ABSTRACT

Objective: We sought to evaluate serum
25-hydroxycholecalciferol (vitamin D [25-OHD])
levels, skin phototype, and sun index in a sample
of patients to determine the association between
these factors and metabolic risk. Design: This was
a cross-sectional study involving 729 adults (50.2%
male). Mean age was 65.13+9.18 years, sun index
5.71+5.06, body mass index (BMI) 27.60+5.34
kg/m?, and waist circumference 97.29+12.08cm.
Hypertension, metabolic syndrome, and Type 2
diabetes were reported in 77.8, 74.5, and 38.9
percent, respectively; Fitzpatrick Skin Types 1l

and IV were reported in 60.6 percent. Results:
Mean serum 25-OHD was 25.72+10.91ng/mL;

31 percent of subjects had serum 25-OHD below
20ng/mL, and 63.1 percent had serum 25-0HD
below 30ng/mL. Although there were no significant
differences between the vitamin D deficient

and sufficient groups regarding age, BMI, waist
circumference, or presence of diabetes, in the group
with 25-0HD less than 20ng/mL (sun index of
4.5+4.08), higher serum triglycerides and lower
high-density lipoprotein cholesterol (HDL-C) levels
were measured: triglycerides 179.14+103.53
versus 161.63+90.23mg/dL (p=0.029) and HDL-C
43.48+12.38 versus 45.94+14.14mg/dL (p=0.018)
compared to the group with 25-0HD levels of 20ng/
mL or higher (sun index: 6.25+5.36). Considering
less than 25th percentile (25-0HD: 18.7ng/mL) and
75th percentile or higher (25-OHD: 30.8 ng/mL),
the differences in serum triglycerides remained
significant: 176.63+103.79 versus 157.47+80.49
(p=0.039). Conclusion: We found a high
prevalence of vitamin D deficiency in individuals
with high sun exposure, regardless of age, BMI, and
waist circumference. This deficiency was associated
with increased serum triglycerides and decreased
HDL-Clevels.

KEYWORDS: Vitamin D, UV exposure, skin
phototype, metabolic risk, cardiovascular risk

ORIGINAL RESEARCH

Vitamin D Deficiency, Skin
Phototype, Sun Index, and
Metabolic Risk Among Patients
with High Rates of Sun Exposure
Living in the Tropics

by MARIA AZEVEDO, MD; LEONARDO BANDEIRA, MD; CYBELLE LUZA, MD;
ALYNE LEMOS, MD; FRANCISCO BANDEIRA, MD, PhD, FACE

Drs. Azvedo, Luza, and Lemos are with the Division of Endocrinology and Diabetes at Hospital Agamenon Magalhaes and the
University of Pernambuco Medical School in Recife, Brazil. Drs. L. Bandeira and F. Bandeira are with the University of Pernambuco
Medical School and the FBandeira Endocrine Institute in Recife, Brazil.

Jdlin Aesthet Dermatol. 2018;11(8):15-18

Studies have shown a high prevalence of
vitamin D deficiency among different ethnic
groups, geographic regions, and age groups.'
With the identification of vitamin D nuclear
receptors in various organs, such as the pancreas,
breast, prostate, brain, heart, and immune
system, it has become apparent that vitamin D
deficiency is associated with several disorders,
including metabolic syndrome (MS) and insulin
resistance.”

The Ta-hydroxylase enzyme responsible
for the synthesis of the active form of vitamin
Dis also present in various cells, such as the
pancreatic B-cell, acting in the insulin gene
promoter,® independent of parathyroid hormone
(PTH), and enabling the antiproliferative,
immunomodulatory, and pro-differentiating
effects of vitamin D.** It has been suggested
that vitamin D increases insulin sensitivity by
stimulating the expression of insulin receptor
(INS-R) by indirect action, regulating the influx of
calcium through the membrane cell required for
insulin activity and its modulatory effect on the
formation and action of cytokines® (inactivation
of nuclear factor kappa beta), increasing the
survival of beta cells. Vitamin D is also involved in
the regulation of angiotensin Il, inhibiting insulin

action in skeletal muscles and vessels.%’

With a growing prevalence of metabolic
syndrome among the general population, it is
crudial to identify new modifiable risk factors,
such as vitamin D deficiency. When added to
a balanced diet and regular physical activities,
vitamin D supplementation has the potential to
assist in health management and prevention of
disease.?

