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Dietary supplements in dermatology:
A review of the evidence for zinc, biotin,
vitamin D, nicotinamide,
and Polypodium

cl

Katherine G. Thompson, MD, and Noori Kim, MD
Baltimore, Maryland

Dietary supplements are commonly recommended by dermatologists in the treatment of skin, hair, and nail
disorders. This review of oral over-the-counter supplement use in dermatology summarizes current
evidence for the use of zinc, biotin, vitamin D, nicotinamide, and Polypodium in the management of
common dermatologic disorders. Evidence for the safety and efficacy of these supplements is limited. Very
few large-scale randomized controlled trials exist for these over-the-counter supplements, particularly
biotin and Polypodium. The lack of standardized dosing and standardized outcome measures makes
comparison across existing studies challenging, and the lack of adverse events reporting in the majority of
studies limits analysis of supplement safety. The most promising evidence exists for the use of nicotinamide
in preventing nonmelanoma skin cancers. There is some evidence for the role of vitamin D in decreasing
melanoma risk and progression in some individuals and for the photoprotective role of Polypodium,
although additional high-quality studies are needed to determine appropriate dosing. Current evidence is
insufficient to recommend the use of biotin or zinc supplements in dermatology. Large-scale randomized
controlled trials investigating safety and efficacy are needed before widespread incorporation of these oral
supplements into the general practice of dermatology. (J Am Acad Dermatol 2021;84:1042-50.)
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ietary supplements are used by the

majority of US adults."” Their designation

as supplements allows these products to
be marketed without stringent monitoring by the
US Food and Drug Administration.” Despite the lack
of rigorous assessments of the safety and efficacy of
oral over-the-counter (OTC) supplements, as
many as 66% of dermatologists reported
recommending these supplements to their patients,
most commonly for their purported benefits
in skin, hair, and nail health." We critically
reviewed the available evidence for commonly
recommended oral OTC supplements (see
supplemental materials for search strategy; available
via  Mendeley at https://data.mendeley.com/
datasets/w29wp46nf4/1).

ZINC

Zinc, an essential metal ion, has important
catalytic, structural, and regulatory roles within the
cell.” Rapid resolution of skin and hair findings in
acrodermatitis enteropathica with zinc replacement
therapy has suggested a role for zinc supplementa-
tion in promoting dermatologic health.® Zinc
supplementation can be delivered through zinc
sulfate (23% zinc) or zinc gluconate (14% zinc).
Although zinc sulfate has a higher elemental zinc
content, zinc gluconate reportedly has a less bitter,
metallic taste.”

Studies of zinc supplementation for alopecia are
limited to the treatment of alopecia areata. A double-
blinded trial examining the efficacy of oral zinc
sulfate (220 mg twice daily) in alopecia areata found
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that, although serum zinc levels increased
significantly following supplementation, there was
no clinical improvement in disease extent or
activity.” An observational, uncontrolled study
examining hair regrowth after oral zinc gluconate
(50 mg/day) for alopecia areata observed hair re-
growth in 66.7% of patients—within these patients,
serum zinc levels increased
to a significantly greater
degree compared to patients
who did not achieve a
response.”’ The hair regrowth
observed in these patients
may have coincided with
the natural course of the
disease, so firm conclusions
concerning the efficacy of
zinc supplementation for
hair regrowth cannot be
established.

Evidence for oral zinc in
acne vulgaris treatment is
conflicting. A recent review identified 12 studies
using varying doses of oral zinc as a single-agent
supplement for acne, including 6 randomized
controlled trials (RCTs), 3 controlled studies, 2
uncontrolled studies, and 1 case report. Three RCTs
found no significant difference in acne severity
between zinc and placebo groups,'”'” whereas 3
RCTs found significant improvement in zinc
groups.' "' The RCTs examined oral zinc sulfate
given in varying doses, with higher and more
frequent dosing in RCTs demonstrating no
improvement. The most common adverse
effects reported included nausea/vomiting,'*' ">
diarrhea,'*"" and indigestion."” Current evidence
for zinc in acne is limited to a small number of
RCTs with relatively small sample sizes, inconsistent
dosing, and a lack of standardized outcome
measures, which limits the interpretation of their
results.

The use of oral zinc gluconate (90 mg/day) for
Hurley stage T and II hidradenitis suppurativa (HS)
has been investigated in 1 uncontrolled study and 1
retrospective study with oral zinc and topical
triclosan ~ (2%).""'"®  Both  studies  showed
symptomatic improvement in patients with HS
treated with zinc. Gastrointestinal adverse effects
were reported in 18% and 22% of study
participants,'”'? which may limit widespread use.

Zinc supplementation has also been studied in
wound healing. A controlled study of 20 young men
undergoing pilonidal sinus excision found that the
group treated with zinc sulfate 220 mg 3 times per
day healed at a significantly faster rate.'” Other

CAPSULE SUMMARY

» Few randomized controlled trials
examine the safety and efficacy of oral
over-the-counter dietary supplements
marketed for dermatologic conditions.

Although there is some evidence for
clinical uses of vitamin D, nicotinamide,
and Polypodium, insufficient evidence
exists to recommend supplementation
with biotin or zinc.
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studies have examined the efficacy of a high-
protein, vitamin-enriched oral nutritional
formula containing zinc for pressure ulcer healing.
Significant reduction in pressure ulcer area was
observed in the nutritional formula groups for all
studies, including 2 RCTs,”*' 1 controlled trial,”*
and 1 uncontrolled trial.”> The controlled study
additionally compared the
efficacy of a formula contain-
ing both 1-carnosine and
elemental zinc (34 mg/day)
compared to 1-carnosine
alone.”” Although significant
improvement was observed
in both formula groups
compared to control, no sig-
nificant difference in wound
healing  was  observed
between groups with or
without zinc in the nutri-
tional formula. RCTs exam-
ining the efficacy of zinc
alone are needed to justify the use of zinc
supplements in wound healing. Table 1** reviews
recommendations and levels of evidence by use.

