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INTRODUCTION

itamin D deficiency has been associated with bone
fragility in children and adults and an increased
risk of chronic diseases such as cardiovascular diseases,
diabetes mellitus type 1 and 2 and cancer (1). The sour-
ces of vitamin D are cutaneous production and diet;
however, only some foods naturally contain it, and few
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ABSTRACT

Vitamin D deficiency has been linked to bone fragility in children and adults, and to an increased
risk of chronic diseases. The main sources of vitamin D are the diet and cutaneous synthesis,
the latter being the most important one, since foods are relatively poor in vitamin D. The main
factors influencing this endogenous production are the seasons, the time of day, latitude and
skin phototype. Due to the contribution of sun exposure in maintaining vitamin D levels, it
would be expected that this deficiency would be more prevalent in countries at a high latitude;
it has been shown, however, that hypovitaminosis D is commonly found in tropical regions
such as Brazil. In high latitude regions in which extreme skin phototypes have been compared,
the prevalence of vitamin D deficiency is more common in people with originally darker skin
who have a natural barrier to the already lower UV irradiation penetrating the skin. In Brazil,
particularly in the areas where sun rays are more abundant, the difference in sunlight exposure
between subjects showed no significant variation in serum 25-hydroxyvitamin D (250HD). Arg
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RESUMO

A deficiéncia de vitamina D tem sido associada a fragilidade 6ssea em criancas e adultos e
ao aumento do risco de doencas cronicas. As principais fontes de vitamina D sao a dieta e a
sintese cutanea, sendo esta Ultima a mais importante, uma vez que os alimentos séo relativa-
mente pobres em vitamina D. Os principais fatores que influenciam essa producao enddgena
sao as estagoes do ano, a hora do dia, a latitude e o fototipo de pele. Devido a contribuicdo da
exposicao solar em manter os niveis de vitamina D, seria de esperar que essa deficiéncia fosse
mais prevalente nos paises com alta latitude; no entanto, a hipovitaminose D é comumente
encontrada em regides tropicais como o Brasil. Em regides de alta latitude em que os extremos
de fototipos de pele foram comparados a prevaléncia de deficiéncia de vitamina D, é mais co-
mum em pessoas com pele originalmente mais escura que tém uma barreira natural a ja baixa
penetracao da irradiacao UV na pele. No Brasil, particularmente nas areas mais ensolaradas, a
diferenca de exposigao solar entre os individuos ndo mostrou variacao significativa nos niveis
séricos de 25-hidroxivitamina D (2560HD). Arq Bras Endocrinol Metab. 2014;58(5):540-4
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are rich in vitamin D. In Brazil, diet is usually poor in
vitamin D and supplementation with multivitamin pre-
parations is rarely seen (2). Exposure to sunlight is the
main source of vitamin D and factors such as season,
time of day, latitude, skin phototype, sun exposure du-
ration, type of clothing and the use of sunscreens may
influence its synthesis (3).
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When the early humans, who originated in Africa, mi-
grated northwards, skin lightening occurred, as an adap-
tation to the lower amount of ultraviolet irradiation requi-
red for the cutaneous synthesis of vitamin D (4). Melanin
evolved as an effective natural sunscreen, decreasing the
production of vitamin D in the skin, because of its ca-
pacity to absorb ultraviolet radiation (UVB) photons, as
people with increased skin pigmentation require longer
exposure to the sun for synthesizing the same amount of
vitamin D than persons with fair skin (1). The differences
in serum 250HD levels between individuals of different
ethnicities is based on the view that contemporary hu-
mans are genetically adapted to the environment of our
ancestors and that the profound changes in lifestyle that
have occurred over the last 10,000 years (including re-
duced sun exposure) have been too fast for the human
genome to adjust to them (5).

The concept of skin phototype was described by Fitz-
patrick (Table 1) about 3 decades ago, classifying indivi-
duals according not only to skin color, but also to the
way in which they respond to repetitive sun exposure
regarding melanin production (tanning) (6). Most stu-
dies to date have evaluated the differences between se-
rum 250HD concentrations in phototypes type I or II,
compared to the darkest type (VI), claiming that less pig-
mented skin has higher concentrations due to its greater
capacity to synthesize vitamin D (7).

