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Abstract 

International Journal of Exercise Science 18(6): 316-328, 2025. 
https://doi.org/10.70252/QRGN7992 Several recent reports have indicated positive health benefits of 
consuming (-)-epicatechin-rich cocoa products. Postmenopausal women are predisposed to reduced metabolism 
due to decreased levels and activity of the sex hormones estrogen, progesterone, and estradiol. The purpose of this 
study was to investigate the influence of dark chocolate consumption on resting and exercise metabolism in 
postmenopausal women. Using a randomized, double-blind design, 26 postmenopausal participants were assigned 
to a 30-day supplementation with 20-g per day of 72% dark chocolate (DC) or calorically matched white chocolate 
(WC). Before supplementation, participants underwent two control trials for assessments (PRE1, PRE2) of resting 
energy expenditure (REE) and exercise energy expenditure (EEE). Following the PRE2 assessment, participants 
were randomized and supplemented for 30 days, after which they repeated the assessments for REE and EEE. PRE1 
and PRE2 REE and EEE were not significantly different within or between groups (REE: PRE1 DC 1215± 170, WC 
1127 ± 174, p=0.662; PRE2 DC 1211 ± 174, WC 1145 ± 165 kcal/d, p=0.720; EEE: PRE1 DC 3.67 ± 0.72, WC 3.40 ± 0.81, 
p=0.665; PRE2 DC 3.41 ± 0.88, WC 3.39 ± 0.73kcal/min, p=0.373). Post-supplementation REE was significantly 
increased by 3.2% in the DC group (Pre-Post change: DC 38.6 ± 49, WC -15 ± 31.2 kcal per day, p =0.039, Cohen’s 
d= 0.724 [95% CI: 0.078, 1.513]). These results indicate that DC supplementation in postmenopausal women was 
associated with a significant 3.2% increase in REE with no significant influence on EEE. 
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Introduction 

Chocolate is widely recognized as a culinary treat. However, some have suggested that 
chocolate consumption, particularly in the form of dark chocolate, has the potential to reduce 
the risk of coronary heart disease, stroke, and diabetes, three of the leading causes of death and 
disability in the United States.1-4 Recent reports have postulated that these health attributes are 
in some measure due to dark chocolate’s antihypertensive, antiplatelet, antioxidant, and anti-
inflammatory properties.1,5 Additional reported benefits of dark chocolate include 
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neuroprotection, decreased blood pressure, increased satiety, reduced intestinal absorption of 
carbohydrates and lipids, improved cholesterol profiles, improved antioxidant capacity, 
increased resting energy expenditure, improved mitochondrial efficiency, and increased aerobic 
capacity.2,6-10 

There are a considerable number of reports suggesting that the health benefits of dark chocolate 
consumption are due in large part to the high content of the flavonoid (-)-epicatechin, the most 
abundant flavonoid monomer in cocoa.9,11-14 Isolated (-)-epicatechin supplementation has been 
demonstrated to increase tissue mitochondrial content leading to improvements in 
mitochondrial function in both cardiac and skeletal muscle.15 Though the exact mechanisms are 
unclear, (-)-epicatechin is known as a potent stimulator of glucose oxidation and mitochondrial 
function.15 

(-)-epicatechin has also been shown to mediate components of metabolic syndrome and improve 
the ability to partake in higher levels of aerobic exercise.16-18 In a high-fat diet and obesity study 
conducted by De Los Santos et al., a 15-day supplementation of twice-day 1 g/kg of body mass 
doses of (-)-epicatechin by oral gavage was shown to decrease weight gain, hyperglycemia, and 
hypertriglyceridemia in the male progeny of obese rats.18 In a recent randomized clinical trial of 
older individuals with peripheral artery disease, McDermott and colleagues found that six 
months of (-)-epicatechin supplementation administered daily through a cocoa beverage 
consisting of 15g of cocoa and 75mg of epicatechin demonstrated a significant improvement in 
the exercise endurance performance of adults 60 years and above.16 

