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Lettuce romaine calm and manage our
glycemia: adding leafy greens to a meal
may improve postprandial metabolism
Gregory C. Henderson

When considering lifestyle factors such as consumption
of fruits and vegetables, and leading a physically active
lifestyle, the benefits are often ascribed to the long-term,
chronic effects of each lifestyle factor. An example of
this long-term mindset would be views of antioxidant
biology; long-term intakes of anti-oxidants could poten-
tially prevent the accumulation of oxidative damage to
DNA and other cellular constituents that accumulate
over months and years. However, it is important to note
that lifestyle factors (e.g., nutrition) typically have both
acute and chronic effects. The acute effects of nutrient
intake can be manifested as a modification of postpran-
dial metabolism following the individual meal in which
that specific food was consumed. With a substantial por-
tion of each day spent in the postprandial state, any ef-
fects of diet selection on postprandial metabolism could
exert major health impacts. It is a well-accepted goal to
maintain blood glucose and blood lipids within desirable
ranges over the course of each day, and these factors re-
spond to the components of each individual meal. Fol-
lowing each mixed meal, circulating levels of glucose
and triacylglycerol (TAG) rise and then fall. Each rise
contributes to the subject’s lifetime total exposure of
blood vessels and tissues to these metabolites. The acute
effects of each meal accumulate over the years. While
the majority of nutrition research in the past has been
focused on chronic intake of foods, the acute effects of
consuming specific foods within a meal are also import-
ant for understanding health properties of nutrition.
Including specific foods into a meal may modify the

stresses imposed upon metabolism following that meal.

For example, as discussed above, glucose and lipoprotein
responses to a meal could be modified by specific foods
or food groups. General effects of dietary fiber and
macronutrient composition in test meals upon blood
glucose and TAG have been elucidated previously [4,
10]; however, significant gaps in knowledge remain. To
translate our understanding to real-world application, a
greater level of information is needed in relation to the
intake of complex dietary components that simultan-
eously deliver digestible macronutrients, fiber, micronu-
trients, and trace levels of other important biologically
active compounds. Specific foods, such as leafy green
vegetables, might have impacts that are beyond those
which we would predict based upon our current under-
standing. To develop knowledge about the benefits of
specific foods that are likely to be healthful, acute studies
of specific foods are needed, such as specific leafy greens
and other vegetables.
It is of public health interest that blood glucose and

TAG rise in individuals following consumption of each
mixed meal, because postprandial responses of blood
glucose [5] and TAG [1] are risk factors for developing
metabolic and cardiovascular diseases. Thus, developing
new approaches to blunt the responses is desirable. In
the current issue of Lipids in Health and Disease, Shok-
raei and colleagues [12] performed a randomized, con-
trolled, cross-over trial to investigate acute responses to
three different meals. In this study of healthy young
men, the authors administered test meals to study the
acute responses of blood glucose and lipoproteins. The
work of Shokraei et al. is important for advancing the
field forward, and it will be advantageous to the scien-
tific community if a greater number of such translational
studies of acute nutrition are conducted in the future by
investigators around the world. In the study by Shokraei
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et al. [12], each meal contained approximately 800 kcal
of energy with a macronutrient composition that some-
what reasonably matches that of a typical daily intake,
with the majority of energy from carbohydrate (CHO), a
substantial proportion of energy from fat, and the
remaining balance from protein (~ 50% CHO, ~ 40% fat,
~ 10% protein). On each of 3 occasions, participants
consumed the meal with addition of romaine lettuce,
watercress, or inclusion of cellulose (fiber) to the control
meal in place of the leafy green vegetables. Blood was
drawn periodically over 4 h following each meal for
tracking of blood glucose and lipoproteins. As compared
with the fiber-containing control meal, addition of these
leafy greens did not significantly alter the responses of
circulating TAG or other components of the lipoprotein
profile. However, the postprandial blood glucose re-
sponse was blunted when lettuce was consumed with
the meal, in comparison to meals containing watercress
or fiber supplement. While blood glucose rose following
the meals containing cellulose or watercress, when the
meal contained lettuce blood glucose actually trended
downward in the postprandial period. This divergent re-
sponse in the lettuce trial led to a significant main effect
of the meal in the statistical analysis, indicating that the
post-meal blood glucose profile was lower in the lettuce-
containing meal. It is noteworthy that the response to
romaine lettuce could not be recapitulated by addition
of a different leafy green (watercress) or by fiber intake
alone. Thus, the benefits of romaine lettuce intake upon
glycemic control may be unique to this specific food,
and it is unknown how generalizable this discovery is to
other types of vegetables and other types of lettuce. The
findings are encouraging and point to a need for add-
itional research.
The work by Shokraei and colleagues is an excellent

