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Abstract

Background: The consumption of dietary antioxidants is considered to be a good strategy against photo-aging. However,

the results of previous clinical trials that investigated the effects of oral consumption of high-flavanol cocoa products on

skin photo-aging have been contradictory.

Objective: The aim of this study was to investigate whether high-flavanol cocoa supplementation would improve the

moderately photo-aged facial skin of female participants, by assessing skin wrinkles and elasticity.

Methods: We performed a 24-wk, randomized, double-blind, placebo-controlled study to evaluate the effects of oral

supplementation of cocoa flavanols on cutaneous photo-aging. All participants were moderately photo-aged Korean women

with visible facial wrinkles (age range: 43–86 y). Participants were randomly assigned to receive a placebo beverage or cocoa

beverage that contained 320mg total cocoa flavanols/d.Wemeasuredwrinkles, skin elasticity, and hydration at baseline and

at 12 and 24 wk. The primary endpoint was the mean percentage change in the average roughness value (Rz) at 24 wk.

Results: At 24 wk, the mean percentage change in Rz (primary endpoint) was significantly lower in the cocoa group than in

the placebo group (–8.7 percentage points; 95%CI: –16.1, –1.3 percentage points; P= 0.023). Themean percentage changes

in gross elasticity, as determined by a cutometer, also differed between the groups at 12 wk (9.1 percentage points; 95% CI:

1.5, 16.7 percentage points; P = 0.020) and 24 wk (8.6 percentage points; 95% CI: 1.0, 16.2 percentage points; P = 0.027).

However, there were no significant differences in skin hydration and barrier integrity between the 2 groups.

Conclusions: In moderately photo-aged women, regular cocoa flavanol consumption had positive effects on facial

wrinkles and elasticity. Cocoa flavanol supplementation may contribute to the prevention of the progression of photo-

aging. This trial was registered at clinicaltrials.gov as NCT02060097. J Nutr 2016;146:46–50.
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Introduction

Cocoa products such as dark chocolate and cocoa beverages are
known to havemany health benefits. They have favorable effects on
blood pressure (1, 2), insulin resistance (3), blood lipids (4), obesity
(5), and cognitive performance (3, 6).

Cocoa products are derived from the dried and fermented fatty
seeds from the cocoa tree, Theobroma cacao (7). Cocoa products

contain a number of polyphenolic antioxidants, more than
most foods, and are particularly rich in flavonoids—specifically
the flavanols. The main flavanols in cocoa products are
epicatechin, catechin, and procyanidins (7).

An in vitro study showed that epicatechin, a monomereric
flavanol, protected skin fibroblasts from UV-induced oxidative
damage (8); and an in vivo study in humans found that 12 wk of
oral cocoa flavanol consumption resulted in a >2-fold increase in
the minimal erythema dose (MED)10 of UV-B from baseline (9).
Therefore, another possible health benefit from cocoa products and
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cocoa flavanols is thought to be the protection of skin from UV
radiation (7).

However, clinical trials that have investigated the effects of
consuming high-flavanol cocoa products on skin photo-aging
have shown conflicting results. The first trial, to our knowledge,
to investigate the anti-photo-aging effects of the regular
consumption of high-flavanol cocoa beverages showed signifi-
cant improvements in skin hydration, transepidermal water loss,
and skin thickness (10). However, a recent randomized con-
trolled trial failed to show any protective effect of high-flavanol
chocolate on UV sensitivity measured by MED and skin
hydration (11).

All previous clinical studies were conducted for 12 wk (9–11).
However, finding an adequate daily dose and duration of cocoa
flavanol supplementation that might provide significant antioxidant
photoprotection is important (12). Furthermore, improvement in
skin wrinkles might require a much longer period of supplementa-
tion than 12wk (13). Therefore, we conducted a 24-wk randomized
controlled trial to investigate whether high-flavanol cocoa supple-
mentation would improve the moderately photo-aged facial skin of
female participants, by assessing skin wrinkles and elasticity.

Methods

Study participants. Healthy female volunteers aged$40 y with visible
wrinkles$grade 2 (14) were enrolled in the study. The exclusion criteria

were as follows: 1) reported consuming functional foods high in antiox-

idants within 1 mo of the study, 2) underwent any antiaging procedure

that interferes with the general aging process within 3 mo of the study,
3) had a history of acute or chronic illness such as severe liver or

kidney disease or uncontrolled diabetes, 4) had a history of allergies

against any component of the trial food, or 5) had any visible skin
disease that might be confused with a skin reaction to the materials

used or interfere with clinical measurements.