Table 1. Classification of skin phototypes

Skin types Description

Type | Very fair skin, always burns and never tans
Typell Fair skin, always burns and sometimes tans
Type lll Less fair skin, sometimes burns and always tans
Type IV Light brown skin, rarely burns and always tans
Type V Dark brown skin, never burns and always tans
Type VI Dark skin, never burns and always tans

Adapted from Fitzpatrick TB, 1988.

Sun exposure may also be estimated using the sun in-
dex (number of hours per week of sun exposure multi-
plied by the fraction of the total body surface area exposed
— using the rule of 9 adapted from the burning patient
score) (8). There are few studies quantifying the respon-
se of serum 250HD according to sun exposure and skin
type (2).

At high latitudes serum 250HD levels exhibit variabi-
lity throughout the year, with a peak in late summer and a
nadir in late winter, due to the variation in the UVB that
reaches the skin (9). A paradox exists in countries with a
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low sun incidence, such as Norway (60°N), which show a
lower frequency of vitamin D deficiency (probably becau-
se of the diet), when compared to countries with a higher
solar incidence, such as those of Mediterranean Europe.
In the Middle East (lower latitudes) there is a high pre-
valence of vitamin D deficiency, which can be explained
by the habitual use of clothing covering almost the entire
body (9). These locations are usually in semiarid and arid
areas with year-round sunshine and little rain throughout
the year (Figures 1 and 2).

There is much debate concerning the ideal serum
250HD concentrations. The Endocrine Society (10) re-
commends 30 ng/mL or above, with a parathyroid hor-
mone plateau occurring between 30 and 40 ng/mL; the
Institute of Medicine (11), on the other hand, considers
levels above 20 ng/mL to be appropriate for most indi-
viduals.

60" N: Oslo, Norway
50" N: Toronto, Canada
22* N: Miami, USA
10° 5: Recife, Brazil
23" 5: 530 Paulo, Brazil

Figure 1. Northern and southern latitudes (in degrees). Adapted from
Bandeira F, et al., 2006 (9).

The tropics

Tropic of cancer

Tropic of capricorn

Semiarid
Arid

Figure 2. The tropics and semiarid and arid regions globally.
Adapted from Bandeira and cols. 2006 (9).
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Based on the important contribution of sunlight ex-
posure to the production and maintenance of serum
250HD levels, it would be reasonable to believe that vita-
min D deficiency may be a problem restricted to countries
situated at higher latitudes. However, several studies from
sunny countries have shown that vitamin D deficiency is a
common phenomenon, despite the abundance of sunlight
in these locations, such as Brazil, making it a global health
problem (12-14).

ETHNICITY AND VITAMIN D DEFICIENCY ABROAD

Although some studies have found no differences in se-
rum 250HD levels between individuals with light skin
and those with dark skin (15), others have reported lo-
wer levels being more common in people with dark skin
than in fair-skinned individuals (16-18).

In a study on 503 volunteers (aged between 18 and 85
years) the association of ethnicity, skin color and sun ex-
posure with serum levels of 250HD was evaluated. It was
noted that among the ethnic groups, Asians had the lowest
mean (15 ng/mL), ethnicity being one of the main deter-
minants of the variations in serum 250HD levels (19).

In a study on construction workers in the United States
a significant correlation between the sun index and serum
250HD levels was found (8). In a study conducted in Ha-
wail (20°N) by Binkley and cols. (20) with a population
of young surfers, vitamin D deficiency was found in 51%,
using 30 ng/mL as cutoff point, despite a high rate of sun
exposure in that tropical location. These results suggest
that sun exposure alone is not the predominant factor in
the prevention of vitamin D deficiency. Ginter and cols.
(21), in a study of 224 elderly patients (> 60 years), showed
a prevalence of vitamin D deficiency (< 30 ng/mL) of 40%
(44°N). In this sample, individuals from three different eth-
nic groups were evaluated with no significant differences
being found between them. Interestingly, another similar
study in young patients (22) revealed lower serum 250HD
levels in individuals of non-European ancestry. The main
predictors of vitamin D status were vitamin D intake (parti-
cularly from supplements) and skin pigmentation.

