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Abstract
During menopause, women undergo a series of physiological changes that include a redistribution of fat tissue. This study was designed to
investigate the effect of adding 10 g of cocoa-rich chocolate to the habitual diet of postmenopausal women daily on body composition. We
conducted a 6-month, two-arm randomised, controlled trial. Postmenopausal women (57·2 (SD 3·6) years, n 132) were recruited in primary care
clinics. Participants in the control group (CG) did not receive any intervention. Those of the intervention group (IG) received 10 g daily of
99 % cocoa chocolate in addition to their habitual diet for 6 months. This quantity comprises 247 kJ (59 kcal) and 65·4 mg of polyphenols.
The primary outcomes were the between-group differences in body composition variables, measured by impendancemetry at the end of
the study. The main effect of the intervention showed a favourable reduction in the IG with respect to the CG in body fat mass (–0·63 kg
(95 % CI –1·15, –0·11), P= 0·019; Cohen’s d= –0·450) and body fat percentage (–0·79 % (95 % CI –1·31, –0·26), P= 0·004; Cohen’s d=
–0·539). A non-significant decrease was also observed in BMI (–0·20 kg/m2 (95 % CI –0·44, 0·03), P= 0·092; Cohen’s d= –0·345). Both the body
fat mass and the body fat percentage showed a decrease in the IG for the three body segments analysed (trunk, arms and legs). Daily addition of
10 g of cocoa-rich chocolate to the habitual diet of postmenopausal women reduces their body fat mass and body fat percentage without modi-
fying their weight.
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The parameters that have been traditionally measured in the
study of body composition are body weight, BMI and other indi-
rect measurements of body fat distribution and abdominal
obesity, such as waist perimeter and the waist height and waist
hips indices(1). More recently, the proliferation and validation of
different impedancemetry devices(2) have allowed evaluating
the composition and distribution of body fat and relating body
fat mass and leanmass to mortality. In this sense, the review con-
ducted by Lee et al.(3) in 2018 suggests that an increase in the
content of fat mass and/or a decrease in leanmass could be asso-
ciated with an increase in mortality.

During menopause, women undergo a series of physiologi-
cal changes that include an increase in the levels of total choles-
terol and LDL-cholesterol, with the consequent increase in

cardiovascular risk(4). The increase of age is also associated with
a redistribution of fat tissue, with an increment in central local-
isation, which favours greater abdominal obesity and, ultimately,
greater frequency of metabolic complications(5).

Among the interventions that assess the changes in body
composition, some have shown beneficial results in body distri-
bution and composition in postmenopausal women using iso-
lated physical activity programmes(6,7). Other interventions,
such as the one designed by Seimon et al.(8), combine physical
activity with energy restriction and with a slight increase of pro-
tein intake, obtaining improvements in body weight and fat
mass. This moderate increase in the intake of proteins has also
been reported by other authors as a possible cause of body fat
percentage decrease(9). The modification of the amounts of
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macronutrients in the habitual diet was pointed out in the
Women’s Health Initiative Dietary Modification Trial(10), where
the group of postmenopausal women assigned to an interven-
tion based on lower fat intake (<20 % energy) obtained a
decrease in body fat percentage and body fat mass after 1 year
of follow-up.

However, the effect of polyphenols on the modification of
body composition in postmenopausal women is still unclear.
In the trial carried out by Choquette et al.(11), the addition of
70 mg/d of isoflavones to the habitual diet of the participants
caused a reduction in leg fat percentage, although there were
no changes for this parameter in other body parts or in the body
as a whole. A daily supplement in the form of a chocolate
snack(12) has been reported to decrease both body fat mass
and percentage in overweight/obese premenopausal women.
However, this study combined the supplement with energy
restriction, thereby the isolated effect of the supplement could
not be determined.

The aim of the present study was to analyse the effect of the
daily addition of 10 g of chocolate with a high concentration of
cocoa (99 %) to the habitual diet, for 6 months, on the body com-
position of postmenopausal women.

