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Background Global concern about vitamin D deficiency has fuelled debates on photo-
protection and the importance of solar exposure to meet vitamin D requirements.
Objectives To review the published evidence to reach a consensus on the influence
of photoprotection by sunscreens on vitamin D status, considering other relevant
factors.

Methods An international panel of 13 experts in endocrinology, dermatology,
photobiology, epidemiology and biological anthropology reviewed the literature
prior to a 1-day meeting in June 2017, during which the evidence was dis-
cussed. Methods of assessment and determining factors of vitamin D status, and
public health perspectives were examined and consequences of sun exposure and
the effects of photoprotection were assessed.

Results A serum level of > 50 nmol L' 25(OH)D is a target for all individuals.
Broad-spectrum sunscreens that prevent erythema are unlikely to compromise
vitamin D status in healthy populations. Vitamin D screening should be restricted
to those at risk of hypovitaminosis, such as patients with photosensitivity disor-
ders, who require rigorous photoprotection. Screening and supplementation are
advised for this group.

Conclusions Sunscreen use for daily and recreational photoprotection does not com-

promise vitamin D synthesis, even when applied under optimal conditions.

What’s already known about this topic?

e Knowledge of the relationship between solar exposure behaviour, sunscreen use
and vitamin D is important for public health but there is confusion about optimal
vitamin D status and the safest way to achieve this.

e Practical recommendations on the potential impact of daily and/or recreational
sunscreens on vitamin D status are lacking for healthy people.

© 2019 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.
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vitamin D status.

What does this study add?

e Judicious use of daily broad-spectrum sunscreens with high ultraviolet (UV) A pro-
tection will not compromise vitamin D status in healthy people.

e However, photoprotection strategies for patients with photosensitivity disorders
that include high sun-protection factor sunscreens with high UVA protection, along
with protective clothing and shade-seeking behaviour are likely to compromise

e Screening for vitamin D status and supplementation are recommended in patients
with photosensitivity disorders.

The prevention of rickets and osteoporosis by vitamin D has
long been established. More recently, vitamin D has been impli-
cated in many metabolic and immunological disorders as well as
many cancers. Its pleiotropic activity may be mediated by mod-
ulation of ~1000 genes via the vitamin D receptor (VDR),'
which is expressed by at least 60 human cell types.®> The VDR
controls many cellular functions including growth, differentia-
tion and apoptosis. However, the role of vitamin D in the pre-
vention of nonskeletal diseases remains highly controversial.*
Terrestrial ultraviolet radiation (UVR) is the main determi-
nant of vitamin D status. Stratospheric ozone absorbs all solar
UVC (100-280 nm), attenuates UVB (280—-315 nm) but not
UVA (315-400 nm). The sun’s height determines the UVR
pathlength through the ozone layer. Thus, UVB intensity (irradi-
ance) depends mainly on latitude, season and time of day. The
ratio of UVA to UVB also varies with the sun’s height because of
the differential effect of the ozone layer. Thus, terrestrial UVR
typically contains < 5% UVB (~295-315 nm) and > 95% UVA.
The minor UVB component is responsible for vitamin D
synthesis,” the initiating event of which is the isomerization
of the epidermal chromophore (a UVR-absorbing molecule)
7-dehydrocholesterol (7-DHC) into pre-vitamin Dj, which is
thermally converted into cholecalciferol (vitamin D3).'® Pre-
vitamin Dj increases linearly as a function of time of exposure

"' Vitamin D 3

to UVR (i.e. dose) over a period of 30 min.
enters the circulation via the vitamin D binding protein (DBP)
and is hydroxylated into 25-hydroxyvitamin D3 [25(OH)Ds]
in the liver [by vitamin D;-25-hydroxylase (CYP2R1)], and
then in the kidney [by 25(OH)D;-la-hydroxylase
(CYP27B1)] to 1,25-dihydroxyvitamin D3 [1,25(OH),Ds],
the active form of vitamin D (calcitriol), which in fact is a
hormone. However, many tissues including the skin'? also
contain both hydroxylases for the synthesis of calcitriol.
Multiple intrinsic and extrinsic factors modulate vitamin D
synthesis and overall status, including genetic polymorphisms,
age, geographical location, sun exposure behaviour, UVB dose,
clothing, body surface area (BSA) exposed.'® These are summa-
rized in Figure 1'* and Appendix SI (see Supporting Informa-
tion). Vitamin D3 may also be obtained from supplementation
and/or animal-based foods (e.g. oily fish) and undergoes the
same hydroxylations. Alternatively, vitamin D, from nonanimal

