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Abstract

Background: Almonds are a rich source of phenolic and polyphenolic compounds,
which have antioxidant activity. In vitro and in vivo studies have demonstrated that
topical application of almond oil and almond skin extract reduces UVB-induced pho-
toaging. Ultraviolet-B (UVB) protection by oral almond consumption has not been
previously studied in humans.

Obijectives: To investigate whether oral almond consumption can increase resistance
to UVB radiation and reduce skin aging in healthy Asian women.

Methods: Thirty-nine female participants (18-45 years) with Fitzpatrick skin type lI-1V
were randomly assigned to consume either 1.5 oz of almonds or 1.8 oz of pretzels
daily for 12 weeks. Minimal erythema dose (MED) was determined using a standard-
ized protocol, which determined the minimal radiation needed to induce erythema on
the inner arm following UVB exposure. Facial skin texture was evaluated by two der-
matologists using the Clinician's Erythema Assessment scale and Allergan Roughness
scale. Facial melanin index, hydration, sebum, and erythema were determined using
a cutometer.

Results: The MED was increased in the subjects consuming almonds compared to
the control group consuming pretzels. There were no differences noted between the
groups consuming almonds versus pretzels in Allergan roughness, melanin, hydra-
tion, or sebum on facial skin.

Conclusions: Our findings suggest that daily oral almond consumption may lead to

enhanced protection from UV photodamage by increasing the MED.
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1 | INTRODUCTION

Several intrinsic and extrinsic factors affect skin radiance, skin aging,
and formation of wrinkles. It has been suggested that extrinsic skin
aging manifests differently in Caucasians compared to East Asians.!
In particular, previous studies have suggested that Caucasians are
more likely to develop wrinkles, whereas East Asians are more likely
to exhibit pigment spot formation. Ultraviolet light (UV) radiation ap-
pears to play a key role in pigment changes occurring with age, the
maijor sign of skin photoaging in Asians.?

Skin susceptibility to photoaging also depends on constitutive
pigmentation and skin color type, with Caucasians and Asians being
more sensitive to photoaging‘2 A common cause of both hyperpig-
mentation and photoaging is exposure to UV light such as UVA (320-
400 nm) and UVB (290-320 nm). Overexposure of the skin to UVA
or UVB generates oxidative stress, which leads to inflammation and
erythema of the skin.>™ Therefore, it is crucial to find more ways to
protect against UV damage, in addition to wearing protective cloth-
ing and applying topical sunscreens.

Almonds (Prunus dulcis) belong to the family Rosaceae and are the
most widely produced tree nut on a global basis, with the United States
and specifically California, as the major producer.*® Almonds are nu-
trient-dense and provide an excellent source of vitamin E, -sitosterol,
squalene, manganese, magnesium, copper, fiber, riboflavin, and pro-
tein.”” Almonds are a good source of the mono and polyunsaturated
fatty acids oleic and linoleic acids.'® Additionally, recent studies have
shown that almonds, specifically their skins, are a rich dietary source of
phenolic and polyphenolic compounds, which are believed to account
for a major portion of their antioxidant capacity.”***? In vitro and in
vivo studies on almond skins have reported antioxidant and anti-in-
flammatory properties. An almond-enriched high monounsaturated
fat diet reduced some markers of inflammation including C-reactive
protein.’® Other studies have shown that almond consumption can
reduce markers of oxidative stress and inflammation in healthy individ-
uals, male smokers and patients with type 2 diabetes.'4¢

In addition, limited animal and in vitro studies have demonstrated
that topical application of almond oil in mice and almond skin extract
in a 3-D human skin in vitro model exposed to UV radiation amelio-
rated and partially inhibited some of the histologic damage associated
with photoaging of skin.*® However, Ultraviolet-B (UVB) protection
by oral almond consumption has not been clinically studied in humans.

We investigated whether daily almond consumption compared
to pretzel consumption for twelve weeks provide protection from
UVB irradiation, reduce photodamage, or improve skin texture in

healthy Asian women.

2 | MATERIALS AND METHODS
2.1 | Subjects

Thirty-nine healthy women completed the study. Inclusion criteria

were the following: 18-45 years of age, female, Asian, nonsmokers,

Fitzpatrick skin type II-IV with a BMI between 18 and 30 kg/m2.
Exclusion criteria were the following: pregnant, use of skin-related
prescription medication or supplements, or use of cosmetic agents
with skin lightening/whitening. Throughout the study, participants
were instructed to avoid eating almonds or pretzels outside of the
study protocol, or any polyphenol-rich foods (eg, strawberries,
raspberries). The clinical protocol was approved by the Institutional
Review Board. All subjects gave written informed consent prior to
the start of the study.

