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Abstract

Background/Aims: Low vitamin D status is highly prevalent
worldwide, and the major determinants are sun exposure
and vitamin D intake. We aimed to measure vitamin D status
in a sample of overweight/obese adults in Puerto Rico, an
area with plenty of sun exposure, and relate it to vitamin D
intake, sun exposure and body composition. Methods: Se-
rum 25(OH)D levels (liquid chromatography-tandem mass
spectrometry), body weight and fat (bioimpedance), vitamin
D intake and sun exposure (questionnaires) were assessed.
Analysis included age-adjusted correlations and multivari-
ate regression. Results: In 98 subjects (66% females; 40-65
years), median serum 25(0OH)D levels were 30.7 ng/ml (25—
75th percentile 25.0-37.3); 55% had levels >30 ng/ml, 31%
had levels between 20 and 30 ng/ml and 14% had levels <20
ng/ml. Total vitamin D intake was 180 1U/day (45-615), and
the sun exposure score was 22 (17-27). After adjusting for
gender, 25(0OH)D levels were significantly correlated with vi-
tamin D intake (r = 0.24, p = 0.018), the sum of sun exposure
and vitamin D intake indices (r = 0.34, p = 0.001) and percent
body fat (r = -0.25, p = 0.01). After adjusting for age, gender
and percent body fat, the sum of sun exposure and vitamin
Dintakeindicesremained statistically associated with 25(OH)

Dlevels (B = 1.5, p<0.01). Conclusions: In this group of over-
weight and obese individuals, 25(0H)D was significantly re-
lated to vitamin D intake, sun exposure and vitamin D intake

indices and percent bOdy fat. Copyright © 2012 S. Karger AG, Basel

Introduction

Vitamin D deficiency is found worldwide, even in low-
latitude countries, where it was generally assumed that
UV radiation was adequate to prevent vitamin D de-
ficiency in industrialized countries, where vitamin D
fortification has been implemented now for years [1, 2].
Although vitamin D is a liposoluble vitamin obtained
through exposure to sunlight and intake of foods and
supplements [3], there are several factors that limit the
synthesis and bioavailability of vitamin D. Such factors
include age, skin pigmentation, obesity, sunscreen use,
clothing, season, geographic latitude, time of day of sun
exposure, cloudiness and smog [4]. People with the great-
est amount of melanin (dark skin) have a reduced ability
to synthesize vitamin D from sun exposure [5]. In fact,
several studies have reported high vitamin D deficiency
prevalence in Hispanics [6-9]. In addition, obese indi-
viduals usually have a low concentration of 25(OH)D in
plasma [10], and this level decreases with increasing obe-
sity and percent body fat [11].
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Currently, there are no published studies that have as-
sessed vitamin D status in overweight or obese Puerto
Ricans. Therefore, the objective of this study was to de-
termine the nutritional status of vitamin D in a group of
overweight and obese Puerto Rican individuals living at
latitude 18° and to understand the association of serum
25(OH)D levels with vitamin D intake, sun exposure and
body composition. Serum 25(OH)D level is the most
widely accepted biomarker to estimate short-term vita-
min D status, since it reflects both the dermal vitamin D
synthesis and vitamin D obtained from foods and sup-
plements [3] and has a half-life in the circulation of 15
days [12]. However, serum 25(OH)D does not indicate
the amount of vitamin D stored in body tissues; there-
fore, the long-term indicators of lifetime exposure to vi-
tamin D in population-based studies include dietary and
supplemental intakes of vitamin D and sunlight expo-
sure [13].

Methods

This study is a secondary analysis of a cross-sectional study on
periodontal disease and type 2 diabetes [14].

Subjects

A convenience sample of 100 overweight and obese adult resi-
dents of the municipality of San Juan, who responded to flyers
posted on the Medical Sciences Campus of the University of Puer-
to Rico or to media advertisements, were recruited. Study par-
ticipants provided written informed consent, and the study was
approved by the institutional review board of the University of
Puerto Rico.

