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ABSTRACT Therapeutic approaches to decrease serum triglyceride (TG) concentrations are not successful mainly due to
poor adherence or adverse effects of therapies. In consequence, the search for new low-cost and safer therapeutic alternatives
is mandatory. Dark chocolate and cacao have shown promising results improving lipid profiles. Recently, using cacao by-
products to reduce elevated cardiometabolic risk markers in an animal model of obesity induced by a high-fat diet and
fructose, we showed that TGs, low-density lipoprotein cholesterol, and the TG/high-density lipoprotein (HDL) ratio de-
creased, suggesting that cacao by-products improved the metabolic function of obese animals. Based on these results, as a
proof of concept, a blinded placebo-controlled study was implemented to explore the effects of cacao by-products on
anthropometric and biochemical variables in a group of overweight subjects participating in a program composed of reduced-
calorie-diet counseling plus a simple aerobic exercise plan. The results showed that counseling induced weight and abdominal
circumference reductions in both groups. TGs did not change in the control group; however, TG decreased significantly by
54.9 mg/dL (27.9%) in the experimental group. The TG/HDL cholesterol ratio changed markedly (1.5) in the experimental
group. The results reported suggest the use of cacao by-products as an alternative for the treatment of hypertriglyceridemia.
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BACKGROUND

T REATMENT COSTS ASSOCIATED with obesity and diabetes
threaten both national security and economic develop-
ment worldwide.'~” Among the cluster of pathological fea-
tures that characterize dysmetabolic overweight/obesity
(0/0), several abnormalities of lipid metabolism, such as
hypertriglyceridemia, hypoalphalipoproteinemia, and low-
density lipoprotein (LDL) hypercholesterolemia, stand out
that when they occur together, they give rise to the so-called
lipid triad or atherogenic dyslipidemia, which is highly
predictive of myocardial infarction and/or stroke.®~!2
Unfortunately, dyslipidemia treatment according to sev-
eral international guidelines'? is focused mainly on LDL
cholesterol (LDL-c) management, with just a marginal ref-
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erence to hypertriglyceridemia, despite convincing evidence
of its importance in many trials and meta-analyses.'?

Given the rather limited success of therapeutic appro-
aches to decrease serum triglyceride (TG) concentrations,
mainly due to poor adherence to therapeutic lifestyle
changes or to the several inconveniences associated with
commonly used drugs, it is necessary to search for new low-
cost and safer therapeutic alternatives.

In this regard, dark chocolate and cocoa have shown
promising lipid profile results in several animal models and
human studies.'*!> Our group, using the main flavonol of
cacao, ()-epicatechin (EPI), in both animal models and
human clinical studies observed a substantial reduction in
serum TGs.!>16

Recently, we reported the use of cacao by-products for
the treatment of elevated cardiometabolic risk markers in
an obesity animal model induced by high-fat diet and
fructose ingestion. Our results showed that TGs were re-
duced by 55%, low-density lipoprotein cholesterol by 37%,
and the TG/high-density lipoprotein (HDL) ratio by 54%,
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suggesting that cacao by-products improved the metabolic
function of obese animals.!’

Based on the results obtained in animals and as a proof of
concept, this study explored the effects of cacao by-products
on anthropometric and biochemical variables in a group of
overweight human subjects participating in a program
composed of reduced calorie diet counseling plus a simple
aerobic exercise plan.

METHODS

The study was approved by the Ethics and Research
Institutional Committees of Hospital Juarez of Mexico and
was conducted according to modified Declaration of
Helsinki,'® Mexican Federal regulations and the Good
Clinical Practice guidelines.

A group of overweight patients (body mass index [BMI]
25-29.9kg/m?) of either gender who were 20—60 years old,
who had serum TG concentrations of 150-350 mg/dL (1.69—
3.95mmol/L) and who signed the informed consent form
were selected.

A convenience sample of 24 subjects were randomly as-
signed to one of two groups, (1) placebo or (2) experimental,
on the basis of an initial screening of 50 subjects attending
the hospital as a companion of the patients.

Patients with a previous diagnosis of diabetes mellitus
(DM), hypercholesterolemia, systemic arterial hypertension
(SAH), or established cardiovascular diseases; those who
were already medicated with lipid-lowering drugs, metfor-
min, or steroids; those who had suffered an acute physical
stressful event, such as an acute infection, important loss of
weight, or had undergone any surgical or instrumental pro-
cedures in the past 6 weeks; women who were pregnant or
lactating; chronic smokers; persons with a history of alcohol
or other drug abuse; and subjects with known allergies or in-
tolerances to chocolate or its components were not included.
Patients already admitted to the study were eliminated if they
did not provide informed consent or developed any type of
intolerance to the cacao by-products (cookies). Patients who
developed DM or SAH during the trial, those who did not
attend two consecutive visits, and those who failed to consume
the prescribed cookies for 3 days were eliminated.