2.2 | Study design

At baseline (2 weeks after screening), participants were randomized
to one of two groups: 1) one serving of almonds per day (1.5 oz,
246 kcal) (n = 18) or 2) one serving of pretzels (1.8 oz, 200 kcal)
(n = 21) daily for 12 weeks. Participants were provided with a
monthly supply of study product. Participants were supplied with
either almonds or pretzels at each study visit and compliance was as-
sessed. Height, weight, Fitzpatrick skin type, and skin characteristics
(melanin, hydration, sebum, erythema, and texture), were evaluated
at baseline, and at weeks 4, 8, and 12. Minimal erythema dose (MED)
was evaluated on the inner arm at baseline and 12 weeks.

2.3 | Study outcomes

The primary outcome of this intervention study was the quantifi-
cation of the MED of UVB exposure to inner arm skin. Secondary
outcomes were Allergan roughness, erythema, melanin, hydration,
and sebum in facial skin.

2.4 | Inner arm minimal erythema dose (MED)

We determined the lowest dose of UVB radiation capable of inducing
erythema (MED) as described in detail in our previous publication.19
The MED was determined for each subject before (week 0) and after
(week 12) intervention. Prior to testing, the skin type was evaluated
based on the Fitzpatrick Skin Type scale. Asian skin type ranges from
I-1V, and therefore participants with Fitzpatrick skin type Il - IV
were included in the study.20 Background erythema (T0O) was meas-
ured in all test areas before treatment using a mexameter probe at-
tached to Cutometer dual MPA 580 (Courage&Khazaka Electronic
GmbH). Skin UVB dose and treatment time were determined based
on overall skin type classification. Using the dosing guideline for nar-
row band ultraviolet-B (NB-UVB) and the National Biological UVB
mJ chart, we determined the sequential exposure times for each skin
patch. A sleeve with 6 cut out patches was placed on the subjects
arm. Using the Dermalight 90 handheld device (National Biological)
the test area on the inner arm of subjects was irradiated with a de-
fined dose of NB-UVB light delivered by the UV radiation between
310 and 313 nm, peaking at 310 nm from a fluorescent UVB lamp
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(Philips TL20 W/12). The lamp is equipped with a guard of about 2
inches. The lamp guard was directly placed on the sleeve with the 6
cut out patches, keeping the lamp always at the same distance to the
skin. Depending on skin type, a dose range of 260-555 mJ/cm? for a
time of 100-290 seconds selected from the National Biological UVB
mJ chart was used. This dose range is safe and typically used in other
studies and for treatment of skin conditions like psoriasis and viti-
ligo.?! To evaluate MED the subjects returned to the clinic 24 hours
later and a photograph was taken to determine which skin patch
showed minimal erythema (pink color). The lowest dose and time

of the occurrence of pink color were determined and used as MED.

2.5 | Facial erythema and allergan
roughness evaluation

Photos of the face with standardized lighting taken at baseline and 12-
week visit were reviewed by two physicians. The Clinician's Erythema
Assessment (CEA) was used to measure erythema; this validated tool
applies a scale of 0-4 (0O = clear skin with no signs of erythema, 1 = al-
most clear and slight redness, 2 = mild erythema and definite redness,
3 = moderate erythema and marked redness, and 4 = severe erythema
and fiery redness).?>%® Additionally, the Allergan Skin Roughness Scale
was used to assign a grade from none (0) to extreme (4) that described
the severity of skin coarseness, crosshatching, and elastosis in the mid-
face area based on the photographs in Supporting Information 51.%4
Each physician completed photo review independently and submitted

their scores to the study coordinator.

2.6 | Facial Melanin Index, hydration, and
sebum evaluation

Melanin index, hydration, and sebum on facial skin surface were
evaluated at baseline (prior to almond intake), visit 3 (4 weeks of in-
tervention), visit 4 (8 weeks of intervention), and visit 5 (12 weeks of
intervention) using the mexameter MA18, corneometer CM825, and
sebumeter SM815 probes attached to the Cutometer dual MPA 580
(Courage&Khazaka Electronic GmbH). Sebumeter SM 815 uses the dif-
ference of light intensity through a plastic strip to indicate the amount of
absorbed sebum. The sebum level is expressed in pg/cmz. Corneometer
CM 825 uses the high dielectric constant of water for analyzing the wa-
ter-related changes in the electrical capacitance of the skin. It displays
hydration measurements in system-specific arbitrary units. A melanin
index is calculated by Mexameter MX 18 from the strength of the ab-
sorbed and the reflected light at, respectively, 660 and 880 nm. An

erythema index is processed similarly at, respectively, 568 and 660 nm.