BIOTIN

Biotin, or vitamin B7, is an essential coenzyme for
5 carboxylases involved in fatty acid synthesis, amino
acid catabolism, and gluconeogenesis.”” Frank
biotin deficiency is rare. Marginal biotin deficiency
may be encountered in pregnancy, smoking, and
with long-term anticonvulsant use.”” Despite the
rarity of biotin deficiency, biotin supplement intake
is relatively common. A 2016 study found the 30-day
prevalence of biotin-containing supplement intake
in US adults to be 29% (95% confidence interval,
27-31) from 2011 to 2012." A limited number of
studies have examined the efficacy of biotin in
treating hair and nail disorders. Biotin therapy was
shown to promote normal hair growth in 2 case
series of familial uncombable hair syndrome.”>*” In
a series of patients experiencing alopecia after
valproic acid treatment, biotin supplementation
resulted in subjective improvement of alopecia.”>*’

Evidence for biotin supplementation in nail
disorders is limited to 1 clinical study,” 1 subjective
survey,”’ and several case series.”””" The clinical
study found that nail thickness increased
significantly after biotin therapy in 8 patients with
brittle nails.”” RCTs studying biotin supplementation
in hair and nail disorders are severely lacking.

The adequate intake for biotin is 30 pg/day for
adults, which is easily achieved through a
well-balanced diet including biotin-containing
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Abbreviations used:

AD: atopic dermatitis

AK: actinic keratosis

EAST: Eczema Area and Severity Index
HS: hidradenitis suppurativa
NMSC: nonmelanoma skin cancer
OTC: over the counter

PDT: photodynamic therapy

PLE: Polypodium leucotomos extract
RCT: randomized controlled trial
SCORAD: Scoring Atopic Dermatitis

UVv: ultraviolet

foods, such as meat, eggs, fish, nuts, seeds, and
certain vegetables. Biotin toxicity has not been
reported at doses up to 200 mg orally and 20 mg
intravenously.”” However, biotin supplementation
has been shown to interfere with routine immuno-
assays, including troponin T, thyroid-stimulating
hormone, and antithyroid antibodies, vyielding
inaccurate test results.”® The benefits of biotin
supplementation remain unsubstantiated, and its
use may lead to misdiagnosis of potentially serious
conditions. Recommendations and levels of
evidence are summarized in Table 11.%

VITAMIN D

Studies showing that vitamin D deficiency is more
common in patients with atopic dermatitis (AD) and
psoriasis suggest a role for vitamin D in the
pathogenesis of these common skin disorders.”®”
Two early studies on the efficacy of vitamin D
supplementation in AD showed conflicting results.
An RCT comparing the efficacy of vitamins D and/or
E against placebo found significant reduction in
Scoring Atopic Dermatitis (SCORAD) in patients
with AD after 60 days of treatment with either vitamin
D or E. The greatest improvement was observed in
participants treated with both.”” A smaller RCT in
children with AD found significant improvement in
the Investigator Global Assessment of patients
treated with vitamin D compared to placebo but no
significant improvement in the Eczema Area and
Severity Index (EASD score."' Based on these
studies, a 2012 Cochrane review of dietary
supplements in AD found there to be insufficient
evidence to recommend the use of vitamin D in
AD.*

Since then, a number of RCTs have examined the
impact of vitamin D supplementation on AD
severity scores using a variety of doses and
treatment intervals. With the exception of 1 RCT,"
these studies have, overall, found that vitamin D
supplementation significantly reduces SCORAD "¢
and EASI  scores,”  Staphylococcus — aureus
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colonization, and erythema index."” A cross-

sectional, non—placebo-controlled study addition-
ally found a significant reduction in both SCORAD
and mean total immunoglobulin E level after vitamin
D supplementation, perhaps suggesting an
immunoregulatory role for vitamin D."® The
discrepancy between the results from these studies
may be related to the population studied, time of
year, location, or degree of vitamin D deficiency at
baseline.

Evidence for the use of oral vitamin D in psoriasis
is scarcer. Uncontrolled studies suggested that
vitamin D supplementation resulted in improved
psoriasis and psoriatic arthritis severity.”””* More
recently, however, several RCTs have shown vitamin
D supplementation to have little impact on psoriasis
severity. Although 1 study reported significant
improvement in the Disease Activity Score—28,”
no significant improvement in Psoriasis Area and
Severity Index score after vitamin D supplementa-
tion was observed in the remaining RCTs.”>°

In vitro  studies  have  shown  that
1,25-dihydroxyvitamin D3 protects keratinocytes
against ultraviolet (UV)-induced apoptosis and
formation of mutagenic cyclobutane pyrimidine
dimers.”””" Studies in humans have primarily been
limited to observational studies examining the
relationship between vitamin D levels and
nonmelanoma skin cancer (NMSC) risk and have
shown mixed results.””®* Observational studies
suggest that lower vitamin D levels are correlated
with poorer melanoma prognosis.””*® One RCT of
36,282 female participants evaluated the impact of
daily calcium (1000 mg) with vitamin D3 (400 IU) on
the incidence of NMSC and melanoma over 7 years.
No difference in melanoma or NMSC was shown
between the supplement and placebo groups;
however, women with a history of NMSC taking
calcium and vitamin D showed a significantly lower
risk of melanoma compared to the placebo group.®’
Participant groups were comparable in terms of age,
race/ethnicity, education, body mass index, smoking
history, geographic region, sun exposure, and
cancer history. Family history of skin cancer was
not documented, however, and may be a
confounding variable.

A meta-analysis of vitamin D status and the risk
and prognosis of melanoma and NMSC found no
association between vitamin D intake and cutaneous
melanoma or NMSC risk.”® A statistically significant
positive association between high vitamin D levels
and risk of NMSC was found, suggesting that sun
exposure may be a confounding variable in many of
the existing studies. No association was found
between serum vitamin D levels and cutaneous
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Table 1. Zinc

Level of
Use Dose Recommendation Adverse effects evidence*
Alopecia areata Variable Insufficient data for conclusive  Nausea 1A
recommendation
Acne Variable Insufficient data for conclusive Gl adverse effects IB

recommendation
Insufficient data for conclusive
recommendation
Insufficient data for conclusive ~ NR 1A
recommendation
Contraindications: Supplementation above the tolerable upper limit (40 mg elemental zinc per day) in pregnant and
lactating women is contraindicated.”