Subjects were randomized, using computational software,
to Group A or B. Subjects in both groups received dietary
instructions to reduce their habitual consumption by 250
kcal and were counseled to perform daily dynamic exercise
to burn 250-300 kcal/day. Group A (placebo) received a
placebo cookie (elaborated with wheat bran), whereas
group B (experimental) received similar cookies made from
cacao pericarp enriched with flavonoids extracted from the
same cocoa husk containing 12.5 mg of EPI equivalents (the
main flavonol of cacao). Procedures for obtaining cacao
flour and extracting and quantifying flavonols have been
previously reported.'”

Experimental cookies were prepared using cocoa pericarp
flour, wheat flour, water, butter, sugar, egg, baking powder,
and salt; control cookies contain all the ingredients but
cocoa pericarp flour.!”

Both cookie types had the same characteristics and taste,
weighed 4 g and contained 14 kcal. In addition, the treatment
group cookies had an EPI content of 12.5 mg. In both groups,
cookies were consumed twice a day, once before breakfast
and once before dinner. The subjects in the experimental
group received a total of 25 mg of EPI equivalents per day,
EPI content was calculated in base of a standard curve de-
veloped with pure EPI and expressed as EPI equivalents.'’

Dietary and exercise counseling

Instead of prescribing a rigorously restrictive diet of 20
calories per kilogram of ‘‘ideal weight,”” which is known to
be difficult for most patients to follow, we opted to counsel
them to reduce their intake by 250 kcal per day, reducing,
for example, the consumption of bread and sweetened drinks
or other sources of simple and complex carbohydrates.

Furthermore, physical exercise counseling was given to
patients in both groups, encouraging them to perform a type
of moderate dynamic exercise (whose energy expenditure
was between 3 and 6 metabolic equivalent of tasks [METs])
daily (or at least 5 days a week) for a length of time suffi-
cient to expend 250 kcal.

The amount of energy expended depending on the type
and duration of the exercise session was estimated with the
following formula:

Energy spent per minute=(METs activity x 3.5 xbody
weight)/200, where METs activity is the energy expendi-
ture per minute of each type of exercise (i.e., walking,
swimming, or jogging)."

Patients were followed for 8 weeks. At each visit (0, 4,
and 8 weeks), the following variables were assessed and
recorded: dietary evaluation, which consisted of the appli-
cation of a 24-h recall and the assessment of the frequency
of food consumption, and a lifestyle assessment, which as-
sessed the compliance with the prescription and counseling.

The anthropometric appraisal comprised the measure of
body weight (kg) by means of a digital balance and height
(m) with a stadiometer. These values were used to calculate
BMI (kg/m?). Abdominal circumference was measured with
a graduated fiberglass ribbon while the subject was standing
erect, and the measuring tape was placed between the iliac
crest and the last rib. In addition, at each visit, after 10 h of
fasting, a venous blood sample was obtained to determine
the serum glucose and lipid profile, employing commercial
analysis kits (Randox).

Statistics

All data are presented as the mean + standard error. Uni-
factorial analysis of variance (ANOVA) with Tukey’s post-
test was used to compare the differences between groups.
Paired Student’s t-tests were employed if necessary. A value
of P<.05 was considered statistically significant. The data
were processed using GraphPad Prism software, version 7.

RESULTS

Table 1 shows the anthropometric baseline characteristics
and metabolic profiles of the patients. A random distribution
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TABLE 1. BASAL CHARACTERISTICS OF BOTH GROUPS

Variable Placebo Experimental P
N 11 13

Age (years) 42+2.2 48.3+1.9 .03
Weight (kg) 73.5%+1.1 66.0+1.2 NS
BMI (kg/m?) 28.4+0.3 27.9+0.3 NS
Waist circumference (cm) 914+1.2 879+1.3 NS
Glucose (mg/dL) 85.8+3.2 91.0+3.5 NS
TC (mg/dL) 188.5+8.9 204.8+3.4 NS
LDL-c (mg/dL) 102.8+8.4 124.8+11.1 NS
HDL-c (mg/dL) 38.9+2.1 42.6+£2.0 NS
TGs (mg/dL) 1959+18.8 204.2+£174 NS
TGs/HDL-c 5.23+£0.7 49104 NS
LDL-c/HDL-c 29+0.3 3.0+£03 NS

BMI, body mass index; HDL-c, high-density lipoprotein cholesterol; LDL-c,
low-density lipoprotein cholesterol; NS, no significant; TC, total cholesterol;
TG, triglyceride

was confirmed since the anthropometric and basal metabolic
profile data did not show significant differences, with the
exception of age: patients in the experimental group were
older than those in the control group.

