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Abstract
Background: Vitamin D deficiency is pandemic while resources available to measure 25-hydroxyvitamin D (25OHD)
are limited. The present study aimed to verify whether sun exposure measured by a structured questionnaire could
predict serum 25OHD concentrations in healthy Caucasian individuals living in a tropical area.
Methods: A cross-sectional study was carried out in subjects living in the greater São Paulo area, Brazil. Two groups
of 50 young (20 to 40 years old) and 50 older (60 to 80 years old) subjects (N = 200) answered a structured questionnaire
on sun exposure and had blood samples drawn for serum 25OHD concentration measurement during both summer and
winter. Anthropometric data were also recorded. Correlation between the questionnaire variables (duration of sun
exposure, amount of exposed skin, total sun exposure score - TSES and other data) and serum 25OHD concentration
was evaluated.
Results: Mean serum 25OHD concentration was 17.60 ± 7.3 ng/mL with no difference between age groups (p = 0.293).
TSES weakly correlated with serum 25OHD levels (r = 0.264; p < 0.001). Separate analyzes by age groups demonstrated
that TSES correlated significantly with serum 25OHD concentration only in the older subjects during summer (r = 0.322;
p = 0.023). Using linear regression analyses, TSES and body mass index (BMI) were significantly associated with serum
25OHD levels. On the other hand, Receiver operating characteristic (ROC) analysis for TSES showed no significance as a
screening tool for vitamin D deficiency (p = 0.172).
Conclusion: Sun exposure questionnaire associated with BMI correlates with serum 25OHD concentration with very
low accuracy. The use of the questionnaire does not discriminate between vitamin D sufficient and deficient individuals.
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Background
Vitamin D is important for calcium and phosphorus
homeostasis, with a fundamental participation in bone
mineralization and remodeling [1]. It has been demonstrated that vitamin D plays an important role in bone
development in children, maintenance of bone in adults
and prevention of osteoporosis in the elderly [2, 3]. In
humans the main source for vitamin D comes from the
conversion of 7-dehydrocholesterol precursors in the
skin through interaction with ultraviolet B (UVB) radiation. 7-dehydrocholesterol UVB-induced conversion to
* Correspondence: cheldan@uol.com.br
Rheumatology Division, Universidade Federal de São Paulo - Escola Paulista
de Medicina (UNIFESP-EPM), Rua Botucatu, 740 – 3° andar – Vila Clementino,
CEP, São Paulo, SP 04023-900, Brazil

cholecalciferol is dependent on latitude, time of the day,
season, duration of exposure and amount of exposed
skin, as well as age and cutaneous pigmentation [4].
Vitamin D synthesis in the skin under UVB radiation is
significantly limited at latitudes > 33°, including North
America and Europe. In those locations the sun is only
an effective source of vitamin D during the summertime
[5]. Dietary sources of vitamin D are limited and predominantly comprise fatty fish and nuts [6].
Vitamin D deficiency is currently one of the most
common and neglected medical conditions, affecting a
large part of the world population [1, 7]. The increasing
concern about the high prevalence of vitamin D deficiency and its skeletal consequences especially among
the elderly has led to a large increase in the demand for
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serum 25OHD measurements, currently the best marker
of vitamin D status [8]. Simple and low-cost methods
that allow for direct measurement of 25OHD in patients
who are at risk of deficiency are needed [9, 10]. The economical impact of such strategies would be rather strong
among developing countries with no solid initiatives for
public health care [11].
We have recently reported a very high prevalence of
vitamin D deficiency among Brazilian men and women
[12]. Vitamin D deficiency is pandemic and can be
observed even in a sunny country like Brazil where
excessive sunlight exposure related outcomes such as
non-melanoma skin cancer are highly prevalent [13, 14].
The variables that may affect 25OHD status are relatively well defined [4, 7]. On the other hand, only a few
studies have designed indirect tools to predict serum
25OHD concentrations and identify individuals who
may be at risk of vitamin D deficiency [15]. The use of
specific tools to rationally indicate 25OHD testing
would be welcome in our current scenario where extensive screening for vitamin D deficiency is not recommended [16]. In the present study we hypothesize that
sun exposure assessment by a structured questionnaire
[17] may correlate with serum 25OHD measurement
and thus could be helpful as an indicator for 25OHD
testing in adults with suspected vitamin D deficiency.