© 2019 The Authors. British Journal of Dermatology

dietary uptake (e.g. mushrooms), is hydroxylated into 25(OH)
D, and then converted into 1,25(0OH),D, (ergocalciferol). How-
ever, in general, intake from diet is low. For example, food
intake in the U.S.A. between 2005 and 2006 in 19-30-year-old
males and females was 204 U £ 12 (5-1 pg) and 144 IU £ 12
(3-6 pg), respectively, which represents 34% and 24% of the
recommended dietary allowance (RDA)."®

Solar UVR has many adverse effects, the most obvious of
which is sunburn (erythema). The World Health Organization
has defined the global solar UV index (UVI) (http://www.
who.int/uv/publications/en/UVIGuide.pdf) to allow compar-
isons of erythemal potential at various geographical locations
(latitudes), seasons and times of day.'® This is a numerical
index of the erythemally weighted irradiance of terrestrial
UVR. It is divided into five bands: ‘low’ (1-2), ‘moderate’
(3-5), ‘high’ (6-7), ‘very high’ (8—10) and ‘extreme’ (= 11).
The UVI is primarily an index of UVB irradiance because this
spectral region is the main cause of erythema (see Conclusions
and recommendations: Spectral considerations: Ultraviolet B,
below) and sun protection is advised when the UVI is > 3."7

Global concern about vitamin D deficiency has fuelled
debates on the importance of solar exposure to meet vitamin

1821 The acute and chronic health benefits of

D requirements.
using sunscreens are established”” but there has been concern
about their possible impact on vitamin D status. An interna-
tional panel was tasked to review the published evidence to
reach a consensus on the influence of photoprotection by sun-

screens on vitamin D status, considering other relevant factors.

Methods
The panel comprised experts from diverse disciplines including
vitamin D, endocrinology, dermatology, photoprotection,

experimental photobiology, epidemiology and anthropology.
Panel members made a comprehensive search of literature pub-
lished from January 1996 to May 2017, using the Scopus data-
base, with the following search term categories individually and
in combination: vitamin D, status, level, values, deficiency, measurement,
assay, dosage, evaluation, polymorphisms, genetics, diet, phototype, pigmenta-
tion, lifestyle, location, latitude, sun, UV, UVR, ultraviolet, health, diseases,
sunscreen, photoprotection or sun protection. Members of the panel used
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Personal factors
* Age

* Sex

* Genetics

* Skin type

* Health

¢ Clothing

* BSA exposed

* Sun behaviour

Kidney
25(0OH)-D;-10-hydroxylase
(cYP27B1)

7-dehydrocholesterol (7-DHC)

S Pre-vitamin D, g . ST
NN binding protein (DBP) . g:
I — J /4
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«—
Calcidiol (25-hydroxyvitamin D;) 3
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Calcitriol (1,25-dihydroxyvitamin D;) (CYP2R1)
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External factors

* Weather

¢ Pollution

* Height of sun

dependent on:

o Latitude
o Season
o Time of day

Into circulation via vitamin D

Fig 1. Factors that affect the synthesis of vitamin D;. Many factors determine vitamin D; production. The most important external factor is UVB

dose, which is the product of UVB intensity (irradiance) and exposure time. Cutaneous pre-vitamin Dj is synthesized from 7-dehydrocholesterol

after UVB exposure. Thermally converted into vitamin Dj, it then binds to vitamin D binding protein (DBP) in the blood to be activated

sequentially by the liver and kidney. Cytochrome P450 (CYP) enzymes are crucial for the synthesis of biologically active vitamin Ds (calcitriol),

which binds to intracellular vitamin D receptor (VDR) in most cells in the body. Adapted from Jolliffe et al.'"* More details of these factors are

given in the Supporting Information. BSA, body surface area; RXR, retinoid X receptor; VDRE, vitamin D response element.

their specific areas of expertise to identify relevant papers and
presented and discussed their results at a meeting in Paris in
June 2017. The panel discussion was recorded by a scientific
writer and used as the basis of the manuscript. Additional
2017-19 references were included during the writing process.
This article summarizes the consensus and provides clinical rec-
ommendations in terms of photoprotection in order to ensure
optimal vitamin D status.

