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I am pleased to share Issue 9 of the Nutrition Research Update.
Amongst other exciting developments in nutrition science, this issue
features an article by Dr. Marie Caudill of Cornell University describing
her recently published study, which shows the increased demand for
choline during pregnancy and suggests that current recommendations
for choline intake may be inadequate to support physiological needs
during fetal growth and development.
ENC is also proud to share new evidence surrounding the changing
landscape of the environmental impact and sustainability of egg
production. Findings from the landmark study “A Comparative
Assessment of the Environmental Footprint of the U.S. Egg Industry in
1960 and 2010” by Pelletier, Ibarburu and Xin from Iowa State
University show that improvements in hen housing, manure
management, hen lifespan, and feed content have led to healthier hens
that are more productive while using far fewer resources. The current
combined relative and absolute environmental footprint of egg farming
and production has declined significantly since 1960 while continuing to
provide high-quality nutrition for a growing population.
We hope the findings of the research presented here will continue to
facilitate further research and development in health and nutrition. If
any questions, concerns or comments arise regarding the content that
appears in this edition of the Nutrition Research Update, please feel free
to contact us at info@eggnutrition.org.
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Choline Tracer Study Conducted in
Pregnant Women Demonstrates High
Demand for Choline During this
Reproductive State
Pregnancy-induced alterations in choline metabolism are evident
throughout the last half of gestation with profound depletions in
circulating choline-derived methyl donors (e.g., betaine) and
significant increases in plasma phosphatidylcholine (PC) and choline
(1). To better understand these metabolic alterations, my research
group employed stable isotope methodology, whereby third trimester
pregnant...read full article.

Share on
emailShare on
facebookShare on
twitterMore
Sharing Services

Amassing evidence for heightened satiety
from protein-containing breakfasts
Studies demonstrating protein’s ability to increase satiety more than
other macronutrients have been amassing in the scientific literature,
a notable and important trend in a nation where almost 70% of
adults are overweight or obese (1). Particularly when consumed at
breakfast, research indicates that a meal containing >15-20 g
protein imparts greater feelings of fullness and reductions in energy
intake at a subsequent meal compared to an equivalent
amount...read full article.

ENC-funded studies at EB 2014
Nutrition Research at Experimental Biology 2014
Last month at Experimental Biology (EB) 2014, scientists from
around the world gathered in San Diego, CA to share and discuss
the latest scientific developments in nutrition, biochemistry, and
related sciences. Over 24,000 scientists and exhibitors attended the
conference this year, representing academic institutions,
government agencies, nonprofit...read full article.

Research We’re Reading
• "Protein-enriched diet, with the use of lean red meat,
combined with progressive resistance training enhances lean
tissue mass and muscle strength and reduces circulating IL-6
concentrations in elderly women: a cluster randomized
controlled trial"
Daly RM, O’Connell SL, Mundell NL, Grimes CA, Dunstan DW,
Nowson CA. Am J Clin Nutr. 2014 Apr;99(4):899-910.
• “Resistance training and protein intake synergistic effects:
practical aspects”
Guimaraes-Ferreira L, Cholewa JM, Naimo MA, Zhi XI,
Magagnin D, Dal Ponte de Sá RB, Streck EL, da Silva Teixeira
T, Zanchi NE. Nutrition. 2014; E-pub ahead of print.
• “Dietary cholesterol, heart disease risk and cognitive
dissonance”
McNamara DJ. Proc Nutr Soc. 2014 May;73(2):161-6.
• “Two lipids in the diet, rather than cholesterol, are
responsible for heart failure and stroke”
Kummerow. Clin Lipidol. 2014; E-pub ahead of print.
doi:10.2217/clp.14.4.
View All

To learn more about egg nutrition, the latest research and to download patient education
materials, please visit the Egg Nutrition Center at www.eggnutritioncenter.org.
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Choline Tracer Study Conducted in Pregnant
Women Demonstrates High Demand for
Choline During this Reproductive State