Study design. We conducted a 24-wk, randomized, double-blind,
placebo-controlled study to evaluate the effects of cocoa flavanol

supplementation on cutaneous photo-aging between February 2014 and

March 2015. This study was approved by the Institutional Review Board

of Seoul National University Hospital, and written informed consent was
obtained from all trial participants. The majority of participants (90.6%,

58 of 64) were enrolled from June to September and completed the study

from December to February. This study was registered at clinicaltrials.

gov (NCT02060097).

Dietary supplement. A randomization table was computer-generated

by a statistician who was not involved in the study. A permuted block
randomization design using a block size 4 in a 1:1 ratio was used to

generate the random allocation sequence. The study participants were

randomly assigned to either the cocoa group or the placebo group

(Figure 1). The cocoa group daily ingested a cocoa beverage that
contained fat-reduced cocoa powder that had been produced using

gentle methods that preserved the naturally high amounts of cacao bean

flavanols (Barry Callebaut Belgium N.V.). The beverage contained 4 g

cocoa powder to yield 320 mg total cocoa flavanols and was consumed
every day for 24 wk. The placebo group ingested a nutrient-matched

cocoa-flavored beverage without cocoa flavanols for the same time

period. Both beverages were provided in the form of dry powder and
were dissolved in 150–200 mL hot water before ingestion. Details on the

composition of the beverages used in the study are given in Table 1.

Noninvasive assessment of skin features. Facial wrinkles were
measured in the crow�s feet area with the use of transparency profilometry

(Skin-Visiometer SV 600; Courage + Khazaka Electronic) and silicone

replicas of skin. The visiometer is a computerized instrument that uses the

transmission of light to produce a microrelief of skin from a blue-colored
replica. It determined 5 roughness variables: skin roughness (Rt), maximum

roughness (Rm), average roughness (Rz), smoothness depth (Rp), and

arithmetic average roughness (Ra). Visiometer R values decrease as the
wrinkles diminish in depth (improve) (15).

Skin elasticity on the cheek at a point 3 cm below the outer corner of the

eye was measured by using a Cutometer MPA580 (Courage + Khazaka

Electronic). Themeasuring principle of the cutometer is based on the suction
method. In particular, the following variables assessed by the cutometer are

known to be important indicators of skin elasticity: gross elasticity (R2), net

elasticity (R5), and biological elasticity (R7) (16)—the closer each value is to

1, the more elastic the skin. Hydration of facial skin was evaluated on the
cheek at a point 5 cm below the outer corner of the eye by a corneometer

and a tewameter (both, Courage + Khazaka Electronic).

The facial skin of each participant was evaluated at baseline, 12 wk,

and 24 wk. Before measurements, all participants rested for 30 min in a
temperature- and humidity-controlled room (temperature: 20–22�C;
humidity: 45–55%) to become acclimatized to the ambient environment

at the Clinical Research Institute, Seoul National University Hospital.

UV irradiation and MED. The MEDs for participants who agreed to

undergo UV-B irradiation (n = 10/group) were assessed at baseline and

after 24 wk of supplementation. A UV-irradiation device that used
TL20W/12RS UV lamps (Philips) with an emission spectrum between

275 and 380 nm (peak: 310–315 nm) served as the UV source. A Kodacel

filter (TA401/407; Eastman Kodak) was mounted 2 cm in front of the UV

lamp to remove wavelengths of <290 nm (UV-C) (17).
Twelve 1 3 1–cm squares of skin on the buttock were irradiated in

10-mJ/cm2 increments of UV doses, and the MED was determined 24 h

later. The MED was defined as the minimal UV dose that caused
recognizable erythema on all 4 edges of the square (18).

Safety and adherence. Adverse events related to the supplements

and the clinical protocol were evaluated at 12 and 24 wk of treatment.
Blood samples were drawn at baseline and 24 wk after the start of

supplementation; and aspartate aminotransferase, alanine transaminase,

glucose, blood urea nitrogen, creatinine (autoanalyzer, 200FR-1;

Toshiba), and hemoglobin concentrations and hematocrits (autoanalyzer,

FIGURE 1 Screening, randomization, treatment, and follow-up of

the study population.

