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Summary
Background Vitamin D deficiency has been documented to be prevalent, even in low latitude regions; and this may
be related to sun exposure behaviors. The aim of the current study was to assess the association between serum 25-
hydroxyvitamin D [25(OH)D] concentrations and lifestyle−related factors in a sample of Brazilian women living at
latitude 21� 80 S.

Methods A cross-sectional study was undertaken in 101 women aged 35 years or older in July 2019 to assess the asso-
ciation between 25(OH)D concentration and level of exposure to ultraviolet radiation (UVR), smoking habits, alcohol
consumption, and physical activity levels. Age, body mass index (BMI), and postmenopausal status were
investigated.

Findings According to the slope coefficient for individual daily UVR levels, the concentration of 25(OH)D increased
by 5 nmol / L for each extra Standard Erythema Dose of UVR, regardless of age and BMI (p < 0¢001). Postmeno-
pausal women had a significantly higher mean concentration of 25(OH)D (p = 0¢01), higher UVR exposure
(p = 0¢01) and lower BMI (p = 0¢005) compared with younger women, independent of other confounders including
smoking, alcohol, occupation and physical activity.

Interpretation Although postmenopausal women from Brazil had higher mean concentrations of 25(OH)D than
younger women, more studies are necessary to understand how sun exposure and lifestyle variables interfere with
these levels. These findings have important public health implications since they suggest that vitamin D deficiency
in older age is not inevitable.

Funding This study was funded by an award received by Universities Global Partnership Network − UGPN. KVSS
and SLO receive scholarship from CAPES, Brazilian Ministry of Education. HR receives a productivity grant from
CNPq.
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Introduction
Recent research has pointed specifically to the existence
of a global ‘syndemic’; characterized by the interaction
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and synergy of three major pandemics − obesity, mal-
nutrition and climate change.1 Regarding malnutrition,
widespread research has highlighted the pandemic
nature of vitamin D deficiency, essential for human
health,2,3 due to its widespread prevalence in both high
and low latitude countries.

Moderate skin exposure to ultraviolet B (UVB) radia-
tion of the solar electromagnetic spectrum allows for
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Research in context

Evidence before this study

A Boolean search was performed on the Scopus and
Web of Science databases to find pieces of research
published with no initial cut-off date until June 2021.
Prior to the search itself, a pre-search was performed
and tests of indexed keywords were carried out until
the following search string was defined: “Vitamin D”
AND “Climate” AND “Human”. Results showed that there
is vitamin D deficiency and insufficiency at all latitudes
and in all age groups. We observed that the connection
between climate, lifestyle variables and vitamin D status
is not well explored.

Added value of this study

The added value of this study was to verify the preva-
lence of vitamin D status in healthy adult women in a
medium-sized city in Brazil, located in a tropical latitude
where there is exposure to solar radiation throughout
the year. The study aimed to associate vitamin D status
with variables such as BMI, lifestyle variables, ultraviolet
radiation (UVR) exposure, and physical activity practice.
Postmenopausal women had a significantly higher
mean concentration of 25(OH)D, higher UVR exposure,
and lower BMI, compared with younger women, inde-
pendent of other confounders including smoking, alco-
hol consumption, and physical activity.

Implications of all the available evidence

The challenge of developing public health policies to pre-
vent and cope with vitamin D deficiency and its numerous
health effects is complex and interdisciplinary. More stud-
ies are necessary to understand how sun exposure and
lifestyle variables interfere with vitamin D levels.
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skin synthesis of vitamin D (cholecalciferol).4 Given suf-
ficient sunlight, 7−dehydrocholesterol in the skin is
converted to pre−vitamin D3. Food sources of vitamin
D are relatively few (e.g. oily fish, eggs, meat, mush-
rooms) and dietary intake of the vitamin is generally
insufficient to meet requirements. Most adults have
been reported to have intakes below the recommended
daily allowance (RDA) of 15 mg/day and the reference
nutrient intake (RNI) of 10 mg/day.5