By

Marie A. Caudill, PhD, RD

Pregnancy-induced alterations in choline metabolism are evident
throughout the last half of gestation with profound depletions in
circulating choline-derived methyl donors (e.g., betaine) and significant
increases in plasma phosphatidylcholine (PC) and choline (1). To better
understand these metabolic alterations, my research group employed
stable isotope methodology, whereby third trimester pregnant women
consumed a choline tracer labeled with deuterium (a stable isotope of
hydrogen) on its three methyl groups (see Figure) (2). This labeling
strategy enabled the tracing of the intact choline molecule (i.e., d9choline metabolites), as well as its methyl groups (d3-choline
metabolites) (see Figure).
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We found that pregnant (vs. nonpregnant) women used more choline to
synthesize PC through the CDP-choline pathway. This greater
partitioning of choline towards PC synthesis reduced its availability for
betaine synthesis. Nonetheless, despite reduced betaine supply,
pregnant (vs. nonpregnant) women used more of this choline derivative
as a methyl donor, including for the production of a new PC molecule
through the endogenous (denovo) phosphatidylethanolamine Nmethyltransferase (PEMT) pathway. The use of choline-derived methyl
groups to make choline through this endogenous pathway suggests that
PEMT-PC may be especially important for fetal development. Indeed our
tracer study revealed that PEMT-PC, but not PC generated by the CDPcholine pathway, was preferentially delivered to the fetus. We also
found that pregnant (vs. nonpregnant) women degraded more of the
PEMT-PC to choline, perhaps as a way to increase supply of free choline
to the developing fetus. Neonates are born with circulating free choline
concentrations that are 3-5 times higher than those in maternal blood
(1). Finally, extra choline (approximately double the adequate intake
[AI]) normalized the partitioning of choline between the CDP-choline
pathway and the betaine synthesis pathway among pregnant women to
the nonpregnant state.
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The higher production of PC through both synthetic pathways highlights
the substantial demand for this phospholipid during late pregnancy. PC
is required for the production of very low density lipoproteins, the
synthesis of which accelerates during normal pregnancy to provide
lipids for membrane formation, cell division and fetal growth (3, 4). The
selective partitioning of PC generated by the endogenous PEMT pathway
denotes a unique requirement for PEMT-PC by the developing fetus,
which may be due to its enrichment with docosahexaenoic acid (DHA)
(5 - 7). Importantly, both choline and DHA play a prominent role in the
development of the central nervous system (8). Finally, the greater use
of betaine, coupled with its reduced production from choline, contribute
to the profound reduction in plasma betaine during pregnancy. Greater
consumption of choline in the last trimester of pregnancy mitigated
some of these aberrations, indicating pregnant women may benefit
from choline intakes that exceed current recommendations. A higher
maternal choline intake during pregnancy has been shown to
beneficially influence offspring cognition (9, 10) and response to stress
(11), as well as placental functioning (12, 13).
Most women in the U.S. consume less than the current AI of 450 mg
choline/d (14, 15). Eggs, beef, fish, poultry, cruciferous vegetables and
legumes can be added to the maternal diet to increase the intake of this
essential bioactive micronutrient (16). However, some women may
require supplements to meet dietary recommendations. At present,
choline is absent from most prenatal vitamins, but is commercially
available as choline bitartrate, or as phosphatidylcholine, which may be
used to provide extra choline during this critical period of human
development.
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Amassing evidence for heightened satiety
from protein-containing breakfasts
Studies demonstrating protein’s ability to increase satiety more than
other macronutrients have been amassing in the scientific literature, a
notable and important trend in a nation where almost 70% of adults are
overweight or obese (1). Particularly when consumed at breakfast,
research indicates that a meal containing >15-20 g protein imparts
greater feelings of fullness and reductions in energy intake at a
subsequent meal compared to an equivalent amount of carbohydrate or
fat, facilitating weight loss and weight loss maintenance when sustained
over extended periods of time (2 - 4).
The satiating properties of a number of different protein sources have
been tested under acute conditions. Several acute and longer-term
trials have evaluated eggs specifically given their wide consumer
acceptance as a breakfast food. In particular, Dr. Nikhil Dhurandhar
from the Pennington Biomedical Research Center, Baton Rouge,
Louisiana, has conducted a series of studies suggesting a distinct
satiating property of eggs that may promote body weight management
(5 - 7). The earliest of these was an acute study comparing
postprandial satiety and cravings, and subsequent energy intake
following consumption of either an egg-containing breakfast (18 g
protein) or an isocaloric bagel-based breakfast (14 g protein) in
overweight and obese participants. Results indicated greater satiety and
significantly less energy intake consumed (by 400 calories) throughout
the day and up to 36 hours following the egg-based breakfast versus
the bagel (5).
Augmenting this preliminary evidence on satiety, Dr. Dhurandhar’s
research group evaluated the effects of an egg-based breakfast as part
of an 8-week energy-restricted weight loss regimen. The group of
participants that consumed 2 scrambled eggs each day at breakfast (17
g protein) experienced 65% greater weight loss than the group
consuming the bagel breakfast of equal calories (14 g protein) and
volume (6). Further, waist circumference and body fat were decreased
to a greater degree in those consuming eggs at breakfast. In addition,
participants who ate eggs for breakfast reported feeling more energetic
than those who ate bagel breakfasts.
In their most recent study, Dr. Dhurandhar and colleagues compared
the acute effects of isocaloric breakfasts providing an equivalent level of
protein (20 g) derived from either eggs or wheat (cereal plus a slice of
bread). This study evaluated the influence of higher protein quality of
eggs versus that of wheat on postprandial hunger and fullness, a
change from prior studies that differed in protein quantity. Results
showed that despite the matching quantity of protein, the egg-based
breakfast increased some, but albeit, not all indicators of satiety. In
particular, the egg-based breakfast favorably influenced the satiety
hormones, PYY and ghrelin, revealing a potential mechanism whereby
eggs may influence appetite (7). This study suggests that protein
quality, in addition to the amount of protein consumed, may be an
important determinant of protein-induced satiety. More research is
necessary to solidify these preliminary findings and ascertain the
longer-term effects on weight loss and weight maintenance.
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ENC-funded studies at EB 2014
Nutrition Research at Experimental Biology 2014
Last month at Experimental Biology (EB) 2014, scientists from
around the world gathered in San Diego, CA to share and
discuss the latest scientific developments in nutrition,
biochemistry, and related sciences. Over 24,000 scientists and
exhibitors attended the conference this year, representing
academic institutions, government agencies, nonprofit
organizations and private corporations. The following projects,
supported in part or full by the ENC research grant program,
were presented at the meeting:
z

