ABSTRACT

BACKGROUND: Previous studies have demonstrated
that a whole-food, plant-based (WFPB) diet can aid in
the prevention, and in some cases reversal, of some of the
leading chronic diseases in the United States. The medical
literature on the relationship between diet and disease

is steadily growing. Over the last decade, the possible
connection between diet and many dermatological
conditions has been studied, including skin aging.
OBJECTIVE: As patients are increasingly seeking dietary
advice from their dermatologist related to preventing
and reversing the aging of skin, dermatologists need an
evidence-based approach to tackle this challenging topic.
This review focuses on dietary factors that contribute to
telomere length, a marker for cellular aging. Although
various factors contribute to accelerating telomere
shortening, this review focuses on dietary factors that
contribute to telomere length, specifically gerontotoxins
and antioxidants. These can be measured in the blood,
making them biomarkers of accelerated cellular skin
aging. Included in this discussion is an evidence-based
approach to increase the amount of antioxidants and
decrease the amount of gerontotoxins in the diet,
resulting in healthier skin. METHODS: A comprehensive
MEDLINE (PubMed) literature review search was
performed. Keywords used included: WFPB, telomerase,
coronary artery disease, cellular aging, cigarette smoke,
photoaging, telomeres, antioxidants, gerontotoxins,
intrinsic cutaneous aging, extrinsic cutaneous aging,
advanced glycation end products (AGEs), vitamin E,
vitamin G, vitamin E, C0Q10, polyphenols, chlorophyll,
zeaxanthin, polyunsaturated fatty acids, eicosapentaenoic
acid, docosahexaenoic acid, alpha-linolenic acid, and
monounsaturated fatty acids. Inclusion criteria included
the above stated keywords and access to full text.
RESULTS: A WFPB diet maximizes the antioxidant
potential within our cells by providing essential vitamins,
including vitamins A, C, and E. It also helps to eliminate
harmful carcinogens and gerontotoxins within our
bloodstream and has been shown to lengthen telomeres,
which prevents cellular damage. CONCLUSION: Evidence
obtained within this literature review supports a WFPB
diet for preventing skin aging. .

KEY WORDS: Diet, dermatology, whole-food, plant-
based, antioxidants, gerontotoxins, aging skin
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Kaiser Permanente defines a whole-food,
plant-based (WFPB) diet as, “an eating plan
that includes lots of plant foods in their whole,
unprocessed form, such as vegetables, fruits,
beans, lentils, nuts, seeds, whole grains, and
small amounts of healthy fats. It does not
include animal products, such as red meat,
poultry, fish, dairy, or eggs. It also does not
include processed foods or sweets."

AWEPB diet is often compared to a vegan
diet. However, there are important differences
that should be noted. Some individuals might
equate the word vegan with healthy. However,
vegan diets might include processed oils,
sugars, and white flour and not include fresh
vegetables or fruits. Veganism excludes animal
products in the diet, but does not automatically
indicate a diet rich in antioxidants. A vegan
diet specifies what the diet does not contain,
but does not specify what it does contain.In
contrast, a WFPB diet indicates a diet abundant
in antioxidant-rich plant foods while avoiding
processed oils, sugars, and animal products.
Eating a WFPB diet can provide the nutrients,
vitamins, and minerals necessary to maintain
younger cells and excludes the high amount of
saturated fat obtained from animal products,
which damages cells.*

FUNDING: No funding was provided for this study.

AWEFPB diet has been demonstrated to
lengthen telomeres and reverse the aging
process of deoxyribonucleic acid (DNA).>7 It is
also responsible for preventing and reversing
the leading chronic diseases in America,
specifically coronary artery disease (CAD).5"
Additionally, WFPB diet has been shown to
reduce the amount of gerontotoxins measured
in the blood, making them biomarkers of
accelerated cellular skin aging, as well as
increase the amount of antioxidants, which
ultimately can translate into healthier and
more youthful skin. Although various factors
contribute to accelerated telomere shortening,
this review focuses on dietary factors that
contribute to telomere length, specifically
gerontotoxins and antioxidants.'>™

METHODS

A comprehensive MEDLINE (PubMed)
literature review search was performed.
Keywords used included: WFPB, telomerase,
coronary artery disease, cellular aging, cigarette
smoke, photoaging, telomeres, antioxidants,
gerontotoxins, intrinsic cutaneous aging,
extrinsic cutaneous aging, advanced glycation
end products (AGEs), vitamin E, vitamin C,
vitamin E, C0Q10, polyphenols, chlorophyll,
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TABLE 1. WEPB dietary sources of vitamins E, C, and A and chlorophyl[*-¥’