The mode of (-)-epicatechin supplementation in recent randomized-controlled trials varies 
based on the research questions. Studying the impact of (-)-epicatechin on metabolic health has 
been done through the provision of isolated (-)-epicatechin via pill or oral gavage.15,18 
Additionally, cocoa is a food rich in (-)-epicatechin and has the potential to be used in 
randomized controlled trials as a means of (-)-epicatechin consumption.19 However, raw cocoa 
consumption is not palatable, being bitter in taste and gritty in texture.19 Because of this, there 
is little motivation for participants to consume cocoa in its unaltered form. Chocolate presents 
itself as a palatable combination of cocoa, butter, milk, and sugar, providing a beneficial dose of 
(-)-epicatechin and a motivation to consume it. Trials providing (-)-epicatechin through 
chocolate consumption have presented positive findings on metabolic health.9-11 

Menopause, the cessation of menstruation and reproductive function, is typically experienced 
during a woman’s late 40s through early 50s and is characterized by decreased levels of the sex 
hormones estrogen, progesterone, and estradiol.20-23 Mitochondrial function is compromised as 
menopause takes place, and this is potentially due to reductions in estrogen. 24 In addition to 
this, the postmenopausal phase is associated with a decrease in fat oxidation and exercise energy 
expenditure, and an increase in appetite, all of which negatively contribute to postmenopausal 
changes in body composition.20-22,25,26 

The documented alterations in metabolism associated with post-menopause warrant 
investigation of possible measures to counter these negative effects. Considering the recent 
findings of improvements in metabolic function and resting energy expenditure associated with 
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dark chocolate consumption, this raises the logical question as to the metabolic effect of dark 
chocolate consumption by postmenopausal women.9,10 Consequently, the purpose of this study 
was to investigate the influence of dark chocolate consumption on resting and exercise 
metabolism in postmenopausal women.  

Studies supporting this purpose include a randomized-controlled, single-blind study by Presler 
and Webster9 which evaluated the effects of consuming 20g of 72% dark chocolate for 30-d on 
resting energy expenditure (REE) and exercise energy expenditure (EEE) in premenopausal 
female athletes (18-30 years old). The results demonstrated that dark chocolate supplementation 
provided a 9.6% increase in REE (p=0.017) and no change in EEE (p>0.05). A study by Hodson 
et al. compared REE and total energy expenditure (TEE) between premenopausal (35-45 years 
old) and postmenopausal women (55-65 years old) and found that postmenopausal women had 
significantly lower resting metabolic rates than premenopausal women, despite adjusting 
resting metabolic rate for lean mass (1367vs. 1484 kcal/day, p=0.029).26 Additionally, they found 
that postmenopausal women performed less moderate physical activity each week than their 
premenopausal counterparts (140 vs. 183 min/wk, p=0.03).  

With the significant improvements in REE demonstrated by Webster and Presler, and the 
reductions in EEE shown in Hodson et al., it was hypothesized that 30 days of dark chocolate 
consumption by postmenopausal women would increase their resting energy expenditure and 
have no effect on exercise energy expenditure. 

Methods 

Participants 

The study employed a randomized, double-blind, placebo-controlled design and was approved 
by the Institutional Review Board for the use of Human Participants in Research (04214-2021). 
Additionally, this research was carried out fully in accordance to the ethical standards of the 
International Journal of Exercise Science.27 

Inclusion criteria were that participants be postmenopausal (defined as cessation of menstrual 
cycle for at least one year), over 40 years of age, have a body mass index (BMI) between 18.5-35 
kg●m-2, not regularly consuming chocolate, and not presently taking any nutritional 
supplements that might influence metabolic rate. The sample size was determined a priori in 
part by the results of a previous study conducted in our laboratory that achieved statistical 
significance with a sample size of n = 18. 9 The goal of this study was to exceed the n of the 
previous study. The previous study focused on determining the benefits of consuming (-)-
epicatechin-rich dark chocolate on resting and exercise energy expenditure in young female 
athletes.9 Menopause and the subsequent postmenopausal period are phenomena that all 
women will experience.28 Identifying the effect of this supplementation protocol on 
postmenopausal women provides a comparison of changes in metabolism over time and across 
physical activity levels. Increasing the n of the current study was done with the hope of 
accounting for the attenuations in resting energy expenditure and exercise habits that have been 
cited to change with age.26  
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While the previous study provided significant results, power analyses, and effect sizes were not 
provided.9 In light of this, post hoc analyses were conducted at the end of data collection to 
calculate the statistical power of the acquired sample size.  

Participants were recruited from the University’s Center for Exercise Medicine and 
Rehabilitation. This Center provides an environment for middle-aged to older adults to 
complete specialized exercise training programs alongside ACSM-certified exercise 
physiologists. Participants were also recruited through listserv postings with the University’s 
Alumni Association.  