Inclusion criteria were as follows: resident of the San Juan mu-
nicipality, 40-65 years old, overweight [body mass index (BMI)
25.0-29.9] or obese (BMI =30.0) and free of self-reported diabetes
diagnosed by a physician prior to the screening. This age group
was chosen because their risk of developing type 2 diabetes and
periodontal disease is higher than that in younger populations,
which was important for the main study. The exclusion criteria
were dental conditions that prevented adequate periodontal ex-
amination (fewer than 4 teeth or having braces) and the following
medical conditions: hypoglycemia, heart conditions (i.e. coro-
nary heart disease, congenital heart murmurs, valve problems,
congenital heart disease or endocarditis) or stroke and rheumatic
fever, dialysis, pacemaker, automatic defibrillator, artificial mate-
rial in the heart or vessels, anticoagulant medication, hemophilia
or bleeding disorders, hip bone or joint replacement, pregnant
women and individuals not mentally capable of participating in
the study or understanding the informed consent. The medical
exclusions were made due to potential systemic complications
from the main study procedures.

Data Collection
Participants who qualified were invited to come to the Med-
ical Sciences Campus of the University of Puerto Rico in a fast-
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ing state. A fasting blood sample was taken for the determina-
tion of serum 25(OH)D and other biochemical parameters. Par-
ticipantsthenunderwentseveralanthropometric measurements,
a dental exam and an interviewer-administered questionnaire
that collected data on sociodemographic characteristics, life-
style and general health. The data were collected between No-
vember and December; therefore, minimal seasonal variation
was expected.

Serum 25(OH)D

The serum 25(OH)D levels (D2 and D3) were measured by
liquid chromatography-tandem mass spectrometry in duplicate
(interassay coefficient of variation 9-15%, intra-assay coefficient
of variation <10%). Although there is debate about which level
of serum 25(OH)D is associated with deficiency (rickets), suit-
ability for bone health and in general for optimal health, a con-
centration of less than 20 ng/ml (<50 nmol/l) is considered in-
adequate by the Institute of Medicine [3]. Some authors have
suggested that the goal should be to maintain levels above 30 ng/
ml (75 nmol/l) to take full advantage of all the health benefits
that vitamin D provides [15], including optimal fracture reduc-
tion [16, 17]. Therefore, in the present study vitamin D status was
divided as follows: (1) 25(OH)D levels above 30 ng/ml; (2) 25(0OH)D
levels between 20 and 30 ng/ml, and (3) 25(OH)D levels below 20
ng/ml.

Anthropometric Measurements

Anthropometric measurements (weight, height, percent body
fat and waist and hip circumference) were taken in duplicate fol-
lowing the National Health and Nutrition Examination Survey I1I
Anthropometric Video Procedures, and the average of the two
measurements was used. Weight was measured using an electron-
ic digital scale and recorded in kilograms from the automated
system on the body measurement exam space. Standing height
was measured with a stadiometer and recorded to the nearest 0.1
cm. Percent of fat mass was measured using special bioelectrical
impedance scales (Tanita Scale, TCA Inc.). Since these measure-
ments could lead to complications among people with automatic
implantable cardiodefibrillators, such patients were excluded
from the study [18]. Waist circumference was measured at the
umbilical level at minimal respiration and recorded to the nearest
0.1 cm. Hip circumference was measured at the maximum exten-
sion of the buttocks and recorded to the nearest 0.1 cm. BMI was
calculated using the weight and height of the participants, using
the standard formula (weight in kilograms/height in meters
squared) and waist to hip ratio (WHR; waist circumference in
centimeters/hip circumference in centimeters). Subjects were
classified by percent body fat according to age and sex as follows:
high risk (women: >39% if 20-39 years, >40% if 40-59 years and
>42% if 60-79; men: >25% if 20-39 years, >27% if 40-59 years
and >30% if 60-79 years) or low risk (if below these percentages)
[19].