Methods

Design and setting

Controlled randomised trial with two parallel groups. The
sample recruitment and the evaluation visits were conducted
between June 2018 and August 2019. This clinical trial was reg-
istered in ClinicalTrials.gov (NCT03492983), and its protocol has
been published(13). This manuscript includes results on body
composition as a secondary outcome from the intervention
study. Results on blood pressure, as the main outcome of the
trial, have been previously published(14).

Study participants and recruitment

The sample recruitment was carried out in the doctor’s offices
of four urban primary healthcare centres of Salamanca, Spain,
through a consecutive sampling of women who met the inclu-
sion criteria. The evaluations were performed in the Primary
Care Research Service of Salamanca, which is part of the
Spanish Research Network for Preventive Activities and Health
Promotion in Primary Care and of the Biomedical Research
Institute of Salamanca. The study included 140 women aged
between 50 and 64 years and in the period of postmenopause,
defined as amenorrhoea for at least twelve consecutive months.
Potential participants were excluded based on the following
criteria: personal history of CVD; personal history of diabetes
mellitus, high blood pressure or dyslipidaemia under pharmaco-
logical treatment; hypoenergetic diets; clinically proven neuro-
logical and/or neuropsychological disease; treatment with
hormone replacement therapy; habitual weekly consumption of
over 210 g of cocoa; cocoa intolerance and/or allergy; intolerance
and/or allergy to any of the compounds of the study supplement.

The final sample consisted of 132 women. The evaluation of
body composition through impedancemetry was not performed

in the eight women who were excluded from the analysis, since
they met some of the circumstances described by the manufac-
turer of the measuring device, which advised against the realisa-
tion of such procedure in them. These situations include people
with pacemakers or any other electronic medical device in their
bodies; people who could have difficulties in the analysis, such
as being under 110 cm in height; people with limb amputations
or people carrying metal prostheses.

Sample size

The sample size was estimated based on the estimated changes
in the main outcome of this trial, that is, systolic blood pressure
(SBP). To detect a minimum difference of 2·9 mmHg in SBP
between the two groups, 140 participants (seventy per group)
were needed, considering given α- and β-risks of 0·05 and
0·20, respectively, in bilateral contrast and a standard deviation
(SD) of 5·8mmHg and assuming a predicted drop-out rate of 10 %
during follow-up. This estimate considered the results obtained
in a similar study inwhich a decrease in SBP of 6·5 (SD 5·8) mmHg
was observed(15). This estimate powers to detect a difference of
0·8 % or higher in body fat percentage as statistically signifi-
cant (P< 0·05).

Procedures and randomisation

All participants had a baseline assessment and a follow-up evalu-
ation 6 months after the former, in which the study variables
were measured (Fig. 1). The intervention group (IG) also con-
ducted five chocolate re-supply visits at 1, 2, 3, 4 and 5 months
after the baseline evaluation. No procedures were performed in
these visits other than the provision of the necessary chocolate
until the next visit and the collection of a calendarwith the record
of the chocolate intakes of the participants.

The postmenopausal womenwere randomly assigned to two
groups: an IG and a control group (CG). The assignation
sequence was generated by an independent researcher using
the Epidat 4.2 software(16). The participants received their ran-
domisation number based on the order of their baseline evalu-
ation visit; such number remained hidden until they were
assigned to each group. To ensure that the blinding was main-
tained, the participants were given clear instructions not to dis-
close which treatment they had been randomised to while being
interviewed by the blind assessors. The information about treat-
ment allocation was stored in a secure locker in case of emer-
gency unblinding.

Due to the characteristics of the intervention, it was not possible
to blind the participants. To minimise contamination between
groups, the researcher who conducted the evaluations was differ-
ent from the one who re-supplied the chocolate to the IG.

Intervention

The participants of the CG did not receive any type of interven-
tion. Those of the IGwere provided with chocolate (99 % cocoa)
and the instructions for the daily intake of 10 g of this supple-
ment in addition to their habitual diet for 6 months. In the first
re-supply visit, theywere instructed in how to consume and store
the chocolate, recommending that the daily intake should be at
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the same time of the day. Moreover, a calendarwas given to each
participant, in which theywere asked to record the time and date
of each intake; these calendars were given back to the research-
ers in each re-supply visit.