Hidradenitis suppurativa 90 mg/day zinc gluconate Gl adverse effects 1IB

Wound healing 220 mg TID zinc sulfate

Gl, Gastrointestinal; NR, not reported; TID, 3 times daily.

*Levels of evidence are based on the Journal of the American Academy of Dermatology guidelines: level IA evidence includes evidence from
meta-analysis of randomized controlled trials; level IB evidence includes evidence from =1 randomized controlled trial; level IIA evidence
includes evidence from =1 controlled study without randomization; level IIB evidence includes evidence from =1 other type of
experimental study; level Ill evidence includes evidence from nonexperimental descriptive studies, such as comparative studies, correlation
studies, and case-control studies; and level IV evidence includes evidence from expert committee reports or opinions, or clinical experience
of respected authorities, or both.

Table II. Biotin

Level of
Use Dose Recommendation Adverse effects evidence*
Alopecia 10 mg/day Insufficient data for conclusive recommendation NR I}
Brittle nails 2.5 mg/day Insufficient data for conclusive recommendation NR M

Contraindications: There are no known contraindications to biotin use. Biotin does cross the placenta and is secreted
into breast milk, but the significance of this, if any, is unknown.>’

NR, Not reported.

*Levels of evidence are based on the Journal of the American Academy of Dermatology guidelines: level IA evidence includes evidence from
meta-analysis of randomized controlled trials; level IB evidence includes evidence from =1 randomized controlled trial; level IIA evidence
includes evidence from =1 controlled study without randomization; level IIB evidence includes evidence from =1 other type of
experimental study; level lll evidence includes evidence from nonexperimental descriptive studies, such as comparative studies, correlation
studies, and case-control studies; and level IV evidence includes evidence from expert committee reports or opinions, or clinical experience
of respected authorities, or both.

melanoma risk, but, in individuals with melanoma,
vitamin D levels were inversely associated with
Breslow thickness at diagnosis.”” These studies
suggest that, although there are insufficient data to
recommend vitamin D to reduce NMSC risk,
vitamin D may have an impact on melanoma risk
and prognosis, particularly in high-risk individuals.
The results of a phase 3 RCT investigating the impact
of vitamin D supplementation on cutaneous
melanoma outcome are awaited.”’

Vitamin D toxicity, although rare, can occur.’
Symptoms of vitamin D toxicity are related to
hypercalcemia and are observed after excessively
high vitamin D doses (50,000-2,604,000 1U/day).”"
No adverse effects were reported in the described
studies because vitamin D supplementation was
given within recommended limits.”" Table I11"""*
summarizes recommendations for each indication
and available level of evidence.

0

NICOTINAMIDE

Nicotinamide, a form of vitamin B3, is a
precursor for nicotinamide adenine dinucleotide,””
which is the substrate for poly—adenosine
diphosphate—ribose polymerase (PARP). PARP is a
nuclear enzyme that is activated in response to
oxidative DNA damage to promote DNA repair.”’
Following studies indicating that oral niacin prevents
UV-induced immunosuppression and carcinogen-
esis in mice,”” studies of the immunomodulating
effects of nicotinamide in dogs with cutaneous lupus
have shown promising results.”” Studies of the
efficacy of nicotinamide for cutaneous lupus in
humans have yet to be performed.

Two small randomized trials evaluated the
photoprotective  effects of nicotinamide in
humans after solar-simulated UV exposure and
photodynamic therapy (PDT).””’® Nicotinamide
showed no effect in decreasing the minimal
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Table III. Vitamin D

Adverse Level of
Use Dose Recommendation effects evidence*
Atopic dermatitis Highly variable Insufficient data for conclusive recommendation NR IB
Psoriasis Highly variable Insufficient data for conclusive recommendation NR IB
NMSC prevention Highly variable Insufficient data for conclusive recommendation NR IB
Melanoma prevention Highly variable Yes, in high-risk individuals NR IB

Contraindications: There are no known contraindications to vitamin D intake. Vitamin D supplementation should be
approached cautiously in individuals with hyperparathyroidism, sarcoidosis, tuberculosis, and lymphoma.”?
Vitamin D levels in breast milk remained unchanged with supplementation of at least up to 2000 IU/day.”’

NMSC, Nonmelanoma skin cancer; NR, not reported.

*Levels of evidence are based on the Journal of the American Academy of Dermatology guidelines: level IA evidence includes evidence from
meta-analysis of randomized controlled trials; level IB evidence includes evidence from =1 randomized controlled trial; level lIA evidence
includes evidence from =1 controlled study without randomization; level IIB evidence includes evidence from =1 other type of
experimental study; level Ill evidence includes evidence from nonexperimental descriptive studies, such as comparative studies, correlation
studies, and case-control studies; and level IV evidence includes evidence from expert committee reports or opinions, or clinical experience
of respected authorities, or both.

Table IV. Nicotinamide

Level of
evidence*

Adverse

Use Dose Recommendation effects

500 mgq daily-TID

No, reduces UV-induced immune NR IB
suppression in the skin,
but not erythema
Reduces AK count while receiving
treatment
Reduces rate of new NMSCs and AKs NR B
while receiving treatment
Contraindications: Nicotinamide is contraindicated in the case of hypersensitivity to niacin or niacinamide. Nicotinamide
does cross the placenta, but the significance of this, if any, is unknown.?”

Photoprotection

AK clearance 500 mg daily-BID Rare nausea, diarrhea B

NMSC prevention 500 mg BID

AK, Actinic keratosis; BID, twice daily; NMSC, nonmelanoma skin cancer; NR, not reported; TID, 3 times daily; UV, ultraviolet.