Food Frequency Questionnaire

A semiquantitative food frequency questionnaire (FFQ) fo-
cusing on foods and supplements rich in vitamin D was prepared.
The semiquantitative FFQ was composed of 22 items which are
considered potential sources of vitamin D in the population of
interest [20]. Not all foods listed in the questionnaire were a sig-
nificant source of vitamin D. For the foods considered major
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sources of vitamin D, an open-ended question regarding the type
of such products consumed was included. For the frequency of the
use of vitamin and mineral supplements, herbs, tea and other sup-
plemental foods, open-ended questions regarding the type and
amount of the supplements consumed were also included. Each
food item included a fixed commonly used portion size. The fre-
quency of each food item was assessed for the previous month and
included 8 frequency responses ranging from ‘3 or more servings
per day’ to ‘rarely or never’. The participants were informed how
to complete the questionnaire with the help of the investigators at
the beginning of the study. To estimate vitamin D consumption
from the FFQ, the vitamin D content of a serving of each food was
multiplied by its frequency. The vitamin D content of each food
was obtained from the Nutritionist Pro Nutrient Analysis Soft-
ware (2007, Axxya Systems, Stafford, Tex., USA) and the US De-
partment of Agriculture National Nutrient Database for Standard
Reference.

Sun Exposure Questionnaire

A sun exposure questionnaire was designed to record the
amount of sun exposure for each participant. Those questions
included the frequency at which the participants were outside
more than 15 min, the time of day they were outdoors, type of
clothing worn when outdoors, frequency of sunscreen use and
level of sun protection factor (SPF) used, anatomical sites pro-
tected with sunscreen and ability to tan and tendency to burn
after sun exposure. These types of questions have been used in
other studies [21, 22]. A sun exposure index was defined using
the following variables: (1) frequency of outdoor activity for
more than 15 min: daily = 7, 4-6 times a week = 5, 2-3 times a
week = 2.5, once a week = 1, less than once a week/never = 0 [20,
23]; (2) usual time of day of outdoor activities: between 7 and 11
a.m. = 1, between 11 a.m. and 3 p.m. = 2, between 3 and 5 p.m. =
1 [21]; (3) type of clothing worn outdoors: long pants, long
sleeves, closed shoes, socks and hat = 0 each, short sleeves, short
pants or skirts and open shoes = 1 each, bathing suit = 2 [24-26];
(4) frequency of sunscreen use: never = 3, less than 3 times per
week = 2, 3-6 times per week = 1, daily = 0 [27]; (5) level of sun-
screen protection: no use = 3, SPF <15 = 2, SPF 15-30 = 1, SPF
>30 = 0 [22, 28]. The ability to tan and tendency to burn were
also included: never burns or tans (deeply pigmented) = 0; never
burns, tans deeply brown or black = 1; rarely burns and tans
brown = 2; burns minimally and tans easily = 3; burns moder-
ately, tans moderately and uniformly = 4; burns easily, tans min-
imally = 5; burns easily, never tans = 6 [29]. This skin classifica-
tion system is based on the amount of skin melanin and respons-
es to sun exposure and ranges from very fair (skin typeI) to very
dark (skin type VI) [29]. Type I is a highly sensitive skin that al-
ways burns and never tans; type II is a very sun-sensitive skin
that burns easily and tans minimally; type III is a sun-sensitive
skin that sometimes burns and slowly tans to light brown; type
IV is a minimally sun sensitive skin that burns minimally and
always tans to moderate brown; type V is a sun-insensitive skin
that rarely burns and tans well (Hispanics), and type VIisa sun-
insensitive skin that never burns and is deeply pigmented
(blacks). The total sun exposure index ranged from 0 [no sun
exposure, high use of clothing and sunscreen when outdoors and
never burns or tans (deeply pigmented)] to 38 (high sun expo-
sure, no sunscreen and light clothing when outdoors and burns
easily, never tans).

Vitamin D Status in Puerto Ricans

Physical Activity

A short questionnaire on physical activity included the follow-
ing items: participation in physical activity during the previous
month (yes/no), participation in vigorous physical activity or
structured exercise (yes/no) and time usually dedicated to that
activity (hours per week).