Conclusions and recommendations from panel
discussions

What is optimal vitamin D status and the best method to
determine it?
Serum 25(OH)D is the best indicator of vitamin D status but

there is no international consensus on its optimal value, with

British Journal of Dermatology (2019) 181, pp916-931

recommendations varying from 25 nmol L' to > 100 nmol
L~ '.*® Figure 2 summarizes the definitions of vitamin D status
by various international bodies.”®> The most widely held con-
sensus for the boundary between insufficiency and sufficiency
is 50 nmol L' According to the Institute of Medicine
(IOM)," a serum concentration of 50 nmol L' 25(OH)D
meets or exceeds the requirement of 97-5% of the U.S. popu-
lation, but it is not possible to specify desired individual sta-
tus.”> The determination of vitamin D status is discussed in
Appendix S2 (see Supporting Information).

Public health perspectives

Hypovitaminosis D is prevalent globally.”>**?*

A system-
atic review covering 168 000 people from 44 countries
reported serum 25(OH)D < 50 nmol L™' in 37% of stud-
ies.”® This was mainly in the Middle East?’ and Asia

© 2019 The Authors. British Journal of Dermatology
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50 nmol L™

25-30 nmol L™

75 nmol L™

> 100 nmol L™

SACN (U.K.); Netherlands

IOM; Australia/New Zealand;
Nordic countries; DACH; AAP

Endocrine Society;
IOF; AGS; GRIO

Vitamin D Council;
Opinion of a few experts

10-12 ng mL? 20 ng mL!

30 ng mL!

> 40 ng mL1?

Fig 2. Thresholds of serum 25(OH)D concentration recommended by different bodies for definitions of vitamin D status (adapted from

Bouillon23). Red, deficiency; orange, insufficiency; green, sufficiency. AAP, American Academy of Pediatrics; AGS, American Geriatrics Society;

DACH, Deutschland, Austria and Confederation Helvetica; GRIO, French Research and Information Group on Osteoporosis; IOF, International

Osteoporosis Foundation; IOP, Institute of Medicine; SACN, Scientific Advisory Committee on Nutrition (U.K.).

despite high insolation, emphasizing the importance of
human behaviour.

Medical conditions and treatments with high risk of vitamin
D deficiency are summarized in Table SI (see Supporting
Information). Concern about vitamin D status has resulted in
increased screening with financial consequences.”® Clinical
practice guidelines from the Endocrine Society advise screen-
ing only for those at risk of deficiency.” In France, the
Research and Information Group on Osteoporosis (GRIO) rec-
ommends systematic vitamin D supplementation without
screening in everyone over 65 years.30

Disagreement on recommended doses for vitamin D supple-
mentation arises, in part, from discrepancies of opinion on
optimal serum 25(OH)D levels. The doses recommended for
supplementation are discussed in Appendix S2 (see Supporting
Information), but in case of deficiency, vitamin D supplemen-
tation should be 600-800 IU (15-20 pg) daily [but 400 IU
(10 pg) in those less than 1-year-old] to achieve at least a tar-

get serum level of 50 nmol L™".

Sunscreens and sun protection indices

Sunscreens are topical formulations that contain chemicals that
attenuate solar UVR.>'**” Global regulatory authorities have
defined the sun protection factor (SPF) of a sunscreen as a uni-
versal quantitative index of protection against erythema,
assessed after a single exposure of solar-simulated radiation
(SSR; Fig. 3a). In effect, the SPF is the ratio of SSR dose neces-
sary for a minimal erythema dose (MED) with and without sun-
screen application. SPF should be the primary driver of

© 2019 The Authors. British Journal of Dermatology

sunscreen choice. These authorities also require UVA protection
(see Spectral considerations: Ultraviolet A). A given sunscreen,
applied according to prescribed SPF test conditions at 2 mg
cm™’, transmits 1SPF of the erythemally effective UVR. One
MED is equivalent to about three standard erythema doses (1
SED = 100 J m > of erythemally weighted UVR*®) in a fair-
skinned person.** Thus, assuming a possible ambient exposure
of 30 SED during a sunbathing session, the correct use of SPF
20 sunscreen will allow a suberythemal 1-5 SED to reach the
skin. However, people typically apply very much less with a
commensurate reduction of actual labelled SPF. For example, a
study of Danes on holiday in Egypt reported a mean application
thickness of 0-79 mg cm™”.>* This paradoxically means that
sunscreen use may be associated with sunburn as a result of

. . 36,37
more time in the sun.”™

Additional protection factors have
been proposed, such as immune protection factor, DNA protec-

tion factor®' and a protection factor for visible light.*®

The benefits of sunscreens in photoprotection strategies

The acute and chronic adverse effects of solar UVR, especially to
those with fair skins, are well established and can be inhibited
by effective sun protection.””*****% This includes (i) sun
avoidance or seeking shade; (ii) clothing; and (iii) sunscreen
use. When used optimally sunscreens can prevent erythema
during a week-long holiday, even when the UVI is very high.A‘l
Laboratory studies have shown than sunscreens can prevent
UVR-induced immunosuppression*” and the formation of DNA

43,44

damage [specifically cyclobutane pyrimidine dimers (CPD),

the action spectrum of which is very similar to erythema].**

British Journal of Dermatology (2019) 181, pp916-931

published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.




