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Literature Review

ABSTRACT

ARTICLE INFO Globally, there is an increasing prevalence of vitamin D deficiency,
Keywords: including in Southeast Asia, which ranges from 6% to 70%. Vitamin
melanin, D plays an important role in calcium metabolism and bone health.
vitamin D, .. . . . . .

skin pigment Melanin is one factor that contributes to vitamin D deficiency. It has
photoprotective photoprotective properties that inhibit vitamin D synthesis, but the
*Corresponding author: mechanism has not been fully understood. To determine the mechanism
regina@atmajaya.ac.id of the association between melanin and vitamin D, this systematic review
DOI: 10.20885/JKKI.Vol14.Iss1.art13 was conducted on 11 articles, including cross-sectional studies, cohort
History: studies, and randomised controlled trials published from 2010 to 2020.
Received: January 12, 2022 The search included Pubmed, EBSCO, and Proquest databases, and data
Accepted: February 5, 2023 . . . . . .

Online: April 5, 2023 were synthesised from 11 studies. This critical review found nine of the 11
Copyright @2023 Authors. This is stu_dies reported a signific.ant. a.lssociation between rpelar.lin gpd Vitamir_l D,
an open access article distributed while two reported non-significant results. Of the nine significant studies,
under the terms of the Creative eight reported that people with higher melanin have lower vitamin D

Commons  Attribution-NonCom- levels, while one study suggested that melanin levels do not necessarily
mercial 4.0 International Licence

(http://creativecommons.org/li- associate with lower vitamin D levels. In conclusion, the review establishes
cences/by-nc/4.0/). a significant association between melanin and vitamin D.

Secara global, prevalensi defisiensi vitamin D cenderung meningkat, termasuk di Asia Tenggara yang berkisar
antara 6% hingga 70%. Vitamin D memiliki peran penting dalam metabolisme kalsium dan kesehatan tulang.
Melanin adalah salah satu faktor yang berkontribusi terhadap kekurangan vitamin D. Melanin memiliki sifat
fotoprotektif yang menghambat sintesis vitamin D, namun mekanisme ini belum sepenuhnya dipahami. Untuk
menentukan mekanisme hubungan antara melanin dan vitamin D, dilakukan tinjauan sistematis pada 11 artikel,
seperti studi potong-lintang, studi kohort, dan uji klinis acak yang diterbitkan dari tahun 2010 hingga 2020.
Pencarian dilakukan pada database Pubmed, EBSCO, dan Proquest, dan data disintesis dari 11 studi. Tinjauan
kritis inimenemukan bahwa sembilan dari 11 studi melaporkan adanya hubunganyang signifikan antara melanin
dan vitamin D, sementara dua studi melaporkan hasil yang tidak signifikan. Dari sembilan studi yang signifikan,
delapan melaporkan bahwa orang yang memiliki melanin lebih tinggi memiliki kadar vitamin D yang lebih rendah,
sementara satu studi menyatakan bahwa kadar melanin tidak selalu berkaitan dengan rendahnya kadar vitamin
D. Kesimpulannya, tinjauan ini menegaskan adanya hubungan yang signifikan antara melanin dan vitamin D.

INTRODUCTION study by South East Asian Nutrition Surveys

A previous study estimated that around 1  (SEANUTS) in 2016, reported that 5.6% of
billion of the world’s population is deficient respondents in Indonesia had a desirable vitamin
in vitamin D, and about 50% have vitamin D D level.? Another study in Jakarta demonstrated
insufficiency.’ In Indonesia, there is no actual that the incidence of vitamin D deficiency in
prevalence rate of vitamin D deficiency, buta women aged 45-55 years reached 50%.3 Studies
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on elementary school students in Jakarta reported
an alarming insufficiency rate (75.9%), of which
15% were deficient.* Based on the endocrine
association, a study by Aji et al. on pregnant
women in the Minangkabau area gave a figure
of 36.2% for severe deficiency and 46.6% for
deficiency.® Further, Vitamin D deficiency was
detected in 90% of cord blood samples (birth)
and 13% of venous blood samples at six months
of age in Yogyakarta, Indonesia.®

According to the Institute of Medicine, vitamin
D deficiency is a condition when the level of
25-hydroxyvitamin D (25(0OH)D) in the serum is
less than 30 nmol/L and sufficientif 25(OH)D is
more than 50 nmol/L.” Vitamin D is important
in calcium metabolism, bone health, and muscle
function.®?