Participants were instructed to maintain their normal diet and physical activity levels 
throughout the study. Compliance was monitored with a brief interview during the middle of 
the supplementation period. The interview included obtaining verbal assurance that the 
supplement was being consumed daily and reviewing potential complications in continuing the 
supplementation. When an in-person interview was not possible, an email was sent with the 
same purpose and structure as the interview. 

Protocol 

Participants participated in three laboratory visits over the course of 4-6 weeks. The participants 
were required to maintain physical activity and dietary habits throughout the duration of the 
study. The first laboratory visit (PRE 1) was a preliminary/familiarization session that required 
participants to arrive in the laboratory 4 hours postprandial and having not performed more 
than 20 minutes of low-intensity exercise during the previous 24-h. Upon arrival, participants 
completed an informed consent and physical activity and health history questionnaire and were 
assessed for resting measures of height, weight, and body composition via whole-body Dual-
Energy X-ray Absorptiometry (DXA) scan (Hologic Horizon©, Marlborough, MA). Participants 
were also instructed on how to complete a 24-hour diet recall and were encouraged to replicate 
their recorded dietary intake as closely as possible in the 24-h prior to each subsequent 
laboratory session. In response to this instruction, each participant completed three 24-hr diet 
recalls. This process was done with the hope of controlling for the effect of changes in dietary 
intake on REE and EEE. 

REE was assessed via open-circuit indirect calorimetry (Vmax Encore Metabolic Cart; Yorba 
Linda, CA). Flow volume and gas calibrations were performed prior to each testing session 
according to the manufacturer’s instructions. 4% CO2 /16% O2 and 0% CO2 /25% O2 calibration 
gases were used for calibration and a 3-L calibration syringe was used for volume calibration.29 
Participants assumed a supine position on an examination table with a Plexiglas ventilated hood 
placed over their head. Expired gases were then assessed for ~30-min. The first 10-min allowed 
the participants to acclimate to the testing procedures and reach a metabolic steady state. The 
REE was subsequently determined from 10-min of steady state respiratory gas measurements 
assessed during min 10-30. During this time, the pump flow rate was manipulated to ensure a 
FECO2 between 0.75-0.85. Energy expenditure was calculated as [3.941 (VO2) + 1.106 (VCO2)], 
where VO2 and VCO2 were reported in L/min. Non-protein substrate utilization was calculated 
from respiratory quotient (RQ) and VO2.30 
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Upon completion of the assessment of REE, the metabolic cart was immediately calibrated to 
accommodate exercise testing, and the participants was fitted with a facemask, mass flow 
sensor, and polar heart rate monitor. The participants then performed 10-min of continuous 
exercise on a cycle ergometer (Monark, Ergomedic 894 E) at a workload chosen to elicit moderate 
intensity energy expenditure of 3-6 METS.31 To achieve the target intensity, the appropriate 
power output in Watts (W) was determined by each participants’ physical activity level during 
the first laboratory visit and was replicated during subsequent sessions. Power output targets 
were 30, 40, and 50 W. Expired gases were analysed and used in the assessment of EEE and RQ. 
Heart rate was also recorded during minutes 8, 9, and 10 of cycling exercise.  

The second laboratory visit (PRE 2) was scheduled ~7-d after the preliminary laboratory visit. 
During this visit, participants performed another assessment of REE and 10-min of cycling 
exercise in the same manner as the initial laboratory visit. Upon completion, each participant 
was provided with 30-d of the prescribed supplement. The third laboratory visit was performed 
30 days after the onset of supplementation. The assessment consisted of a whole-body DXA 
scan, REE and EEE in the same fashion as described previously. 

The intervention was a randomized, double-blind design.9 The experimental treatment 
consisted of 20 g●d-1 of 72% Dark Chocolate (DC) (Organic Extra Dark Chocolate, Artisan Kettle, 
Madison, WI), or calorically matched (~100 kcal) volume of White Chocolate (WC) (White 
Chocolate Baking Chips, The Hershey Company, Hershey, PA). Supplementation was 
scheduled for a total of 30 days. The white chocolate was assumed to contain no (-)-epicatechin, 
which allowed for the comparison of the metabolic effects of DC to a similar cocoa product that 
has not been demonstrated to hold nutraceutical properties. An individual not affiliated with 
the project was responsible for the preparation of the supplement. Each day’s chocolate was 
individually wrapped in foil and placed into a plastic bag with 5 days of chocolate in each plastic 
bag for a total of 6 bags for each participant. These were then placed in brown paper bags to 
disguise the contents from the investigators. Additionally, participants were informed that the 
purpose of the study was to investigate the effect of chocolate on resting and exercise 
metabolism; however, they were blinded to the fact that purported nutraceutical effects of DC 
specifically were under observation.  