The daily nutritional intake of 10 g of this chocolate is 247 kJ
(59 kcal), 0·8 g of carbohydrates, 1·5 g of protein and 5·1 g of fat,
of which 3·1 g are saturated fat. The intake of polyphenols per
10 g of this product is 65·4 mg. The polyphenolic profile per
10 g of this compound consists in 26·1mg epicatechin,
10·4 mg catechin, 0·58 mg protocatechuic acid, 1·76 mg procya-
nidin dimer (B3), 14·4 mg procyanidin dimer (B2), 8·53 mg pro-
cyanidin trimer (C1), 3·54 mg procyanidin A hexoside, 0·02 mg
quercetin glucoside and 0·03 mg quercetin arabinoside. The par-
ticipants of both groups were instructed to follow their usual
dietary pattern without modifying their eating habits during
the study period.

Main outcomes

Analysis of body composition. The measurements of body
composition by impedancemetry were performed using an
Inbody 230 multifrequency analyser (Inbody)(2). This is a

segmental impedance device with which ten measurements
were performed using two different frequencies (20 and
100 kHz) in each segment (right arm, left arm, trunk, right
leg and left leg). The data were calculated by the algorithm
of the manufacturer and include fat mass, fat-free mass, skel-
etal muscle mass, total body water, proteins and minerals.
Furthermore, the device calculated the total body weight
(kg). To determine the body composition measurements,
the recommendations of the manufacturer were followed:
the test was conducted before or two hours after a meal;
the participants were asked to go to the bathroom before
the beginning of the analysis, to avoid biological errors
derived from including the weight of urine and/or faeces; they
were asked to do no physical exercise before the analysis;
they had to stand for 5 min before the analysis, avoiding to
lie down and sitting for long periods, since this could induce
changes in the results due to the tendency of water to move
towards the lower limbs when the person stands up; the
analysis was not performed after a shower or sauna session,
or during menstruation; lastly, the room was kept at a stable
temperature of 20–25°C, maintaining the same conditions in
both evaluation sessions.

Assessed for eligibility
(n 172)

Basal evaluation including
body composition analysis

(n 132)

Excluded (n 32)
Not meeting inclusion criteria

Intervention group
(n 69)

Control group
(n 63)

Randomised
(n 132)

Completed 6-month
follow-up (n 67)

Completed 6-month
follow-up (n 62)

Included in the analysis
(n 67)

Included in the analysis
(n 61)

Excluded (n 8)
Not body composition analysis

Analysis

Lost to follow-up (n 1)
Causes:

Refused to continue
participating (n 1)

Lost to follow-up (n 2)
Causes:

Newly diagnosed with
cancer under treatment

(n 2)

Not body composition
analysis (n 1)

Intervention
10 g/d Cocoa-rich

chocolate

Fig. 1. Flow chart of the analysis of body composition of the participants.
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Body height and BMI. Body height wasmeasured by recording
the average of two readings rounded to the nearest centimetre
using a stadiometer (Seca 222, Medical Scale and Measurement
System). BMI was calculated by dividing weight (kg) by height
squared (m2).

Nutritional composition of the habitual diet and consumption
of chocolate. The nutritional composition of the habitual diet
of the participants was estimated using a 24-h record of three
non-consecutive days before each visit, including business
and non-business days. The data were processed using the
EVIDENT II application(17), which has been validated for the
estimation of energy intake (kcal) and macronutrient intake
(carbohydrates, lipids, proteins, cholesterol and fibre). The
nutritional intake calculations include the energy intake from
the intervention. The consumption of chocolate was evaluated
in each visit (baseline and at 6 months) through a series of ques-
tions about the amount, type and frequency of consumption in
the period between visits.

Blood pressure. SBP and diastolic blood pressure were mea-
sured using a validated Omron M10-IT sphygmomanometer
(Omron Healthcare), following the recommendations of the
European Society of Hypertension(18).

