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Abstract

Background:Several studies have shown that cocoa and cocoa-containing foods have the potential to lower blood
pressure and improve endothelial function. Most of the studies reporting the beneficial effects of dark chocolate on
blood pressure have been short (� 4 weeks). The aim of the present 8-wks (weeks) study was to assess the effects of
regular consumption of dark chocolate during a reduced snack consumption intervention on blood pressure and other
cardiovascular risk factors in mildly hypertensive individuals.

Design:This was a randomized, controlled, cross-over trial involving 22 adults (8 women, 14 men), aged 33–64 y,
BMI 27.7 ± 3.7 kg/m2 with mild hypertension. During the intervention period (8-wks) the participants reduced
the intake of habitual snacks and replaced them with dark chocolate (49 g/day). In the control period, they only
reduced the snacks without any added chocolate. Data (blood lipid profile, glucose, insulin, 24 h blood pressure)
was collected in the beginning and end of both periods (intervention and control), and some variables also in
the run-in and run-out periods (weight, body fat percentage, blood pressure, arterial stiffness index, diet and
physical activity).

Results:Daily consumption of dark chocolate had no effects on 24 h blood pressure, resting blood pressure
(mean ± SD, pre 142 ± 11.5/89 ± 8.4 mmHg vs. post 142 ± 14.2/88 ± 9.4 mmHg in systolic and diastolic blood
pressure, respectively) or arterial stiffness (mean ± SD, pre 7.68 ± 0.88 vs. post 7.76 ± 0.89).
Weight was reduced by 1.0 ± 2.2 kg during the control (reduced snack only) period, but was unchanged while
eating chocolate (p < 0.027 between the treatments).

Conclusion:The data collected in this study indicates that inclusion of dark chocolate daily in the diet had no
significant effects on blood pressure or other cardiovascular risk factors during a reduced snack period.

Trial registration: ClinicalTrials.gov identifier NCT02130141

Background
Polyphenols are plant-derived compounds; secondary
metabolites with an essential role in protection of plants
against different environmental and microbial threats
[1]. Polyphenols can be divided into flavonoids and non-
flavonoids. Flavonoids consist of six subgroups, namely
flavonols, flavan-3-ols (monomeric and polymeric struc-
tures), flavones, isoflavones, flavanones, and anthocyani-
dins. Phenolic acids, stilbenes, lignans and other
polyphenols belong to non-flavonoid group.

Unlike vitamins, polyphenols are not essential nutri-
ents. However, regular intake of polyphenols may have
favorable effects on health and risk of chronic diseases.
Also, several clinical trials have shown a favorable effect
of flavonoids on cardiovascular disease (CVD) risk fac-
tors [2, 3]. The health effects of polyphenols depend on
their bioavailability [4], e.g., the rate and extent of their
absorption and metabolism, and the chemical structure
of the molecule.

Cocoa and cocoa-containing foods, such as dark choc-
olate, represent a very rich source of flavonoids as they
provide a higher content of flavonoids per serving than
red wine or tea [5]. Cocoa contains monomeric flavanols,

* Correspondence:raika.koli@helsinki.fi
1Nutrition, Department of Food and Environmental Sciences, University of
Helsinki, P.O. BOX 66FI-00014 Helsinki, Finland
Full list of author information is available at the end of the article

© 2015 Koli et al.Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Koli et al. Nutrition Journal (2015) 14:84 
DOI 10.1186/s12937-015-0075-3

mailto:raika.koli@helsinki.fi
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


namely epicatechin and catechin, and oligomeric procya-
nidins [6]. The consumption of cocoa products has been
shown to have an influence on CVD risk factors [2, 7],
and cocoa intake has been inversely associated with car-
diovascular mortality [8]. Epidemiological studies have
also reported an inverse association between chocolate
consumption and risk of CVD [9] and heart failure [10].
In human intervention studies dark chocolate consump-
tion has shown health promoting effects on blood pres-
sure [11, 12], total-, LDL- and HDL-cholesterol [11, 13],
and also on insulin resistance and sensitivity [11].