TABLE 1 Composition of cocoa powder used for the test

Component Placebo, unit/12 g Cocoa, unit/12 g

Energy, kcal 30.8 31.7

Total fat, g 0.0 0.3

Sodium, mg 29.1 17.2

Total carbohydrates, g 9.8 8.9

Sugar, g 4.0 5.1

Protein, g 1.3 1.9

Cholesterol, mg 0.8 1.2

Total cocoa flavanols, mg 0.0 320.0

Cocoa flavanols on skin photo-aging 47
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Sysmex XNSeries; Sysmex) weremeasured. Bodyweight was measured at

baseline and at 24 wk. Adherence to the intervention was monitored by

counting the remaining supplement packages at 12 and 24 wk.

Statistical analysis. Because Rz is less affected by artifacts than the

other visiometer variables, it is considered to be the most useful variable

for describing the depth of skin wrinkles (15). Therefore, our primary
endpoint was percentage change in skin wrinkle depth from baseline, as

reflected by the visiometer Rz value at 24 wk.

The sample size required for a power of 80% at a 2-tailed a level of

0.05 was determined by assuming a difference in the primary endpoint
(percentage change in Rz) between the 2 study groups of 11% and an

estimated SD of 15%. On the basis of a drop-out rate of 8%, we

calculated a sample size of 32 per group.
In addition, the following were analyzed as secondary endpoints: 1)

the percentage change from baseline in Rt-Ra visiometer values at 12 wk

(wrinkle depth); 2) the percentage change from baseline in Rt, Rm, Rp,

and Ra by visiometer values at 24 wk (wrinkle depth); 3) the percentage
change from baseline in R2, R5, and R7 cutometer values at 12 and

24 wk (skin elasticity); 4) the percentage change from baseline in epider-

mal hydration measured by the corneometer and tewameter at 12 and

24 wk; and 5) the change in MED from baseline at 24 wk.
An independent t test was used to compare the baseline values and

the percentage changes in values from baseline between the 2 study

groups. The Mann-Whitney U test was used to identify differences in
change from baseline in MED at 24 wk between the 2 study groups, and

Wilcoxon�s Signed Rank test was used to compare 24-wk MED values

with respective baseline MED values. SPSS version 20.0 was used for

analysis. A P value <0.05 was considered significant. Values in text are
means 6 SDs unless otherwise indicated.

Results

Study population. This study enrolled 64 Korean women
between the ages of 43 and 86 y (61.76 13.1 y) who had visible
facial wrinkles. There were no significant differences between
the study groups in the baseline characteristics (Table 2).

Wrinkle severity as measured by visiometer. At 12 wk,
there was no significant difference between the 2 study groups in
any of the visiometer variables (Table 3). However, at 24 wk
(Table 4), the mean percentage changes in Rz (primary outcome)

values were significantly lower in the cocoa group than in the
placebo group (P = 0.023). Similarly, the mean percentage
changes in Rm values were also significantly lower in the cocoa
group than in the placebo group (P = 0.030). Because visiometer
values decrease as wrinkles diminish, these results suggest that
the cocoa group showed improvement in wrinkle severity
compared with the placebo group. However, the mean percent-
age changes in the other visiometer variables (Rt, P = 0.10; Rp,
P = 0.07; Ra, P = 0.24) were not significant at 24 wk (Table 4,
Supplemental Figure 1).

Skin elasticity as measured by cutometer. The mean
percentage change in R2 from baseline was significantly larger
in the cocoa group than in the placebo group at 12 wk (P = 0.020).
The mean percentage changes in R5 (P = 0.06) and R7 (P = 0.10)
from baseline tended to be larger in the cocoa group comparedwith
the placebo group at 12 wk, but the differences were not significant
(Table 3, Supplemental Figure 2). At 24 wk, the mean percentage
changes in R2 from baseline were still greater for the cocoa group
than for the placebo group (P = 0.027). Mean percentage changes
both in R5 (P = 0.027) and R7 (P = 0.032) from baseline were also
significantly greater for the cocoa group than for the placebo
group at 24 wk (Table 4, Supplemental Figure 2).