Methods
Participants

A total of 200 healthy Caucasian men and women living in the greater São Paulo area, Brazil, were invited to
participate. Participants were divided into 4 groups: 50
young participants aged 20 to 40 years old during summer, 50 young participants during winter, 50 older participants aged 60 to 80 years old during summer and 50
older participants during winter. All participants were
Caucasian with Fitzpatrick skin phototype I to III [18].
Exclusion criteria were: Non-Caucasian individuals and
Fitzpatrick skin phototype IV and higher, age outside
the study bands, conditions that could impair 25OHD
metabolism and use of vitamin D supplementation.
Vitamin D supplements were defined as all oral supplements containing vitamin D other than food. The use
of sunscreen was also an exclusion criterion. Sunscreen
use was defined as the use of any sunscreen products
within 3 months prior to the study regardless of the frequency. Participants were volunteers and gave written
informed consent before entering the study. UNIFESP/
EPM’s Ethics and Research Committee approved the
present study (reference number 464.939).
Data collection

The study was conducted between December 2013 and
February 2014 (summer in the south hemisphere) and
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between June 2014 and August 2014 (winter). Blood
samples were collected in photoprotected tubes and
stored at − 70 °C until serum 25OHD was measured.
Serum 25OHD measurements were performed using
chemiluminescence technique with a coefficient of
variation of 11.7% [19]. Vitamin D status was classified
as normal when serum 25OHD concentration was
≥20 ng/mL and deficient when < 20 ng/mL, according to
the recommendation from the American Institute of
Medicine (IOM) [6]. The Endocrine Society definition
criteria for vitamin D deficiency were also evaluated [9].
Simultaneously with blood collection all the participants answered a questionnaire on daily sun exposure
correspondent to the previous week, as formerly published [17]. Sun exposure between 9:00 AM and
4:00 PM was recorded. Scores in the questionnaire are
based on the duration of sun exposure (Time in sun: less
than 5 min = 0, between 5 and 30 min = 1 and greater
than 30 min = 2) and in the amount of exposed skin surface (Skin Exposure: face and hands = 1; face, hands and
arms = 2; face, hands and legs = 3; bathing suit = 4).
Scores were calculated for each day of the previous
week. A final score to estimate the mean amount of sun
exposure was calculated as the product of the amount of
time by the amount of exposed skin. This final score was
calculated for each day to reflect the Daily Sun Exposure
Score (minimum = 0, maximum = 8). All seven Daily Sun
Exposure Scores were summed to generate the Total
Sun Exposure Score (TSES) for the entire week
(minimum = 0, maximum = 56). We also considered the
Weekly Time of Exposure Score and the Weekly Skin
Amount Score, which were calculated by adding the
scores corresponding to each day of the week
(minimum = 0 and maximum = 14; minimum = 7 and
maximum = 28, respectively). Body weight was measured
(after removal of shoes and heavy outer clothing) using a
balance beam scale. Height was measured (after removal
of shoes) using a Filizola® stadiometer. Height and
weight were used to calculate the body mass index
(BMI; kg/m2).
Statistical analyzes

All statistical analysis was performed using SPSS 19.0
software
package
(SPSS
Inc.,
Chicago,
IL).
Mann-Whitney test was used to analyze the anthropometric data between independent groups. Student’s t-test
was used to compare TSES as well as mean serum
25OHD concentrations between groups. A linear regression model was used to identify variables associated with
serum 25OHD measurements while logistic regression
models were used to identify anthropometric and questionnaire variables that were associated with vitamin D
deficiency. Receiver operating characteristic (ROC) curve
analysis was performed to determine the performance of
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TSES to predict vitamin D deficiency (serum 25OHD
concentration below 20 ng/mL). Significance level was
set as p < 0.05.

