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Post-Prandial Hyperlipemia

Recent studies of healthy individ-
uals indicate that a single meal
high in saturated fat will cause
immediate increases in triglycer-
ides, oxidative stress, and inflam-

ation, which causes corresponding post-meal worsening of
ndothelial dysfunction, vasoconstriction, and systolic blood
ressure (11,12). Post-prandial hyperlipemia, manifest as ele-
ated levels of triglycerides, chylomicrons, and remnant li-
oproteins, causes oxidative stress and inflammation, and
ndependently potentiates the adverse effects of post-prandial
yperglycemia (13). These elevated and protracted post-
eal lipid levels are common manifestations of insulin

esistance and the metabolic syndrome (14).
Triglycerides are traditionally measured in the fasting

tate—typically the lowest triglyceride level of the day. Two
arge recently published cohort studies involving over
0,000 individuals found that post-prandial hypertriglycer-
demia was associated with increased risk of CV events,
hereas fasting triglyceride level was not (15,16). Post-
randial triglyceride levels are also directly related to angio-
raphic progression of coronary and carotid atherosclerosis
3). Subanalyses of 3 randomized trials showed that lower-
ng levels of elevated triglycerides by 20% to 40% reduced
AD rates by approximately 30% to 40% (15).

ow the Modern Diet Causes Inflammation

xcessive ingestion of calorie-dense, easily digestible foods
auses abnormal surges in blood glucose and triglyceride
evels (11–13). This bolus of energetic substrate overwhelms
he metabolic capabilities of the mitochondria in the over-
ourished muscle and adipose tissues. Glucose and free fatty
cids flood the Krebs cycle, stimulating an excess of the

Abbreviations
and Acronyms

CAD � coronary artery
disease

CV � cardiovascular

Figure 1 Post-Challenge Glucose and
Coronary Atherosclerosis Progression

Patients with normal glucose tolerance who had a post-prandial glucose level
of �87 mg/dl had coronary regression. The remaining patients had coronary
progression in proportion to the increase in post-prandial glucose. Data from
Mellen et al. (10).
g
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educed form of nicotinamide adenine dinucleotide produc-
ion, which outstrips the capacity of oxidative phosphory-
ation and drives the transfer of single electrons to oxygen,
reating free radicals such as superoxide anion (17). Post-
randial glucose excursion correlates directly with the ensu-
ng increase in free radicals (Fig. 2). This post-prandial
xidant stress acutely triggers atherogenic changes, includ-
ng increases in low-density lipoprotein oxidation, sympa-
hetic tone, vasoconstriction, and thrombogenicity (5,17).

eal-induced inflammation is evidenced by immediate
ncreases in C-reactive protein, cytokines, and endothelin-1
Fig. 3) (3,17). Even hyperglycemic spikes induced artifi-
ially using intravenous glucose infusions in lean nondia-
etic individuals have been shown to markedly increase free
adical generation (18).

herapies for Post-Prandial Dysmetabolism

romising pharmacologic approaches to the normalization
f post-prandial dysmetabolism are evolving. However,
esorting to drug therapy for an epidemic caused by a
aladaptive diet is less rational than simply realigning our

ating habits with our physiological needs (2). The tradi-
ional Mediterranean and the Okinawan diets, which are
ich in minimally processed natural foods that are low in
aloric density but high in nutrient density, have been
ssociated with improved CV health and longevity (1,19).
hese diets are closer to the ancestral hunter-gatherer eating
atterns for which modern humans remain genetically
dapted (20). Specifically, diets that include large
mounts of fresh unprocessed plants, with moderate
evels of lean protein and beneficial fats (such as omega-3
nd monounsaturated fats) and low levels of processed
arbohydrates and saturated and trans fats, and that are
ich in antioxidants substantially improve post-prandial

Figure 2 Glucose Excursion
Directly Related to Oxidant Stress

Linear correlation between post-prandial glucose excursions and urinary excre-
tion of 8-iso prostaglandin F2� (PGF2�), a measure of oxidant stress. Reprinted
with permission (17).
lucose and lipid levels (19).
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ype and Amount of Carbohydrate Consumed

he amount and type of carbohydrate consumed with a
eal is a major determinant of the post-prandial glucose

xcursion (21). The glycemic index of a food is defined as
he incremental increase in the area under the post-prandial
lucose curve after ingestion of 50 g of a specific food
ompared with that noted after ingestion of 50 g of oral
lucose. A meal such as white bread and jelly with a
lycemic index of 80 will result in a 2-fold higher incre-
ental increase in glucose compared with an isocaloric meal

f whole-grain bread and peanut butter with a glycemic
ndex of 40. Most studies show that diets rich in high-
lycemic-index, low-fiber foods independently increase the
isk of both CV disease and type 2 diabetes (19,21).