Other measurements

Serum insulin concentrations (mg/dl) were measured, and insu-
lin resistance was determined using the homoeostasis model
assessment of insulin resistance index (HOMA-IR). At the base-
line evaluation, the researchers gathered information of clinical
and sociodemographic variables, such as gestational diabetes,
hypertension and dyslipidaemia under treatment, pharmaco-
logical treatment and time elapsed since menopause diagnosis.
A more detailed description of the methodology used and of the
measuring of other physical variables, such as alcohol consump-
tion and/or smoking, can be found in the previously published
study protocol(13).

Data collection, data management and monitoring

The collection of data in each evaluation visit was carried out by
a nurse who was previously trained for this purpose. Each par-
ticipant was identified with a unique code, which referred to the
data gathered in each of the measurements. These codes and
data were used to create a database that could only be accessed
by the researchers of the study. The principal investigator con-
ducted a data cleansing process at the end of the study.

Ethical considerations

The studywas approved by the Clinical Research Ethics Committee
of the Health Area of Salamanca (‘CREC of the Health Area
of Salamanca’) in February 2018. The participants signed an
informed consent in accordance with the Declaration of
Helsinki. They were informed about the objectives of the project
and the risks and benefits of the explorations to be carried out.
The confidentiality of the participants’ data was guaranteed at all
times in accordance with the provisions of the Organic Law

3/2018, of 5th December, of Personal Data Protection and guar-
antee of digital rights, and Regulation 2016/679 of the European
Parliament and of the Council of 27th April 2016 for Data
Protection, and under the conditions established by Spanish
Law 14/2007 of biomedical research.

Statistical analyses

The statistical analyses were carried out following the study pro-
tocol(13). The data were checked for normal distribution, and
most data were considered normally distributed. The character-
istics of the population are presented as mean and standard
deviation for the continuous variables and as frequency distri-
bution for the qualitative variables. For the baseline data, the
χ2 test and the Student’s t test were used to compare the quali-
tative variables and the means, respectively, between the two
groups. Paired t tests were performed to compare changes from
baseline (Post v. Pre) within the same group. ANCOVA with
baseline body composition variables as covariates was used
to compare the changes between the two groups. The effect
size was calculated by the standardised mean difference
(Cohen’s d). All analyses were performed using SPSS version
23.0 (IBM Corp), and an α-risk of 0·05 was established as the
limit of statistical significance.

Results

Baseline characteristics of the participants

This study included 132 women (sixty-nine in IG and sixty-three
in CG). The results of the effect of the intervention on the vari-
ables of body composition include 128 cases (sixty-seven in IG
and sixty one in CG). There were three losses in the second
evaluation (two in IG and one in CG). Moreover, anotherwoman
from the CG was not included in the analyses, since the impe-
dancemetry analysis was not conducted in her at 6-month
follow-up (Fig. 1). In the baseline evaluation, no differences
were observed in any of the clinical or sociodemographic
variables analysed (age, time elapsed since the beginning of
menopause, history of hypertension and dyslipidaemia under
treatment, gestational diabetes, pharmacological treatment,
physical activity, smoking, SBP, diastolic blood pressure, serum
insulin and HOMA-IR values). The baseline consumption of
chocolate was similar in both groups (IG 69·6 (SD 71·8) v. CG
71·8 (SD 69·6) g/week), with no differences in the weekly
consumption of chocolate with over 70 % cocoa (Table 1).

Intragroup and intergroup differences in variables of body
composition

The IG did not show changes in body weight after the interven-
tion (baseline evaluation 65·66 (SD 10·36) kg; evaluation at
6 months 65·34 (SD 10·33) kg), although the most relevant results
show a significant decrease in body fat mass (baseline 26·27 (SD
7·72) kg; 6 months 25·80 (SD 7·65) kg; P= 0·030) and body fat
percentage (baseline 39·30 (SD 6·33) %; 6 months 38·75 (SD
6·60) %; P= 0·005). No significant differences were observed
in the rest of the analysed variables (total body water, proteins,
minerals and skeletal muscle mass) (Table 2).
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On the other hand, within the CG, there were no relevant
differences in any of the analysed variables of body composition
between the baseline measurements and the measurements at
6 months. Body weight did not change (baseline evaluation
64·34 (SD 8·79) kg; evaluation at 6 months 64·52 (SD 8·91) kg);
the same result was obtained for body fat percentage (baseline
38·57 (SD 5·50) %; 6 months 38·81 (SD 5·38) %).