*Levels of evidence are based on the Journal of the American Academy of Dermatology guidelines: level IA evidence includes evidence from
meta-analysis of randomized controlled trials; level IB evidence includes evidence from =1 randomized controlled trial; level IIA evidence
includes evidence from =1 controlled study without randomization; level IIB evidence includes evidence from =1 other type of
experimental study; level lll evidence includes evidence from nonexperimental descriptive studies, such as comparative studies, correlation
studies, and case-control studies; and level IV evidence includes evidence from expert committee reports or opinions, or clinical experience

of respected authorities, or both.

erythema dose compared to placebo, but photo-
immunosuppression was significantly reduced in the
nicotinamide group in both studies. In a phase 2
double-blinded RCT, the relative reduction in actinic
keratosis (AK) count from baseline to 4 months of
treatment was significantly lower in the nicotinamide
group compared to placebo.”” The relative reduction
in AK count was more pronounced in patients
treated with nicotinamide 500 mg twice daily (35%)
compared to patients treated with 500 mg/day
(29%).””  Two smaller studies found that
nicotinamide supplementation over 6 months in
kidney or liver transplant recipients also led to a
substantial decrease in size and number of AKs
compared to placebo.”""!

A phase 3 RCT of nicotinamide supplementation
for 12 months in patients with a recent history of

NMSCs found that the rates of new NMSCs and AKs
were significantly reduced while receiving treatment
compared to placebo; however, no evidence of
benefit was observed after 6 months of discontinuing
nicotinamide.” Available evidence suggests that
nicotinamide may be a useful addition to the
standard of care for patients at high risk for NMSCs,
although its chemopreventive benefit does not
persist after discontinuation of the supplement.
Because the vast majority of nicotinamide studies
were conducted by the same group of investigators
practicing in Australia, additional RCTs including a
more diverse patient population would be useful in
determining the generalizability of these results.
Nicotinamide toxicity has been reported at doses
above 3.5 g/day. Signs of overdose include
disturbances in liver enzymes, which may lead to
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Adverse Level of
Use Dose Recommendation effects evidence*
Photoprotection 240 mg BID Reduces sunburn frequency and intensity NR 1B
Idiopathic photodermatoses 240 mg BID Improves subjective symptoms NR 1IB
Melasma 240 mg BID-TID Insufficient data for conclusive recommendation ~ NR IB
AK clearance 240 mg BID-TID  Improves efficacy of PDT in clearing scalp AKs NR A

Contraindications: There are no known contraindications to Polypodium.

AK, Actinic keratosis; BID, twice daily; NR, not reported; PDT, photodynamic therapy; TID, 3 times daily.

*Levels of evidence are based on the Journal of the American Academy of Dermatology guidelines: level IA evidence includes evidence from
meta-analysis of randomized controlled trials; level IB evidence includes evidence from =1 randomized controlled trial; level IIA evidence
includes evidence from =1 controlled study without randomization; level IIB evidence includes evidence from =1 other type of
experimental study; level lll evidence includes evidence from nonexperimental descriptive studies, such as comparative studies, correlation
studies, and case-control studies; and level IV evidence includes evidence from expert committee reports or opinions, or clinical experience

of respected authorities, or both.

reversible hepatotoxicity.” The recommended
upper limit of nicotinamide is 900 mg/day.”’
Long-term efficacy and safety data of nicotinamide
are not yet available. Recommendations and levels of
evidence are summarized in Table TV.”

POLYPODIUM

Polypodium leucotomos, a species of fern native to
the tropical Americas, was first investigated in
Honduras as a therapeutic agent for psoriasis.”
Polypodium leucotomos has been studied in vitro for
its antioxidant and direct photoprotective effects.””
Studies of Polypodium leucotomos extract (PLE) given
before UV irradiation in healthy individuals have
shown that PLE administration is associated with a
significant reduction in UV-induced erythema””!
compared to non-PLE treated control individuals.
The largest randomized clinical trial to date
investigated the safety and efficacy of PLE in 20
participants compared to placebo for 60 days.
Individuals pretreated with PLE showed increased
minimal erythema dose, decreased UV-induced
erythema intensity and decreased likelihood of
experiencing multiple sunburns from baseline to
day 60 compared to placebo.”” These results
theoretically suggest that PLE could likewise be useful
in decreasing UV-induced erythema in rosacea-prone
individuals, although no studies of PLE in rosacea
have yet been performed.”

Additional studies have investigated the role of
PLE in skin disorders. Two studies showed subjective
improvement in idiopathic photodermatoses after
15 days of PLE,’*”” whereas the use of PLE in
melasma has shown conflicting results.””” No
significant difference in melanin index between
PLE and placebo groups was detected in either
study; however, in 1 study, the Melanin Area and
Severity Index score improved in patients with

melasma receiving PLE.”” One controlled study has
investigated PLE as an adjunct to PDT for the
treatment of AKs. Oral PLE beginning 1 week after
PDT significantly improved the scalp AK clearance
rate compared to PDT alone.” Although the precise
antioxidant and photoprotective mechanisms of PLE
have yet to be fully elucidated, these preliminary
studies indicate that PLE may prove to be a
useful adjunct to standard-of-care treatments in
photodermatoses, melasma, and actinic damage.
Table V summarizes recommendations and levels
of evidence.

CONCLUSIONS

Evidence for the safety and efficacy of commonly
recommended supplements in dermatology is
remarkably limited. In particular, large-scale RCTs
studying the efficacy and safety of biotin and
Polypodium are severely lacking. Insufficient
evidence exists to recommend the use of zinc in
alopecia, acne, HS, or wound healing, and
gastrointestinal adverse effects are relatively
common. Vitamin D may have a role in decreasing
melanoma risk/progression, particularly in high-risk
individuals with a history of NMSC, but there is
insufficient evidence to recommend vitamin D for
AD, psoriasis, or prevention of NMSC. Studies on the
use of nicotinamide in preventing NMSC are
promising, but it should be noted that its
chemopreventive effect does not persist after
nicotinamide discontinuation. The use of OTC
supplements is not without cost to the patient, and
supplements without sufficient evidence for their
use should not be routinely recommended.
High-quality investigations into the safety and
efficacy of these supplements with standardized
dosing, outcome measures, and adverse effects
reporting are greatly needed.



1048 Thompson and Kim

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Cohen

Kantor ED, Rehm CD, Du M, White E, Giovannucci EL. Trends in
dietary supplement use among US adults from 1999-2012.
JAMA. 2016;316(14):1464-1474.

. Bailey RL, Gahche JJ, Miller PE, Thomas PR, Dwyer JT. Why US

adults use dietary supplements. JAMA Intern Med. 2013;173(5):
355-361.