Upon receiving supplementation after their second assessment, participants were instructed to 
consume their prescribed chocolate each day and to return to the lab after 30 days of 
supplementation. During the supplementation period, participants were questioned regularly 
(~4-10 days) about their adherence to daily chocolate consumption. 

Statistical Analysis 

Statistical analyses were performed using Statistical Packaging for the Social Sciences (Version 
29.0.2.0, SPSS). An independent t-test was used to compare REE and EEE data from PRE 1 and 
PRE 2. After determining that there were no significant differences between data from these 
visits, the data were averaged and compared to data from Visit 3. In this situation, paired one-
tailed t-tests were used to evaluate for any significant increases in REE and EEE between 
conditions (WC vs. DC; pre-supplementation vs. post-supplementation). Paired t-tests were 
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used to evaluate any significant changes in substrate oxidation rates, oxygen uptake, and 
respiratory quotient (RQ) (WC vs. DC; pre-supplementation vs. post-supplementation). For 
significant results, Cohen’s d was calculated to determine effect sizes and their confidence 
intervals. Interpretation of effect sizes were based on previously developed standards for large, 
medium, and small effect sizes.32 The significance level was set at p<.05. All data are presented 
as mean ± SD. 

Results 

Inclusion criteria were postmenopausal (defined as cessation of menstrual cycle for at least one 
year), over 40 years of age, a body mass index between 18-35kg•m-2, not regularly consuming 
chocolate, and not presently taking any nutritional supplements that might influence metabolic 
rate. Thirty-one participants met the inclusion criteria; however, five were eventually excluded 
due to a variety of factors including claustrophobia, incurring a physical injury over the course 
of the implementation period, an allergic reaction to white chocolate, and an inability to 
complete exercise testing. This left a final participants pool of n=26 (DC n = 13, WC n = 13). This 
participant pool exceeded the number of participants used in the study previously conducted 
in our lab that observed a significant increase in the REE of female college athletes consuming 
the same amount of 72% dark chocolate.9 Post hoc analyses revealed that the sample size 
analysed for independent t-tests (n = 26) provided a power of 0.80, and the sample size analysed 
for paired one-tailed t test (DC n = 13, WC n = 13) yielded a power of 0.52. 

While participants clearly understood that the study was investigating chocolate, they were not 
aware that DC was the experimental treatment being investigated. Participants characteristics 
are indicated in Table 1. The time since onset of menopause was significantly different for DC 
and WC groups (9.5 ± 6.4 vs. 13.0 ± 13.0 yrs, p=0.032). 

Table 1. Participant characteristics. 
 DC (n = 13) WC (n = 13) p-value 

Age (yr) 59.0 ± 6.6 62.8 ± 10.0 .106 
Time since onset of menopause (yr) 9.5 ± 6.4 13.0 ± 13.0 .032 
Height (m) 1.64 ± 0.68 1.64 ± 0.04 .062 
Weight (kg) 71.4 ± 15.1 69.7 ± 11.1 .794 
BMI (kg*m2) 26.7± 5.0 26.2 ± 4.7 .769 
Body fat (%) 42.4± 7.1 42.5 ± 4.4 .291 

Values are expressed as mean ± SD. BMI = Body Mass Index; DC = Dark Chocolate; WC = White Chocolate. 

REE (kcal/day) and EEE (kcal/min) were not significantly changed prior to the intervention 
period from PRE 1 and PRE 2 (REE: PRE 1 DC = 1215 ± 170, WC = 1127 ±174 kcal●d-1, p=0.662; 
PRE 2 DC= 1211 ± 174, WC = 1145 ± 165, kcal●d-1 p=0.720; EEE: PRE 1 DC = 3.66 ± 0.73, WC = 
3.40 ± 0.81 kcal●min-1, p=0.665; PRE 2 DC = 3.41 ± 0.88, WC = 3.39 ± 0.73 kcal●min-1, p=0.373). 
Post-supplementation REE values for the DC group were higher than REE for the WC group 
(DC = 1252 ± 147, WC = 1120 ± 148 kcal●d-1). Post-supplementation REE increased by 3.2% in 
the DC group and decreased by 1.3% in the WC group, with a statistically significant difference 
between pre-post values (Pre-Post difference: DC = 38.6 ± 49 kcals, WC = -15 ± 31.2 kcals, 
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p=0.039) (Graph 1). The Cohen’s d effect size for the changes in REE values between pre- and 
post-measures was 0.724 (95% CI: 0.078, 1.513).  