920 Photoprotection and vitamin D status, T. Passeron et al.

(b) 100+
— Erythema
3 101+ — = Vitamin D
£ k3,
5 £ 192
© S 10724
= o
Q 1 2 -3
2 104 : = London w® 1074
w 4 SSR °
< 1075+ : — UVB €, C N\
(4 10-5 4 ; —— UVB + Kodacel 1071 E
10-7 L] ' L] L] " L] L} 10—5 L] : L] L] L] L] L]
280 300 320 340 360 380 400 280 300 320 340 360 380 400
Wavelength (nm) Wavelength (nm)
(©) 102 - == London: Erythema
= London: Vitamin D
> SSR: Vitamin D
T2 .00 = UVB: Vitamin D
o & 1071 —— UVB + Kodacel: Vitamin D
4 g \""”'\-.-
% o , \.\.«\_‘\.—\M
S g 107“ +
S5 107
14
10-6 — r r ' '
280 300 320 340 360 380 400
Wavelength (nm)

Fig 3. Ultraviolet radiation (UVR) spectra and their interactions with action spectra. (a) UVR emission spectra of natural temperate noon summer
sunlight (London, U.K.; 51-5° N), solar simulated radiation (SSR) from a Solar® Light 165-001 v4-0 (Solar® Light, Glenside, PA, U.S.A.) with an
emission spectrum compliant for sun-protection factor (SPF) testing with the International Organization for Standardization (ISO) Standard 24444
and Cosmetics Europe 2006 and a UVB phototherapy source (Philips TL20W/12 fluorescent tubes in combination with and without a UVC
blocking filter (Kodacel) that has been widely used in vitamin D studies. Spectra are normalized at 315 nm (CIE boundary between UVB and
UVA). (b) CIE action spectra for erythema®” and formation of pre-vitamin D3.°® (c) UVR emission spectra weighed for erythema and pre-vitamin
D; using the emission spectra in Figure 3a and action spectra in Figure 3b. These products give biologically effective energy and are normalized at
315 nm (CIE boundary between UVB and UVA). Comparisons of the UVB source, with and without Kodacel, weighted with the pre-vitamin D
action spectrum show the large influence of nonsolar UVR in many laboratory studies. Comparisons of the London solar spectrum weighted with

the erythema and pre-vitamin D action spectra show that UVA filters have no influence on vitamin D production.

CPD are thought to be important in many skin cancers. Those
with cancer-prone fair skin are especially sensitive to CPD for-
mation, whereas the higher melanin content in dark skin affords
much better protection against CPD, especially in the basal

layer.“*50 A

recent study with a high SPF sunscreen and high-
dose SSR for 5 consecutive days showed significant protection
against CPD, even when the sunscreen was applied at 0-75 mg

to simulate typical use.** A large Norwegian cohort
51

em™?
showed that sunscreen use reduced the risk of melanoma.
Extensive randomized controlled trials in Australia, with long-
term follow-up, have demonstrated the protective properties of
a sunscreen against photoageing, melanoma and squamous cell

. . 52-56
carcinoma, but not basal cell carcinoma.

Spectral considerations
Ultraviolet B Action spectroscopy shows that UVB is orders of

magnitude more effective than UVA for erythema (see

British Journal of Dermatology (2019) 181, pp916-931

Fig. 3b°7°%).** This means that the SPF is primarily, but not
exclusively, a measure of UVB protection.®' Such protection is
essential when UVB doses are high with recreational solar

exposure, and in countries with high UVL

Ultraviolet A There has been an increasing trend over recent
years for better UVA protection, with the aim of designing
the ideal ‘neutral density’ sunscreen with ‘spectral homeosta-
sis’ that mimics shade, i.e. it does not distort the natural
solar UVR spectrum.®” There is no global standard for UVA
protection and requirements vary with regulatory domain.®'
The U.S. Food and Drug Administration has recently pro-
posed greater UVA protection.60 A UVA protection factor
(UVA-PF) can be obtained using a sunscreen’s ability to inhi-
bit persistent pigment darkening in vivo.®" Spectral approaches,
based on UVB/UVA absorption ratios and bandwidth cover,
give qualitative but not quantitative information on UVA pro-

tection.