Vitamin D plays a crucial role in metabolic processes
ranging from calcium and phosphorus metabolism to cell
maturation and growth.6 There is evidence from observa-
tional studies regarding vitamin D deficiency/insufficiency
and increased risk of acute respiratory tract infection over-
all7 and chronic diseases such as osteoporosis,8

hypertension,9,10 cardiovascular disease,11 myocardial
infarction,12 cancer,13,14 diabetes,15 and more recently covid
19.16 However, to indicate supplementation, it is necessary
to verify whether the patient has significant risk factors for
vitamin D deficiency, such as osteoporosis, osteomalacia,
malabsorption, use of drugs that can affect vitamin D
metabolism, or institutionalization.17 In addition, studies
using both experimental and non−experimental designs
on vitamin D and mood disorders in women suggest that
vitamin D may be an important nutrient for women's
mental wellbeing18 in addition to their physical health.2

Latitude, season, and prevailing climatic conditions
are some of the environmental factors that determine
the availability of UVB for vitamin D production.
Although UVB radiation is sufficient for vitamin D syn-
thesis throughout the year, at least up to latitude 35°
North/South,19 vitamin D deficiency has been reported
to be high, even in low latitude regions.20 The explana-
tion for this phenomenon may lie in sun exposure
behavior. The type of clothing, the use of sunscreen,
working in closed spaces and the lack of physical activity
in open environments can prevent or impede the ade-
quate synthesis of vitamin D.4

Personal characteristics such as skin pigmentation
and age are also limiting factors. Vitamin D synthesis
decreases with increasing age, due in part to a drop in 7
−dehydrocholesterol levels and in changes in skin mor-
phology.21 In the case of skin color, darker skin has
more melanin, acting as a filter for ultraviolet radiation
(UVR) and therefore requiring about 6 times more sun
exposure for vitamin D synthesis than white skin.22

The migrations and high-speed transportation have
brought many people into UVR regimes different from
those experienced by their ancestors whose skin pig-
mentation evolved as a compromise between the con-
flicting physiological demands of protection against the
deleterious effects of ultraviolet radiation (UVR) and
photosynthesis of UVB-dependent vitamin D3.

23

Vitamin D deficiency is more prevalent in females
than males. It is now well established that women will
lose significant amounts of bone during and after the
menopause due to the lack of estrogen production; this
can be exacerbated by hypovitaminosis D, characteriz-
ing postmenopausal osteoporosis.24 Concomitant with
this, overweight and obesity have been shown to be
associated with vitamin D insufficiency.25

The aim of the current study was to assess the associ-
ation between serum 25(OH)D concentrations in
healthy adult women and lifestyle−related factors
including sun exposure, physical activity levels, smok-
ing habits, alcohol consumption, occupation, and die-
tary intake. In addition, the association between vitamin
D status and distress score was also analyzed.
Methods
This study is part of the multicenter project Healthy Liv-
ing Healthy Aging, developed by three universities
(University of S~ao Paulo, University of Surrey − Eng-
land and University of Wollongong − Australia). It was
conducted in cities of similar sizes, but with different
latitudes and lifestyle habits. Sample size was
www.thelancet.com Vol 47 Month , 2022
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conveniently agreed with partners of the study from
other cities and latitudes. As the prevalence of insuffi-
cient 25(OH)D varies largely around the world, depend-
ing on population and on climate, the authors adopted a
prevalence of 50% which would give a larger number of
women, and considered 5% standard error.

The cross-sectional study was carried out in Arara-
quara (S~ao Paulo), a medium − sized city located at lati-
tude 21� 80 S, known as the “Home of the Sun”, and is
part of a larger research project in which cities from dif-
ferent continents and latitudes are being studied. Arara-
quara is 646 meters above sea level. Data was collected
in July 2019 in the beginning of winter and in the midst
of the dry season, which runs from May to October in
the State of S~ao Paulo, Brazil. Within the scope of the
multicenter project, it was decided to collect samples in
the winter season, considering the difficulty of synthe-
sizing vitamin D during that period in countries like
England. In the case of Brazil, it was defined the month
of July for data collection, in the middle of the winter
season in south hemisphere.

During the collection period, ozone (24-hour mean
O3) level was around 65 µg/m3.26 Previously there was
no record of daily averages higher than 100 µg/ m3, rec-
ommended by WHO to prevent health problems.
Regarding PM₁₀, throughout the year the concentra-
tions were below 50 µg/m3, but reached 70 µg/m3 in
June and July,26 even so, these values are within the rec-
ommended annual mean interim target 1 of WHO
(2021).27 In these dry months with frequent atmo-
spheric stability, the dispersion of pollutants is impaired
but not enough to prevent UVB radiation.