Statistical Analysis

Normality assumptions for the sun exposure index, dietary
intake of vitamin D and serum levels of 25(OH)D were assessed
using the Shapiro-Wilk statistic. Serum 25(OH)D was normally
distributed, but vitamin D intake and sun exposure indices were
not; therefore, nonparametric tests were used. Medians and 25th
and 75th percentiles were computed for all the continuous vari-
ables. The Mann-Whitney-Wilcoxon test was used to compare the
distribution of sociodemographic characteristics, anthropomet-
ric measurements, vitamin D intake, sun exposure index, physical
activity and serum 25(OH)D levels by gender. The x? test was used
to compare vitamin D status (normal, insufficient and deficient)
between obese and overweight individuals and between gender,
since there were gender differences in the general characteristics.
The associations between serum 25(OH)D and total vitamin D
intake, the sun exposure index, the sum of the sun exposure and
vitamin D intake indices and body composition were assessed us-
ing partial Spearman’s correlation coefficients adjusted by age. In
addition, age-adjusted partial correlations were performed be-
tween sun exposure and body composition. A multivariable linear
regression model was used to examine the relationship between
serum 25(OH)D and the sum of sun exposure and vitamin D in-
take indices. Age (continuous), gender (categorical) and percent
body fat (continuous) were adjusted in the model. All statistical
analyses were performed using SAS statistical software (version
9.1, SAS Institute Inc., Cary, N.C., USA).

Results

Table 1 shows the general characteristics of the sample.
From the 100 subjects recruited, 98 had complete data
collection (66% were females and 34% were males). Fe-
male subjects had significantly more years of education
(p = 0.002), higher percent body fat (p < 0.0001), smaller
waist circumference (p = 0.014) and smaller WHR (p <
0.0001) compared to male subjects. Participation in any
physical activity was low but similar among females and
males. Less than 30% of the sample did vigorous work or
participated in a structured physical activity weekly, with
participation of less than 1 h per day on average (data not
shown).

Table 2 shows vitamin D intake, sun exposure index
and serum 25(OH)D levels by gender. Vitamin D intake
from foods and supplements and total vitamin D intake
were similar between females and males. Median total
vitamin D intake was 179.7 IU/day (44.7-615.2); 72%
came from supplements, while only 28% came from
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Table 1. Characteristics of the sample

Variable Females (n = 65) Males (n = 33) Total (n = 98)
Age, years 52 (44-57) 51 (45-59) 52 (45-58)
Years of education 16 (15-18) 15 (12-16)* 15 (15-18)
Physical activity in the previous month, % 37.8 21.4 59.2

Vigorous or structured physical activity, % 18.4 10.2 28.6

BMI 31.7 (28.4-36.4) 32.4 (28.9-37.7) 32.2(28.4-36.8)
Percent body fat 43.0 (40.2-46.6) 33.4 (27.2-38.7)* 41.0 (35.0-45.0)

Waist circumference, cm 100.0 (93.3-110.0)
Hip circumference, cm 113.6 (105.3-121.5)
WHR 0.88 (0.83-0.92)

109.1 (101.5-121.5)*
112.9 (107.3-123.2)
0.97 (0.95-1.00)*

104.2 (96.3-116.5)
113.3 (106.5-121.6)
0.91 (0.85-0.97)

Values are shown as medians (25th and 75th percentiles), where appropriate.
* p <0.01 compared to females (Mann-Whitney-Wilcoxon test).

Table 2. Vitamin D intake, sun exposure index and serum 25(OH)D levels

Males (n = 33) Total (n = 98)

Variable Females (n = 65)
Vitamin D intake, IU/day
Food 76 (32.3-148.5)
Supplements 0 (0-600)

166.6 (64.5-616.9)
21.0 (14.0-25.0)
30.4 (24.7-34.7)

Total vitamin D
Sun exposure index!
Serum 25(OH)D level, ng/ml?

64.5 (9.0-91.1)
0 (0-600)
210.3 (33.2-603.8)
26.5 (23.0-28.0)*
34.0 (25.0-39.0)

73.5 (23.1-142.2)
0 (0-600)
179.7 (44.7-615.2)
22.0 (17.0-27.0)
30.7 (25.0-37.3)

Values are shown as medians (25th and 75th percentiles). * p < 0.01 compared to females (Mann-Whitney-Wilcoxon test).
! Index calculated from sun exposure questionnaire, which included frequency, usual time and type of clothing used in outdoor
activities >15 min, frequency and level of sunscreen use, and ability to tan and tendency to burn, with a possible range of 0-38.