© 2019 The Authors. British Journal of Dermatology
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UVA irradiance is at least 20-fold greater than UVB in

sunlight.®”

Furthermore, because UVA is not attenuated by
the ozone layer, it is much less prone than UVB to daily,
seasonal and geographical variation. Efficient UVA protection
is highly recommended in recreational and daily photopro-
tection strategies, because good UVB protection, which inhi-
bits sunburn, enables prolonged solar exposure and the
accumulation of unnaturally high UVA doses. UVA1 (340—
400 nm) preferentially induces CPD in the basal layer, which
contains stem cells and melanocytes,®® as well as damaging
DNA  repair enzymes.64 Increasing UVA protection for a
given SPF results in a de facto reduction of UVB protection,
which might be expected to be beneficial for vitamin D syn-
thesis.

Studies in vivo or in 3D skin models, have shown that for
a given SPF a high UVA-PF sunscreen offers better protection
against pigmentation, photoageing and DNA damage com-
pared with low UVA-PF, and that low SPF sunscreens with
high UVA-PF offer such protection (Table 1).°*7° One
study, on a reconstructed skin model exposed to daily SSR,
showed that a sunscreen with a lower SPF but strong UVA
protection was more effective in preventing photodamage
compared with a sunscreen with a higher SPF but low UVA
protection.®® Thus, overall there seems to be biological and
clinical advantages from increasing UVA protection for a
given SPE.

Photoprotection and vitamin D status, T. Passeron et al. 921

Does photoprotection by sunscreens have an influence
on vitamin D status?

Sunscreen use and vitamin D status

Given that solar UVB is the main source of vitamin D,”'7?
a possible adverse effect of sunscreen use on vitamin D syn-
thesis has important public health implications. This has
the different described

below. Reviews on sunscreen use and vitamin D synthesis

been studied using approaches

have concluded that sunscreen use is likely to have minimal

. . . 9,73,74
1rnpact on vitamin D status,

even though the action
spectra (Fig. 3b) for erythema and pre-vitamin D show
considerable UVB overlap.””*® One reason suggested for this
is suboptimal sunscreen application, which reduces its effi-
cacy. However, little is known about the minimal UVB dose
and exposed BSA requirements to maintain optimal vitamin
D status.

Action spectroscopy shows that UVA protection will have
no effect on vitamin D synthesis (Figs 3b, ¢), although one
in vitro study has suggested that UVA2 (315-340 nm) may
cause vitamin D degradation,”® in which case UVA protec-
tion may be beneficial for vitamin D production.

Laboratory and modelling studies have shown that serum
25(OH)D can be increased with repeated suberythemal UVR

76-78

exposure; such doses can be as low as four exposures of

Table 1 Daily photoprotection studies with solar type UVR sources and emphasis on impact of ultraviolet (UV) A protection; summary of main

conclusions from laboratory photoprotection studies

First author, year  Study model Exposure

b
Sunscreen®

Conclusion

Young 2007%° Healthy volunteers Daily suberythemal

FST I/T1 SSR exposure (11
days)
Lejeune 2008°° 3D human skin DUVR® dose-response
models (0-90 J cm ™ %)

Seité 20107 Healthy volunteers

FST I1/111

Daily suberythemal
DUVR® exposure (19
days over 4 weeks)

DUVR®

Fourtanier 2012°®  Asian (FST III)

volunteers®

Marionnet 2012°° 3D human skin DUVR® exposure. 12 J

models cm

Broad-spectrum SS: SPF 7-5 UVA
4%

SS with SPF 15 but high and low
UVA-PF with SPF/UVA-PF ratio
<3or>3

Broad-spectrum SS: SPF 8 UVA-
PF 7 UVA 3*

SS with SPF 19, 30 and 50, each
with high and low UVA-PF

SS with SPF 13 and high UVA-PF
(SPE/UVA-PF ratio < 3)

Prevention of DNA damage, p53
accumulation and Langerhans cell
depletion

High UVA-PF (SPF/UVA-PF ratio <
3) showed better prevention of
dermal alterations

Prevention of p53-positive cells,
melanin increase, loss of HLA-DR-
positive cells and induction of
dermal modifications (GAG)