The main effect of the intervention showed a favourable
decrease in the IG for both body fat mass (–0·63; 95 % CI
–1·15, –0·111 kg; P= 0·019) (Cohen’s d= –0·450) and body fat
percentage (–0·79; 95 % CI –1·31, –0·26 %; P= 0·004) (Cohen’s
d= –0·539). A favourable decrease was also observed in the
IG for BMI, although it was not significant (–0·20; 95 % CI
–0·44, 0·03 g/m2; P= 0·092) (Cohen’s d= –0·345). No significant
differences were found between groups in minerals, proteins,
total body water or skeletal muscle mass.

Changes in body composition by body segment

Both body fat mass and fat percentage showed a decrease in
the IG for the three body segments analysed (trunk, arms and
legs). On the other hand, the CG did not show such reduction.
The differences in mean values showed a favourable change
in the IG (P < 0·05) for all measurements, except for trunk fat
mass (P = 0·065). The decrease was more pronounced in body
fat percentage (trunk –0·73 (95 % CI –1·20, –0·26); arms –1·01
(95 % CI –1·59, –0·43); legs –0·76 (95 % CI –1·21, –0·31)). The
intervention also showed favourable results in the IG for body
fat mass in arms and legs, with no significant change in the
trunk (Table 3).

Changes in nutritional composition

The intervention did not alter the nutritional composition of the
groups. There were no differences in the intake of energy (kJ),
carbohydrates, lipids or fibre. However, there was an increase in
the consumption of proteins in the IG (baseline 76·5 (SD 16·8) g,
6 months 82·4 (SD 17·4) g). There were no differences between
the two groups in any of the variables of nutritional composition
(Table 4).

Other variables measured remained unchanged. No
differences in SBP or diastolic blood pressure were observed
between groups. There were no significant changes in serum
insulin (–0·37 mg/dl; 95 % CI –1·88, 1·14; P= 0·631) and in
HOMA-IR (–0·07; 95 % CI –0·48, 0·34; P= 0·743) between the
two groups.

Discussion

The main finding of this study is the beneficial effect of the daily
consumption of 10 g of cocoa-rich chocolate on the body com-
position of postmenopausal women. After 6 months of interven-
tion, a decrease of both body fat mass and fat percentage was
achieved with respect to the CG. No relevant differences were
observed in terms of body weight, BMI or other aspects of body
composition. Moreover, there were no changes in the habitual
dietary intake.

This is one of the first studies conducted in humans to show
the beneficial effects that the compounds of cocoa can have on
markers of body composition and fat distribution. Among the
main compounds present in cocoa, polyphenols have shown

Table 1. Baseline characteristics of the study population
(Mean values and standard deviations; numbers and percentages)

Variables

Intervention group (n 69) Control group (n 63)

Mean SD Mean SD

Age (years) 57·2 3·6 57·3 3·8
Time from menopause onset (years) 6·8 4·5 6·8 3·7
Untreated hypertension
n 1 0
% 1·6 0·0

Untreated dyslipidaemia
n 8 10
% 12·7 14·5

Gestational diabetes
n 3 1
% 4·8 1·4

Thyroid hormone treatment
n 13 9
% 20·6 13·0

Current smoker
n 10 8
% 15·9 11·6

Alcohol consumption (g/week) 23·4 30·0 31·8 49·3
Physical activity (METS/min per week) 1934·5 2257·0 1565·1 1220·1
Systolic blood pressure (mmHg) 108·4 16·7 107·9 15·2
Diastolic blood pressure (mmHg) 72·8 11·0 72·4 10·4
Insulin (mg/dl) 8·6 3·4 7·3 2·7
Homoeostasis assessment model for insulin resistance 1·9 0·9 1·6 0·6
Chocolate intake (g/week) 69·6 71·8 71·8 69·6
>70% cocoa chocolate intake (g/week) 20·4 36·9 15·1 33·7
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Table 2. Change in body composition variables
(Mean values and standard deviations; 95 % confidence intervals)