Epidermal hydration assessed by corneometer and trans-
epidermal water loss (barrier integrity) assessed by tewa-
meter. There were no significant differences in percentage changes
in epidermal hydration variables from baseline between the 2 groups
after either 12 or 24 wk of supplementation (Tables 3 and 4).

Safety and adherence. Supplementation was well tolerated,
and no subjective adverse events were reported during the 24-wk
trial period. Laboratory evaluations did not reveal any signif-
icant abnormality after 24 wk of treatment (data not shown).

Changes in body weight from baseline were minimal. The
placebo group had gained 1.56 2.7 kg at 24 wk. In contrast, the

TABLE 2 Demographic characteristics and baseline values of
key variables related to skin aging in moderately photo-aged
women1

Placebo (n = 31) Cocoa (n = 31)

Age, y 60.0 6 12.6 63.3 6 13.9

Weight, kg 57.3 6 7.9 58.2 6 7.0

Wrinkles

Rt 1.07 6 0.15 1.17 6 0.41

Rm 0.83 6 0.15 0.96 6 0.35

Rz 0.47 6 0.11 0.53 6 0.14

Rp 0.33 6 0.10 0.33 6 0.09

Ra 0.17 6 0.06 0.17 6 0.07

Elasticity

R2 0.60 6 0.08 0.58 6 0.08

R5 0.58 6 0.12 0.53 6 0.11

R7 0.32 6 0.05 0.31 6 0.06

Hydration

Epidermal hydration 52.4 6 9.6 53.4 6 10.2

TEWL, g/(h � m2) 14.2 6 4.1 13.8 6 4.1

1 Values are means 6 SDs. R2, gross elasticity; R5, net elasticity; R7, biological

elasticity; Ra, arithmetic average roughness; Rm, maximum roughness; Rp, smooth-

ness depth; Rt, skin roughness; Rz, average roughness; TEWL, transepidermal water

loss.

TABLE 3 Percentage changes from baseline in wrinkle depth,
elasticity, epidermal hydration, and TEWL after 12-wk consumption
of cocoa flavanols or placebo in moderately photo-aged women1

Percentage change from baseline Difference in
percentage

change2 (95% CI)
Placebo
(n = 31)

Cocoa
(n = 31)

Wrinkles

Rt 4.5 6 14.1 2.9 6 8.4 21.6 (27.5, 4.4)

Rm 2.8 6 18.8 0.44 6 15.5 22.3 (211.1, 6.4)

Rz 5.2 6 17.6 3.8 6 20.6 21.3 (211.1, 8.4)

Rp 10.8 6 29.8 9.5 6 32.0 21.3 (217.0, 14.4)

Ra 0.37 6 27.9 1.7 6 32.9 1.3 (214.2, 16.8)

Elasticity

R2 20.77 6 12.5 8.3 6 17.0 9.1 (1.5, 16.7)*

R5 26.3 6 21.5 3.7 6 20.4 10.0 (20.59, 20.7)

R7 23.0 6 19.3 5.3 6 19.1 8.3 (21.5, 18.0)

Hydration

Epidermal hydration 3.2 6 17.8 0.31 6 22.2 22.9 (213.1, 7.3)

TEWL 5.1 6 25.0 6.1 6 28.0 1.0 (212.5, 14.5)

1 Values are means 6 SDs. All variables in this table were secondary endpoints.

*Percentage changes differed between groups, P , 0.05. R2, gross elasticity; R5, net

elasticity; R7, biological elasticity; Ra, arithmetic average roughness; Rm, maximum

roughness; Rp, smoothness depth; Rt, skin roughness; Rz, average roughness; TEWL,

transepidermal water loss.
2 Values were calculated by subtracting the values in the placebo group from the

values in the cocoa group (Cocoa – Placebo).

48 Yoon et al.
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cocoa group had gained only 0.04 6 2.3 kg from baseline at
24 wk. The change in body weight from baseline was minimal
but was greater in the cocoa group than in the placebo group
after 24 wk (21.5 kg; 95% CI: 22.8, 20.23 kg; P = 0.021).

The overall adherence rates to the 2 assigned interventions
were 97.6% at 12 wk and 98.4% at 24 wk. The adherence rates
of the cocoa group were 98.6% at 12 wk and 99.0% at 24 wk.
Similarly, the adherence rates of the placebo group were 96.6%
at 12 wk and 97.8% at 24 wk. The adherence to supplemen-
tation was excellent in our study population.