It was undertaken in a total of 101 women aged
35 years or older to assess the association between
serum 25 − hydroxyvitamin D [25 (OH) D] concentra-
tion and lifestyle factors (level of exposure to ultraviolet
radiation, calcium and vitamin D intake, occupation,
smoking habits, alcohol consumption, physical activity
levels and distress score). Age, skin color, and postmen-
opausal status were also investigated.

The inclusion criteria were: healthy women of any
race or color, live in the city of Araraquara or region, age
35 years or older. Exclusion criteria were factors likely to
affect vitamin D metabolism, namely: taking vitamin D
supplementation, therapy for osteoporosis, cancer treat-
ment, diabetes, heart disease or hypertension.

Approval for the study was provided by the Research
Ethics Committee of the Faculty of Public Health of the
University of S~ao Paulo according to CNS Resolution
196/96 (protocol number CAAE: 11939219.3.0000.5421;
June 4, 2019). All volunteers provided written informed
consent.

Several communication channels were used for par-
ticipant recruitment, including local radio stations,
social networks, and local TV interviews. Informative
posters were posted in local Primary Care Health Cen-
ters, churches, universities, gyms, beauty salons, and
www.thelancet.com Vol 47 Month , 2022
sports clubs. A cell phone line was made widely avail-
able for scheduling the attendance of those interested in
the study. The sample of participants can be considered
representative of Araraquara‘s women population
regarding race and color (Table S1). White women were
72%, black and brown 26%.28

To assess the vitamin D status in the research partici-
pants, the circulating serum 25(OH)D concentrations
were measured by chemiluminescence method. The
instrument was Centaur XP, manufacturer Siemens,
City and country of supplier was S~ao Paulo, Brazil; cali-
brated by essay of proficiency Controllab and PNCQ
(Programa Nacional de Controle de Qualidade). The
instrument's measurements compared with mass spec-
troscopy measurements: ADVIA Centaur VitD = 0,93
(ID-LC/MS/MS) + 2,89ng/ml (7,23nmol/l), r = 0,99.

There is no global consensus on the optimal concen-
trations of 25(OH)D in serum. For evaluation, treat-
ment, and prevention of vitamin D deficiency, the
Endocrine Society Clinical Practice Guideline has been
set a cut-point ≥ 75 nmol/L as an optimal cut-off point
for bone health and fall prevention.29 The deficiency as
< 30 nmol/L is associated with increased risk of meta-
bolic bone diseases.4

In this study the cut-off point below 50 nmol/L has
been used as an indicator of vitamin D insufficiency.
The adoption of this cut-off point allows comparison
with many epidemiological studies,30−32 either as an
isolated measure or as a complement to other cut-off
points. In the case of values < 50 nmol/l, participants
were referred to a physician.

A polysulfone badge functioning as a dosimeter
measured the level of UVR to which the participant was
exposed. The dosimeter was attached to the participants'
outer clothing, either on the shoulder or on the upper
chest, to be worn for four days, including weekends.
Adherence to wearing the dosimeter was 95%, as indi-
cated by the number of women who mailed the used
dosimeter to the University. Two of the women who lost
or got wet the badge called up the investigators and
received new badges which were used for the four days.

All dosimeters were manufactured and read at Uni-
versity Manchester (UK).33 The radiation absorbed by
the dosimeters was measured using a spectrophotome-
ter, and spectral response function at 330 nm, to detect
change in absorbency.34 Exposure to UVR was
expressed in Standard Erythema Dose (SED) units, with
1 SED being equivalent to 100 Jm−2 of erythemal UVR,
which is considered an acceptable daily dose of expo-
sure. Although erythemal effective UVR is not identical
to UVR that is effective for vitamin D synthesis, it pro-
vides an appropriate proxy for sun exposure for the pur-
pose of this study.34

Participants' food and nutrient intake, particularly
calcium and vitamin D intake, was determined accord-
ing to food diaries completed by participants for 4 con-
secutive days, including one weekend day. Participants
3



Very active: one who has fulfilled the recommendations of

Vigorous activity

Vigorous activity

Active: one who has met the recommendations of

Vigorous activity

Moderate activity or walking

Any activity added together (walking + moderate + vigorous)