Results
Table 1 shows anthropometric data and vitamin D status
for the study participants. Using the IOM definition criteria
[6] we observed a very high prevalence of vitamin D deficiency. A total of 133 subjects (66.5%) had serum 25OHD
concentration below 20 ng/mL. Mean serum 25OHD concentrations did not differ significantly between young and
old subjects (18.27 ± 7.13 ng/mL and 16.93 ± 7.45 ng/mL,
respectively, p = 0.29). Significant effect of seasonality on
25OHD measurement was detected in young participants.
For this age group mean serum 25OHD concentration was
significantly higher in the summer than that measured in
the winter (21.58 ± 6.08 ng/mL and 14.95 ± 6.58 ng/mL, respectively, p = 0.003). The same was not observed in the
older participants.
The overall mean TSES was 14.9 ± 9.58 (maximum was
28). Young participants had TSES significantly higher than
those observed for the older group (p < 0.001). As expected, TSES were higher in the summer as compared to
the winter in both age groups (p = 0.005).
We observed modest although statistically significant
correlation between TSES and serum 25OHD concentration (r = 0.264, p < 0.001), as shown in Fig. 1. This association was particularly confirmed when the older
participants were analyzed separately. In this age group, a
weak but significant correlation was found between TSES,
Weekly Time of Exposure Score and serum 25OHD
concentrations only in the summer (r = 0.322, p = 0.023
and r = 0.433, p = 0.002, respectively). For the young age
group, none of the variables of the questionnaire correlated significantly with serum 25OHD concentration neither in the summer nor in the winter.
Multiple linear regression analyses demonstrated that
TSES and BMI were significantly associated with serum
25OHD measurements, as shown in Table 2. The equation was significant (R = 0.297), however the analyzed
variables explained only 8.8% of the variability of serum
25OHD measurements (R2 = 0.088).
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Using logistic regression analysis, an inverse correlation
was found between BMI and 25OHD status (OR = 0.926,
p = 0.027). Multiple logistic regression analysis demonstrated that BMI and TSES were the main variables associated with vitamin D deficiency (serum 25OHD below
20 ng/mL), as shown in Table 2. The performance of TSES
to predict vitamin D deficiency (25OHD < 20 ng/mL) was
considered poor with a non-significant area under the
curve (AUC) (p = 0.172) (Additional file 1: Figure S1).
Similar results were found when vitamin D deficiency was
defined according to the Endocrine Society cut off value
(25OHD < 30 ng/mL) [9].

Discussion
Our results demonstrated that the sun exposure questionnaire proposed by Hanwell et al. [17] was not able
to discriminate vitamin D sufficient from deficient individuals when applied to healthy young and old
Caucasian subjects living in a tropical area in Brazil.
TSES estimated by the questionnaire showed a significant but weak correlation with serum 25OHD concentration. The questionnaire thus did not hold as a
reliable tool to guide or indicate serum 25OHD
concentration measurement. Separate analyses by age
group (young and older) or season (summer and winter) did not hold significance. As expected, TSES and
BMI were significantly associated with serum 25OHD
concentration but were able to explain just a minimal
amount of its variability.
In Brazil, 99.3% of 2040 subjects evaluated in the
population-based BRAZOS study had vitamin D intake
below recommendation [7]. Likewise, a high prevalence
of vitamin D deficiency has been systematically observed
in several samples of our population [8–11]. The prevalence of vitamin D deficiency depends upon the definition criteria used [6, 9]. In our present study mean
serum 25OHD measurements in the subgroups evaluated (with the exception of young subjects measured
during winter) were greater than 16 ng/mL (with the exception of wintertime in young patients), level that
covers the requirements of approximately half the population, according to the IOM [6].

Table 1 Anthropometric data and serum 25-hydroxyvitamin D concentration in young (20 to 40 years old) and old (60 to 80 years old)
healthy Caucasian individuals living in São Paulo, Brazil
All (N = 200)

Young (N = 100)

Old (N = 100)

pa

Age (years, mean ± SD)

49.6 ± 19.4

31.5 ± 7.0

67.8 ± 6.4

–

Sex (Men: Women, N)

52: 148

19: 81

33: 67

0.02

BMI (kg/m , mean ± SD)

26.44 ± 4.76

25.85 ± 3.57

27.04 ± 4.62

0.05

25OHD (ng/mL, mean ± SD)

17.6 ± 7.3

18.27 ± 7.13

16.93 ± 7.45

0.29

25OHD < 20 ng/mL (N, %)

133 (66.5%)

66 (66%)

67 (67%)

0.36

2

25OHD 25-hydroxyvitamin D, BMI body mass index
a
Chi-squared or Mann-Whitney
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Fig. 1 Linear regression between serum 25-hydroxyvitamin D concentrations and total sun exposure score in 200 healthy Caucasian Brazilian individuals