2 To convert to nanomoles per liter multiply by 2.5.

foods. The foods contributing the most to vitamin D in-
take in this group were fish (31%), margarine (22%) and
milk (20%; data not shown). In terms of sun exposure, the
median sun exposure index was 22 (17.0-27.0). Female
subjects had a significantly lower sun exposure index
compared to male subjects (p < 0.05). In general, about
56% of the subjects reported being outdoors more than
15 min every day with similar frequencies across the dif-
ferent times of the day; most subjects usually wore short
sleeves (90%), long pants (75%) and closed shoes (77%)
when outdoors; 47% reported the use of sun block, with
most of them (26%) using it less than 3 times per week,
mainly on the face (45%) and arms (30%); 43% reported
minimally, rarely or never burning or tanning when ex-
posed to sunlight (they could be considered individuals
with medium to very dark skin), while 57% reported
burning and tanning moderately and easily (they could
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be considered individuals with very fair to light skin) [29]
(data not shown). Serum 25(OH)D levels were similar in
female and male subjects (table 2). In general, 55% of the
subjects had vitamin D levels above 30 ng/ml; 31% had
levels between 20 and 30 ng/ml, and 14% had levels below
20 ng/ml (fig. 1). Additionally, we stratified serum 25(OH)
D levels by BMI classification and ability to tan and ten-
dency to burn. Although the differences were not signif-
icant (Kruskal-Wallis test), the levels were lower among
dark-skinned people, as expected, but the difference be-
tween overweight and obese individuals was contrary to
expectations. In overweight subjects with light skin, me-
dian 25(OH)D was 34.2 ng/ml (25th-75th percentile 24—
34 ng/ml); in overweight subjects with dark skin it was
31.1 ng/ml (25th-75th percentile 25-37 ng/ml); in obese
subjects with light skin it was 39.0 ng/ml (25th-75th per-
centile 29-40 ng/ml), and in obese subjects with dark
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Table 3. Partial correlations between serum 25(OH)D levels and different variables adjusted by age

Variable Females (n = 65) Males (n = 33) Total (n = 98)
Spearman’s rho p value Spearman’s rho p value Spearman’srho  p value

BMI ~0.12 0.32 0.04 0.81 -0.08 0.45
Percent body fat -0.21 0.09 -0.17 0.35 -0.24 0.02
WHR -0.10 0.45 0.02 0.09 0.01 0.90
Total vitamin D intake 0.35 0.047 0.07 0.70 0.22 0.03
Sun exposure index 0.18 0.16 0.03 0.98 0.16 0.10
Sun exposure + vitamin D intake index 0.31 0.01 0.19 0.30 0.32 <0.01
skin it was 30.9 ng/ml (25th-75th percentile 24-39 ng/
ml). 157

Age-adjusted partial correlations between serum 17 1L
25(0OH)D levels with different variables according to 124 || |
gender are shown in table 3. Serum 25(OH)D levels were ?'Ei
negatively correlated with percent body fat (r = -0.24, N ]
p = 0.02), and positively associated with total vitamin D 305_)
intake (r = 0.23, p = 0.03) and the sum of sun exposure g
and vitamin D intake indices (r = 0.32, p < 0.01) in the g 67
total sample. However, these significant correlations g ||
were observed mainly in females. R

Stratification by BMI category did not change the
direction or significance of the correlations between 0l | ‘ ] ‘
25(0OH)D levels and sun exposure index (r = 0.12, p = 0.12 10 20 30 40 50 60 70
in overweight individuals; r = 0.16, p = 0.22 in obese in- Serum 25(0H)D (ng/ml)
dividuals) or the sum of the sun exposure and vitamin D

intake indices (r = 0.36, p < 0.05 in overweight individu-
als; r = 0.30, p < 0.05 in obese individuals), but it did for
vitamin D intake, which lost statistical significance (r =
0.27, p = 0.14 in overweight individuals; r = 0.20, p = 0.10
in obese individuals).

