LDL particles increase 3-fold the risk for CHD [35]
due to their ability to become more easily oxidized, thus increasing their capability to
penetrate the arterial wall and to begin the atherogenic process. In addition to our report in
children [18], egg consumption has also been shown to increase LDL size in young adults
[22], older individuals [36] and overweight subjects [37]. Large LDL do not become readily
oxidized due their larger surface, which allows higher transport of antioxidants including
Vitamin E [38] and carotenoids [37]. LDL size < 26.8 nm is considered smaller LDL or
pattern B while LDL > 26.9 nm is considered larger LDL or pattern A as measured by the
Lipoprint system [39]. In our study, there were 36 children with pattern B after the SUB
period and this number shifted to 31 during the EGG period indicating that eggs not only
contributed to the increases in LDL size but also that there was a shift to the less
atherogenic LDL profile.

This increase in LDL size is specifically beneficial to this population that is characterized by a
large proportion of phenotype B, or increased concentration of smaller LDL patrticles [18].
Both adults and children in this region of Mexico are characterized by having an increased
risk for CHD compared to the rest of the country [15]. Thus, dietary interventions aimed at
reducing small LDL can be considered atheroprotective. These larger more buoyant LDL
particles generated by egg intake [18,22,35,38] conveniently provide a larger surface for
increased plasma transport of both lutein and zeaxanthin, the carotenoids present in eggs.

In addition, children did not have an increase in apoliprotein B during the EGG period.
Apolipoprotein B has been reported to be a risk factor for heart disease independent of
plasma cholesterol concentrations in clinical studies [27]. Consumption of eggs did not result
in the formation of more apo B containing lipoproteins, which is in agreement with the
generation of large LDL particles as previously observed [18]. Although Apo C-IIl was not
affected by diet, values for this apolipoprotein were found to be high in these children when
compared to those in adults [40]. Apo CIII is known to inhibit triglycericde hydrolysis by
lipoprotein lipase [41,42], decreasing the removal of triglycerides from VLDL or
chylomicrons. In humans, plasma apo CllI concentrations correlate with triglyceride levels
[43] and apo C-llI is higher in hypertriglyceridemic individuals [44]. Also plasma insulin was
not affected by diet; however, the reported values are considered to be high for young
children [45]. These elevated levels of both apo C-lll and insulin indicate that these children
might be at higher risk for heart disease and diabetes in agreement with the data from The
Secretary of Health in Mexico [15].
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Compared to US, children in this area of Mexico consume substantially less carotenoids in
their diet [20]. For example US children have been reported to have plasma concentrations
of 0.34 pymol/L [46], which is higher than the concentration of 0.28 umol/L that was found in
children after consuming the eggs in the current study. The low concentrations of lycopene,
cryptoxanthin, B-carotene and lutein and zeaxanthin confirm dietary patterns of limited
consumption of fruits and vegetables in this population [46]. Among Mexican children, the
main dietary sources of lutein and zeaxanthin were orange juice, grape juice, quelites, corn
tortillas, peaches and spinach in addition to the eggs consumed during the EGG period.

Studies suggest the potential contribution of the carotenoids lutein and zeaxanthin in the
prevention of heart disease and stroke [10]. Specifically, lutein has been shown to exert
cardio-protective effects in clinical studies [47]. Higher intake and higher plasma
concentration of lutein are also associated with reduced risk of CHD [48]. Lutein has also
been shown to be protective against oxidation and inflammation in animal [49] and cell
studies [50]. In a study conducted in guinea pigs fed a hypercholesterolemic diet (0.25%
cholesterol) in combination with lutein, there was a protective effect of this carotenoid
against atherosclerosis at multiple points [32]. Compared to control guinea pigs, lutein-
treated animals had fewer medium-small LDL particles, lower concentrations of oxidized LDL
in plasma, lower amounts of both cholesterol and oxidized LDL in aorta and lower
concentrations of inflammatory cytokines including IL-6 suggesting a protective anti-oxidant
effect with this carotenoid in the presence of elevated cholesterol [32].

4. CONCLUSION

We conclude that whole egg consumption is a good alternative for increasing the circulation
of plasma lutein and zeaxanthin two plasma carotenoids that have been shown to protect
against inflammation [33], oxidation [10] and atherosclerosis development [32]. Further, eggs
not only do not increase the risk of heart disease but they may also exert a protective effect
due to increased concentrations of these carotenoids. As previously reported in children [18]
and many other studies in adults [21,22,36,37] when plasma cholesterol is increased due to
egg intake, there are increases in both LDL and HDL cholesterol, which results in
maintenance of the LDL/HDL ratio a key marker of CHD risk [31]. Further eggs decrease the
atherogenicity of LDL promoting the formation of larger LDL, and large HDL [36], which in
turn can more easily transport carotenoids in plasma [37]. Thus increased consumption of
eggs may help protect these children characterized by having elevated biomarkers for heart
disease and by limited consumption of fruits and vegetables.
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