The beneficial health effects of cocoa have been espe-
cially related to endothelial function [14]. Consumption of
cocoa and chocolate has been shown to decrease blood
pressure and to ameliorate flow mediated dilation (FMD)
[7]. Moreover, isoflavones, anthocyanins and cocoa flavan-
3-ols in particular, have been associated with or have been
shown to have a positive effect on arterial stiffness [15].

Most of the studies reporting the beneficial effects of
dark chocolate on blood pressure have been short (i.e., 2
to 4 wks) and the daily dose substantial, as much as
100 g/day [16–18]. Therefore, in this study we wanted to
find out if a more reasonable portion (49 g/day dose) for
a longer period of time would have an effect on blood
pressure and arterial stiffness. The aim of the present
cross-over study was to examine the effects of daily con-
sumption of dark chocolate during a reduced snack con-
sumption period for 8 wks on blood pressure (primary
outcome) and other cardiovascular risk factors in adults
with mild hypertension. For ethical reasons, we wanted
to avoid deliberate positive energy balance in our partici-
pants with an increased risk for chronic diseases. There-
fore, during both the intervention (dark chocolate) and
control (no chocolate) periods, the energy intake in the
habitual diet was reduced by ways of reducing the par-
ticipant’s daily snack consumption.

Methods
Participants
Thirty healthy volunteers (19 men, 11 women) were re-
cruited by flyers and newspaper advertisements. To be
included into the study, the participants had to have
mild hypertension (140–159 mmHg systolic blood pres-
sure (SBP) or 90–99 mmHg diastolic blood pressure
(DBP) according to the Finnish Hypertension Society)
and BMI < 35 kg/m2. Exclusion criteria were smoking
and regular use of medications for cardiovascular
disease, diabetes or asthma. Twenty two participants
(14 men and 8 women), 33–64 years old, mean age 45.8
(SD 8.3) years with a BMI of 27.9 (SD 3.6) kg/m2 com-
pleted the study and were included in the final analysis.
Eight participants withdrew during the study for per-
sonal reasons or because their blood pressure exceeded
the accepted level (159/99 mmHg). Written informed

consent was obtained from all participants. The study
protocol was reviewed by the Ethics Committee of the
Helsinki and Uusimaa Hospital District, Finland. The
study was registered at the US National Institutes of
Health clinical trials database (ClinicalTrials.gov), identi-
fier NCT02130141.

Study design
The study was a randomized, controlled, 8-wks cross-
over intervention with two arms (Fig. 1). The partici-
pants were randomly assigned to one of the two arms
(denoting order of interventions) after stratification by
sex and BMI. The run-in phase before, and the run-out
phase after the intervention and control periods, as well
as the wash-out period between them, were all four wks
in duration. The participants were asked to maintain
their normal dietary and lifestyle habits throughout the
study except for the snack restriction. During both the
intervention and the control periods, the participants
were instructed to reduce their habitual daily snacking,
with an aim to reduce energy intake by 250 kcal/day.
During the dark chocolate period (8 wks) the partici-
pants replaced their habitual snacks with dark chocolate
(49 g/day, equals 262 kcal). During the control period,
reduced snack consumption was not replaced by dark
chocolate. The reduction of energy intake due to re-
duced snack consumption was planned individually, to-
gether with a nutritionist, and based on self-reported
food intake and individual preferences. The compliance
with the snack restriction was evaluated at personal
meetings at the halfway of both intervention periods.

The intervention chocolate was Karl Fazer’s dark choc-
olate (70 % cacao). The participants were asked to eat
seven pieces of the chocolate (7 g) daily, for a daily in-
take of 49 g/day. The analyzed content of proanthocya-
nidins (referred as flavanols, by degree of polymerization
1–10) of dark chocolate was 1230 mg/100 g (fresh
weight) [19]. The dark chocolate contained total fat
41 g, protein 9 g, carbohydrate 35 g, fibre 11 g and so-
dium 46 mg per 100 g fresh weight. All the dark choc-
olate was provided at the first visit of the chocolate
treatment period. The daily timing for the chocolate
snack was free. White chocolate was allowed throughout
the study, but milk chocolate was not.