Vitamin D deficiency has been strongly
associated with various health outcomes,
including all-cause mortality.’° Vitamin D
deficiency results from a variety of factors and
conditions. These include a lack of vitamin D
consumption in the diet, as well as a reduction in
vitamin D absorption caused by certain conditions
like celiac disease, inflammatory bowel disease,
short bowel syndrome, chronic pancreatitis, and
cystic fibrosis. Other contributing factors include
liver cirrhosis, kidney failure, and the use of
drugs such as phenobarbital, carbamazepine,
dexamethasone, nifedipine, spironolactone,
clotrimazole, and rifampin, as these medications
can stimulate hepatic p450 enzymes and
accelerate vitamin D catabolism. Additionally, lack
of exposure to sunlight can result in insufficient
vitamin D synthesis.!

Furthermore, recent studies have reported
an association between age and skin pigment
concerning vitamin D synthesis. Specifically, as a
person ages, their ability to synthesise vitamin D
decreases. Similarly, individuals with high levels
of skin pigments, such as melanin, tend to have
slower rates of vitamin D synthesis.'’"** Melanin
has photoprotective properties that can protect
the body from ultraviolet radiation (UVR), so
the amount of melanin is thought to affect the
skin’s ability to synthesise vitamin D."* However,
the mechanism has not been fully understood.
A study by Young et al. on 102 volunteers with
varying levels of Fitzpatrick skin type revealed
a very small association between melanin and
Vitamin D synthesis.*®
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Due to the inconsistent results of previous
studies, the present study aimed to critically
evaluate the association between melanin
and vitamin D levels across all age groups, to
understand the mechanism of melanin in the
biosynthesis of vitamin D, and provide valuable
evidence for future studies.

This study utilised a systematic review,
following the Preferred Reporting Items for
Systematic Review and Meta-analysis (PRISMA)
flow diagram, which involved several stages
(Figure 1). Articles were retrieved from three
databases, including PubMed, EBSCO, and
ProQuest, using a combination of the keywords
vitamin D and melanin. To refine the selection
of articles, duplicate keywords were eliminated
using the Zotero program, and inclusion and
exclusion criteria were applied. The inclusion
criteria were articles published in English or
Bahasa Indonesia between 2010 and 2020, which
involved a sample population of all age groups and
employed cross-sectional studies, cohort studies,
or randomised controlled trials. Conversely, the
exclusion criteria comprised articles that were
not full-text or whose study respondents had
a vitamin D metabolism disorder.'”*® Selected
articles were summarised in a table, including the
first author, published year; location, study design,
vitamin D analysis method, melanin analysis
method, number of respondents, mean of vitamin
D level, and results (Tables 1 and 2).

The quality of the article was assessed using
the Newcastle Ottawa Assessment Scale (NOS)
and The Joanna Briggs Institute (JBI).?*?° After
being extracted and assessed for quality, the
article was analysed and interpreted to obtain
evidence for the conclusion.

The role of melanin in the biosynthesis of
vitamin D

Melanocytes found around 12.2-12.8
melanocytes/mm in adult human epidermis,
consistent regardless of light or dark skin.
Melanocytes are a slow-dividing cell type with
a proliferation rate of less than twice per year,
allowing them to stay at the basal layer of the
epidermis. UV exposure gives keratinocytes
in epidermal signal to activate p53 mediated
expression of proopiomelanocortin (POMC),
which upon post-translational cleavage generates
a paracrine factor, « melanocyte-stimulating
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Table 1. Demographic characteristics article on the association of melanin and vitamin D