PA. Assessing supplement safety—the FDA’s
controversial proposal. N Engl J Med. 2012;366(5):389-391.

. Dickinson A, Shao A, Boyon N, Franco JC. Use of dietary

supplements by cardiologists, dermatologists, and orthope-
dists: report of a survey. Nutr J. 2011;10:20. PMID: 21371318.

. Maverakis E, Fung MA, Lynch PJ, et al. Acrodermatitis enter-

opathica and an overview of zinc metabolism. J Am Acad
Dermatol. 2007;56(1):116-124.

. Bin BH, Bhin J, Kim NH, et al. An acrodermatitis enteropathica-

associated Zn transporter, ZIP4, regulates human epidermal
homeostasis. J Invest Dermatol. 2017;137(4):874-883.

. Wegmuller R, Tay F, Zeder C, Brnic M, Hurrell RF. Zinc

absorption by young adults from supplemental zinc citrate
is comparable with that from zinc gluconate and higher than
from zinc oxide. J Nutr. 2014;144(2):132-136.

. Ead RD. Oral zinc sulphate in alopecia areata—a double blind

trial. Br J Dermatol. 1981;104(4):483-484.

. Park H, Kim CW, Kim SS, Park CW. The therapeutic effect and

the changed serum zinc level after zinc supplementation in
alopecia areata patients who had a low serum zinc level. Ann
Dermatol. 2009;21(2):142-146.

Cervantes J, Eber AE, Perper M, Nascimento VM, Nouri K,
Keri JE. The role of zinc in the treatment of acne: a review of
the literature. Dermatol Ther. 2018;31(1):1-17.

Orris L, Shalita AR, Sibulkin D, London SJ, Gans EH. Oral zinc
therapy of acne. Absorption and clinical effect. Arch Dermatol.
1978;114(7):1018-1020.

Weimar VM, Puhl SC, Smith WH, tenBroeke JE. Zinc sulfate in
acne vulgaris. Arch Dermatol. 1978;114(12):1776-1778.
Weismann K, Wadskov S, Sondergaard J. Oral zinc sulphate
therapy for acne vulgaris. Acta Derm Venereol. 1977;57:357-360.
Hillstrom L, Pettersson L, Hellbe L, Kjellin A, Leczinsky CG,
Nordwall C. Comparison of oral treatment with zinc sulphate
and placebo in acne vulgaris. Br J Dermatol. 1977;97(6):681-684.
Goransson K, Liden S, Odsell L. Oral zinc in acne vulgaris: a
clinical and methodological study. Acta Derm Venereol. 1978;
58(5):443-448.

Liden S, Goransson K, Odsell L. Clinical evaluation in acne. Acta
Derm Venereol. 1980;89(Suppl):47-52.

Brocard A, Knol AC, Khammari A, Dreno B. Hidradenitis
suppurativa and zinc: a new therapeutic approach. A pilot
study. Dermatology. 2007;214(4):325-327.

Hessam S, Sand M, Meier NM, Gambichler T, Scholl L,
Bechara FG. Combination of oral zinc gluconate and topical
triclosan: an anti-inflammatory treatment modality for initial
hidradenitis suppurativa. J Dermatol Sci. 2016;84(2):197-202.
Pories WJ, Henzel JH, Rob CG, Strain WH. Acceleration of
wound healing in man with zinc sulphate given by mouth.
Lancet. 1967;1(7482):121-124.

Cereda E, Gini A, Pedrolli C, Vanotti A. Disease-specific, versus
standard, nutritional support for the treatment of pressure
ulcers in institutionalized older adults: a randomized control
trial. J Am Geriatr Soc. 2009;57(8):1395-1402.

Cereda E, Klersy C, Serioli M, Crespi A, D’Andrea F, OligoEle-
ment Sore Trial Study Group. A nutritional formula enriched
with arginine, zinc, and antioxidants for the healing of
pressure ulcers: a randomized trial. Ann Intern Med. 2015;
162(3):167-174.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

] AM AcAaD DERMATOL
ArriL 2021

Sakae K, Agata T, Kamide R, Yanagisawa H. Effects of
L-carnosine and its zinc complex (polaprezinc) on pressure
ulcer healing. Nutr Clin Pract. 2013;28(5):609-616.

Heyman H, Van de Looverbosch DE, Meijer EP, Schols JM.
Benefits of an oral nutritional supplement on pressure ulcer
healing in long-term care residents. J Wound Care. 2008;17(11):
476-478.

Institute of Medicine (US). DRI: dietary Reference Intakes
for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper,
lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vana-
dium, and Zinc. Washington, DC: National Academy Press;
2001.

Zempleni J, Kuroishi T. Biotin. Adv Nutr. 2012;3(2):213-214.
Shelley WB, Shelley ED. Uncombable hair syndrome:
observations on response to biotin and occurrence in
siblings with ectodermal dysplasia. J Am Acad Dermatol.
1985;13(1):97-102.

Boccaletti V, Zendri E, Giordano G, Gnetti L, De Panfilis G.
Familial uncombable hair syndrome: ultrastructural hair
study and response to biotin. Pediatr Dermatol. 2007;24(3):
E14-E16.

Schulpis KH, Karikas GA, Tjamouranis J, Regoutas S, Tsakiris S.
Low serum biotinidase activity in children with valproic acid
monotherapy. Epilepsia. 2001;42(10):1359-1362.

Castro-Gago M, Perez-Gay L, Gomez-Lado C, Castineiras-
Ramos DE, Otero-Martinez S, Rodriguez-Segade S. The influ-
ence of valproic acid and carbamazepine treatment on serum
biotin and zinc levels and on biotinidase activity. J Child
Neurol. 2011;26(12):1522-1524.

Colombo VE, Gerber F, Bronhofer M, et al. Treatment of brittle
fingernails and onychoschizia with biotin: scanning electron
microscopy. J Am Acad Dermatol. 1990;23:1127-1132.
Hochman LG, Scher RK, Meyerson MS. Brittle nails: response to
daily biotin supplementation. Cutis. 1993;51:303-305.
Piraccini CM, TS lorizzo M, Rech G, et al. Triangular worndown
nails: report of 14 cases. G Ital Dermatol Venereol. 2005;140:
161-164.