IG (n 67) CG (n 61)

P† P‡ Cohen’s d

Baseline 6 months Change

P *

Baseline 6 months Change

P *

Intergroup
difference

(IG – CG), unadjusted

Intergroup
difference

(IG – CG), adjusted

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean 95% CI Mean 95% CI

Weight (kg) 65·66 10·36 65·34 10·33 –0·32 1·97 0·187 64·34 8·79 64·52 8·91 0·17 1·33 0·321 –0·49 –1·08, 0·10 0·104 –0·48 –1·08, 0·12 0·117 –0·291
BMI (kg/m2) 25·93 3·78 25·79 3·69 –0·15 0·79 0·144 25·30 3·12 25·37 3·14 0·08 0·51 0·246 –0·22 –0·45, 0·02 0·067 –0·20 –0·44, 0·03 0·092 –0·345
Body fat mass (kg) 26·27 7·72 25·80 7·65 –0·47 1·74 0·030 25·09 6·21 25·29 6·13 0·20 1·18 0·200 –0·67 –1·20, –0·14 0·013 –0·63 –1·15, –0·11 0·019 –0·450
Percent body fat (%) 39·30 6·33 38·75 6·60 –0·56 1·58 0·005 38·57 5·50 38·81 5·38 0·24 1·38 0·181 –0·80 –1·31, –0·28 0·003 –0·79 –1·31, –0·26 0·004 –0·539
Fat-free mass (kg) 39·39 4·12 39·54 4·20 0·15 0·90 0·174 39·25 4·38 39·23 4·60 –0·03 0·92 0·824 0·18 –0·14, 0·49 0·273 0·18 –0·14, 0·49 0·278 0·197
Skeletal muscle mass (kg) 21·18 2·44 21·29 2·48 0·11 0·54 0·115 21·07 2·57 21·05 2·69 –0·02 0·55 0·798 0·12 –0·07, 0·31 0·201 0·12 –0·07, 0·32 0·206 0·238
Total body water (kg) 28·90 3·02 29·00 3·08 0·10 0·66 0·200 28·78 3·22 28·74 3·38 –0·03 0·67 0·719 0·14 –0·10, 0·37 0·253 0·13 –0·10, 0·37 0·260 0·195
Estimated proteins (kg) 7·68 0·81 7·71 0·81 0·03 0·19 0·273 7·64 0·86 7·65 0·89 0·01 0·19 0·646 0·01 –0·05, 0·08 0·681 0·01 –0·05, 0·08 0·677 0·105
Estimated minerals (kg) 2·82 0·31 2·83 0·32 0·01 0·08 0·184 2·83 0·33 2·83 0·35 0·00 0·07 0·958 0·01 –0·01, 0·04 0·346 0·01 –0·01, 0·04 0·342 0·133

IG, intervention group; CG, control group.
* Intragroup comparison by the paired Student’s t test.
† Intergroup comparison unadjusted.
‡ Intergroup comparison adjusted by baseline body composition variables.

Table 3. Change in body composition variables by segments (trunk, arms and legs)
(Mean values and standard deviations; 95 % confidence intervals)

IG (n 67) CG (n 61)

P†

Baseline 6 months Change

P *

Baseline 6 months Change

P *

Intergroup difference
(IG – CG)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean 95% CI

Body fat mass (kg)
Trunk 13·53 3·90 13·30 3·94 –0·23 1·02 0·071 13·04 3·24 13·10 3·15 0·06 0·64 0·501 –0·28 –0·59, 0·02 0·065
Arms 2·09 0·86 2·02 0·81 –0·07 0·22 0·016 1·93 0·65 1·95 0·64 0·02 0·13 0·225 –0·09 –0·15, –0·02 0·008
Legs 3·70 1·05 3·64 1·01 –0·06 0·24 0·031 3·51 0·83 3·57 0·82 0·06 0·22 0·042 –0·12 –0·20, –0·04 0·003