2.7 | Statistical evaluation

The sample size per treatment group was calculated based on our

previously published data investigating the effect of pomegranate
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TABLE 1 Baseline demographics of study participants included
in the final analysis

Control
Almond (n = 13) (n=16)
Age (years) 275+ 6.3 28.4+8.7
Height (inches) 63.2+25 63.1+2.0
Weight (Ibs) 130.2 +16.5 1255+ 16.5
BMI 229+24 221+242
Ethnicity
Cambodian 2 (15) 0(0)
Chinese 4(31) 6(38)
Filipino 2 (15) 1(6)
Korean 2 (15) 5(31)
Taiwanese 0(0) 1(6)
Vietnamese 1(8) 1(6)
Bi-racial 2 (15) 2 (13)
Skin type
1]l 4(31) 8(50)
\Y 9 (69) 8(50)

Note: Data are means + SD. Ethnicity, numbers in parenthesis are
percentage.

consumption on MED.Y Linear Mixed effects model was used to
analyze the repeated measurements within subjects and to evalu-
ate the change within and between almond and pretzel control
groups. Within the intervention groups, the percentage change of
each outcome between two time points (baseline to 12 weeks) was
compared.

3 | RESULTS
3.1 | Characteristics of participants

Thirty-nine participants completed the study. Ten participants were
omitted from data analysis because five of the almond participants
and four of the pretzel participants did not develop redness on the
inner arm after UV irradiation, and deemed UV resistant at the dose
and exposure time selected. One participant did not finish the final
assessment. We therefore present data from 29 participants (almond
N = 13, pretzel N = 16). There were no statistically significant dif-
ferences at baseline for age, height, weight, or BMI (Table 1). All par-
ticipants identified as Asian. In the almond group, there were more
participants with skin type IV; this difference was not statistically
significant. Since dose and timing of UVB exposure were adjusted to
skin type, we did not anticipate that this difference between almond
and pretzel group would have an effect on the study outcome. No
adverse effects were reported. There was no difference in compli-
ance with almond/pretzel consumption between the two groups
(Table 2).
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TABLE 2 Almond/Pretzel consumption compliance at different
time points

Control

Almond (n = 13) (n=16)
Compliance Week 4 96.3+5.1 97.2 +2.8
Compliance Week 8 970+ 4.6 944+ 6.9
Compliance Week 12 97.0+4.8 95.6 +6.9

Note: Data are means + SD.

3.2 | Effects of almond consumption on minimal
erythema dose

At baseline, there was no significant difference in MED between
the groups (Figure 1). For the women who consumed almonds,
we observed a significant increase in MED from 415 + 64 to
487 + 59 (18.7 + 19.2%, P = .006) from baseline to week 12
compared to women in the pretzel group from 415 + 67 to
421 + 67 (1.8 + 11.1%) (Figure 1). The exposure time to reach
minimal erythema was also increased significantly in the almond
group from 160 + 23 to 187 + 25 (17.5 + 22.2%) compared to
the pretzel group from 165 + 27 to 166 + 25 (1.7 + 14%) (p-
0.026) (Figure 1).
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FIGURE 1 Minimal erythema dose in healthy Asian women
consuming almond or pretzels for 12 weeks. Data are means + SD.
*compared to baseline (P < .05); p-value indicates comparison
between almond and pretzel group; almond N = 13, pretzel N = 16

3.3 | Effects of almond consumption on
erythema and allergan roughness

The facial photos at the baseline and final visits were evaluated in-
dependently by two dermatologists using an erythema and Allergan
roughness scale (Figure S1). There was no significant difference ob-

served between groups (Figure 2).

3.4 | Melanin index, erythema,
sebum, and hydration

There were also no significant differences in melanin index, ery-
thema, sebum, or hydration determined by cutometer reading
(Table 3).