Even in areas with high sun exposure, high
prevalence of vitamin D deficiency has been
reported, with sun exposure alone being
insufficient to achieve adequate amounts
of vitamin D in most individuals.? This study
sought to determine the prevalence of vitamin D
deficiency and its association with metabolic risk
in individuals with high levels of sun exposure.

METHODS

Patients who attended our primary care and
endocrinology dlinics during a six-month period
(August 2013—February 2014) were consecutively
enrolled in the study (N=729, age 33-92
years). Exclusion criteria included chronic use of
glucocorticoids, malignancy in the last five years
(except basal cell carcinoma), malabsorption
syndrome, use of anticonvulsants or lithium,
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TABLE 1. Baseline characteristics of study patients

VARIABLE

Age range, years
33-59
60-69
70 or older

Male
Female

Hypertension

MS (NCEP)

Until the 25th percentile (2.24)

Body mass index (kg/m?)

Triglycerides

Serum 25 OHD (ng/mL)
<25th percentile (18.70)
>75th percentile (30.80)

> 25th percentile to the 50th percentile (4.30) 172 23.6

> 50th percentile to the 75th percentile (8.10) 215 29.5

> 75th percentile 149 20.4

Fitzpatrick skin type

| 14 1.9

I 13 15.5

Il 204 28.0 n/a
v 238 32.6

v 102 14.0

Vi 58 8.0

Sewm2sOWDGg)

Deficiency(<20) 227

Insuficiency (20 to <30) 306 42.0
Suficiency (>30) 196 26.9

158 217 |
65.13+9.18 (65.00)

329 45.1 |

m 332 |

366 502

363 498

v
[=2)
~
~
~
oo
2
N

27.60+5.34(26.81)

167.10+94.86 (145.00)

185 254 n/a
184 25.2

n: number; n/a: not applicable; SD: standard deviation; MS: metabolic syndrome; IDF: International Diabetes

Federation; NCEP: National Cholesterol Education Program; 25-0HD: 25-hydroxycholecalciferol

severe hepatic and/or renal disease, and
metabolic bone diseases (except for osteopenia
and osteoporosis). All patients included in the
study provided informed consent, and the
study was approved by the Ethics in Research
Committee of Agamenon Magalhaes Hospital.
Sun index was calculated by the number
of hours per week of sun exposure multiplied
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by the fraction of the total body surface area
exposed.” For the skin phototypes, the Fitzpatrick
classification, which indicates the tolerance of
the skin to ultraviolet light based on the account
of the individual, sunburn, and tanning capacity,
was used." The Fitzpatrick skin types are as
follows: Type I=very fair skin, always burns,
never tans; Type ll=clear skin, always burns

and sometimes tans; Type Il1= less clear 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;
and Type VI= black skin, never burns and always
tans. Body mass index (BMI) was calculated
according to guidelines set forth by the World
Health Organization." Waist circumference (WC)
was measured according to the criteria of the
International Diabetes Federation (IDF) and the
criteria of the National Cholesterol Education
Program (NCEP) Third Report.™" Triglycerides
and total and high-density lipoprotein (HDL)
cholesterol levels were measured using an auto-
analyzer (Vitros system, Ortho Clinical Diagnostics,
Johnson & Johnson, Raritan, New Jersey). Serum
25-hydroxycholecalciferol (vitamin D [25-0HD])
was measured by electrochemiluminescent
competitive immunoassay (Liaison®, DiaSorin,
Stillwater, Minnesota), and patients were
grouped according to a cutoff point of 25-OHD
level less than 20ng/mL or according to the lower
compared to the upper quartile.”>'®

Statistical analysis. The results were
analyzed using the following measures of
descriptive statistics: minimum and maximum
values, mean, median, standard calculated
deviation, and percentages. The Student’s t-test
was used to compare two categories of variables.
The confidence interval was 95 percent, and the
significance level was less than five percent. The
statistical program used for test decision was SPSS
Version 17 and STAT Version 11.

RESULTS

Baseline characteristics of the study population
are showninTable 1.

We studied 729 subjects (50.2% male) with
amean age of 65.13+9.18 years, sun index
5.71£5.06, BMI 27.60+5.34kg/m?, and waist
circumference 97.29412.08cm. Hypertension,
metabolic syndrome, and Type 2 diabetes were
reported in subjects at rates of 77.8, 74.5, and
38.9 percent, respectively; Fitzpatrick Skin Types Il
and IV were reported in 60.6 percent of subjects.
Mean serum 25-0HD was 25.72+10.91ng/mL;

31 percent of subjects had serum 25-OHD below
20ng/mL, and 63.1 percent had serum 25-OHD
below 30ng/mL.