Mohrenschlager M, Schmidt T, Ring J, et al. Recalcitrant
trachyonychia of childhood—response to daily oral biotin
supplementation: report of two cases. J Dermatolog Treat.
2000;11:113-115.

Gloster H Jr, Kindred C. Habit-tic-like and median nail-like
dystrophies treated with multivitamins. J Am Acad Dermatol.
2005;53:543-544.

Institute of Medicine, Food and Nutrition Board. Dietary
Reference Intakes: Thiamine, Riboflavin, Niacin, Vitamin B6,
Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline.
Washington, DC: National Academy Press; 1998.

Trambas C, Lu Z, Yen T, Sikaris K. Characterization of the scope
and magnitude of biotin interference in susceptible Roche
Elecsys competitive and sandwich immunoassays. Ann Clin
Biochem. 2018;55(2):205-215.

Institute of Medicine (US) Standing Committee on the Scien-
tific Evaluation of Dietary Reference Intakes and its Panel on
Folate, Other B Vitamins, and Choline. Dietary Reference Intakes
for Thiamine, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12,
Pantothenic Acid, Biotin, and Choline. Washington, DC: National
Academy Press; 1998.

Van der Schaft J, Ariens LF, Bruijnzeel-Koomen CA, de Bruin-
Weller MS. Serum vitamin D status in adult patients with
atopic dermatitis: recommendations for daily practice. J Am
Acad Dermatol. 2016;75(6):1257-1259.

Bergler-Czop B, Brzezinska-Wcislo L. Serum vitamin D level—
the effect on the clinical course of psoriasis. Postepy Dermatol
Alergol. 2016;33(6):445-449.


http://refhub.elsevier.com/S0190-9622(20)30744-1/sref1
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref1
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref1
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref2
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref3
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref4
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref4
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref4
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref5
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref6
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref6
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref6
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref7
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref8
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref9
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref9
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref9
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref9
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref10
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref11
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref11
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref11
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref12
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref12
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref13
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref13
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref14
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref14
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref14
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref15
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref16
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref16
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref17
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref18
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref19
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref20
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref21
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref22
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref23
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref96
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref24
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref25
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref26
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref27
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref27
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref27
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref28
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref29
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref30
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref30
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref31
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref32
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref33
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref33
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref33
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref34
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref35
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref97
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref36
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref37
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref37
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref37

] AM ACAD DERMATOL
VoLumEe 84, NUMBER 4

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

Javanbakht MH, Keshavarz SA, Djalali M, et al. Randomized
controlled trial using vitamins E and D supplementation in
atopic dermatitis. J Dermatolog Treat. 2011;22(3):144-150.
Sidbury R, Sullivan AF, Thadhani RI, Camargo CA Jr. Random-
ized controlled trial of vitamin D supplementation for winter-
related atopic dermatitis in Boston: a pilot study. Br J
Dermatol. 2008;159(1):245-247.

Bath-Hextall FJ, Jenkinson C, Humphreys R, Williams HC.
Dietary supplements for established atopic eczema. Cochrane
Database Syst Rev. 2012;(2):CD005205.

Hata TR, Audish D, Kotol P, et al. A randomized controlled
double-blind investigation of the effects of vitamin D dietary
supplementation in subjects with atopic dermatitis. J Eur Acad
Dermatol Venereol. 2014;28(6):781-789.

Albenali LH, Danby S, Moustafa M, et al. Vitamin D
and antimicrobial peptide levels in patients with atopic
dermatitis and atopic dermatitis complicated by eczema
herpeticum: a pilot study. J Allergy Clin Immunol. 2016;
138(6):1715-1719.

Arnestejani M, Salehi BS, Vasigh M, et al. Vitamin D supple-
mentation in the treatment of atopic dermatitis: a clinical trial
study. J Drugs Dermatol. 2012;11(3):327-330.

Udompataikul M, Huajai S, Chalermchai T, Taweechotipatr M,
Kamanamool N. The effects of oral vitamin D supplement on
atopic dermatitis: a clinical trial with Staphylococcus aureus
colonization determination. J Med Assoc Thai. 2015;98(Suppl
9):523-S30.

Camargo CA Jr, Ganmaa D, Sidbury R, Erdenedelger KH,
Radnaakhand N, Khandsuren B. Randomized trial of vitamin
D supplementation for winter-related atopic dermatitis in
children. J Allergy Clin Immunol. 2014;134(4):831-835.
Samochocki Z, Bogaczewicz J, Jeziorkowska R, et al. Vitamin D
effects in atopic dermatitis. J Am Acad Dermatol. 2013;69(2):
238-244.

Morimoto S, Yoshikawa K, Kozuka T, et al. Treatment of
psoriasis vulgaris by oral administration of 1 alpha-
hydroxyvitamin D3—open-design study. Calcif Tissue Int.
1986;39(3):209-212.

Smith EL, Pincus SH, Donovan L, Holick MF. A novel approach
for the evaluation and treatment of psoriasis. Oral or topical
use of 1,25-dihydroxyvitamin D3 can be a safe and effective
therapy for psoriasis. J Am Acad Dermatol. 1988;19(3):516-528.

. Perez A, Raab R, Chen TC, Turner A, Holick MF. Safety and

efficacy of oral calcitriol (1,25-dihydroxyvitamin D3) for the
treatment of psoriasis. Br J Dermatol. 1996;134(6):1070-1078.
Huckins D, Felson DT, Holick M. Treatment of psoriatic arthritis
with oral 1,25-dihydroxyvitamin D3: a pilot study. Arthritis
Rheum. 1990;33(11):1723-1727.

Gaal J, Lakos G, Szodoray P, et al. Inmunological and clinical
effects of alphacalcidiol in patients with psoriatic arthropathy:
results of an open, follow-up pilot study. Acta Derm Venereol.
2009;89(2):140-144.