Carbohydrate feeding and impact on global
metabolomics in relation to insulin sensitivity in
men with metabolic syndrome (1)

In this study, researchers sought a better understanding of the
metabolic effects of differential macronutrient distribution in the
diet. Serum global metabolomic analysis was performed in men
with metabolic syndrome, concurrent with dietary manipulations
over time. Participants were fed isocaloric and isonitrogenous
diets that incrementally increased in carbohydrate (CHO) and
decreased in fat content for three weeks. Results showed that
insulin resistance decreased from baseline to low CHO intake,
but increased following moderate and high CHO intake and
appeared to be linked to several specific metabolic markers.
Authors indicated that the study’s results may help explain the
mechanisms behind dietary CHO content and insulin resistance.
z
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Dietary cholesterol and heart health: a systematic
review and meta-analysis (2)

A growing body of evidence suggests that previously declared
correlations between dietary cholesterol consumption and heart
disease may be unfounded. This meta-analysis systematically
reviewed the literature from the past 35 years in order to
elucidate this ambiguous and unconfirmed relationship. Close
examination of 39 studies showed no association between
dietary cholesterol and ischemic heart disease deaths, ischemic
stroke or hemorrhagic stroke. An analysis of randomized
controlled trials showed that dietary cholesterol produced small
increases in total plasma cholesterol, LDL- and HDL-cholesterol,
however all studies fed subjects dietary cholesterol at levels two
to five times current intakes. The authors concluded that more
research was needed to fill evidence gaps.
z
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Consumption of an egg-based breakfast reduces
hunger and increases postprandial energy
metabolism in normal weight and overweight
school-aged children (3)