The sample was composed mostly of women. The BMI
values indicated that all participants were overweight (BMI
>25). Despite weight abnormalities, glycemia levels were nor-
mal in both groups. Because hypertriglyceridemia was a req-
uisite for inclusion in the study, TG values were moderately high
in both groups, without significant differences between them.

The basal values of total cholesterol (TC) and LDL-c were
modestly higher in the experimental group than in the control
group, whereas the HDL cholesterol (HDL-c) values were
slightly lower in the control group (8.7%). These differences
were not significant. The levels of HDL-c were low, taking
into account that most of the participants were women, in
whom the normal concentration is 250 mg/dL.

The ratio between TGs and HDL-c, an index with dem-
onstrated cardiovascular predictive power and correlation
with insulin resistance, was elevated in both groups, without
a significant difference between them. The ratio between
LDL-c/HDL-c was borderline in both groups (Table 1).

Table 2 shows changes in anthropometric and biochem-
ical data after 8 weeks of treatment.

Anthropometric

Weight loss occurred in both groups, 5.5 kg in the placebo
group and 3.2kg in the experimental group. BMI was re-
duced by 2 and 1.3kg/m? in the placebo and experimental
groups, respectively, corresponding to a proportional change
of 7.04% and 4.65%, respectively. Waist circumference was
reduced to the same extent in both groups: 4.1cm in the
placebo group and 3.9 cm in the experimental group.

Biochemical

Glucose decreased slightly in both groups, by 4.3 mg/dL
(5%, no significant) in the placebo group and 10 mg/dL
(10.9%, P=.01) in the experimental group (Table 2).

TC and LDL-c did not exhibit significant changes in either
group. HDL-c showed a moderate nonsignificant increase of
7% in the experimental group.

Interestingly, the TG concentration did not change signif-
icantly (4.08%) in the control group; notably, TGs decreased
significantly by 54.9mg/dL (27.9%) in the experimental
group, and the comparison of the changes between the two
groups was significant (P=.003) (Fig. 1).

The change in TG concentration was consistent through-
out the evaluation since the decrease was also found during
week 4 and continued until week 8 in the experimental
group (Fig. 2).

The LDL-c/HDL-c ratio did not exhibit meaningful
modifications in either group, whereas the TG/HDL-c ratio
changed markedly (1.5) in the experimental group (30%
from baseline, P<.008) but remained unchanged in the
placebo group (Table 2).

DISCUSSION

The main findings of this study were (1) counseling with
the aim of limiting caloric ingestion and encouraging the
performance of limited exercise (each resulting in a calorie
deficit of ~250 kcal) is enough to induce a decrease in body
weight and waist circumference and (2) the combination of
counseling and cookies made of cacao by-products induced
a marked decrease in hypertriglyceridemia.

TABLE 2. ANTHROPOMETRIC AND BIoCHEMICAL CHANGES

Placebo Experimental
Variables Basal Final P Basal Final P
Weight (kg) 735%1.1 68.4%£2.0 .04 66.0+1.2 62.8x1.1 <.0001
BMI (kg/m?) 28.410.3 26.4%0.5 .003 27.9+0.3 26.610.3 <.0001
Waist circumference (cm) 914+1.2 87.3+1.1 .02 879+1.3 84.0t1.6 <.0001
Glucose (mg/dL) 85.8+3.2 81.5+24 NS 91.0+3.5 81.0£2.9 .01
TC (mg/dL) 188.5+£8.9 178.9+£10.4 NS 217.8+11.7 205.7+£14.7 18
TGs (mg/dL) 195.9+18.8 187.9+£20.4 NS 204.2+17.4 149.3+12.1 .003
HDL-c (mg/dL) 38.9+2.1 37422 NS 42.6%2. 45.6+3.6 17
LDL-c (mg/dL) 102.8+8.4 98.7+10.9 NS 134.1+£9.7 130.2+11.4 .37
TGs/HDL-c 5.2310.7 54+04 NS 49+04 34+0.3 .008
LDL-c/HDL-c 29+0.3 3.1+£0.3 NS 32103 2.9+0.19 .19