Better inhibition of pigmentation (at
7 days) with high UVA-PF (SPE/
UVA-PF ratio < 3)

Inhibition of gene expression for
adverse effects of DUVR

DUVR, daylight UVR; FST, Fitzpatrick skin type; GAG, glycosaminoglycans; HLA-DR, human leukocyte antigen — DR isotype; SPF, sun protec-

tion factor; SS, sunscreen; SSR, solar simulating radiation, UVA-PF, UVA protection factor; UVR, ultraviolet radiation
*SPF/UVA-PF ratios from L'Oréal: < 3, well-balanced UVB-UVA protection (according to EC requirements); > 3, unbalanced SS with low

UVA protection.

PUVA star (*) rating refers to a sunscreen’s UVA : UVB absorbance ratio (Boots star rating method). The higher the rating, the better the

UVA protection with a maximal value of 5 (which represents a more or less neutral density sunscreen).
‘DUVR has a UVA/UVB ratio of ~ 27 (96:5% UVA, 3-5% UVB), which is more typical of temperate sunlight compared with SSR used for

SPF testing.

9The FST type is not given in Fourtanier et al.,°® but those authors refer to a poster by Moyal,*® which gives further details.

© 2019 The Authors. British Journal of Dermatology
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25(0OH)D, 25-hydroxyvitamin D; BCC, basal cell carcinoma; BCNS, basal cell naevus syndrome; FST, Fitzpatrick skin type; NA, data not available or not applicable; NHANES, National Health and Nutri-

tion Examination Survey; SLE, systemic lupus erythematosus; SPF, sun protection factor; SS, sunscreen; XP, xeroderma pigmentosum, vit, vitamin
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0-375 SED over 24% BSA.”’ A study of Polish children, who
did apply sunscreen, on holiday by the Baltic Sea showed that
daily borderline erythemal exposure results in a highly signifi-
cant increase of serum 25(OH)D;.*” These studies suggest that
vitamin D synthesis occurs with low UVR doses and therefore
sufficient UVR may be transmitted through a sunscreen for
vitamin D synthesis.

Sunscreen use and vitamin D status in patients with
photosensitivity with strict photoprotection

Patients with genetic and acquired photosensitivity disorders,
and those at risk of and/or with a history of skin cancer
are advised to practice strict photoprotection, including sun-
screen use. This population is an ideal group to assess the
effects of rigorous photoprotection. Table 2 shows some of
these conditions,®'* in which patients present with low
levels of 25(OH)D; except in the study of Ulrich et al.,*® in
which 25(0H)D; was > 132-5 nmol L™' in 120 organ
transplant recipients. However, it is impossible to attribute
low serum 25(OH)D; to a given photoprotection strategy
because more than one was used. Furthermore, for the
most part there were no controls, and supplementation was
given or taken in many of the studies. Overall, it is not
possible to use these studies for sunscreen guidance for the
general population.

Sunscreen use and vitamin D3 synthesis in studies using
nonsolar ultraviolet radiation from artificial sources

Laboratory studies offer an obvious way to study the effects of
sunscreens under controlled conditions. Five studies have
shown that sunscreen application (0-5-2 mg cm”™ *) inhibited
the synthesis of vitamin D (Table 3).”*/
sources used were mainly UVB-rich (Fig. 3a), including non-

However, the

solar UVB (< 295 nm), which is very effective at pre-vitamin
D production (Fig. 3b). Figure 3¢ shows that such nonsolar
wavelengths have a disproportionally large effect, and thus do
not reflect environmental reality. Of note, one study showed
that 25(OH)D synthesis is dependent on application thickness
when 25% of BSA is exposed.”® It was recently shown that
sunscreens block cutaneous vitamin Dj (cholecalciferol) pro-
duction with only a minimal effect on circulating 25(OH)D
after a single narrowband UVB (~313 nm) exposure.”” In
general, the UVR dose of these studies is low, e.g. this was
0-8 MED (estimated to be ~3 SED in skin type III volunteers)
with SPF 50 at 2 mg cm™ * in the study of Libon et al.”” Tak-
ing the SPF at face value means the dose through the sun-
screen is 3/50 = 0-06 SED. However, it should be noted that
the labelled SPF value is specific to SSR sources used for SPF
testing that meet certain spectral specifications. The ‘actual
SPF’ with nonsolar UVB-rich sources may be considerably
higher’® than labelled SPF in sunlight. This means that the
labelled SPFs are in fact meaningless with nonsolar sources.
Overall, when taking photobiological considerations into
account, the use of sunscreens with non-SSR sources cannot