In this study, researchers compared egg (protein)-based
breakfasts to isocaloric CHO-based breakfasts and the resulting
thermic effect of food, glycemic control, and hunger levels in
school-aged children. Blood glucose levels were not significantly
different following consumption of the two different breakfasts,
but after consuming egg breakfasts, participants felt less hungry
and ate an average of approximately 100 fewer calories at the
subsequent ad libitum buffet lunch. Additionally, higher thermic
effect of food tended to occur following the egg breakfast as
compared to CHO breakfast. Authors of the study concluded
from these results that protein-based breakfasts may have
positive effects on subsequent energy metabolism.
z

One egg a day does not increase the risk for
cardiovascular disease in diabetic patients (4)

This crossover study assessed the plasma lipoprotein lipid
concentrations of 15 female and 7 male diabetic patients
following consumption of either an egg breakfast (one egg per
day) or oatmeal breakfast each for five weeks. Male participants
experienced no significant changes in plasma lipid
measurements. In female participants, the consumption of one
egg per day decreased plasma triglycerides and increased LDLcholesterol, but did not alter HDL-cholesterol. Despite the
increase in females’ serum LDL-cholesterol, levels remained
below recommended serum concentrations for patients at risk
for heart disease. Consumption of one egg per day, therefore,
was determined not to negatively impact already existing
dyslipidemias in diabetic patients.
z

Consumption of 12 eggs per week for 1 year
increases serum zeaxanthin concentrations but not
other major carotenoids, tocopherols, and retinol in
humans (5)

To understand the effects of an egg-rich diet on serum levels of
carotenoids, 45 adults were placed into either the intervention
group who consumed 12 eggs per week for 12 months, or a
control group consuming no eggs for 12 months. Results
showed that the group consuming eggs had a significant
increase in serum zeaxanthin concentrations and a notable,
although not significant, increase in serum lutein after 1 year.
However, no significant changes were observed in other serum
carotenoids, retinol or alpha- or gamma-tocopherol
concentrations. The findings of this study thus suggest that egg
yolk consumption increases concentrations of only select
carotenoids.
z

Whole egg protein markedly increases blood vitamin
D concentrations in male Sprague-Dawley rats (6)

As a means of exploring the links between diet, diabetes and
cardiovascular disease in more detail, researchers in this study
examined the differential effects of control, egg white protein
and whole egg diets in rats. In particular, researchers measured
circulating 25(OH)D and the relative activity of a regulatory
enzyme for methyl group metabolism, both of which are
disrupted in a diabetic state. While there appeared to be no
difference in vitamin D concentrations between the control and
egg white diet groups, the whole egg diet elicited a 4-fold
increase in circulating vitamin D. In addition, the regulatory
enzyme in question was more active in both egg diet groups
than the control. These results suggest that whole egg
consumption may help to alleviate physiologic diabetic
dysfunctions by elevating circulating vitamin D and by
increasing methyl group metabolic activity.
z

Effect of a very low carbohydrate diet followed by
incremental increases in carbohydrate on
respiratory exchange ratio (7)