The questionnaire we used in the present study is very
easy to be applied and has shown satisfactory results in
another Caucasian population with strong correlation
with serum 25OHD levels (Spearman’s rho = 0.59) [17].
On the other hand, there was no significant association
between TSES and serum 25OHD levels in a Canadian
cohort [20]. Mean TSES in our sample (14.9) are low
and could underscore a current trend of an indoor
lifestyle. On the other hand, the moderate to low sun exposure measured by the questionnaire is not in agreement with the evidence about sun exposure in Brazil.
Due to our tropical and subtropical climate, geographic
characteristics and a culturally low frequency of photo
protection, Brazilians are among the populations with
the highest annual sun exposure [13]. The lack of association in our study and in the Canadian cohort [20] between sun exposure measured by the questionnaire and
serum 25OHD concentration may, at least in part, reflect the poor accuracy of the questionnaire to measure
sun exposure. Based on subjects’ recall of sun exposure
in the previous week, the questionnaire may lack internal validity. The high level of atmospheric pollution
in the greater São Paulo area [21] might have affected
Table 2 Multiple linear regression analyses for serum
25-hydroxyvitamin D concentration in healthy Caucasian Brazilian
individuals living in São Paulo, Brazil
Β (95% confidence interval)

Standard error

p

25OHD

20.052 [14.238/25.866]

2.948

< 0.001

TSES

0.206 [0.102/0.310]

0.053

< 0.001

BMI

- 0.211 [−0.420/− 0.001]

0.106

0.048

25OHD 25-hydroxyvitamin D, TSES total sun exposure score, BMI body mass index

our current results since it reduces the ability of UVB
radiation to induce vitamin D synthesis [22]. As expected, mean sun exposure was higher among young
people as opposed to the elderly and also in the summer
as compared to the winter.
It could sound unrealistic to hypothesize that a sun exposure questionnaire would give us an insight into the
circulating 25OHD concentrations. Multiple reasons
would certainly work against that hypothesis including
time of day of exposure, season, skin phototype and area
of sun exposure, use of sunscreen and other barrier
factors. The study tried to take that into account and
only recruited Caucasian individuals with light phototypes (I to III). Skin area of exposure was also calculated.
The fact that sun exposure was recorded from 9 AM up
to 4 PM can have a dramatic effect on the cutaneous
synthesis of vitamin D: very early (between 9 and 10 AM)
and late hours (3 to 4 PM) certainly are associated with
significantly less vitamin D synthesis when compared to
peak hours from 11 AM to 1 PM. Unfortunately the questionnaire used does not consider those observations and
that might have had an effect on our results.
It has been now well established that obesity can contribute to hypovitaminosis D. Significant inverse correlation between BMI and serum 25OHD concentration
seen in our sample has been described [15, 23, 24]. It is
estimated that for every 10% increase in BMI there will
be a 4.2% decrease in serum 25OHD concentration [23].
About 57% of our participants had BMI above 25 kg/m2
and 14% above 30 kg/m2.
Important limitations of the present study need to be
pointed out. As other variables such as photo protection
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methods other than sunscreen, diet and physical activity
were not considered, it could be inferred that such information could have also affected the relationship between
the questionnaire variables and serum 25OHD concentration. More complex questionnaires including a number of other variables might have improved performance
to identify individual at risk of vitamin D deficiency [25].
The questionnaire was tested in healthy Caucasian subjects with no clear recommendation for screening for vitamin D deficiency. Even though the prevalence of vitamin
D deficiency in the study population was significantly
high, using the questionnaire in patients with osteoporosis
or at a higher risk for vitamin D deficiency might lead to
different results. The cross sectional nature of the study
design precludes us from establishing a cause effect relationship between the variables in analysis. Continuous
follow-up of the same individuals at two seasons could reduce the differences depending on the individual characteristics, minimizing the variability of the data.

Conclusion
In conclusion, in spite of being simple to use, the studied sun exposure questionnaire has very low accuracy to
estimate serum 25OHD concentration. The questionnaire does not allow discriminating between vitamin D
sufficient and deficient individuals in a tropical area.
There remains the need of reliable tools to better indicate 25OHD testing and reduce costs of diagnosis and
management of vitamin D deficiency.
Additional file
Additional file 1: Figure S1. Receiver operating characteristic (ROC)
curve showing the performance (sensitivity and specificity) of total sun
exposure score to predict vitamin D deficiency (serum 25OHD concentration
below 20 ng/mL) in healthy Caucasian individuals living in São Paulo, Brazil.
Area under the curve = 0.559; p = 0.172. (DOCX 46 kb)
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