In addition, the sun exposure index was inversely cor-
related with percent body fat (r = -0.22, p < 0.05) and
WHR (r = -0.23, p < 0.05; data not shown). Although the
ability to tan and tendency to burn were not related to
serum 25(OH)D levels in the total sample, when stratified
by high and low ability to tan and tendency to burn, those
with a high ability/tendency had a significant correlation
between 25(OH)D levels and the sum of sun exposure
and vitamin D intake indices (r = 0.33, p < 0.05) com-
pared to those with a low ability/tendency (r = 0.23, p =
0.16; data not shown). Those individuals who consumed
the recommended dietary allowance (RDA) of vitamin D
of =600 IU/day (Institute of Medicine, 2010) had signif-
icantly greater 25(OH)D serum levels compared to those
who did not meet this recommendation (p < 0.01). Those
who reported being outdoors for atleast 15 min 2-7 times

Vitamin D Status in Puerto Ricans

Fig. 1. Distribution of serum 25(OH)D levels in the total sample
(n =98).

per week also had significantly greater 25(OH)D levels
(p<0.05).

After multivariate adjustment for age, gender and per-
cent body fat, the sum of sun exposure and vitamin D
intake indices remained statistically associated with se-
rum 25(OH)D levels, where a higher score for sun expo-
sure and vitamin D intake was associated with higher
serum levels (8 = 1.5, p < 0.01). When stratified by the
ability to tan and tendency to burn, the multivariate anal-
ysis adjusting for age, gender and percent body fat showed
that the sum of the sun exposure and vitamin D intake
indices was statistically associated with serum 25(OH)D
levels in those with a high ability/tendency (B = 2.06, p <
0.05) but not in those with a low ability/tendency (8 =
0.94, p = 0.33).
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Discussion

In the present study, 14% of our subjects had an inad-
equate vitamin D status, while 31% had levels between 20
and 30 ng/ml. Some authors consider these levels as not
optimal for bone [16, 17] and general health [15, 30]. Se-
rum 25(OH)D levels were significantly correlated with
percent body fat, total vitamin D intake and the com-
bined sun and vitamin D intake index. A higher score of
sun exposure and vitamin D intake was significantly as-
sociated with higher serum 25(OH)D levels, even after
adjustment for age, sex and percent body fat.

A study in 93 individuals from Hawaii [31], with a lati-
tude similar to Puerto Rico (latitude 21°), found similar
25(OH)D levels measured by HPLC (31.6 ng/ml in Hawaii;
30.7 ng/ml in the present study), and 51% of their subjects
had levels below 30 ng/ml, similar to the rate in our study
(45%). Several studies have reported a high prevalence of
vitamin D deficiency in Hispanics [6-9]. In a study con-
ducted in South Florida, vitamin D deficiency was more
prevalent in Hispanics [32], although 25(OH)D levels were
measured using a DiaSorin radioimmunoassay method.
Recently, a study in a group of 358 Hispanic American
men found the highest prevalence of vitamin D deficiency
(<20 ng/ml or <50 nmol/l) among Puerto Ricans (26%),
compared to those from the Dominican Republic (21%),
Central America (11%) and South America (9%) [33]. Fur-
thermore, recent data from the National Health and Nu-
trition Examination Survey, which measured 25(OH)D
levels by a competitive binding protein assay, found vi-
tamin D insufficiency (<30 ng/ml or <75 nmol/l) in 97%
of non-Hispanic Blacks and 90% of Mexican Ameri-
cans [34]. However, there are significant variations in
25(0OH)D levels between the methods used [35]; there-
fore, these comparisons should be viewed with caution.

Vitamin D status is influenced by several factors, in-
cluding vitamin D intake, sun exposure, skin pigmenta-
tion and obesity. In the present study, median vitamin D
intake was considerably lower than the RDA for vitamin
D (600 IU/day) [3]. Only 69.4% of our subjects met this
recommendation. Although vitamin D is high in certain
tish, and several foods are fortified with vitamin D, such
as milk, margarine and some brands of orange juice and
cereals, these foods only contributed to a small amount
of total vitamin D in this group. Most vitamin D was ob-
tained from supplements. Furthermore, only those using
vitamin D supplements met the RDA. Serum 25(OH)D
levels were significantly correlated with total vitamin D
intake in women but not in men. Those consuming =600
IU/day had significantly higher 25(OH)D levels com-
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pared to those consuming <600 IU/day, and only 8%
compared to 37% had low vitamin D status. Other studies
estimating vitamin D intake from FFQs have also found
significant correlations between vitamin D intake and se-
rum 25(OH)D levels in older US women (r = 0.52, p<0.01
during summer and r = 0.63, p <0.01 during winter) [20],
in the Framingham Heart Study cohort (r = 0.24, p <
0.001) [36] and in young Finnish girls (r = 0.28, p < 0.01)
[37], while others have not in older Spanish women [21].