4 | DISCUSSION

We found that daily consumption of 1.5 ounces of raw almonds
improved UVB resistance in Asian female inner arm skin as higher
doses of UVB and longer exposure times were required to induce
erythema after 12 weeks of almond compared to pretzel consump-
tion. These findings are supported by previous preclinical studies in
which topical almond oil and almond skin extract were able to im-
prove protection from UVB-induced photodamage in mice and in an
in vitro 3D human skin model.?”*® This current study now extends
these in vitro observations to humans and provides the first clinical
evidence that oral intake of almonds can protect against UVB ra-
diation. Our study did not show any change in other skin markers
including Allergan roughness, erythema, melanin index, sebum, or
hydration. A recent study by Foolad et al found a decrease in wrinkle
severity and width after 16 weeks of almonds consumed at a dose
of 20% of daily energy consumption (2.1 0z/340 kcal) in postmeno-
pausal females.?* However, no improvement in skin barrier function
was found.

Although we observed an improvement in UV resistance in the
almond group, the precise mechanism for this photoprotection of
human skin by consuming almonds is currently unknown. However,
given the fact that almonds are rich in mono and polyunsaturated
fatty acids, vitamin E, quercetin, and other phenolic and polypheno-
lic compounds, daily consumption of almonds may improve the anti-
oxidant and anti-inflammatory capacity of human skin, which could
be responsible for the increased photoprotection against UVB radi-

6111216 ince UVB radiation is known to induce cellular DNA

25

ation,
damage through an oxidative stress response.

This study demonstrated that almond consumption increased the
UBV-induced MED by about 20%. Skin photodamage is induced by
UVB and UVA exposure. However, we did not investigate whether
almond consumption protects from UVA-induced photodamage or
damage from general sunlight. Therefore, almond consumption can

contribute to UVB-photoprotection, but does not replace additional
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FIGURE 2 Effect of almond consumption on facial erythema
and Allergan roughness compared to pretzel consumption at
baseline and week 12. Data are means + SD; almond N = 13,

pretzel N =16

TABLE 3 Effect of almond consumption on facial skin
characteristics (hydration, melanin content, erythema, sebum)

Hydration (RU)

Melanin

Content (RU)

Erythema

Sebum

Time
Period
Baseline
Week 4
Week 8
Week 12
Baseline
Week 4
Week 8
Week 12
Baseline
Week 4
Week 8
Week 12
Baseline
Week 4
Week 8
Week 12

Note: Data are means + SD.

sun protection methods such as the application of sunscreen or

wearing protective closing.

The skin is the biological barrier against an array of chemical and

physical pollutants (eg, UV light, ozone, etc). Most of the effort to

Almond
(n=13)

60.75 (13.01)
63.56(13.12)
58.57(12.89)
58.45(12.33)
268.65 (51.56)
284.44 (42.67)
264.46 (38.65)
257.28 (35.94)
346.53(54.97)
357.7 (61.07)
366.13 (49.59)
356.7 (55.58)
68 (31.58)
61.84 (40.1)
57.17 (33.84)
46.78 (28.36)

Control
(n=16)

69.74 (8.78)
68.45 (12)
66.98 (10.51)
62.41(12.17)
247.13 (50.49)
261.79 (39.25)
257.37 (36.87)
247.76 (34.4)
364.89 (70.51)
368.25 (69.13)
371.22 (66.02)
383.06 (66.32)
77.21(37.3)
67.59 (35.96)
67.83 (34.85)
60.48 (30.31)

Journal of
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protect the skin has been focused on topical application of antioxi-
dants, including vitamins C and E, carotenoids, resveratrol, and pyc-
nogenol. Our prior study has demonstrated that oral consumption
of pomegranate juice with strong antioxidant capability can protect
skin from UVB damage.’’

The current pilot study has shown that almonds, another antiox-
idant-rich food can protect the skin as well. It is essential to combine
topical skin care with a healthy diet rich in antioxidant compounds to
protect against outdoor stressor-induced skin damage, including the
damage associated with aging.

There were some limitations of this study. This study discussed
the effect of almond consumption on protection from UVB radi-
ation and not sunlight in general nor UVA exposure. The study
population used for the final analysis was limited once we omitted
those who were UV resistant. In future studies, the absence of
erythema after the baseline UVB exposure should be an exclusion
criterion. The subjects in the presented study were under 30 years
of age and the amount of photodamage occurring may have been
too low to permit the detection of changes in markers of photoa-
ging. Future research should extend the study population to other
ethnicities and older subjects with moderate to severe photodam-

aged skin.
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