Siddiqui MA, Al-Khawajah MM. Vitamin D3 and psoriasis: a
randomized double-blind placebo-controlled study. J Derma-
tolog Treat. 1990;1(5):243-245.

Ingram MA, Jones MB, Stonehouse W, et al. Oral vitamin D3
supplementation for chronic plaque psoriasis: a randomized,
double-blind, placebo-controlled trial. J Dermatolog Treat.
2018;29(7):648-657.

Jarrett P, Camargo CA Jr, Coomarasamy C, Scragg R. A
randomized, double-blind, placebo-controlled trial of the
effect of monthly vitamin D supplementation in mild psoriasis.
J Dermatolog Treat. 2018;29(4):324-328.

Gupta R, Dixon KM, Deo SS, et al. Photoprotection by 1,25-
diydroxyvitamin D3 is associated with an increase in p53 and a

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Thompson and Kim 1049

decrease in nitric oxide products. J Invest Dermatol. 2007;
127(3):707-715.

De Haes P, Garmyn M, Verstuyf A, et al. 1,25-dihydroxyvitamin
D3 and analogues protect primary human keratinocytes
against UVB-induced DNA damage. J Photochem Photobiol B.
2005;78(2):141-148.

Tang JY, Parimi N, Wu A, et al. Inverse association between
serum 25(OH) vitamin D levels and non-melanoma skin cancer
in elderly men. Cancer Causes Control. 2010;21(3):387-391.
Asgari MM, Maruti SS, Kushi LH, White E. A cohort study of
vitamin D intake and melanoma risk. J Invest Dermatol. 2009;
129(7):1675-1680.

Eide MJ, Johnson DA, Jacobsen GR, et al. Vitamin D and
nonmelanoma skin cancer in a health maintenance organiza-
tion cohort. Arch Dermatol. 2011;147(12):1379-1384.

Liang G, Nan H, Qureshi AA, Han J. Pre-diagnostic plasma 25-
hydroxyvitamin D levels and risk of non-melanoma skin cancer
in women. PLoS One. 2012;7(4):e35211.

Newton-Bishop JA, Beswick S, Randerson-Moor J, et al. Serum
25-hydroxyvitamin D3 levels are associated with Breslow
thickness at presentation and survival from melanoma. J Clin
Oncol. 2009;27(32):5439-5444.

Nurnberg B, Graber S, Gartner B, et al. Reduced serum 25-
hydroxyvitamin D levels in stage IV melanoma patients.
Anticancer Res. 2009;29(9):3669-3674.

Randerson-Moor JA, Taylor JC, Elliott F, et al. Vitamin D
receptor gene polymorphisms, serum 25-hydroxyvitamin D
levels, and melanoma: UK case-control comparisons and a
meta-analysis of published VDR data. Eur J Cancer. 2009;
45(18):3271-3281.

Gambichler T, Bindsteiner M, Hoxtermann S, Kreuter A.
Serum 25-hydroxyvitamin D serum levels in a large German
cohort of patients with melanoma. Br J Dermatol. 2013;168(3):
625-628.

Tang JY, Fu T, Leblanc E, et al. Calcium plus vitamin D
supplementation and the risk of nonmelanoma and mela-
noma skin cancer: post hoc analyses of the women’s health
initiative randomized controlled trial. J Clin Oncol. 2011;29(22):
3078-3084.

Caini S, Boniol M, Tosti G, et al. Vitamin D and melanoma and
non-melanoma skin cancer risk and prognosis: a comprehensive
review and meta-analysis. Eur J Cancer. 2014;50(15):2649-2658.
De Smedt J, Van Kelst S, Boecxstaens V, et al. Vitamin D supple-
mentation in cutaneous malignant melanoma outcome (ViDMe): a
randomized controlled trial. BMC Cancer. 2017;17(1):562.

Galior K, Grebe S, Singh R. Development of vitamin D toxicity
from overcorrection of vitamin D deficiency: a review of case
reports. Nutrients. 2018;10(8):E953.

Institute of Medicine (US) Committee to Review Dietary Refer-
ence Intakes for Vitamin D and Calcium. In: Ross AC, Taylor CL,
Yaktine AL, et al,, eds. Dietary Reference Intakes for Calcium and
Vitamin D. Washington, DC: National Academies Press; 2011.
Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D
concentrations, and safety. Am J Clin Nutr. 1999;69(5):842-856.
Park J, Halliday GM, Surjana D, Damian DL. Nicotinamide
prevents ultraviolet radiation-induced cellular energy loss.
Photochem Photobiol. 2010;86(4):942-948.

Gero D, Szabo C. Poly(ADP-ribose) polymerase: a new thera-
peutic target? Curr Opin Anaesthesiol. 2008;21(2):111-121.
Gensler HL, Williams T, Huang AC, Jacobson EL. Oral niacin
prevents photocarcinogenesis and photoimmunosuppression
in mice. Nutr Cancer. 1999;34(1):36-41.

Olivry T, Linder KE, Banovic F. Cutaneous lupus erythematosus
in dogs: a comprehensive review. BMC Vet Res. 2018;14(1):132.
PMID: 29669547.


http://refhub.elsevier.com/S0190-9622(20)30744-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref38
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref39
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref40
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref41
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref42
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref43
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref44
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref45
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref46
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref46
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref46
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref47
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref47
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref47
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref47
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref47
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref48
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref48
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref48
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref48
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref49
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref49
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref49
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref50
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref50
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref50
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref51
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref52
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref52
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref52
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref53
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref54
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref55
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref56
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref57
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref57
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref57
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref58
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref58
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref58
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref59
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref60
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref60
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref60
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref61
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref62
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref63
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref64
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref65
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref66
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref67
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref67
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref67
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref68
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref69
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref98
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref98
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref70
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref70
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref70
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref71
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref71
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref72
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref73
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref73
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref73

1050

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

Thompson and Kim

Yiasemides E, Sivapirabu G, Halliday GM, Park J, Damian DL.
Oral nicotinamide protects against ultraviolet radiation-
induced immunosuppression in humans. Carcinogenesis.
2009;30(1):101-105.