Percent body fat (%)
Trunk 40·20 5·99 39·63 6·35 –0·57 1·39 0·001 39·72 5·20 39·89 5·11 0·17 1·26 0·310 –0·73 –1·20, –0·26 0·002
Arms 46·54 6·97 45·85 7·39 –0·69 1·64 0·001 46·03 6·16 46·35 6·06 0·32 1·69 0·142 –1·01 –1·59, –0·43 0·001
Legs 37·13 5·85 36·63 5·97 –0·50 1·30 0·003 36·46 5·07 36·73 5·09 0·27 1·26 0·106 –0·76 –1·21, –0·31 0·001

IG, intervention group; CG, control group.
* Intragroup comparison by the paired Student’s t test.
† Intergroup comparison by the Student’s t test.
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high antioxidant capacity and potential coadjuvant capacity in
certain metabolic mechanisms. In a trial conducted in rats, small
doses of cocoa extract supplements were enough to counteract
obesity and type 2 diabetes, providing new ideas about the pos-
sible application of cocoa supplements in the management of
metabolic syndrome(19). Likewise, another laboratory trial con-
cluded that cocoa and its flavonoids could improve endothelial
dysfunction and contribute with their reducing effect on arterial
pressure(20). Although polyphenols and their impact on obesity
are still poorly known, some studies have suggested that they
can have a positive effect on glucose regulation, adipogenesis,
lipolysis, lipid metabolism and appetite control(21–24).

Improvements in insulin sensitivity, with decreased insulin
levels and HOMA-IR, have been observed after dark chocolate
ingestion in previous studies conducted in healthy persons(25).
Whilst others have not shown differences in these parameters
after chocolate intake(26), which is consistent with our findings.
Desideri et al.(27) observed an improvement in HOMA-IR, but no
differences in plasma insulin levels after cocoa flavanols inges-
tion in elderly subjects with mild cognitive impairment. This dis-
crepancy may be explained by differences in the methods used
in every research. This significant finding could be explained by
other effects on gastrointestinal peptide hormones or neurohor-
monal regulation of gastrointestinal function, satiety and sati-
ation; however, these were not measured in this trial. It would
be interesting for future studies to explore these as possible
mechanistic effects.

There is evidence of an increase in percent body fat, aswell as
a central and visceral redistribution of fat mass, with ageing(28).
Additionally, menopause is an important change in women in
terms of body composition. Toth et al.(29,30) associated meno-
pause with an increase of abdominal fat and quantified these
changes in 49 % more abdominal fat with respect to premeno-
pausal women. The meta-analysis carried out by Ambikairajah
et al.(31) showed an increase in body fat percentage (2·88 %;
95 % CI 2·13, 3·63 %) and trunk fat percentage (5·49 %; 95 %
CI 3·91, 7·06 %) between premenopausal and postmenopausal
women, though the change in fat mass quantity was attributable
predominantly to increasing age. Furthermore, their results
showed a decrease in total leg fat percentage and an increase
in measures of central fat suggesting changes in fat mass distri-
bution during menopause. In addition, it has to be mentioned
that Mahabir et al.(32) reported that a one-unit change for body
fat percentage was associatedwith a substantial change in serum
leptin. There is evidence suggesting that this hormone could be a
potential biomarker for breast cancer risk in women, especially
overweight/obese and postmenopausal women(33) and that
higher levels of circulating leptin have been associated with
increased severity of non-alcoholic fatty liver disease(34). In turn,
such changes in the regional distribution of fat have been corre-
lated to an increase in cardiometabolic risk in this population(35).
Therefore, it is necessary to know the variation of fat distribution
among postmenopausal women as a consequence of interven-
tions such as the one presented in this study. Aerobic physical
activity combined with resistance exercises in 3 weekly sessions
have shown to reduce body fat mass and fat percentage in all
body segments, that is, trunk, arms and legs(11). The intervention
conducted by Choquette et al.(11) also included a group with aT
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polyphenol supplement (isoflavones), which only showed such
reduction in the legs. Therefore, it is worth highlighting the
decrease achieved in our study for body fat mass in general
and in the trunk, arms and legs, which shows the magnitude
of the results presented in this manuscript. The findings of our
trial may be clinically relevant and even more considering that
these changes occurred after a nutritional intervention with a
commercially available chocolate. Moreover, this intervention
showed no adverse effects on any of the parameters evaluated.