In a study comparing black and white Americans in

. relation to total and bioavailable serum 250HD serum

levels and to vitamin D-binding protein (which prolongs
he half-life of 250HD), it was observed that dark-skin-
ed individuals had low levels of total 250HD and vi-
amin D-binding protein, resulting in similar estimated
concentrations of bioavailable 250HD. It is speculated
that low levels of the vitamin D-binding protein may con-
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fer a predisposition to inadequate levels of vitamin D in
Afro-Americans. It is proposed, therefore, that racial diffe-
rences in the prevalence of genetic polymorphisms in the
vitamin D-binding protein gene provide a likely explana-
tion for this observation. The higher prevalence in dark-
-skinned individuals of a polymorphism in the vitamin D-
-binding protein gene is associated with low serum levels
of this protein, resulting in bioavailable serum 250HD
levels similar to those of fair-skinned individuals, despite
the former having lower levels of total 250HD (23). Gu-
tiérrez and cols., in a study conducted in the U.S. (24),
evaluated Caucasians, Hispanics and subjects of African
descent and found differences in both serum 250HD and
PTH levels and in bone mineral density, suggesting that
the ideal levels and action of vitamin D in the body may
be individualized, depending on the ethnicity.

ETHNICITY AND VITAMIN D DEFICIENCY IN BRAZIL

In our institution a cross-sectional study (25) was con-
ducted to assess the prevalence of vitamin D deficiency
according to sun index and skin phototype. A large
sample comprising 894 individuals older than 18 years
was evaluated. The mean age was 58.15 + 12.08 years,
59.1% were female and the majority (60.6%) had a skin
phototype between III and IV (the Fitzpatrick classifi-
cation). The prevalence of vitamin D deficiency, using
cut-oft points for serum 250HD levels below 20 and
30 ng/mL, was 28.5% and 43.5%, respectively. The
mean serum 250HD level was 26.06 + 10.37 ng/mL
and the mean sun index was 5.21 + 4.96 (Table 2).

The prevalence of vitamin D deficiency (serum
250HD < 30 ng/mL) in those individuals with a low
sun index (< 1) was 71.2%, and in those with a higher
one (> 7) it was 67.9%. These differences were very small
considering the amount of sun exposure in the 2 groups.
Likewise, the differences in mean serum 250HD levels
between the 2 groups, although statistically significant
(25.3 vs. 27.8 ng/mL; p = 0.012), was small in absolute
terms, considering the differences in the amount of sunli-
ght that both groups of individuals were exposed to, de-
monstrating that, despite a high sun exposure in everyday
life, the mean serum 250HD concentrations were below
30 ng/mL in the vast majority of subjects (25) (Figure 3).

The prevalence of vitamin D deficiency among indi-
viduals with a low sun index (< 1) and those with a high
one (> 7) ranged from 29.5 to 21.3% (considering serum
250HD < 20 ng/mL) and from 71.2 to 67.9% (conside-
ring serum 250HD < 30 ng/mL), both with no statisti-
cal significance (p = 0.119) (25).
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Table 2. Prevalence of vitamin D deficiency (%) according to sun index
and skin phototype

< 20 ng/mL < 30 ng/mL p value
n =255 (%) n =644 (%)

Sun index

0-1 46 29.5 111 7.2 156  p=0.119

>1-2 40 37.0 86 79.6 108

>2-3 46 33.1 105 75.5 139

>3-4 19 35.8 41 77.4 53

>4-5 22 28.2 50 64.1 78

> 5-6 19 24.1 60 75.9 79

>6-7 12 29.3 28 68.3 41

>7 51 21.3 163 67.9 240

Skin phototype

I 10 55.6 16 88.9 18 p=0.133

Il 45 33.1 102 75.0 136

Il 61 25.1 180 741 243

v 81 271 207 69.2 299

V 42 321 95 72.5 131

Vi 16 23.9 44 65.7 67

Adapted from Gondim and cols. 2013 (25).