Compared to the group with serum 25-0OHD
at or above 20ng/mL, the group with serum
25-0HD less than 20ng/mL (sun index of
4.5+4.08) showed higher serum triglycerides
(179.14+103.53mg/dL [p=0.029]) and lower



HDL-C (43.48+12.38mg/dL [p=0.018]), despite
no significant differences between the two
groups regarding age, BMI, WC, and the number
of MS symptoms (Table 2).

When subjects were grouped according
to serum 25-0HD below the 25th percentile
(25-0HD: 18.7ng/mL) or above the 75th
percentile (25-0HD: 30.8ng/mL), the differences
in serum triglycerides remained significant:
176.63103.79 or 157.47+80.49 (p=0.039),
respectively (Table 3).

In the present study, we observed a high
prevalence of vitamin D deficiency (25-OHD
levels <20ng/mL) and vitamin D insufficiency
(25-0HD levels <30ng/mL) at rates of 31.1and
73.1 percent, respectively. Only 26.9 percent of
subjects had sufficient levels of vitamin D (25-
OHD >30ng/mL, according to Endocrine Society
guidelines'). Considering the latitude where the
subjects live (8°5), this is in agreement with other
studies from our institution involving a smaller
number of subjects. Bandeira et al"” evaluated 99
postmenopausal women attending an endocrine
clinicand observed that 43.7 percent had 25-OHD
levels below 25ng/mL (mean 25-0HD serum was
28.7ng/mL).In addition, Cabral et al' conducted
astudy in Recife that included 284 elderly men
who were attending a primary care clinic, and
reported the prevalence of vitamin D deficiency
(25-0HD levels <20ng/mL) at 31.5 percent and
insufficiency (25-OHD levels <30ng/mL) at 66.7
percent. These results suggest that even in low
latitudes with abundant sunshine throughout the
year where individuals receive high sun exposure
in daily life, most individuals remain below
optimal concentrations serum 25-OHD levels.

Rajakumar et al” conducted a study of 237
adolescents (mean age 12.7 years) living in
Pennsylvania (latitude 40°N), and observed a
mean 25-0HD level of 19.4ng/mL in 73 percent of
African-American teens and serum 25-OHD levels
below 20ng/mL in 40 percent of Caucasian teens.
There were negative associations between serum
25-0HD and BMI and percentage of total body fat
and a positive association with HDL cholesterol.

Regarding the presence of Type 2 diabetes
as part of the metabolic risk profile, the Third
National Health and Nutrition Examination Survey
(NHANES 1II) showed an inverse association
between serum 25-0HD levels and cardiovascular
disease among patients with Type 2 diabetes.”

In a case-control study with 608 women with

TABLE 2. Clinical and metabolic parameters according to serum 25-OHD

<20NG/ML =0NG/ML

VARIABLE
64.7249.99 (65.00) 65.32+8.79 (65.00) p"=0.411

Sun index 4.50+4.08 (2.94) 6.25+5.36 (5.22) p?¥<0.001*
Number of criteria of MS by IDF 3.36+1.30 (3.50) 3.28+1.27 (3.00) p=0.457
Number of criteria of MS by NCEP 3.18+1.34(3.00) 3.09+1.29 (3.00) p"=0.419
BMI 27.96+5.25 (27.40) 27.44+5.38(26.57) p"=0.230
WC 98.42+12.91(98.00) 96.78+11.67 (97.00) p"=0.091
TG 179.14+103.53 (152.00) 161.63+90.23 (142.00) p?=0.029*
HDL-cholesterol 43.48+ 2.38 (42.00) 45.94+14.14 (44.00) p?¥=0.018*

25-0HD: 25-hydroxycholecalciferol; MS: Metabolic syndrome; BMI: Body mass index; WC: waist circumference; TG:

Triglycerides; and HDL: high density lipoprotein cholesterol

Type 2 diabetes and 559 controls recruited from
the Nurses Health Study, Pittas et al*' observed
an inverse relationship between Type 2 diabetes
and serum 25-0HD levels (48% lower incidence
in women in the highest quartile of 25-OHD)
independent of conventional risk factors.
Similarly, in a prospective study that followed
524 individuals over 10 years, Forouhi et al
observed an inverse association between 25-OHD
and risk of hyperglycemia, insulin resistance, and
metabolic syndrome.