 

Figure 1. Individual participants REE pre- and post-supplementation. ··· indicates mean data for each group. # 
indicates the pre-post change in REE is significantly greater in DC than in WC (p=0.039). DC = Dark Chocolate; WC 
= White Chocolate. 

There were no significant differences in pre- and post-supplementation measures for substrate 
utilization during the assessment of REE for either group (p>0.05) (Table 2). Additionally, there 
were no significant differences between measures for EEE (kcal●min-1), exercise oxygen uptake 
(L/min), or RQ (p>0.05) (Table 3).  

Table 2. Resting substrate utilization. 
 DC PRE DC POST WC PRE WC POST 

Fat (g·d-1) 103.9 ± 21.1 103.4 ± 31.6 101.6 ± 16.9 93.6 ± 15.3 
CHO (g·d-1) 54.5 ± 35.9 65.8 ± 44.7 41.1 ± 30.1 55.9 ± 32.8 

Values are expressed as mean ± SD. CHO = Carbohydrate; DC = Dark Chocolate; WC = White Chocolate; PRE = 
before supplementation; POST = after supplementation. 

Table 3. Energy expenditure, oxygen uptake, and respiratory quotient during exercise. 
 DC PRE DC POST WC PRE WC POST 
EE (kcal·min-1) 3.53 ± 0.72 3.58 ± 0.76 3.39 ± 0.73 3.47 ±0.52 
VO2 (L·min-1) 0.71 ± 0.14 0.72 ± 0.15 0.68 ± 0.15 0.70 ± 0.11 
RQ 0.95 ± 0.04 0.94 ± 0.06 0.94 ± 0.04 0.92 ± 0.05 

Values are expressed as mean ± SD. EEE = Energy Expenditure; VO2= Oxygen Uptake; RQ = Respiratory 
Quotient; DC = Dark Chocolate; WC = White Chocolate; PRE = before supplementation; POST = after 
supplementation.  
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Discussion 

The purpose of this study was to investigate the influence of dark chocolate consumption on 
resting and exercise metabolism in postmenopausal women. The findings indicated significant 
insights, particularly in the realm of REE, where DC consumption led to a 3.2% increase in 
resting caloric expenditure (38.6 ± 49 kcal●d-1, p= 0.039). Conversely, no significant change was 
observed in EEE following DC supplementation (+0.05 kcal●min-1, p>0.05). In contrast, white 
chocolate (WC) consumption revealed no significant changes in either REE (-15.31 ± 31.2 kcal●d-

1, p>0.05) or EEE (0.08 ± 0.02 kcal●min-1, p>0.05). These findings align with our hypothesis that 
DC supplementation would positively impact REE while leaving EEE unaffected. These results 
also provide a comparative response to DC supplementation between post-menopausal women 
and younger female athletes, indicating that the response was similar, yet attenuated in post-
menopausal women. 

The post-menopausal period brings with it deleterious physiological changes and a hallmark of 
this is compromised mitochondrial health and function. Compromised mitochondrial function 
can lead to a build-up of oxidative damage in tissues.24 Consuming foods rich in antioxidants 
can counter this, as they can properly break down and dispose of the byproducts of oxidative 
activity.24  

In the present study, 30 days of consuming 20g of 72% dark chocolate yielded a 38.6 ± 49 kcal●d-

1 increase in REE. This increase in REE after dark chocolate consumption brings with it a small, 
yet significant implication, as this increase counters the expected reduction in REE after 
menopause. Due to its high concentration of (-)-epicatechin, dark chocolate can provide the 
antioxidants needed to counter oxidative damage and improve mitochondrial function.6,8 The 
improved REE may be a reflection of an improvement in mitochondrial function. 