No  Authors Title Objective Conclusion
1. LauraM. Vitamin D intake needed Make quantitative Participants with high skin
Hall,etal?® to maintain target serum assessments to predict reflectance and high sun
25-hydroxyvitamin D vitamin D status based exposure had a small risk
concentrations in participants onsunexposureandskin of vitamin D insufficiency,
with low sun exposure and pigment whereas participants with
dark skin pigmentation is low skin reflectance and low
substantially higher than sun exposure tended to have
current recommendations a greater risk
2. Jacqueline Determinants of serum 25 Develop predictive Age and sun exposure affect
Chan, etal?? hydroxyvitamin D levels in a equations on s25(0H) s25(0OH)D levels differently
nationwide cohortofblacksand D levels with large inblacksand whites
non-Hispanic whites populations and diverse
races
3. MarkD Recommended summer Todeterminetheeffectof The effect of UVR exposure
Farrar, et sunlight exposure amounts fail UVR exposure on Asian is not significant to affect
al® to produce sufficient vitamin and white skin pigments vitamin D status
D status in UK adults of South on vitamin D status
Asian origin
4.  Adam B. Predictors of Serum Vitamin Knowing three factors Factors of vitamin D
Murphy, D Levels in African American that can affect vitamin supplementation and sun
MD, MBA, et and European American Men D levels in African- exposure were significant in
al.2* in Chicago American maintaining vitamin D levels
in both races
5. Marcelo Prevalence of vitamin D Knowing the prevalence The prevalence of vitamin D
Azevedo deficiency during the summer of vitamin D deficiency deficiency in older men is high
Cabral, et and its relationship with sun in older men and its in the tropics
al?® exposure and skin phototypein relationship with sun
elderly men living in the tropics exposure and skin type
6. LaurenE. Association of serum Knowingthereasonskin Race/ethnicity and skin
Ay, et al.?® 25-hydroxyvitamin Dwithrace/ colour affects differences colour have a relationship
ethnicity and constitutive skin in vitamin D levels in with serum vitamin D levels
colour in urban schoolchildren certain races/ethnicities
7. Tim]. Vitamin D supplementation is Knowing the 25(OH)D The children of the study
Green, et associated with higher serum concentrationinchildren were highly protected
al.2e 250HD in Asian and White of Asian ethnicity and against rickets (vitamin D
infants living in Vancouver, white people living in concentration < 10ng/mL)
Canada Canada
8. Kumaravel Estimations of dietary vitamin Knowing the need for The concentration of 25(0H)
Rajakumar, d requirements in black and vitamin D intake in D is influenced by vitamin
etal?’ white children children to achieve the D intake, which should be
recommendations ofthe adjusted based on pubertal
IOM status.
9. C(ClareE Dix, Association of Sun Exposure, Identify factorsthatmay Individuals who are obese and
etal3? Skin Colour and Body Mass affectvitamin D statusin have light natural skin colour
Index with Vitamin D Statusin obese individuals may be at a higher risk for
Individuals Who Are Morbidly vitamin D insufficiency.
Obese
10. Inger Increased vitamin D intake Evaluate the amount Children with white or black-
Ohlund, et differentiated according to of vitamin D needed to pigmented skin need vitamin
al.2® skin colour is needed to meet maintain an adequate D supplements to maintain
requirements in young Swedish 25(0H)D concentration 25(0OH)D concentrations
children during winter: a
double-blind, randomised
clinical trial
11. AntonyR. Melanin has a Small Inhibitory Knowing the effect of Melanin inhibits the
Young, et Effect on Cutaneous Vitamin Fitzpatrick Skin Type production of vitamin D

al.’®

D Synthesis: A Comparison of
Extreme Phenotypes

and ethnicity on the
formation of vitamin D
from sun exposure
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Table 2. Demographic characteristics article on the association of melanin and vitamin D