WEFPB FOODS CONTAINING HIGHEST COOKING EFFECT ON VITAMIN BIOAVAILABILITY

NUTRIENT NUTRIENT CONCENTRATION 24 COMPARED TO RAW
o Nuts, seeds, some oils, and green leafy ~ Wheat germ, sunflower seeds, almonds, spinach, B roccoli spmach., and zucchini lead to a signifiant dec.rease

Vitamin E L in oi-tocopherol; however, there was a trend toward higher

vegetables kiwifruit, mango, tomatoes ) .

retention of ct-tocopherol in cooked rather than raw vegetables.
Vitamin C  Citrus fruits and vegetables Red PEpper, orange, grapefiuit, Kiwifrui, reen pepper Broccoli and peppers decreased by at least 10%
broccoli, strawberries, tomatoes, cantaloupe, potatoes

Vitamin A Leafy green, orange,g nd yellow Carrots, broccoli, cantaloupe, squash, tomato (arrots increased by six times

vegetables, some fruits
Chlorophyll  Green vegetables Kale, spinach Broccoli was reduced by at least 16%

WEPB: whole-food, plant-based

zeaxanthin, polyunsaturated fatty acids,
eicosapentaenoic acid, docosahexaenoic acid,
alpha-linolenic acid, and monounsaturated fatty
acids. Inclusion criteria included the above
stated keywords and access to full text. A total
of 79 articles were identified for inclusion in our
review.

TELOMERASE AND THE CELLULAR
AGING PROCESS: PREVENTING AND
REVERSING CHRONIC DISEASE

To successfully articulate the importance of
an evidence-based approach when choosing a
healthy diet for our skin, understanding the role
that telomerase plays in the aging process of the
body, as a whole, must be established. Inside
human cells, there are 46 strands of DNA coiled
into chromosomes. Telomeres are located at the
tip of each chromosome and keep DNA from
unraveling and fraying. The analogy of plastic
tips at the end of shoelaces has been used to
explain the position of telomeres.™ Each time
DNA replicates, telomeres are shortened. Once
telomeres are completely gone, the cell dies.”

Telomerase is the enzyme in human cells
responsible for rebuilding telomeres. Multiple
factors influence the activity of telomerase. In
a pilot study, Ornish et al® demonstrated that
lifestyle and diet modifications influenced
telomerase activity to slow the aging process
and possibly reverse it. This was evident in
the increased length of telomeres observed
in the five-year follow-up study. The control
group, who did not change their lifestyle,
had telomeres that shrank with age. The
intervention group, who consumed a WFPB
diet, had telomeres that appeared to increase in
length.>~

Several studies have reported the potential of
aWFPB diet to prevent and reverse pre-existing
heart disease.®"" One of these studies by
Esseltyn et al® demonstrated diet modifications
and cholesterol-lowering drugs could treat
the symptoms of cardiovascular disease,
specifically angina, graded on the Canadian
Cardiovascular Society Scale. and prevent
clinical progression. Another study by Ornish et
al" demonstrated that lifestyle changes, such as
diet modifications, moderate aerobic exercise,
stress management training, smoking cessation,
and group psychosocial support, prevented
the progression of coronary artery disease and
decreased existing coronary disease, compared
to the control group.

In both studies, dietary modifications
included less than 10 percent of its calories
from fat and avoiding most animal products
in exchange for a predominantly WFPB diet.®
Together, these reports suggest that a diet
that is limited in animal products and rich in
grains, leqgumes, vegetables, and fruits has the
potential to decrease the systemic inflammatory
process associated with cardiovascular disease
and reverse the age of blood vessels. More
broadly, these initial discoveries have paved the
way for further research related to preventing
and reversing other age-related concerns, such
as the symptoms of skin aging.