The findings of this study mirror those of Presler and Webster, where young female athletes 
underwent a similar experimental protocol.9 Notably, the previous study reported a significant 
9.6% increase in REE, whereas the results of the present study revealed a more modest increase 
of 3.2%. Postmenopausal women commonly experience reductions in fat-free mass, a factor 
linked to diminished REE.26,28,33,34 So, this disparity may stem from demographic distinctions. 
Participants in the Presler and Webster study had a mean age of 21 years, markedly younger 
than the average age of 61 years among the postmenopausal participants of the present study.9 
Additionally, the BMI of the participants of their study was ~24.5 kg●m-2 (normal body weight) 
compared with ~26.2 kg●m-2 (overweight) in the present study. While this measure is not that 
much different between studies, the percentage body fat of the participants in the present study 
was ~42.5% indicating they were obese. Percentage of body fat was not reported by Presler and 
Webster; however, the fact that they were all collegiate athletes would suggest that they were 
relatively lean, or at the very least, not obese. These age-related and body composition 
differences may shed some light on the response to dark chocolate supplementation observed 
in this study, warranting further exploration into the interplay between age, dietary 
interventions, energy expenditure dynamics. 
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Menopause typically occurs between the ages of 45 and 55 years and marks a universal 
transition in women’s lives; ushering in a host of physiological changes that can impact health 
outcomes. Central to this transition are the associated hormonal fluctuations of estrogen, which 
have been purported as a cause for reductions in energy expenditure.30,34-36 Estrogen plays a 
pivotal role in regulating body composition, energy expenditure, and reproductive 
development in women. Specifically, the action of estrogen affects reproductive function and 
the process of menopause. The decline in estrogen levels during menopause precipitates many 
metabolic disturbances, as evidenced by studies implicating estrogen deficiency in 
mitochondrial dysfunction, alterations in body composition, insulin resistance, and diminished 
energy expenditure.28,30,33,35 The decline in estrogen levels has been linked to reductions in lean 
body mass and an increase in fat mass.34 Increases in fat mass leads to a reliance on lipid and 
fatty metabolism.33 Because of the increases in fat mass, post-menopausal women experience a 
reduced metabolic rate, as fat consumes less energy than lean mass (4.5 kcal●kg-1●d-1 and 13 
kcal●kg-1●d-1, respectively).33,37  

While estrogen deficiency contributes significantly to the decline in resting energy expenditure 
(REE) post-menopause, other factors may also play a role. Hodson et al. demonstrated lower 
REE levels in post-menopausal women even after accounting for differences in lean mass.26 
Despite the metabolic consequences of menopause, the findings of the present study suggest 
that habitual dark chocolate supplementation may hold promise in mitigating the decline in 
REE observed in postmenopausal women, thereby offering a potential avenue for improving 
overall energy expenditure. Dark chocolate supplementation’s potential to improve energy 
expenditure is due to its rich concentration of (-)-epicatechin, as it has been proposed to improve 
mitochondrial structure and function and stimulate glucose oxidation.15,33 

Emerging research highlights the potential health benefits associated with the flavanol content 
found in dark chocolate, encompassing improvements in vascular function, glycemic control, 
and metabolism across various populations.12,15 This positive impact is often attributed to (-)-
epicatechin, the primary flavanol present in dark chocolate. It reportedly has a rapid absorption 
in the small intestine and subsequent appearance in the circulatory system.15,38 Using a 
hyperglycemic mouse model, Ramírez-Sánchez et al. demonstrated the efficacy of (-)-
epicatechin supplementation in restoring and enhancing the functionality of complexes I-IV 
within the electron transport chain, alongside notable improvements in nitric oxide function.39 
In addition, (-)-epicatechin’s strong antioxidant properties serve to reduce oxidative damage 
induced by free radicals.24 This results in an enhancement in mitochondrial function and 
content, which in turn can augment total energy expenditure (TEE). This notion is supported by 
the work of Taub et al. 10 who investigated the effects of 20 g/day dark chocolate 
supplementation over six months on exercise capacity and mitochondrial function in sedentary 
individuals 40-75 years of age. Their findings revealed a notable trend towards increased 
maximal oxygen uptake (22.9±1.9 to 25.7±1.4 ml●kg-1●min-1, p=0.056) among participants 
consuming dark chocolate, alongside a greater than 2-fold increase in citrate synthase activity 
within skeletal muscle, indicating enhanced mitochondrial function. The results of each study 
indicated improved mitochondrial function in response to (-)-epicatechin supplementation in 
isolation or within dark chocolate. The results of these studies were gathered using both mouse 
and human models within a broad age range and of both sexes, implying that (-)-epicatechin 
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supplementation has the potential to improve mitochondrial function in post-menopausal 
women.  