This study aimed to examine the effects of incremental
increases in dietary carbohydrate intake on fat oxidation. Postabsorptive respiratory exchange ratio (RER) across a broad
range of dietary carbohydrate and fat levels was measured in 16
adults with metabolic syndrome. After an initial 3-wk run-in lowcarbohydrate diet, participants were fed six sequential
moderately hypocaloric diets for 3 weeks each, which
progressively increased carbohydrate with simultaneous
decreases in fat. Results showed that resting RER was lowest
after the diet with the lowest amount of carbohydrate and
increased in a linear manner as carbohydrate increased,
indicating that very low carbohydrate diets may accelerate fat
oxidation and incremental increases in carbohydrate track
linearly with decreased fat oxidation.
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"Protein-enriched diet, with the use of lean red meat,
combined with progressive resistance training enhances
lean tissue mass and muscle strength and reduces
circulating IL-6 concentrations in elderly women: a cluster
randomized controlled trial"
Daly RM, O’Connell SL, Mundell NL, Grimes CA, Dunstan
DW, Nowson CA. Am J Clin Nutr. 2014;99:899-910.
“Resistance training and protein intake synergistic effects:
practical aspects”
Guimaraes-Ferreira L, Cholewa JM, Naimo MA, Zhi XI,
Magagnin D, Dal Ponte de Sá RB, Streck EL, da Silva
Teixeira T, Zanchi NE. Nutrition. 2014; E-pub ahead of
print.
“Dietary cholesterol, heart disease risk and cognitive
dissonance”
McNamara DJ. Proc Nutr Soc. 2014;73:161-6
“Two lipids in the diet, rather than cholesterol, are
responsible for heart failure and stroke”
Kummerow. Clin Lipidol. 2014; E-pub ahead of print.
doi:10.2217/clp.14.4.
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“Prevention of diabetes with Mediterranean diets: a
subgroup analysis of a randomized trial”
Salas-Salvadó J, Bulló M, Estruch R, Ros E, Covas MI,
Ibarrola-Jurado N, Corella D, Arós F, Gómez-Gracia E,
Ruiz-Gutiérrez V, Romaguera D, Lapetra J, LamuelaRaventós RM, Serra-Majem L, Pintó X, Basora J, Muñoz
MA, Sorlí JV, Martínez-González MA. Ann Intern Med.
2014;160:1-10
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“Added sugar intake and cardiovascular diseases mortality
among US adults”
Yang Q, Zhang Z, Gregg EW, Flanders WD, Merritt R, Hu
FB. JAMA Intern Med. 2014;174:516-24.
.
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“Poor breakfast habits in adolescence predict the
metabolic syndrome in adulthood”
Wennberg M, Gustafsson PE, Wennberg P, Hammarstrom
A. Public Health Nutr. 2014:1-8; E-pub ahead of print.
“Egg Consumption and Carotid Atherosclerosis in the
Northern Manhattan Study”
Goldberg S, Gardener H, Tiozzo E, Kuen CY, Elkind MSV,
Sacco RL, Rundek T. Atherosclerosis. 2014; E-pub ahead
of print.
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“Associations between dairy protein intake and body
weight and risk markers of diabetes and CVD during
weight maintenance”
Bendtsen LQ, Lorenzen JK, Larsen TM, van Baak M,
Papadaki A, Martinez JA, Handjieva-Darlenska T, Jebb SA,
Kunešová M, Pfeiffer AF, Saris WH, Astrup A, Raben A. Br
J Nutr. 2014;111:944-53.
“The effect of breakfast composition and energy
contribution on cognitive and academic performance: a
systematic review”
Edefonti V, Rosato V, Parpinel M, Nebbia G, Fiorica L,
Fossali E, Ferraroni M, Decarli A, Agostoni C. Am J Clin
Nutr. 2014; E-pub ahead of print
“Morning Meal More Efficient for Fat Loss in a 3-Month
Lifestyle Intervention”
Lombardo M, Bellia A, Padua E, Annino G, Guglielmi V,
D'Adamo M, Iellamo F, Sbraccia P. J Am Coll Nutr. 2014;
E-pub ahead of print.
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To learn more about egg nutrition, the latest research and to download patient education
materials, please visit the Egg Nutrition Center at www.eggnutritioncenter.org.
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ENC Research Program
The Egg Nutrition Center (ENC) administers an
annual research program with over $2 million
dollars provided by America’s egg farmers through
the USDA and the American Egg Board. Additional
information is available at the ENC website.
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Presentation by Mitch
Kanter, PhD, Executive
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Dixie L. Harms, DNP, ARNP,
FNP-C, BC-ADM, FAANP
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Accolades:
Congratulations to Ashley Binns, PhD student
collaborating with Dr. Jamie I. Baum at the University
of Arkansas- Fayetteville, and winner of the 2014
abstract competition conducted by the Energy and
Macronutrient Metabolism Research Interest Section of
the American Society for Nutrition. Ashley submitted
the winning abstract titled ‘Consumption of an egg-based breakfast
reduces hunger and increases postprandial energy metabolism in
normal weight and overweight school-aged children’, featuring her
ENC-funded work on the potential of a protein-based breakfast to
modulate postprandial energy metabolism in overweight children.
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