INFLAMMATION AND SKIN AGING

Many common dermatologic conditions,
including accelerated skin aging, stem from an
inflammatory process. Similar to heart disease,
the human skin experiences the typical intrinsic
aging process through genetically determined
loss of cell function with age.’ In addition to
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this intrinsic process, extrinsic factors contribute
to skin aging, including exposure to ultraviolet
(UV) irradiation, smoking, and pollution, as well
as sleep disturbance and poor nutrition.'™"
Both intrinsic and extrinsic inflammatory
processes combine to manifest in the skin aging
as fine wrinkles, loss of elasticity, dryness,
and sallowness.™ This skin aging process has
greater implications aside from a cosmetically
poor appearance. The aging process negatively
affects skin permeability, angiogenesis, lipid
and sweat production, immune function, and
vitamin D synthesis. The ultimate consequence
of these processes manifests as impaired wound
healing, skin atrophy, vulnerability to external
stimuli, and even the development of benign
and malignant pathological processes.®
Gerontotoxins. Gerontotoxins, a contributor
of systemic inflammation, are a group of toxins
that cause our cells to age. A well-studied toxin
is an advanced glycation end-product (AGE).”
Glycation is a nonenzymatic chemical process
that involves the formation of a covalent
bond between a sugar molecule i.e., glucose,
fructose) and a protein or lipid. This differs from
physiologic glycation, which is under enzymatic
control.?" AGEs accumulating within the skin
can cause a rapid stiffening of collagen, elastin,
vitronectin, and laminin. This can present
clinically as skin ulcers and delayed skin healing.
This process of uncontrolled glycation also
reduces the cell’s ability to generate nitric oxide
from L-arginine, which is required for proper
cross-linking of collagen fibers, and inactivates
proteins responsible for collagen and elastin
repair.”2 Clinically, this results in lower skin
tensile strength, as seen in the aged skin of
older individuals.*




TABLE 2. Influence of cooking methods on the antioxidant activity of vegetables®>%

GAIN OR NO CHANGE IN HIGHEST LOSSES IN
COOKINGMETHOD ANTIOXIDANT CAPACITY ANTIOXIDANT CAPACITY

Boiling Beetroot, garlic, green bean
Pressure cooking Celerey, broccoli, garlic, spinach,
) Celery, asparagus, broccoli, eggplant, green
Baking :
bean, leek, onion, pea
. . Celery, beetroot, broccoli, carrot, eggplant,
Microwaving . ) . 99p
garlic, green bean, leek, maize, pea
Griddling Celery, beetroot, cauliflower, eggplant, onion  Pepper
Frying Celery, beetroot, garlic, maize, onion

Pepper, spinach, cauliflower, swiss chard

Pepper, swiss chard

Pepper

Pepper, swiss chard

Swiss chard

AGEs accumulate within the body from both
endogenous and exogenous sources at a rate
reported to be around 3.7 percent annually.”
External factors, including UV irradiation,
cigarette smoking, poor dietary sources, and
certain cooking methods accelerates the rate
of AGE formation and strengthens the covalent
bond formed.?? Uribarri et al™" measured the
AGE units in more than 500 foods. The findings
showed meat and processed foods contained
the highest number of AGE units, while WFPB
products contained the least. Additionally,
cooking foods using high, dry heat (e.g.,
roasting, grilling) appeared to increase their AGE
content.

THE ROLE OF ANTIOXIDANTS IN SKIN
HEALTH

In addition to AGEs, oxidative damage
appears to accelerate the skin aging process.
Multiple chemical reactions occur within
the skin, prompting the development of
reactive oxygen species (R0S) and oxidative
damage.” ROS are neutralized through a
cascade of reactions by the skin's innate defense
mechanism. Antioxidants exist to neutralize
and mitigate ROS through the donation of
electrons. The primary antioxidant found in the
skin is vitamin E. After acting as an antioxidant,
the oxidized form of vitamin E needs to be
regenerated. Vitamin C completes this process.
Vitamin Cis considered a secondary antioxidant
in the skin and must be replenished from either
a dietary source or a tertiary antioxidant, such
as vitamin A. This cascade of electron donations
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ultimately helps to reduce the oxidative damage
from R0S.% On average, plant foods contain 64
times more antioxidants than animal products.”

Due to their plant pigments, green
vegetables contain the highest amount of
antioxidants of any vegetables and berries
contain the highest amount of antioxidants of
any fruit. Darker colors in plant food translates
to more antioxidants.”%® Regular consumption
of antioxidant-rich foods can prevent the
circulation of oxidized fats in the bloodstream,
which can damage the sensitive walls of small
blood vessels.”