Methods
Blood samples were taken and 24 h blood pressure was
measured in the beginning and end of both intervention
periods. Additionally, blood pressure, weight and an-
thropometrics, as well as diet and physical activity, were
assessed also in the beginning of the run-in period and
in the end of run-out period. These visits were also for
compliance checks, meetings with the study nurse, and
dietary counselling.
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Blood pressure and cardio-ankle vascular index (CAVI)
Ambulatory 24 h blood pressure (systolic and diastolic
blood pressure of 24 h average, day time and night time
separately) was monitored on a day of standard physical
activity, with an adequate cuff for the size of the pa-
tient’s arm. Welch Allyn ABPM 6100 (Welch Allyn Inc,
USA) validated according to the protocol of the Finnish
Hypertension Society, was used. The recorder was pro-
gramed to take blood pressure measurements every
20 min during daytime and every 45 min during night-
time. The data were considered valid when� 80 % of all
measurements were acceptable. Participants kept a brief
diary to record timing of activities, sleep and posture
when measuring blood pressure.

Cardio-Ankle Vascular Index (CAVI) was measured
by VaSera (Fukuda Denshi Co., Ltd., Tokyo, Japan).
CAVI is an index reflecting the stiffness of the artery
from the heart to ankles. The calculation of CAVI is
based on the stiffness parameter� which is measured by
carotid echography and is not affected by blood pres-
sure [20]. The echography acquires an oscillometric
method for blood pressure measurement, and hence it
indicates the natural vascular stiffness. In addition, it
measures blood pressure from all four limbs, at first
from the right brachial and ankle and then from the left
brachial and ankle. Thus, arteries at the right and left
sides are alternately pressurized while the other side re-
mains open.

Weight and body composition
Weight and body composition were measured by body
composition analysis device InBody720 (InBody 720,
Body Composition Analyzer, Biospace Co. Ltd) with par-
ticipants in underwear, in a fasted state, and within
20 min after bladder emptying.

Blood samples and oral glucose tolerance test
Blood samples were drawn after a 10–12 h overnight fast
in the beginning and after the 8 wk intervention periods.
Blood samples were collected for determination of lipids
(total cholesterol, LDL cholesterol, HDL cholesterol, tri-
glycerides), glucose and insulin. Serum (without anti-
coagulant) and plasma (EDTA-coated tubes) were
separated by centrifugation (10 min at 3000 rpm) and
frozen at Š20 °C until analysis. In addition, an oral glu-
cose tolerance test (OGTT) with 75 g of glucose in
300 ml water was administered to all participants before
and after the intervention periods.

Total cholesterol, triglyceride, HDL- and LDL choles-
terol concentration were measured enzymatically. Glu-
cose was measured by the hexokinase method and
insulin was assayed by the chemiluminescent immuno-
assay method. To assess glucose response and total insu-
lin secretion, areas under the response curve to glucose
and insulin (GluAUC, InsAUC) were calculated from 0
(fasting), 15, 30, 45, 60, 90 and 120 min serum glucose
and insulin concentrations using the trapezoid rule [21].

Fig. 1 Study design and data collection. After a cocoa free run-in phase of 4 weeks, participants were randomly assigned to follow the snack
restriction or receive 49 g dark chocolate in addition to snack restriction. Successively, participants entered a further cocoa-free washout phase
of 4 weeks and then were crossed over to the other treatment. The final phase was the run-out period of 4 weeks. Abbreviations: BP = clinical
blood pressure; CAVI = cardio-ankle vascular index; WT = weight and other; DR = diet records; anthropometrics; AMPM = 24-h ambulatory blood
pressure; BS = blood samples; OGTT = oral glucose tolerance test; PAR = physical activity records
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