Gray shades indicates main differences between groups.
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FIG. 1. Change in TG concentration (week 8—basal) induced by
the ingestion of cacao by-products. Subjects were blinded to the
treatment. Treatment consisted of the ingestion of two cookies per
day. Subjects in both groups received dietary instructions to reduce
their habitual consumption by 250 kcal and received counseling to
perform exercise to expend 250-300 kcal/day. Data are presented as
the median+ SEM. SEM, standard error of the mean; TG, triglyceride.
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FIG. 2. Changes in TG concentrations induced by the ingestion of
cacao by-products. Treatment consisted of the ingestion of two cookies
per day elaborated with cacao by-products or placebo. Subjects in both
groups received dietary instructions to reduce their habitual con-
sumption by 250 kcal and received counseling to perform exercise to
expend 250-300 kcal/day. Data are presented as the median+ SEM.

Apart from therapeutic lifestyle interventions, fibrates and
omega-3 fatty acids are the classic drugs recommended for
severe and moderate hypertriglyceridemia.

Dark chocolate, cacao-derived extracts, and EPI, the main
flavonoid of cacao, have exhibited numerous notable met-
abolic actions in humans and animals, independent of their
antioxidant effects. In particular, EPI, probably through its
interaction with a surface receptor,??! exerts a set of met-
abolic actions, such as the activation of phosphorylating
enzymes such as sirtuin 1 (NAD-dependent deacetylase),
liver kinase B1 (LKB1), and 5’ adenosine monophosphate-
activated protein kinase (AMPK), a key metabolic sensor
that enhances both the transcription and translocation of
glucose transporter type 4 (GLUT4), which increases glu-
cose uptake. In addition, AMPK, through post-translational
modification, controls the expression of the peroxisome
proliferator-activated receptor gamma (PPARY) coactivator-
loo (PGC-1a), a transcription factor related to energy me-
tabolism. Among many functions, this molecule intervenes
in the process of lipid f-oxidation and can induce mito-
chondrial biogenesis.?> Through these mechanisms, EPI can
reduce the levels of VLDL and reduce the concentrations of
TGs and LDL-c.

In contrast, hypertriglyceridemia is frequently associated
with low values of HDL-c (hypoalphalipoproteinemia), and
the reduction in this protective lipoprotein is related to an
increase in cardiovascular risk.

Traditional therapy for the treatment of hypertriglycer-
idemia using fibrates in dyslipidemic patients diminishes the
relative risk by 41%.% As cardiovascular risk increases with
fasting TG concentrations even in a range as low as 150—
200 mg/dL, it is recommendable to treat even moderate
hypertriglyceridemia.

Data from this study are in agreement with previous
results.?*~% In addition, in this rather small group of patients
who were slightly overweight, our findings indicated that the
strategy of ‘“‘minimal” calorie reduction resulted in good
clinical benefits by reducing weight, BMI, and abdominal
circumference in both groups. The most notable finding,
the decrease in TG concentrations in the treatment group
(30% from baseline, P<.003), is similar to the results
obtained from many fibrates. Furthermore, whereas HDL-c
decreased by 3.85% among controls, it increased (non-
significantly) by 7% in the active cookie group.

Interestingly, the TG/HDL-c index decreased in the active
cookie group from 4.9 to 3.4, which was a 30% decrease
(P <.008); however, this index remained unchanged in the
control group. The TG/HDL-c index reflects the inverse
relationship between TG and HDL concentrations, predict-
ing the occurrence of coronary events, general mortality in
women, and the extent of coronary lesions, and demon-
strates a modest correlation with insulin resistance.

This proof-of-concept study showed that the combination
of an “‘easy-to-maintain’ diet (reducing intake by only 250
kcal/day) plus a very simple plan of dynamic mild exercise
(30-60 min of brisk walking a day) and the ingestion of two
cookies with cacao by-products that are rich in flavonoids
decreases cardiovascular risk marker levels.
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In summary, the administration of simple and relatively
inexpensive cacao by-products can lower cardiovascular
risk in overweight patients, demonstrating the possibility of
using these by-products, which are essentially calorie free
and rich in flavonols, in a systematic way to facilitate the
attainment of preventive goals. The results reported here
encourage the design of larger studies with longer durations
to demonstrate that this strategy is beneficial in the long
term while being easy for patients to accept and more useful
from a cost-benefit point of view.
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