Vitamin E: the primary antioxidant.
The vitamin E complex is required to maintain
proper skin health. This complex consists of
eight compounds called tocopherols.* Constant
consumption of tocopherolic sources is needed
to ensure sufficient systemic levels of vitamin
E. Without adequate stores, lipid peroxidation
and collagen cross-linking occurs in the skin and
accelerates skin aging.*' The most biologically
active source of vitamin E in the skin, alpha-
tocopherol, functions to terminate lipid radical
chain reactions, stabilizing cell membranes
against damage by phospholipase A, free fatty
acids, and lysophospholipids.® Vitamin C must
be present within the skin to regenerate the
antioxidant properties of vitamin E. These two
vitamins act synergistically to prevent damage
from oxidative stress. In addition to vitamin C,
both coenzyme Q10 (CoQ10) and glutathione
can recycle the oxidized form of vitamin E, albeit
to a lesser degree. 0%

Vitamin C: a secondary antioxidant.
Vitamin C, also known as L-ascorbic acid, works
in the skin as an antioxidant by scavenging
and quenching free radicals to regenerate
vitamin E from its radical form >3 Vitamin C
promotes gene expression activity for collagen
production and acts as a cofactor for proline
and lysine hydroxylase enzymes. These two
enzymes stabilize the tertiary molecule of
collagen and have been shown to play an
important role in wound healing.>*~* In addition
to acting as a secondary antioxidant, vitamin C
is thought to promote fibroblast proliferation,
migration, and replication of the base excision
repair of potentially mutagenic DNA lesions.*
This characteristic could reverse or prevent
skin cancers and enhance wound repair.*
These properties make vitamin Ca necessary
component to prevent skin damage.

Vitamin A: a tertiary antioxidant.
Vitamin A acts as a tertiary antioxidant within
the skin by quenching singlet oxygen species. A
skin receptor for vitamin A confirms this crucial
aspect for proper skin health.* Vitamin A is
mainly stored in the liver, and an adequate level
is necessary to prevent the chemical carcinogens
in the epithelial tissues of the bronchi, trachea,
stomach, uterus, and skin.”*® Carotenoids are
vitamin A derivatives that are commonly used
in topical antiaging formulations associated
with the prescription retinoid tretinoin. Their
topical photoprotective roles have been well-
established, but less is known about the effects
from their ingested forms.*

Chlorophyll and CoQ10. Carcinogens
can damage DNA, causing cellular aging.
Chlorophyll, the most ubiquitous plant
pigment in the world and responsible for
giving plants their green color, has been found
to block damage to DNA from carcinogens.
Chlorophyllin (CHL) is a water-soluble derivative
of chlorophyll. Specifically, CHL protects cells
against mutagenic effects of benzopyrene,
cyclophosphamide, heterocyclic amines,
aflatoxin, heavy metals, and ionizing radiation.
Because the diverse mutagens neutralized
by CHL, multiple mechanisms have been
hypothesized on how it occurs. One mechanism
includes the direct antioxidant properties of
CHL. Another mechanism is CHL's ability to
form complexes with aromatic mutagens. The
complexes are thought to be maintained via
stacking (;t-t) interactions between the flat
aromatic molecules of the mutagen and the



porphyrin rings of CHL. Thus, CHL captures the
mutagens and prevents them from uptake into
the cells and interactions with DNA.*'

In one human study from Jubert et al,*
volunteers drank a solution containing an
Institutional Review Board-approved dose of
a carcinogen (14C-AFB1) with or without an
amount of chlorophyll equal to what is found
in six cups of spinach. Three different protocols
were used for consumption. For Protocol 1,
fasted subjects received 30ng by capsule
followed with 100mL water, followed by normal
eating and drinking after two hours. Blood
and cumulative urine samples were collected
over 72 hours, and 14C-AFB1 equivalents were
determined by accelerator mass spectrometry.
Protocols 2 and 3 were similar except capsules
also contained 150mg of purified chlorophyll
or chlorophyllin, respectively. The study
revealed rapid human AFB1 uptake and
urinary elimination (95% complete by 24
hours) kinetics. Chlorophyll and chlorophyllin
treatment each significantly impeded AFB1
absorption and reduced Cnaxand AUCs (plasma
and urine) in one or more subjects. These
initial results provide AFB1 pharmocokinetic
parameters previously unavailable for humans,
and suggest that chlorophyll and chlorophyllin
co-consumption might limit the bioavailability
of ingested aflatoxin in humans, as they do in
animal models.