British Journal of Dermatology (2019) 181, pp916-931
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provide reliable data on their effect on vitamin D synthesis for
public health purposes. The only way to do such studies reli-
ably would be to use SSR as used in SPF testing, or a fluores-
°? It should be noted that the higher UVB
content of SSR than ‘typical’ terrestrial UVR may also influence

cent SSR source.

results.'°® Furthermore, the SSR doses given should be envi-

Significantly more 25
(OH)D with high

use (sunburn) but all
UVA-PF SS. No

increases highly
significant.
difference in UVR
exposure between
holiday groups
group in Poland

ronmentally realistic and represent a serious challenge to the

No change in control

Conclusions

sunscreen under test.

Sunscreen use for daily and recreational photoprotection
and vitamin D status

Questionnaire-based studies Table S2 (see Supporting Information)

UVR monitored

shows that most questionnaire-based studies report no correlation
between sunscreen use and serum 25(OH)D; levels. However,
two studies showed a negative correlation and a positive correla-
tion was observed in three studies. The negative correlation, in a
Brazilian study, reported that 25(OH)D; was sufficient (73 nmol
L") in the sunscreen group.'®' Godar et d. reported, from a

Baseline values

modelling study, that young Americans (< 19 years) using sun-
screen with SPF > 15 had insufficient vitamin Dj status, and con-
cluded that most American children may not get sufficient solar
exposure to meet their minimal vitamin D requirements.102 One
explanation for the positive correlations, including one large
Danish study of 2625 adults and 569 children,'®® is increased

solar exposure without erythema.

Assessment period

Questionnaire-based  studies have obvious limitations
including compliance, unknown confounding factors, the use
of nonsunscreen photoprotection and recall bias. UVR expo-
sure was based on proxies such as time outdoors.

(i) Low UVA-PF
Discretionary SS

SPF

Controlled studies Controlled field studies with real sun exposure
are the best way to determine the effect of sunscreen use on
vitamin D synthesis. Such studies present ethical considerations
when considering control groups because lack of sunscreen

use could result in sunburn and increased skin cancer risk.

Location, latitude

Results of such studies are shown in Table 4,*"1%* ! \which
reports that most studies showed no change in serum 25(OH)

. 106-108
D; with sunscreen use, but two showed reduc-

. 104,105
tion.

These studies mostly ignore the most important
factors that influence outcome, namely personal UVR expo-
sure, sunscreen application thickness and BSA exposed. Marks

105 .
who found no difference between sunscreen and con-

et al.,
trol groups, measured UVR exposure in the last week of a 7-
week study in Australia using polysulphone badge personal
dosimeters. The UVR exposures in the sunscreen and control
groups were not different, but the last week’s exposure is
unlikely to have been critical for the outcome because serum

25(OH)D; was best predicted in Australian adults by solar
112

Participants: n (age)

exposure 6 weeks prior to measurement.

One factor that has been ignored in all types of study
described above, except for the study of Faurschou et dal.,”® is the
effect of baseline 25(OH)Ds on the response to UVR. The lower

113

the baseline, the greater the response to UVR '~ and this must

use
1,25(0H),D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; RCT, randomized control trial; SED, standard erythema dose; SPF, sun protection factor; SS, sunscreen; UVA-PF, UVA protec-

tion factor; UVR, ultraviolet radiation
The interventions are described in more detail in Azizi et al.,"®” an earlier paper by the authors relating to the same study. SS included sunglasses and wide-brimmed hats.

bSigniﬁcant reduction of bone turnover marker (osteocalcin) in one autumn measurement.

“Paper gives 2 different values for age. This considered more likely.

Table 4 (continued)
First author, year

be considered in the statistical analyses. A similar observation has
114

¢

been made in vitamin D supplementation studies.

British Journal of Dermatology (2019) 181, pp916—931 © 2019 The Authors. British Journal of Dermatology
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Table 5 General recommendations

Photoprotection and vitamin D status, T. Passeron et al. 927

Key messages

® The concentration of serum 25(OH)D is a good indicator of vitamin D status. Target serum 25(OH)D should be at least 50 nmol L™

(20 ng mL™").

® Vitamin D status is modulated by many intrinsic and extrinsic factors including genetic polymorphisms, skin

type (pigmentation), age, health, sun exposure
behaviour, season, latitude, clothing and nutrition.

® Routine 25(OH)D screening is not recommended for healthy children and adults, nor is systemic oral vitamin D supplementation.