UV irradiation and MED. The median baseline MED value for
all of the study participants volunteering to undergo UV
irradiation was 160 mJ/cm2 (range: 100–310 mJ/cm2; n = 19).
The MED of the placebo group did not change significantly
during the 24 wk of the study period (P = 0.55; n = 9). In contrast,
the cocoa group showed a significantly increased MED at 24 wk
(P = 0.022; n = 10). The change in MED at 24 wk from baseline
was 50 mJ/cm2 higher in the cocoa group (median: 65 mJ/cm2;
range: 220 to 220 mJ/cm2) than in the placebo group (median:
10 mJ/cm2; range: 260 to 50 mJ/cm2; P = 0.035) (Figure 2).
Participants consuming a daily flavanol-containing cocoa bever-
age for 24 wk showed a higher increase in MED from baseline
than did participants consuming the placebo beverage.

Discussion

We found that 24 wk of daily cocoa flavanol consumption im-
proved the primary endpoint of Rz (wrinkle depth) in moder-
ately photo-aged women. In addition, there were significant
beneficial effects for secondary endpoints of skin elasticity and
MED. However, we did not find beneficial effects of cocoa
flavanol supplementation on skin hydration and barrier integrity.

The present study has a few advantages compared with previous
trials that investigated the anti-photo-aging effects of cocoa

flavanols. To our knowledge, the 24-wk trial periodwas the longest
time period used by clinical trials evaluating the anti-photo-aging
effects of cocoa flavanols. All of the previous trial periods lasted
12 wk (9–11). In addition, we enrolled only moderately photo-
aged participants, who already manifested visible wrinkles on their
faces. Although the present study showed that cocoa flavanols can
improve facial wrinkles and elasticity assessed by noninvasive
objective measurements, the sizes of effects were smaller than other
direct curative strategies such as topical tretinoin, laser resurfacing,
and chemical peeling (19). Therefore, the main effect of cocoa
flavanols on photo-aging might be preventive rather than curative.
Previous trials, however, included young adults without visible
wrinkles and decreased skin elasticity (9–11), so they were unable to
show changes in aging-related phenotypes such as wrinkles.

The findings of changes in wrinkle severity and skin elasticity
were consistent with those of previous trials (10, 11). In the
present study, we found that wrinkle severity was unchanged at
12 wk but improved at 24 wk. These results are similar to those
of an earlier study that reported that there was no change in
wrinkle severity at 6 and 12 wk (10). In contrast, skin elasticity
started to improve earlier than did skin wrinkles, and we found
that skin elasticity was already improved at 12 wk. Another
recent trial also showed that net skin elasticity improved after
12 wk of high-flavanol chocolate consumption (11).

However, there remain conflicting results on changes in MED
after cocoa flavanol consumption. One study report showed that
after 12wk of high-flavanol (600mg/d) chocolate consumption, the
mean MED doubled (9); but another recent study did not find an
increasedMED (11). In the present study, we found that themedian
MEDwas 50mJ/cm2 higher in the cocoa flavanol group than in the
placebo group. Our findings thus support the study findings that
cocoa consumption can increase the UV-B MED in human skin.

Age, skin phototype, and race of participants varied in different
trials and the conflicting results may reflect these differences.
However, the treatment period may also be a factor as important
as the daily dose of flavanols. Another phytochemical, b-carotene,
showed a time-dependent protective effect against UV-induced
sunburn of the skin (12). This time dependence may partially
explain why we found an increased MED, even though the flavanol
dose (320 mg/d) was relatively lower than the dose used in previous
trials (600 mg/d) (9, 11).