Vitamin Number of
No Authors Year Loca& Study DAnal-  Melanin Analysis Mean/Median Respondents Vitamin D Result
tion Design ysis Method (Age) Mean (ng/mL)
Method g
Cohort RIA LC- African 44 + 7 L*; South Asian 54 + 5 L¥; 7
1. Laura M. Hall, etal.® 2010 us ’ Spectrophotometer Hispanic 58 + 4 L*; North Asian 59 * 4 L¥; 17.2-26.4 Significant+
Study MS/MS * (19-39)
European 63 +4 L
Jacqueline Chan, et Cohort ) 209 + 236 (58- ) L
2. a2 2010 us Study RIA FST 63) 20-30.8 Significant+
Mark D Farrar, et E n - Cohort . « 15 ) N
3. al.23 2011 gland Study HPLC  Spectrophotometer South Asian, 41.11 +12.84 L (20-60) 5.8-14.8 Significant+
Adam B. Murphy, Cross- Narrow-band reflec- 558
4. MD, MBA et al.2* 2012 us sectional CLIA tometer - (40-79) 21 Significant+
Study
Marcelo Azevedo . Cross- sec- 284 Not Signifi-
5 Cabral, et al.? 2013 Brazil tional Study ECLIA FST ) (> 60) 27.86 cant-
ITAC® White 50.1° Black -10.7° ; Hispanic/
. Latino 34.1° Asian 28.7°; Multi-racial /other
6. LaurenE.Au etal?® 2014  US RCT LCM“gS/ REﬂeCta’:t:e Colorim- 3 30, |TAF® White 28.6°% Black -28.0°; His- (13? 1) <20 Significant+
24 panic/Latino 12.0°; Asian 9.1°; Multi-racial/ ’
other 11.8°
. Cana- Cross- sec- 65 (2-4 -
26 o o
7.  Tim]. Green, et al. 2015 da tional Study CLIA Spectrophotometer ITA® 50.6 months) 31 Significant+
g, Kumaravel Rajaku- 10 g RCT LC-MS/ Dermatospectropho- Median: 49.9 (36.2-67.9) 96 (8-14) 17; 234 Significant+
mar, et al. MS tometer
9. ClareFDixetal® 2017 AUS- Cross-sec o0 g o ctrophotometer  ITAC® 50.2° + 8.2; ITAF® 26.6° + 11.7 50 (23-61) 9.2-41.2 Not Signifi-
tralia tional Study cant-
28 . LC-MS/ L
10. Inger Ohlund, etal® 2017 Swedia RCT MS FST - 189 (5-7) 20 Significant+
Antony R. Young, E n - LC-MS/ ) ) ) I
11. et al s 2020 gland RCT MS Spectrophotometer 102 (20-29) 9-14.8 Significant+

RCT, Randomised Controlled Trials; RIA, Radioimmunoassay; LC-MS/MS, Liquid Chromatography Tandem Mass Spectrophotometry; HPLC, High-Performance Liquid
Chromatography; CLIA, Chemiluminescence Immunoassay; ECLIA, Electro Chemiluminescent Competitive Immunoassay; FST, Fitzpatrick Skin Type; + p<0,05;-p> 0,05
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hormone (a-MSH), which specifically binds to
melanocortin 1 receptor (MC1R) found on the
surface of melanocytes. Melanocytes then initiate
cAMP-mediated melanin synthesis in cellular
organelles called melanosomes, which carry the
melanin to the epidermal keratinocytes.*' The
melanin pigment protects the underlying skin
against damage from UVR. In reducing the UVR,
it also reduces the vitamin D syntesis.?

The amount of melanin in the skin plays
a crucial role in vitamin D production. Those
with lighter skin, such as individuals with
skin types I and II, have less melanin on the
surface of their epidermis, allowing UV light
to penetrate the skin and facilitate vitamin D
biosynthesis. Consequently, they are capable
of producing higher amounts of vitamin D.
Conversely, individuals with darker skin, such
as those with skin types V and VI, have higher
levels of melanin on their epidermis, making it
more difficult for UV light to penetrate and reach
the site of vitamin D biosynthesis. This condition
is due to the photoprotective effect of melanin,
which reduces the amount of UV light that can
penetrate the skin, resulting in reduced vitamin
D production.??