Box 1: Classification of IPAQ according to categories
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were instructed by the research team on how to com-
plete the diary correctly and asked to provide as much
detail as possible of each meal, including portion size.
Participants were provided with envelopes addressed to
the investigators to return the dosimeter and the food
diary, 95% of which were returned. Food intake data
was analyzed using the Nutrition Data System for
Research� (NDSR, Minneapolis, MN, USA), version
2014 that was based on the North American food com-
position database of the United States Department of
Agriculture.35 In order to identify possible errors in data
collection and processing, consistency analysis of die-
tary data was performed. The Brazilian Food Composi-
tion Tables of the University of Campinas and the
University of S~ao Paulo were used to verify the adequacy
of the nutritional values of the foods present in the pro-
gram. Only the foods that obtained percentages of
agreement between 80% and 120% of the energy and
macronutrient values were used. The nutrients calcium
and vitamin D were corrected after exporting the NDSR
data, according to the values available in the Brazilian
national tables.36,37

A self-administered questionnaire was completed
to describe sociodemographic characteristics, meno-
pausal status, smoking habits, alcohol consumption,
frequency of sunbathing in the previous year (≥
20 times or < 20 times), and use of sunscreen,
skin color [self−reported skin color according to
IBGE (Instituto Brasileiro de Geografia e Estat�ıstica)
classification], weight, and height (self − reported or
measured when the participant did not know), and
waist circumferences were measured by trained
researchers.

To characterize physical activity levels, the Inter-
national Physical Activities Questionnaire (IPAQ)
short form was used which comprises eight ques-
tions on time spent per week in categories of regis-
tered physical activities (walking and moderate and
vigorous physical effort) and physical inactivity (sit-
ting). The IPAQ has been validated for use in the
adult Brazilian population.38 The level of physical
activity was dichotomized into: active individuals
(sufficiently active and very active IPAQ categories)
and inactive individuals (insufficiently active IPAQ
category) as shown in Box 1.39,40

Distress was investigated by the 12-item version of
the General Health Questionnaire (GHQ),41 a screening
instrument conceived for use in general population sur-
veys. The short version screening instrument, with 12-
items, has been validated in the Brazilian population.42

According to the distress scores, the women have been
classified in two groups (low, 0−3 and high, >=4).43

The GHQ is a screening instrument designed to iden-
tify non-psychotic psychiatric disturbance in primary
care settings and in the community.41 Depression is
probably the most well-known type of distress and more
prevalent in women.43
Statistical Analysis
Statistical analysis of the data was performed in R 3.6.3
software for MacBook Pro. Standard descriptive statistics
and linear regression were used throughout. The variables
were tested for normal distribution using Shapiro−Wilk
normality tests. The concentration of 25 (OH) D in the
study population has a normal distribution.

Nonparametric tests were used when the log trans-
formation did not normalize the data. Descriptive statis-
tics were determined for all variables. Continuous
variables are presented as mean § standard deviation
(SD) for normally distributed variables or as median
(25%, 75% percentiles) for not normally distributed, and
95% confidence interval for numeric variables. For non
−numerical variables, descriptive statistics are given by
frequency.

Mean vitamin D levels were compared between partici-
pants who responded affirmatively or negatively to charac-
teristics related to lifestyle habits (smoking, drinking,
sunbathing, sunscreen use), postmenopausal, and low
and high risk of distress (GHQ) using the student t-test,
or Mann-Whitney U tests for non-normally distributed
data. Comparison was also performed for age and SED
categories, as well as mean SED for vitamin D sufficiency/
insufficiency categories. Nonparametric ANOVA and cor-
responding Tukey's test, or Kruskal-Wallis for non-nor-
mally distributed data was used to compare mean 25(OH)
D concentrations between skin color, physical activity, and
occupational category groups.

Pearson's correlation was applied to investigate the
correlation between 25(OH)D concentrations and UVR,
body mass index (BMI), waist circumference, age, dis-
tress score, and vitamin D and calcium intake. The
effect of each variable was tested using simple linear
regression. Those with a significant effect were then
tested in a multiple linear regression including all the
above mentioned covariates. A P value < 0¢05 was con-
sidered significant.
Role of the funding source
This study was funded by the 2018 Award received from
University Global Partnership Network, which did not
have any role on the study subject, design, methods, or
results. The sponsors value publication of research find-
ings, but did not interfere in the decision to submit the
www.thelancet.com Vol 47 Month , 2022
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paper for publication. All authors had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.
Results
The BMI and waist circumference demonstrated nor-
mal distribution and showed that, on average, the study
participants were overweight. The level of UVR did not
have normal distribution, requiring logarithmic trans-
formation. The mean age of participants was 51 years
(SD= 8¢3 years) with mean BMI of 27 kg/m2

(SD = 4 kg/m2) and serum 25(OH)D concentrations
within the normal range (mean = 64 nmol/L SD = 15
nmol/L) while 16% had vitamin D ‘insufficiency’ (< 50
nmol/l). Those who presented sufficient concentrations
of 25(OH)D were 52% and ideal concentrations 32%.