Interestingly, we found a small but significantly greater weight
reduction for the cocoa group than for the placebo group. Cocoa

TABLE 4 Percentage changes from baseline in wrinkle depth,
elasticity, epidermal hydration, and TEWL after 24-wk consump-
tion of cocoa flavanols or placebo in moderately photo-aged
women1

Percentage change
from baseline Difference in

percentage
change2 (95% CI)

Placebo
(n = 31)

Cocoa
(n = 31)

Wrinkles

Rt 4.4 6 13.2 0.24 6 4.9 24.2 (29.3, 0.93)

Rm 1.6 6 16.0 26.4 6 12.2 28.0 (215.3, 20.83)*

Rz (primary endpoint) 8.0 6 12.6 20.69 6 16.3 28.7 (216.1, 21.3)*

Rp 18.0 6 24.4 5.8 6 26.9 212.2 (225.2, 0.86)

Ra 7.9 6 31.8 21.0 6 27.2 29.0 (224.0, 6.1)

Elasticity

R2 0.14 6 13.1 8.7 6 16.7 8.6 (1.0, 16.2)*

R5 27.7 6 16.9 2.9 6 19.7 10.6 (1.3, 19.9)*

R7 24.1 6 13.5 5.9 6 21.3 10.0 (0.92, 19.1)*

Hydration

Epidermal hydration 24.1 6 21.7 23.3 6 26.5 0.85 (211.5, 13.2)

TEWL 0.07 6 30.4 20.95 6 22.5 21.0 (214.6, 12.6)

1 Values are means 6 SDs. *Percentage changes differed between groups, P , 0.05.

R2, gross elasticity; R5, net elasticity; R7, biological elasticity; Rt, skin roughness; Rm,

maximum roughness; Rz, average roughness; Rp, smoothness depth; Ra, arithmetic

average roughness; TEWL, transepidermal water loss.
2 Values were calculated by subtracting the values in the placebo group from the

values in the cocoa group (Cocoa – Placebo).

FIGURE 2 Change in minimal UV-B erythema dose after 24-wk

consumption of cocoa flavanols or placebo in moderately photo-aged

women. Whiskers on box plots represent the minimum and maximum

values, n = 9–10. The Mann-Whitney U test was used to identify dif-

ferences between the 2 study groups. *Different from placebo, P , 0.05.
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products and cocoa flavanols have been known to have beneficial
effects on obesity (5, 20). The participants� diet and physical
activities were not controlled in our study, so our finding can only
be interpreted as indirect evidence andwas an unintended outcome.

The avoidance of excessive sun exposure and the regular use
of sunscreen are the most well-known preventive strategies
against photo-aging. However, sunscreen or protective clothing
can sometimes be used incorrectly, and there are some occasions
when those methods are not practical (21).

The dietary consumption of antioxidants as well as the
application of topical antioxidants can increase the amount of
antioxidant in the skin. Increased amounts of antioxidant in the
skin can protect skin from UV-induced damage (22). Therefore,
the consumption of dietary antioxidants has been considered to
be a good strategy against photo-aging (23). Most antioxidants
are derived from plants because oxidation protection is neces-
sary in the UV-rich outdoor environment. Flavanoids are repre-
sentative plant antioxidants, and important sources of flavonoids
other than vegetables and fruit are cocoa, tea, and red wine (24).

This study had some limitations. First, we recruited only
female participants; whether cocoa flavanols also protect
against the photo-aging process in men remains uncertain.
Second, 24 wkmay be too long a period for assessing the effects
of flavanols on skin hydration and barrier integrity. Korea has 4
distinct seasons and the majority of the participants completed
the study in winter, with unfavorable conditions for hydration
and barrier integrity. Furthermore, epidermal hydration and
transepidermal water loss were secondary endpoints in the present
study. Therefore, this study could not conclusively ascertain the
effects of flavanols on skin hydration and barrier integrity.

In addition, previous clinical trials have provided conflicting
results for the effects of consuming cocoa flavanols on skin
hydration (10, 11). Even though the first trial to our knowledge to
investigate the anti-photo-aging effects of the consumption of high-
flavanol cocoa products reported the beneficial effects of cocoa
flavanols on skin hydration and barrier integrity (10), the recent
trial did not reproduce the results (11). Further investigation is
needed to confirm whether flavanols have beneficial effects on skin
hydration and barrier integrity. These future studies should have a
shorter trial period and be completed within one season.

Despite the limitations, the present study showed that 24 wk
of daily consumption of cocoa flavanols improved skin wrinkles
and elasticity in human skin. Skin elasticity began to improve
after 12 wk of supplementation, and the effect was maintained
while supplementation continued, for a total of 24 wk. In conclu-
sion, regular cocoa flavanol consumptionmay be a good strategy for
prevention of the progression of skin photo-aging.
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