Similarly, as shown in figure 3 (B), the prevalence of
vitamin D deficiency (< 20 ng/mL) was 55.6% for those
with skin phototype I in comparison to 23.9% among those
with skin phototype VI. Considering serum 250HD levels
below 30 ng/mL, the prevalence of vitamin D deficiency
was 88.9% for those individuals with skin type I, and 65.7%
for those with skin type VI. These data suggest that skin
tanning due to higher sun exposure was the main factor in
determining the lower prevalence of vitamin D deficiency
in individuals with a higher sun index and darker skins (25).

Most of the population (60.6%) had a skin phototype of
IIT or IV, and there was no statistical significance (p = 0.158)
between mean serum 250HD levels of those with very fair
skin (type I) and those with dark skin (type VI) (25).

We also conducted a study at two beaches located on
the coastline of the state of Pernambuco (latitude 8°S)
in order to evaluate the changes in serum 250HD le-
vels after prolonged sun exposure in 10 healthy subjects
with pigmented skin due to frequent exposure to sunlight
with more than 70% of body surface area exposed. Serum
250HD levels increased from 22.59 + 5.45 ng/mL to
24.39 + 6.60 ng/mL after 4 hours of sunlight exposu-
re and to 25.80 = 5.81 ng/mL after one week, before
the next exposure. Changes in serum 250HD levels were
fewer than expected for the intensity of sun exposure, su-
ggesting that unprotected sun exposure can be a less ap-
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Sun index
100
H 01
80 m>1-2
>2-3
60 H>34
40 m>4-5
m>56
201 >6-7
n>7
0 4
< 20 ng/ml < 30 ng/ml
Skin phototype
100
80 H Type |
m Typell
60
Type lll
401 | Type IV
m Type V
201 M Type VI
0 B T T T 1
< 20 ng/ml < 30 ng/ml

Figure 3. Distribution of vitamin D deficiency (%) according to sun
index and skin phototype.

propriate approach for correction of vitamin D deficiency
than oral vitamin D supplementation (26).

Inastudy of 121 healthy young (mean age 24.7 years)
individuals living in the city of Sio Paulo (23°S) a positive
association was shown between sun exposure and serum
250HD levels, and individuals with low sun exposure
had lower 250HD levels than those with intermediate or
high sun exposure. Mean serum 250HD was 31.5 ng/
mL (27). Similarly, elderly people (mean 79.1 years) from
the city of Sao Paulo showed mean serum 250HD levels
of 11.6 ng/mL during the winter, suggesting a major in-
fluence of seasonality (28), and an evaluation of 99 active
elderly individuals aged 55-83 years from different ethnic
backgrounds showed a mean serum 250HD of 31.56 =
12.36 ng/mL in winter and 36.64 £ 12.68 ng/mL in
summer. The increase in serum 250HD levels in sum-
mer occurred in white men aged 55-70 years and was not
observed in adults over 71 years, suggesting that seasonal
variation in serum 250HD levels may be influenced by
gender, ethnicity and age (12).

In another study from our institution on 284 elderly

men from the city of Recife attending a primary care cli-

nic, vitamin D deficiency (serum 250HD levels < 20 ng/
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mL) was observed in 31.5% and insufficiency (250HD
levels < 30 ng/mL) in 66.7%. There were no significant
differences in the serum 250HD levels between indivi-
duals with higher sun exposure and those with lower sun
exposure. Most individuals (66.7%) had skin phototype
IV, V or VI, according to the Fitzpatrick classification (2).

In summary, regarding ethnicity, sun exposure and
the differences between high and low latitudes, the data
presented above suggest that in high latitude regions in
which extreme skin phototypes have been compared, the
prevalence of vitamin D deficiency is more common in
people with originally darker skin who have a natural bar-
rier to the already lower UV irradiation penetrating the
skin. On the other hand, in tropical regions in which ex-
treme skin phototypes (type I and VI) are not common,
higher sun exposure rates lead to tanner skins and a lower
prevalence of vitamin D deficiency. However, in those are-
as most individuals with high rates of daily exposure to
the sun have serum 250HD below 30 ng/mL, sugges-
ting that skin tanning limits the progressive rise in serum
250HD towards optimal concentrations.

Disclosure: no potential conflict of interest relevant to this article
was reported.
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