However, it should be considered for people with deeply pigmented skins, those wearing clothing that covers most of the body,

especially during pregnancy, and the elderly, or persons in institutions.

® Daily photoprotection is recommended for all skin phototypes, subject to local weather conditions and activities. This includes seeking

shade, wearing hats and clothing, using sunglasses and broad-spectrum sunscreen use on exposed skin. These strategies will help prevent

sunburn, skin cancer and photoageing.

® SPF should also be adapted to lifestyle (clothing, outdoor activity, diet). High UVA-PF is advised in all

cases.
The panel recommends:

— A daily use of low SPF protection (i.e. SPF 15) with UVA-PF protection in temperate climates with low UVB in wintertime to inhibit

photoageing.

—  SPF 30 in countries/locations with intense UVB radiation (lower latitudes, high altitudes) irrespective of season.

- High SPF and UVA-PF for recreational activities under intense solar exposure along with clothing and the use of shade.

® Sunscreen use for daily and recreational photoprotection need not compromise skin vitamin D synthesis, even when applied under

optimal conditions. Increasing the UVA-PF for a given SPF improves vitamin D3 production.

® Patients with genetic or acquired photosensitivity disorders require strict photoprotection. Also at risk are patients with a history of skin

cancer and organ transplant recipients and those with malabsorption syndromes. Daily SPF 50+ with high UVA protection is strongly

recommended for all these patients along with wearing protective clothing and seeking shade. This makes them prone to vitamin D

deficiency and supplementation and screening is therefore advised for this population.

25(0OH)D, 25-hydroxyvitamin D; SPF, sun protection factor; UVA-PF, ultraviolet A protection factor

A holiday study in Tenerife (Canary Islands) during a week
of very high UVI was designed to take the above factors into
account, including a discretionary sunscreen-use control
group. This showed that intervention with optimal SPF 15

sunscreen use (> 2 mg cmfz), which inhibited erythema\,41

still enabled very considerable vitamin D productionnl com-
pared with the discretionary sunscreen-use group that had
sunburn. A comparison of high vs. low UVA-PF showed
greater vitamin D synthesis with the former. Thus, optimal
UVA+B protection does not compromise vitamin D increase
during recreational exposure. It was estimated that the daily
UVR dose through the sunscreen was 0-4 SED, which is equiv-
alent to 0-1 MED in a fair-skinned person.*' Thus, the UVB
doses needed for the biosynthesis of vitamin Dj are indeed
very low. Overall, this study shows that it is possible to have
the benefits or solar exposure while minimizing the risks.

In conclusion, effective sunscreens must attenuate UVB to
prevent erythema. In theory, this should inhibit vitamin Ds
biosynthesis. However, the doses of UVB necessary are low
(i.e. substantially suberythemal) so that typical sunscreen use
does not lead to vitamin D insufficiency in practice in healthy
people. Indeed, even optimal sunscreen use allows good vita-
min D synthesis under high UVI conditions. Better UVA pro-
tection for a given SPF results in a de facto reduction of UVB
protection. UVA protection will have no impact on vitamin D
synthesis ~ (see  Fig. 3b), and

indeed may prevent

© 2019 The Authors. British Journal of Dermatology

photodegradation. Increased UVB for a given SPF should in
theory and in practice result in better vitamin D synthesis.
Studies done to date have been with lighter-skinned individu-
als, and conclusions may not apply to those with darker skin
types IV-VI who use sunscreens. In such cases, oral supple-
mentation may be advisable.

Summary

Cutaneous vitamin D; synthesis is initiated by terrestrial-range
UVB and can be achieved with suberythemal exposures to a rela-
tively small BSA. Daily sunscreen use, for nonintentional solar
exposure, is mainly based on products with low SPF and high
UVA-PFE. This is unlikely to impact on vitamin D production. In
fact, most studies published to date have shown no association
between sunscreen use and vitamin D deficiency, even with regular
use of SPF > 15. Some studies have even reported a positive associ-
ation between sunscreen use and 25(OH)Ds, suggesting that their
use may have increased sun exposure. Indeed, time spent outdoors
and BSA exposed to sun have been positively correlated with vita-
min D status. Overall, other photoprotection behaviours (such as
seeking shade, wearing protective clothing and long sleeves) may
have more impact on vitamin D status than sunscreen use. The rec-
ommendations of the panel for daily and recreational photoprotec-
tion, as well as the need for vitamin D screening and
supplementation, are summarized in Table 5.
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