Chlorophyll also plays a role in regenerating
(00Q10, also known as ubiquinol. C0Q10
is an endogenously produced compound
that acts as an antioxidant by scavenging
free radicals, protecting our cells from DNA
damage. This reaction oxidizes ubiquinol to
ubiquinone. Ubiquinol must be regenerated
from ubiquinone to become effective again.
This reaction requires both chlorophyll and
sunlight acting synergistically.** A study by
Imitek et al** found dietary supplementation
containing CoQ10 over a 12-week period
exhibited several antiaging effects, including
reduced skin wrinkles, increased skin firmness,
and improvments in skin smoothness and
microrelief. -

Polyphenols. Polyphenols have gained
popularity in recent years due to their
antioxidant properties and potential prevention
of certain cancers and cardiovascular and
neurodegenerative diseases.” They are
commonly found in fruits and plant-derived
beverages, such as fruit juices, tea, coffee, red

wine, vegetables, cereals, chocolate, and dry
legumes. > Studies observing polyphenols
combined with sunscreen on animal models
showed prevention from UV-induced skin
damage, oxidative stress, and DNA damage.®’
One study from Yoon et al®found that a
24-week course of daily cocoa flavanol
consumption, which is high in polyphenols,
improved skin wrinkles and elasticity in women
with moderate skin photoaging.

Zeaxanthin. Multiple studies have reported
the beneficial effects of topical application
and oral ingestion of zeaxanthin-based
formulations, including its isomer lutein, as
an antioxidant to prevent skin wrinkles and
improve skin hydration.®-¢"

THE ROLE OF FATTY ACIDS IN
PROTECTING AGAINST SKIN AGING
Polyunsaturated fatty acids (PUFAs).
PUFAs—in particular, eicosapentaenoic (EPA)
and docosahexaenoic acids (DHAs)—modulate
and reduce skin inflammation.® Several studies
have reported the association between a high
dietary intake of EPA and DHA and protection
from both UVB-induced damage and early
genotoxic markers of human skin cancers.*!
Alpha-linolenic acid (ALA) is an essential fatty
acid that acts as the precursor molecule of the
n-3 PUFA family. ALA cannot be synthesized
endogenously and must be consumed from
dietary sources. Once ingested, ALA is converted
to other n-3 PUFAs. EPA and DHA are two n-3
PUFAs within the body that are derived from
the conversion of dietary ALA. Dietary sources
account for the majority of the body’s store of
n-3 PUFAs.”
A higher dietary intake of ALA reduces
senile dryness and skin atrophy in middle-
aged women by acting as a source for EPA
and DHA synthesis.” A large study showed an
inverse association between the severity of
skin aging and ALA intake in men and between
the severity of skin aging and EPA intake in
women, independent of environmental factors,
such as smoking and UV irradiation, which are
known to play a role in the skin aging process.®
In addition, a low intake of ALA has been
associated with dermatitis, further suggesting a
significant role in the skin-aging process.””*
Monosaturated fatty acids (MUFAs).
In addition to the beneficial role that PUFAs
play in the prevention of skin aging, multiple
reports have suggested a similar beneficial role
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of MUFAs. By reducing oxidative stress, insulin
resistance, and related inflammation, MUFAs
potentially play a major role in the prevention
of skin aging.®”>° Latreille et al’® observed a
significant association between total intake of
MUFA and skin aging in men but not in women.
Elsewhere, a higher dietary intake of olive oil
was inversely correlated with the severity of skin
photoaging, supporting the beneficial role of
olive oil, which is high in MUFAs, in preventing
severe skin aging.”

SUMMARY AND DIETARY
RECOMMENDATIONS

In conclusion, when patients inquire about a
diet that might contribute to younger-looking
skin, evidence supports the recommendation
to follow a WFPB diet. Demonstrated to
lengthen telomeres, a marker for cellular
aging, a WFPB diet has been shown to not only
maximize the antioxidant potential of our cells,
but also eliminate harmful carcinogens and
gerontotoxins entering our bloodstream. Studies
investigating these protective characteristics of
the nutrients consumed in abundance in a WFPB
diet support the diet’s potential to contribute
to healthier, younger-looking skin. Tables 1 and
2 provide evidence-based recommendations
for dietary sources of antioxidants and cooking
methods to maximize antioxidant potential. %%
Additional research on the effects of a WFPB diet
on skin health will enhance our understanding
of the role nutrition plays in the aging process
and our overall health.

Limitations. This review paper has several
limitations. The references identified were
limited to MEDLINE (PubMed). Also, multiple
studies referenced had a small sample size of
participants. Some studies used were unblinded
and others used animals as subjects. Although
we found a correlation between WFPB and their
innate properties, no literature directly studied
the subjects with WFPB diet and objective skin
aging measures.
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