In the present study, there were no significant changes in
body weight or in BMI after the 6 months of intervention.
The results are in line with those of a recent meta-analysis of
thirty-five randomised clinical trials about the impact of cocoa
on body weight and BMI(36). That meta-analysis suggested that
cocoa supplements do not have a significant effect on body
weight (–0·108 kg, 95 % CI –0·262, 0·046, P = 0·168) or on BMI
(–0·014 kg/m2, 95 % CI –0·105, 0·077, P = 0·759). However,
a subgroup analysis revealed that body weight and BMI
decreased with cocoa supplements of ≥30 g of chocolate per d
in trials of 4–8 weeks. In our work, we observed a change in
body composition, with no effect on body weight, although
a greater decrease (–0·49 kg (95 % CI –1·08, 0·10)) was observed
with respect to the meta-analysis conducted by Kord-Varkaneh
et al.(36). Therefore, the daily contribution of energy content from
the chocolate supplement (10 g; 247 kJ (59 kcal)) did not seem to
have a negative influence on body weight. Likewise, it did not
appear to alter the mean energy intake of the participants
(75 kJ (18 kcal) (95 % CI –112, 149)). Moreover, no
relevant increase was observed in total body water, fat-free mass
or skeletal muscle mass. All these parameters showed a slight
increase in the IG.

The use of a placebo control in dietary studies must be
attempted if possible. Similar studies evaluating the effects of
chocolate intake have used white chocolate as a suitable pla-
cebo. Providing a placebo compound to the CG could have
controlled for some confounding factors, such as preload effect
on energy content taken during subsequent meal and would
probably have allowed to assess the effects considering the
polyphenol composition of the chocolate. However, this would
also have potentially affected other metabolic variables and
would not have allowed to evaluate the effects of the intake
of the chocolate as a whole. Supporting this, Almoosawi
et al.(37) pointed out the possibility of adverse effects occurring
with polyphenol-poor chocolate placebo, reporting that in the
absence of polyphenols, high-fat products such as chocolate
may adversely affect metabolism, causing deleterious effects.
Nevertheless, the clinical trial that this study is part of aimed
to evaluate the effect of adding a daily amount of 10 g of
chocolate high in cocoa content (99 %) and polyphenols to
the normal diet on blood pressure, vascular function, cognitive
performance, quality of life and body composition in postme-
nopausal women. The chocolate used in the intervention is
commercially available; this makes the results of this study
more accessible than those of other studies in which laboratory
supplements are used. Moreover, this provided a real clinical
context and allowed us to assess the potential benefits, as well
as potential harms, of the intake of this compound as a whole,
as pretended.

The limitations of this study include, on the one hand, the lim-
ited amount of polyphenols in the amount of chocolate admin-
istered to the IG with respect to other studies. However, this
intervention attained the study objective by providing a commer-
cial supplement to the habitual diet. This makes the results of this
study more accessible than those of other studies in which labo-
ratory supplements are used, although the intake of polyphenols
from this amount of chocolate may not be enough to show rel-
evant changes in the magnitude of the effect. On the other hand,
it was not possible to blind the participants due to the nature of
the intervention.

In conclusion, the daily addition of 10 g of cocoa-rich choco-
late to the habitual diet of postmenopausal women reduces body
fat mass and body fat percentage without altering body weight.
Future studies should focus on the mechanisms through which
the main compounds of cocoa produce these effects, in order to
determine themost suitable amount and duration of the intake of
these compounds.
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