Limited sun exposure also affects 25(OH)D levels. Al-
though clothing in Puerto Rico commonly leaves the
arms and legs uncovered, the sun exposure index level
found in the present study was in the middle of the pos-
sible range for this index (0-38) but it was not correlated
with 25(OH)D levels in the total sample (r =0.16, p=0.11).
Similar low correlations were found between overweight
and obese individuals. However, being outdoors for at
least 15 min 2-7 times per week led to significantly great-
er 25(OH)D levels (p < 0.05) compared to being outdoors
less frequently. Other authors, using a similar categoriza-
tion of sun exposure, have found sun exposure levels to
be significantly correlated with serum 25(OH)D levels in
normal-weight older US women [20], normal-weight old-
er adults in the UK during the summer (r = 0.62, p<0.01),
but not during winter (r = 0.23, p < 0.01) [38], normal-
weight Danish women (r = 0.24, p < 0.001) [23] and older
Spanish individuals (r = 0.377, p < 0.05) [27]. Since most
of these studies were performed in normal-weight indi-
viduals, further studies are needed to understand the
mechanisms of vitamin D photosynthesis in overweight
and obese individuals. In addition, most of the published
studies have measured 25(OH)D levels by a competitive
binding protein assay, which, as discussed above, differs
significantly from liquid chromatography-tandem mass
spectrometry, the method used in the present study.

The actual amount of sun exposure that is needed to
maintain adequate levels of vitamin D is difficult to as-
certain. It has been suggested that approximately 5-30
min of sun exposure between 10 a.m. and 3 p.m. at least
twice a week on the face, arms or legs without sunscreen
usually leads to sufficient vitamin D synthesis [39, 40].
However, these estimates are for individuals with light
skin. People with the greatest amount of melanin (dark
skin) have a reduced ability to produce vitamin D from
exposure to sunlight [5] and therefore may need longer
times in the sun. This may be the case for many of the
individuals in our study, as 43% reported minimally,
rarely or never burning or tanning when exposed to sun-
light, which could be considered as having a skin photo-
type IV-VI, or medium to very dark skin. Individuals
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with dark skin (type IV and higher) have lower vitamin
D photosynthesis compared to individuals with light skin
(type I-III) with the same UVB exposure and latitude
and may need 6 times more sun exposure to increase their
25(0OH)D levels to the levels obtained by light-skinned
individuals [41]. In the present study, we found that, al-
though the ability to tan and tendency to burn were not
related to 25(OH)D levels in the total sample, when strat-
ified by the ability to tan and tendency to burn, those with
a high ability/tendency had a significant correlation be-
tween 25(OH)D levels and the sum of sun exposure and
vitamin D intake indices compared to those with a low
ability/tendency. A study in 1,191 French adults found
self-reported skin phototypes to be related to 25(OH)D
levels during the winter [42].