(-)-epicatechin’s potential ability to improve metabolic function was also demonstrated in a 
study employing a group of obese young adults (BMI > 30 kg●m-2).7 Levya-Soto et al. 
investigated the effects of daily chocolate intake on symptoms and risk factors associated with 
cardiovascular disease and metabolic syndrome in participants aged 23-24 years.7 These 
participants consumed either 2 g●d-1 of 70% dark chocolate or 2 g●d-1 of milk chocolate for six 
months. The findings revealed statistically significant improvements in a variety of health 
parameters among those consuming 70% dark chocolate. This included reductions in waist 
circumference (99 to 90 cm), total cholesterol levels (221 to 201 mg●d-1), and fasting plasma 
glucose levels (114 to 91 mg●d-1).  

The % cocoa concentration of chocolate in the previously mentioned study is similar to the % 
cocoa concentration of the chocolate used in the present study (70% and 72%, respectively).7 
However, the present study required participants to consume a dosage of chocolate ten-fold 
greater than the previously mentioned study. The results provided in the study performed by 
Levaya-Soto et al. suggest that cocoa-rich chocolate can improve metabolic health in small 
amounts. The chosen dosage for the current study was developed based on the results of studies 
using larger doses9,10. Taub et al. identified 20 g●d-1 of dark chocolate as the optimal dosage of 
dark chocolate; boasting the potential to provide the largest benefit possible.10 20 g●d-1 of dark 
chocolate is comparable to half of a Hershey’s chocolate bar. The dosage chosen for the present 
study is comprehensible and relevant to the participants who volunteered for the study.  

While the absence of statistically significant changes in EEE following the 30-day DC 
supplementation period aligns with findings from Presler and Webster, it differs from that of 
Taub et al.9,10 They showed significant improvements in exercise capacity; however, this was 
after six months of dark chocolate supplementation. This disparity suggests that significant 
enhancements in EEE may necessitate a longer duration of supplementation. 

While the present study’s methodology yielded significant results, its limitations should be 
addressed. This study relied on previous data from younger, athletic women. While comparing 
the benefits of identical (-)-epicatechin supplementation protocols may prove insightful in 
determining benefits over time, the lack of support from studies using postmenopausal women 
reduces the ability to control for factors common to the postmenopausal period (i.e. hormonal 
status, physical activity, and dietary habits). Furthermore, the methodology used for the present 
study did not include the application of an in-depth dietary recall before each visit; and neither 
was physical activity tracking. Finally, the sample size analysed to determine the impact of dark 
chocolate supplementation on REE and EEE yielded a power of 0.52, making the results 
vulnerable to a type II error. While significant improvements in REE were found after 30-d of 
dark chocolate supplementation, there were no significant changes observed in EEE. This lack 
of change may be due in part to the level of statistical power used in this study.  

In summary, this study investigated the impact of short-term DC supplementation on resting 
and exercise energy expenditure in post-menopausal women, revealing a significant increase in 
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REE but no notable change in EEE. While consistent with findings from previous studies, 
demographic differences between this cohort and previous participants suggest potential 
variations in response to supplementation. Building on these findings, long-term studies are 
warranted to assess the potential metabolic benefits of consuming dark chocolate. 

Studying the variations in dosage within the postmenopausal population may yield results 
different from those cited in previous literature, as the hormonal changes experienced by 
postmenopausal women may intensify or attenuate the results seen in other studies with 
younger populations with different physical activity habits, dietary habits, and body 
composition.9,10 This phenomenon continues to be best observed when comparing the results of 
Presler and Webster's study to the findings of the present study, where it was found that the 
same dose of dark chocolate yielded an increase in the REE of young, athletic premenopausal 
women that where three times the increase of REE in postmenopausal women.9 

The implementation of longer-term supplementation protocols are highly recommended. While 
only speculative, chronic supplementation may enhance mitochondrial function and impact 
EEE These investigations would deepen the understanding of the metabolic effects of DC 
supplementation and its potential as a dietary strategy to mitigate some of the metabolic 
challenges associated with the development of chronic disease. 
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