Minimally processed plants such as vegetables, fruits,
uts, seeds, and grains generally increase post-prandial
lucose and triglycerides to a lesser degree than do processed
oods (22). Ideal carbohydrate foods for improving post-
randial dysmetabolism include green leafy vegetables such
s broccoli and spinach, or fruits such as grapefruits and
herries. Their lower caloric density and glycemic indexes
nd higher fiber and water content induce less glucose

Figure 3 Post-Prandial Stress

The immediate deleterious effects of a beverage containing 75 g glucose
mixed with 700 kcal/m2 of whipping cream. Within 2 to 4 h glucose and triglyc-
eride levels double, causing immediate oxidant stress (nitrotyrosine), inflamma-
tion (C-reactive protein [CRP]), resulting in deterioration in endothelial function.
FMD % � percent flow-mediated dilation. Data from Ceriello et al. (41).
xcursion after a meal, whereas their antioxidant phytonu- m
content.onlinejacDownloaded from 
rients dampen down the oxidant stress that is inherently
enerated when glucose or fatty acids are burned in the
rebs cycle (2). Dietary antioxidants such as those present

n deeply pigmented plant-based foods and drinks such as
erries, red wine, dark chocolate, tea, and pomegranates
elp to protect the vascular endothelium from post-prandial
xidant stress and inflammation independently of their
ffects on post-prandial glucose and triglyceride levels
2,23). Cinnamon is a calorie-free herb rich in antioxidants
hat, when added to a high-glycemic-index meal, signifi-
antly reduces the post-prandial glucose excursion, partly by
lowing gastric emptying (24).

Excess intake of processed carbohydrates sets up a vicious
ycle whereby the transient spikes in blood glucose and
nsulin early after a meal trigger reactive hypoglycemia and
unger (25). The chronic consumption of a diet high in
rocessed carbohydrates leads to excess visceral fat, which
ncreases both insulin resistance and inflammation and
redisposes to diabetes, hypertension, and CV disease (25).
n contrast, restriction of refined carbohydrates will improve
he post-prandial levels of both glucose and triglycerides and
an reduce intra-abdominal fat, particularly in individuals
ith insulin resistance (25).
The amount of carbohydrate consumed is equally impor-

ant as the glycemic index. Small quantities of high glycemic
ndex foods such as white rice, glucose, or potatoes will have

proportionally smaller effect on post-prandial glucose
pikes than larger quantities of these foods (26). On the
ther hand, even low glycemic index foods such as
egumes (e.g., lentils) when consumed in large quantities
an cause substantial post-prandial glucose spikes (26).
hus, portion control is of fundamental importance to

he short- and long-term health effects of any diet. The
ortion size inflation that has transpired in American
estaurants in recent decades is not just contributing to
he obesity crisis but also is causing immediate toxic
ffects throughout the vascular system in the person who
onsumes such a meal (16).

Dietary fiber is effective at delaying gastric emptying,
lowing digestion, and reducing post-prandial excursions of
oth glucose and triglycerides (27). Minimally processed
lant-based foods are natural sources of soluble and insol-
ble fiber that improve post-prandial dysmetabolism, reduce
xidant stress and inflammation, and lower the risks of
AD and diabetes (19,22,27).

uts, Olive Oil, and Fish Oil

uts, when consumed with a meal, will significantly reduce
he post-prandial glucose excursion by slowing digestion.
ecent studies show that almonds, pistachios, or peanuts,
hen eaten along with high glycemic index carbohydrates

uch as white bread or mashed potatoes, will reduce the
ost-prandial glucose area under the curve by approximately
0% to 50% (28) (Fig. 4). Importantly, nuts also decrease

eal-induced oxidative protein damage because they lower
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ost-prandial oxidative stress and additionally provide anti-
xidants (29).
A recent trial randomized 772 subjects at high risk for