Association between melanin and vitamin D

Nine of the 11 selected articles reported a
significant (p < 0.05) association between melanin
and vitamin D levels. These studies demonstrated
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asignificant result regarding high vitamin D levels
in people with lighter skin (p < 0.05).'>21-3° Hall
et al. study demonstrated that people with lighter
skin (high reflectance) had alower risk of vitamin
insufficiency D compared to people with darker
skin (low reflectance).?! Furthermore, Farrar et
al. found similar findings that people with darker
skin, even though exposed to sunlight, have the
same results and do not increase vitamin D levels
significantly.?® Meanwhile, Cabral et al. reported
an opposite finding, indicating no significant (p
> 0.05) association between vitamin D status
or levels in individuals with light or dark skin.?’
According to Dix et al. constitutive skin pigment
was associated with vitamin D concentration
(p = 0.074). However, there was no significant
association between facultative skin pigment and
vitamin D concentration.*

In the study conducted by Farrar et al. it
was observed that exposure to UV light did
not result in significant vitamin D production
in dark-skinned individuals. This is because
of their natural photoprotective mechanism,
which reduces the penetration of UV rays into the
epidermis. Dark-skinned individuals only absorb
7.4% UVB and 17.5% UVA, whereas light-skinned
individuals can absorb 24% UVB and 55% UVA.
Additionally, the biological process of melanin
degradation through lysosomal enzymes is less
effective in eumelanin, leading to higher levels
of melanin and its photoprotective properties.

PubMed
(n=135)

Identification

EBSCO
(n=3318)

ProQuest
(n= 1648)

— 71— =

Literatures
(n=5101)

Duplication
(n=219)

—

Screening

Article Screening

(n = 4882)

Exclusion Criteria
(n=4841)

Eligibility

Article Assessed

For Eligibility
(n=41)

Exclusion Criteria
(n=30)

l—

Included

Synthesized Article

(n=11)

Figure 1. PRISMA Flow Diagram
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Consequently, the exposure to UV rays that do
penetrate is small, resulting in low vitamin D
synthesis. However, any significant increase in
vitamin D production will be short-lived because,
after a week or more, the melanogenesis process
causes an increase in melanin levels, leading to
a decrease in UV penetration, and a reduction in
vitamin D production.??

A previous study by Cabral et al. and Dix et al.
reported different findings. Cabral et al. found no
significant difference in vitamin D concentration
between dark and light skin individuals (p = 0.46).
However, it is important to note that the study by
Cabral et al. had a small number of respondents
with light skin (only 4 white individuals, 33 with
dark skin, and the remainder with intermediate
skin tones), which may have resulted in inaccurate
comparative analysis.?’ Similarly, Dix et al. did not
find a association between skin pigment and
vitamin D concentration, possibly due to a limited
number of respondents with dark skin, resulting
in an insignificant comparison.*

Risk of bias

Regarding obtained cross-sectional studies,
two articles with a moderate risk of bias at the
selection stage, in which the samples from both
articles did not represent the target population
because they used convenience sampling at an
institution and did not explain non-respondent
bias.?®?° Furthermore, two cohort studies have
a moderate risk of bias because they choose
respondents using convenience sampling, so
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they are not representative.??* One cohort study
also had arisk of bias at the comparability stage
as it failed to control for important factors such
as age, race, food/supplement intake, climate,
and BMI.?2 The seven articles’ outcome stages
of cross-sectional and cohort studies had a
low risk of bias.?1-24262930 Four studies using
randomised controlled trials were included in
the assessment.!52527:28

Factors influence vitamin D concentration

Vitamin D serum concentration is influenced
by several factors, including race/ethnicity,
which is closely related to skin colour. While
it is believed that genetic differences affecting
7-dehydrocholesterol concentration or the
conversion of vitamin D to 25(0OH)D may not
result in significant differences in the biosynthetic
capacity of vitamin D, further research is required
to establish evidence on this matter.?*

A study by Laura et al. suggests that vitamin
D intake alone does not significantly affect
vitamin D serum concentration. However,
adequate sun exposure could increase vitamin
D serum concentration, particularly for light-
skinned individuals.?? It is important to note
that people with dark skin have lower vitamin D
serum production and, therefore, require greater
vitamin D intake than those with light skin.?