Considering this research, it is not yet clear
whether the metabolic alterations associated
with vitamin D deficiency can be reversed
by sun exposure and/or adequate vitamin D
supplementation. To illustrate, in a clinical trial
conducted by Wood et al,? 305 postmenopausal
women aged 60 to 70 years were randomized
to receive vitamin D3 4001U, 1,0001U, or
placebo. None of the women showed significant
differences in serum triglycerides, LDL cholesterol,
HDL cholesterol, apoprotein A and B, HOMA-

IR, c-reactive protein, or serum IL-6 following
vitamin D3 supplementation. Thus, it is yet to

be determined if supplementation with higher
vitamin D3 doses with or without responsible
sun exposure can have beneficial effects on
cardiovascular risk factors. Ju et al” conducted a
meta-analysis of cross-sectional and longitudinal
studies from various countries at different
latitudes and reported significant inverse
associations between serum 25-0HD levels and
the presence of metabolic syndrome, although
the cut points used were extremely variable (from
<11.5ng/mL to 23ng/mL to <31ng/mL to 41ng/
mL). This is in agreement with our data, which,
by latitude, demonstrated an average serum
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25-0HD of 25.7ng/mL, and that suggest that even
in populations with a high rate of sun exposure,
higher values of serum 25-OHD would be more
protective.

The importance of this study lies in the
assertion that there are still little data showing
the association between sun exposure, skin
phototype, vitamin D deficiency, and metabolic
risk, especially in areas with abundant ultraviolet
(UV) radiation. In this regard, it has yet to be
elucidated whether the skin of individuals
exposed to high intensity sunlight in daily life, as
seen in our study, would exhibit photoprotective
mechanisms beyond tanning.2%% For example,
the cholesterol side chain cleavage enzyme
CYP11A1is expressed in skin and produces
20-hydroxyvitamin D3 (200HD). Using contact
hypersensitivity, which is suppressed by UV
irradiation, topical application of 200HD to
mice protected them against UV-induced
immunosuppression.?

On the other hand, some genetic variants can
lead to different responses of serum 25-OHD to
provitamin D.# Minor aleles of CYP2R1 (which
belongs to cytochrome P450 superfamily IIR1
and encodes hepatic 25-hydroxylase), such as
rs10500804, and group-specific complement
(which encodes VDR and DBP), such as rs4588 and
rs7041, are associated with a reduced response
of serum 25-OHD to UV radiation. Consequently,
poorer efficacy of sun exposure for the prevention
and treatment of vitamin D deficiency can result.

We found a high prevalence of vitamin D
deficiency in our study subjects. This deficiency
was associated with higher serum triglycerides




TABLE 3. Clinical and metabolic parameters according to serum 25-OHD

VARIABLE (18.7NG/ML) (30.8NG/ML) PVALUE

-
Age 64.68+10.35 (65.00) 65.42+8.92 (65.00) p(1)=0.458
Sun index 4.41+4.11(2.94) 6.38+5.23 (4.83) p(2)<0.001
Number of criteria of MS by IDF 3.34+1.32(3,00) 3.28+1.26 (3.00) p(1)=0.637
Number of criteria of MS by NCEP 3.14+1.37 (3,00) 3.11£1.26 (3.00) p(1)=0.811
BMI 27.89+5.41(27,20) 27.00+5.23 (26.13) p(1)=0.110
WC 97.95+13.41(98,00) 96.70£12.54 (97.25) p(1)=0.357
TG 176.63%103.79 (150,50) 157.47+80.49 (133.50) p(1)=0.039
HDL-cholesterol 43.18+11.97 (42,00) 44.90+13.93 (42.00) p(1)=0.206

25-0HD: 25-hydroxycholecalciferol; MS: Metabolic syndrome; BMI: Body mass index; WC: waist circumference; TG:

Triglycerides; and HDL: high density lipoprotein cholesterol

and lower levels of serum HDL-C concentrations in
individuals with very high rates of sun exposure
in daily life, independent of age, BMI, or waist
circumference. Taken together, these data not
only suggest a direct association between vitamin
D deficiency and metabolic risk, but suggest a
lack of effectiveness that frequent sun exposure
might have as a measure to prevent vitamin D
deficiency, especially in tropical areas.
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