AD to a low-fat diet or a Mediterranean-style diet
upplemented with either walnuts (30 g/day) or virgin olive
il (1 l/week). This trial found that after 3 months the
editerranean diets supplemented with either nuts or olive

il produced clinically significant reductions in systolic
lood pressure, fasting glucose, and inflammatory bio-
arkers compared with the low-fat diet (1).
Epidemiologic studies consistently indicate that con-

umption of nuts at least 5 times per week will reduce CAD
nd diabetes risks by 20% to 50% (29). Tree nuts are
omprised predominantly of monounsaturated fats and are a
ich source of antioxidants, fiber, phytosterols, magnesium,
nd folic acid, which might beneficially influence CV risk.
eplacing refined carbohydrates with monounsaturated fats

using nuts and/or olive oil) will reduce post-prandial
yperglycemia and hypertriglyceridemia, increase high-
ensity lipoprotein, and decrease oxidative stress (1,2). One
ractical way to accomplish this is to substitute nuts (all of
hich have very low glycemic indexes) for the sugary and

tarchy snack foods that are staples in the American diet.
Fish oil (omega-3 fatty acids) lowers post-prandial tri-

lyceride levels by 16% to 40% in a dose-dependent fashion,
n part by upregulating lipoprotein lipase activity and
ccelerating the clearance of chylomicrons (30). Thus, some
f the documented anti-inflammatory and cardioprotective
ctivities of omega-3 fatty acids may be conferred in part by
ignificant improvements in post-meal lipid levels (31).

inegar

mixture of vinegar and olive oil is the traditional salad
ressing used in the Mediterranean diet. The consumption

Figure 4 Almonds Reduce Post-Prandial Glucose

The post-prandial increase in the area under the curve for glucose was reduced
by 58% when 90 g of almonds were added to a high glycemic index meal (p �

0.009). Data from Josse et al. (28).
c
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f vinegar with meals was used as a home remedy for
iabetes before the advent of pharmacologic glucose-

owering therapy. Indeed modern studies indicate that
inegar significantly reduces post-meal glycemia, probably
ecause acetic acid slows gastric emptying and thus delays
arbohydrate absorption and improves satiety. Recent stud-
es show that 1 to 2 tablespoons of vinegar, when added to
meal containing high-glycemic-index foods such as white
read or white rice, will both: 1) lower post-prandial glucose
y 25% to 35% (Fig. 5), and 2) increase post-meal satiety by
ore than 2-fold (32). Thus the addition of vinegar to a

tandard meal can not only improve the meal-induced
xidant stress by blunting the post-prandial glucose excur-
ion, but also can increase and prolong satiety, which should
elp to reduce food cravings and lower caloric intake over
he subsequent 2 to 4 h. Finally, vinegar with olive oil is
enerally consumed with green leafy vegetables, which have
uperior nutrient-to-calorie ratios and very low glycemic
ndexes.

igh-Biological-Quality Protein

rotein is an important component of an anti-inflammatory,
ardioprotective diet. Unfortunately, the favored protein
ources in the modern diet, such as ground beef, sausage,
acon, and cheese, are high in both calories and saturated fats
nd tend to worsen post-prandial dysmetabolism (3,11). In
ontrast, lean protein of high biological value will both
educe post-meal glucose excursion and improve satiety. In
study of healthy individuals, the addition of whey protein

o a pure glucose drink lowered the post-prandial blood
lucose area under the curve by 56%, and increased the
nsulin response by 60% (33) (Fig. 6). Additionally, dietary
rotein has a thermogenic effect whereby it increases the
asal metabolic rate, which is not the case with ingested

Figure 5 Vinegar Reduces Post-Prandial Glucose

The addition of 2 tablespoons of vinegar to 2 slices of white bread significantly
reduced the post-prandial glucose increase. Data from Östman et al. (32).
arbohydrates (25). Thus, protein of high biological quality
 by on February 9, 2012 c.org