As individuals age, their vitamin D serum
levels may decrease slightly due to the decreased
production of 7-dehydrocholesterol in the
skin.?#?3 Additionally, a study found an inverse

Table 3. Assessment of article quality on cross-sectional studies of the association of melanin and vitamin D

Compara-

Article Selection bility Outcome

First Repre- Non-Size  Ascertain- Factors Assestment .. Total

. Statistical
author, sentative Sample Respon- ment of the are of the
test

Year Sample dent exposur controlled outcome
Murphy, % * _ *ox ok * * 8
2012
Cabral, « i " - « " 6
2013
Green, - _ *ok *k * * 6
2015
DiX’ * - Kk Kk * * 7
2017

Very low risk of bias, points 9-10; Low risk of bias, points 7-8; Moderate risk of bias, points 5-6; High risk of

bias, 0-4 points
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association between BMI and vitamin D serum
concentration, with increasing weight or BMI
leading to a decrease in vitamin D serum
concentrations. However, this decrease is not
significant. It is worth noting that vitamin D can
be stored in adipose tissue, leading to a decrease
in vitamin D concentration in the serum.?

According to Chan et al. the season
significantly impacts changes in serum vitamin
D levels compared to other factors, including sun
exposure. The lowest vitamin D serum levels are
observed during winter, while the highest levels
are observed during summer. During the summer,
UV strength peaks, leading to a cumulative effect
where vitamin D remains stored when UVB
strength is still high. This stored vitamin D is
then released in the fall season.??

CONCLUSION
This systematic study examined 11 articles,
with nine articles providing significant results
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regarding the association between melanin and
vitamin D levels and two with non-significant
results. There is no association between melanin
and vitamin D levels. Of the nine articles, eight
concluded that high levels of melanin in a person’s
skin or eumelanin have a high photoprotective
effect, thereby inhibiting or reducing the
production of vitamin D levels. One article
reported that eumelanin and pheomelanin have
no significant difference in inhibiting vitamin
D production. This systematic study concluded
that neither eumelanin nor pheomelanin was
associated with vitamin D levels.
RECOMMENDATION

Most studies have used randomised controlled
trials, but many have used other factors such as
age, race, food/supplement, climate, cholesterol,
and BMI. All of these factors can affect the results
of the study. In addition, several cross-sectional
and cohort studies could not explain the causal
association in this study. Some studies also

Table 4. Assessment of the article quality of the cohort study of the association of melanin and vitamin D

Article Selection Con.ll.)a- Outcome
rability
The out- Fol- Adequa-
. Represen- Ascer- Assess- Total
First . Non- . come of Factors low-up cy of ota
tative tainment ment
author, Exposed interest are con- out- follow-
of Exposed of the of out- .
Year Cohort wasnot trolled cometo ingup
Cohort exposure come
present occur cohort
Hau’ - * k% * * * 7
2010
Chan’ * * * * - * * * 7
2010
Farran * * * k% * * * 8
2011

Very low risk of bias, points 9-10; Low risk of bias, points 7-8 ; Moderate risk of bias, points 5-6 ; High risk of

bias, 0-4 points

Table 5 Assessment of article quality controlled randomized test (RCT) association of melanin and vitamin D

Article Score Based on JBI Critical Appraisal for RCT Overall Appraisal
First author, Year 1 2 3 4 5 6 7 8 9 10 11 12 13
Au, 2014 Y Y Y Y Y UC Y Y Y Y Y Y Y V
Rajakumar, 2016 Y Y Y Y Y UC Y Y Y Y Y Y Y V
Ohlund, 2017 Y Y Y Y Y UC Y Y Y Y Y Y Y V
Young, 2020 Y Y Y Y UuUC UuUC Y Y Y Y Y Y Y V

Y: Yes; N: No; UC: Unclear; NA: Not applicable; V: Included; X: Excluded
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used the Fitzpatrick Skin Type questionnaire to
measure melanin or skin pigment, which tends
to be more subjective than other measurements
of melanin index.

The researchers recommend conducting a
systematic study using randomised controlled
trials that control for additional or other factors
to focus on the association between melanin
and increased vitamin D concentration, thereby
increasing validity and using articles with low
research bias values. Furthermore, they suggest
using a wider database to obtain more articles
for further research. The public is advised to be
aware of their skin pigment types, dark or light,
in order to prevent vitamin D deficiency by taking
vitamin D supplements if needed.
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