Thanos SM, Halliday GM, Damian DL. Nicotinamide reduces
photodynamic therapy-induced immunosuppression in hu-
mans. Br J Dermatol. 2012;167(3):631-636.

Surjana D, Halliday GM, Martin AJ, Moloney FJ, Damian DL.
Oral nicotinamide reduces actinic keratoses in phase Il double-
blinded randomized controlled trials. J Invest Dermatol. 2012;
132(5):1497-1500.

Drago F, Ciccarese G, Parodi A. Nicotinamide for skin cancer
chemoprevention. N Engl J Med. 2016;374(8):789-790.

. Drago F, Ciccarese G, Cogorno L, Calvi C, Marsano LA,

Parodi A. Prevention of non-melanoma skin cancers with
nicotinamide in transplant recipients: a case-control study. Eur
J Dermatol. 2017;27(4):382-385.

Chen AC, Martin AJ, Choy B, et al. A phase 3 randomized trial
of nicotinamide for skin cancer chemoprevention. N Engl J
Med. 2015;373(17):1618-1626.

Knip M, Douek IF, Moore WPT, et al. Safety of high-dose
nicotinamide: a review. Diabetologia. 2000;43:1337-1345.
Scientific Committee on Food. Opinion of the Scientific Com-
mittee on Food on the Tolerable Upper Intake Level of Nicotinic
Acid and Nicotinamide (Niacin); 2002 Available at: https://ec.
europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80j_
en.pdf. Accessed June 11, 2020.

Padilla HC, Lainez H, Pacheco JA. A new agent (hydrophilic
fraction of Polypodium leucotomos) for management of pso-
riasis. Int J Dermatol. 1974;13(5):276-282.

Gomes AJ, Lunardi CN, Gonzales S, Tedesco AC. The antiox-
idant action of Polypodium leucotomos extract and kojic acid:
reactions with reactive oxygen species. Braz J Med Biol Res.
2001;34(11):1487-1494.

Gonzales S, Pathak MA. Inhibition of ultraviolet-induced for-
mation of reactive oxygen species, lipid peroxidation, ery-
thema and skin photosensitization by Polypodium leucotomos.
Photodermatol Photoimmunol Photomed. 1996;12(2):45-56.
Janczyk A, Garcia-Lopez MA, Fernandez-Penas P, et al. A
Polypodium  leucotomos  extract inhibits  solar-simulated
radiation-induced TNF-alpha and iNOS expression, transcriptional
activation and apoptosis. Exp Dermatol. 2007;16(10):823-829.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

] AM AcAaD DERMATOL
ArriL 2021

Zattra E, Coleman C, Arad S, et al. Polypodium leucotomos
extract decreases UV-induced COX-2 expression and inflam-
mation, enhances DNA repair, and decreases mutagenesis in
hairless mice. Am J Pathol. 2009;175(5):1952-1961.

Gonzalez S, Pathak MA, Cuevas J, Villarrubia VG, Fitzpatrick TB.
Topical or oral administration with an extract of Polypodium
leucotomos prevents acute sunburn and psoralen-induced
phototoxic reactions as well as depletion of Langerhans cells
in human skin. Photodermatol Photoimmunol Photomed. 1997;
13(1-2):50-60.

Middelkamp-Hup MA, Pathak MA, Parrado C, et al. Oral
Polypodium leucotomos extract decreases ultraviolet-induced
damage of human skin. J Am Acad Dermatol. 2004;51(6):910-
918.

Nestor MS, Berman B, Swenson N. Safety and efficacy of oral
Polypodium leucotomos extract in healthy adult subjects. J Clin
Aesthet Dermatol. 2015;8(2):19-23.

Kallis PJ, Price A, Dosal JR, Nichols NJ, Keri J. A biologically
based approach to acne and rosacea. J Drugs Dermatol. 2018;
17(6):611-617.

Caccialanza M, Percivalle S, Piccinno R, Brambilla R. Photo-
protective activity of oral Polypodium leucotomos extract in 25
patients with idiopathic photodermatoses. Photodermatol
Photoimmunol Photomed. 2007;23(1):46-47.

Caccialanza M, Recalcati S, Piccinno R. Oral Polypodium
leucotomos extract photoprotective activity in 57 patients
with idiopathic photodermatoses. G ltal Dermatol Venereol.
2011;146(2):85-87.

Ahmed AM, Lopez |, Perese F, et al. A randomized, double-
blinded, placebo-controlled trial of oral Polypodium leucoto-
mos extract as an adjunct to sunscreen in the treatment of
melasma. JAMA Dermatol. 2013;149(8):981-983.

Goh CL, Chuah SY, Tien S, Thng G, Vitale MA, Delgado-Rubin A.
Double-blind, placebo-controlled trial to evaluate the effec-
tiveness of Polypodium leucotomos extract in the treatment of
melasma in Asian skin: a pilot study. J Clin Aesthet Dermatol.
2018;11(3):14-19.

Auriemma M, Di Nicola M, Gonzalez S, Piaserico S, Capo A,
Amerio P. Polypodium leucotomos supplementation in the
treatment of scalp actinic keratosis: could it improve the
efficacy of photodynamic therapy? Dermatol Surg. 2015;41(8):
898-902.


http://refhub.elsevier.com/S0190-9622(20)30744-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref74
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref75
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref75
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref75
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref76
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref77
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref78
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref79
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref80
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref80
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80j_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80j_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80j_en.pdf
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref82
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref82
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref82
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref83
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref83
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref83
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref83
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref84
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref85
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref86
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref87
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref88
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref89
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref89
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref89
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref90
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref90
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref90
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref91
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref92
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref93
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref94
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref95
http://refhub.elsevier.com/S0190-9622(20)30744-1/sref95

	Dietary supplements in dermatology: A review of the evidence for zinc, biotin, vitamin D, nicotinamide, and Polypodium
	Zinc
	Biotin
	Vitamin D
	Nicotinamide
	Polypodium
	Conclusions
	References