example of translational science. In translational re-
search, it is ideal to develop a study design that incorpo-
rates aspects of the real-world experience of humans, in
order to maximize clinical relevance. The authors have
achieved this goal by testing specific leafy vegetables
within a well-controlled test meal. They have tested real
foods that one may select for inclusion in meals in daily
life, yet they conducted the research in a laboratory set-
ting with application of useful biochemical measure-
ments. Thus, the work was translational as it was within
the spectrum from basic science to clinical research (or
from “bench to bedside”), incorporating aspects of basic
science laboratory control as well as aspects of real-
world meal consumption. Often in translational studies
of postprandial metabolism, physical activity on the day
of experimentation is rigidly controlled. For example, to
exclude potential impacts of physical activity when
studying nutrition, often subjects would be asked to re-
main nearly motionless for the entire day. When

physical activity is limited in this situation, the trials
would be scheduled on days when students need not at-
tend class or when employed individuals need not report
to their jobs. However, Shokraei and colleagues took a
different approach and chose to allow greater levels of
physical activity in the participants. The research subject
population included students, and subjects were permit-
ted to leave the laboratory between blood draws to at-
tend classes [12]. The authors report that approximately
40% of the subjects did walk to classes between blood
draws. Allowing participants to carry out these activities
reflects the translational nature of the study, as it makes
the study design similar to a normal day in the life of
the participants. However, while this lack of physical ac-
tivity control perhaps makes the results applicable to the
real world, it is also a potential weakness of the study. It
is known from previous publications that a recent bout
of exercise can reduce blood glucose and plasma TAG
for hours [3, 7, 8]. While the subjects did not exercise at
any intense level, one could postulate that bouts of walk-
ing might have some similar effect, yet to a lesser extent.
Indeed, it has been reported that even brief bouts of
walking spaced throughout the day, to break up seden-
tary sitting behavior, can reduce blood glucose concen-
trations [2, 6, 9, 11]. Thus, permitting subjects to leave
the laboratory on foot between blood draws in the study
by Shokraei et al. could have led to reduced blood glu-
cose levels. Nonetheless, the authors report that physical
activity patterns were similar between the lettuce, water-
cress, and fiber control trials; therefore, it is expected
that the findings for effects of lettuce upon blood glu-
cose are valid, yet it should be noted that the benefits of
lettuce were observed on the background of the poten-
tial benefits of physical activity in nearly half of the par-
ticipants. This mixture of possible physical activity
effects and food effects upon metabolism is of course
what occurs in real daily life, and it might be of interest
in the future to further explore any interactions between
physical activity and vegetable intake upon postprandial
blood glucose levels. Clearly, the study by Shokraei and
colleagues paves the way for future work on other diet-
ary components, clinical populations, and potential in-
teractions between diet and physical activity. Their study
represents a valuable step forward in our understanding
of dietary patterns and health. Additionally, as is often
the case with impactful research, the study leads to
many questions that will require future studies to fill the
remaining knowledge gaps.
The study by Shokraei and colleagues exemplifies the

notion that healthy foods need not be consumed regu-
larly, for many months, in order to achieve initial health
benefits. While long-term intake of leafy greens is cer-
tainly advisable, inclusion of certain leafy vegetables
(such as romaine lettuce) in even a single meal can
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improve the postprandial metabolic milieu on that occa-
sion through acute effects upon metabolism. The cumu-
lative effect of the 24-h integrated blood glucose and
lipid levels, over many months and years, ultimately ex-
erts a meaningful impact on one’s disease risk; a promis-
ing approach for reducing this risk is to focus upon
improving the postprandial response to each individual
meal by including foods which exert acute effects upon
postprandial metabolism. Discovering ways to alter the
response of glycemia to each meal would be of high clin-
ical value, such that over the years an individual experi-
ences a lower total exposure of blood vessels to glucose.
Thus, the authors are commended for performing a
valuable study of the acute responses to nutrition. This
study [12] is very encouraging and is supportive of the
concept that foods can exert their benefits through acute
effects upon metabolism immediately following con-
sumption. Studying romaine lettuce has led to important
new knowledge, and the findings may inspire future
work on other potentially healthful components of the
diet. Considering the vast number of leafy greens and
other vegetables available to consumers, it is clear that
the present results about lettuce may only be the tip of
the iceberg.
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