Fat accumulation also influences 25(OH)D levels. In
our study, we found an inverse and significant correlation
between percent body fat and serum 25(OH)D levels (r =
-0.24, p = 0.02), similar to the results of a study in 410
healthy non-Hispanic Black and White women [43]. Oth-
ers have found lower serum 25(OH)D levels in obese in-
dividuals [44-46]. The mechanism underlying the in-
creased risk of vitamin D deficiency in obesity is uncer-
tain. It has been postulated that obese individuals may
avoid exposure to solar UV radiation [47]. This explana-
tion was supported by our results; we found a significant
inverse correlation between the sun exposure index and
percent body fat and WHR. Alternatively, it has been pro-
posed that the production of 1,25(0OH),D is enhanced in
obese individuals and, thus, its higher concentrations
exert negative feedback control on the hepatic synthesis
of serum levels of 25(OH)D [48]. There is evidence that
alteration of the vitamin D endocrine system in obese
subjects is characterized by secondary hyperparathy-
roidism, which is associated with enhanced renal tu-
bular reabsorption of calcium and increased circulating
1,25(OH),D. It has also been suggested that the metabol-
ic clearance of vitamin D may increase in obesity, possi-
bly through enhanced uptake by adipose tissue [49], thus
decreasing the bioavailability of vitamin D3 from cutane-
ous and dietary sources because of its deposition in body
fat compartments [10]. Recently, a study in 3,890 subjects
found an inverse association between serum 25(OH)D
levels and waist circumference (p < 0.005), subcutaneous
adipose tissue (p = 0.016) and visceral adipose tissue (p <
0.0001) [44]. Animal studies also show that 25(OH)D may
suppress uncoupling protein 2 expression, which could
increase energy efficiency and may also increase gluco-
corticoid, which regulates adipose tissue [50]. These ef-
fects are mediated by the vitamin D receptor, whereby
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vitamin D may decrease peroxisome proliferator-activat-
ed receptor-vy availability, which leads to other metabolic
processes in the preadipocyte [51].

Serum 25(OH)D levels are the most valid estimate for
determining vitamin D status in humans, but this mea-
surement, when used in population-based research, has
some limitations [52]. One limitation is that the baseline
measurement of serum 25(OH)D level may not accurate-
ly reflect a person’s vitamin D status over the course of a
year, since serum 25(OH)D levels vary by season, where-
by concentrations are highest in the summer and fall and
are lowest in the spring [53]. In addition, it is an expensive
measurement, not often available for population studies
or in the clinical setting. Therefore, vitamin D intake es-
timates using FFQs and sun exposure assessment could
be used as indicators of vitamin D status throughout a
person’s lifetime in a population.

Several limitations need to be considered when inter-
preting our results. Sun exposure was self-reported by the
subjects. Within our sun exposure questionnaire, we in-
cluded the tendency to burn and ability to tan after sun
exposure as an indirect measure of skin phototypes [29].
Although this measure was not related to 25(OH)D levels
in the total sample, it was related in those with light skin.
We did not have direct measures of skin color, which
would be more accurate than self-reports (such as using
a reflectance spectrophotometer and colorimeter). Also,
it is important to distinguish between constitutive or un-
exposed skin and facultative or exposed skin. As consti-
tutive pigmentation gets lighter and facultative pigmen-
tation gets darker, 25(OH)D levels should increase [54,
55]. A study using a portable reflectance spectrophotom-
eter found a high reliability for measuring skin photo-
types, with less variation in constitutive than facultative
skin color [56]. Another study using reflectance colorim-
etry showed a significant correlation between skin color
and 25(OH)D levels, whereby facultative skin color ap-
peared to be a stronger predictor of sun exposure and
25(0OH)D levels [57]. Therefore, these should be included
in future studies. Also, another potential limitation of the
present study is the inherent measurement error due to
misreporting of food intake and the low number of male
subjects. In addition, the use of bioimpedance for mea-
suring fat mass in obese individuals may be inaccurate,
underestimating fat mass in some studies [58], while
overestimating fat mass in others [59, 60], compared to
gold standard methods. However, others have found good
agreement between methods for obese population studies
[61]. Furthermore, we had limited data on physical activ-
ity and sedentary lifestyles, and these may be indirect
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measures of sun exposure. Finally, the sample size was
small, which may have affected our ability to detect as-
sociations between some of the study variables and
25(OH)D levels.

In conclusion, we found that although only 14% of our
subjects had deficient 25(OH)D levels (<20 ng/ml), 31%
had vitamin D levels considered by some authors as not
optimal (20-30 ng/ml). This suggests that even people
living in high sun exposure areas all year round like
Puerto Rico are not protected against poor vitamin D sta-
tus. This study also showed that serum 25(OH)D levels
were significantly and independently associated with vi-
tamin D intake, but also with the sum of the vitamin D
intake and sun exposure indices and percent body fat.
Therefore, vitamin D intake, extent of sun exposure, skin
pigmentation and obesity are important determinants of
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