Sociodemographic characteristics of participants are
presented in Table 1, stratified by age group (>50 or
≤50 years). In the 95 participants who returned food
diaries, mean dietary intake of vitamin D was 3¢7 § 2¢5
mg/day and mean calcium intake was 650 § 343 mg
/day. There were no significant differences between age
groups regarding vitamin D and calcium intake. Almost
all participants (97%) had vitamin D intakes below the
recommended 10 mg/day,5 with only three participants
recording intakes above this threshold. For calcium,
87% and 94% had average intakes below the Recom-
mended Dietary Allowance (RDA) (US) of 1000 and
1200 mg/day for women ≤50 years (n = 45) and
>50 years (n = 50), in addition 80% and 84% had aver-
age intakes below the Estimated Average Requirement
(EAR) (UK) [22] of 800 and 1000 mg/day for women
≤50 years and >50 years, respectively.4

Surprisingly, older women had a significantly
higher concentration of 25(OH)D than the younger
women (P = 0¢01) but also had higher UVR exposure
(P = 0¢01) and lower BMI (P = 0¢005). There were
no significant differences in any other characteristics
according to age.
Parameters Total

35 − 5

Serum 25(OH)D (nmol/L) 64§15 60§14

BMI 27§4 28§5

Waist circumference (cm) 93 § 12 94§13

Ultraviolet radiation (UVR) 1¢8 (1¢3 − 2¢7) 1¢6 (1 −

Vitamin D intake (µg/day) 3¢5 (1¢9 − 4¢7) 3¢4 (1¢8
Calcium intake (mg/day) 604 (412 − 801) 590 (40

Sunbathing (n/year) 3 (0 − 10) 4 (0 − 1

Distress score 2 (0 − 7) 2¢5 (0 −

Table 1: Characteristics of female residents of Araraquara (SP − Brazil)
1Values: mean § SD or median (25⁰,75⁰ percentile). 2Statistical analysis: independ
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Exposure levels to ultraviolet radiation in different
groups
We assessed whether there was a significant difference
in UVR exposure dose, vitamin D status, lifestyle, and
distress groups. This analysis aimed to verify a possible
ideal dose of UVR. UVR exposure in winter is shown in
Table 2 for: weekly alcohol consumption, smoking,
number of times she sunbathed in the previous year (≥
20 times or < 20 times), postmenopausal status, dis-
tress groups, skin color, level of physical activity and
occupational category. The dose of personal exposure to
UVR was significantly higher in postmenopausal
women (P = 0¢01) and lower in women classified as hav-
ing vitamin D insufficiency (P < 0¢001). Those who
were overweight also had significantly lower levels of
UVR exposure than those who were not overweight
(P = 0¢006). There was a significant difference between
the occupational category groups (P < 0¢001). The dose
of exposure to UVR was significantly higher in the
"housewife" group when compared with the "adminis-
trative" and "health and beauty" groups (P = 0¢002 and
P < 0¢001, respectively). In the "other" group, consist-
ing mostly of cleaning professionals, tradesmen, and
self−employed, the dose of exposure to UVR was signif-
icantly higher when compared with the "administrative"
and "health and beauty" groups (P = 0¢006, P = 0¢003,
respectively). There were no significant differences
between the other groups.
Circulating levels of 25 − hydroxyvitamin D in
different groups
The 25 (OH)D concentration levels of the sample are
shown in Table 3, stratified by group for: ultraviolet radi-
ation (UVR) (≥ 2 sed or < 2 sed total over four days),
weekly alcohol consumption, smoking, daily sunscreen
use, sunbathing in the previous year (≥ 20 times or <
20 times), post menopause, distress score, skin color,
physical activity level, and occupational category.

Vitamin D concentration was significantly higher in
postmenopausal women compared to those who had
Age (years) P value 2

0 (n=50) 51 − 72 (n=51)

67§16 0¢01
26§4 0¢005
91§10 0¢06

2¢5) 2¢2 (1¢4 − 3¢1) 0¢01�
− 4¢4) 3¢8 (2 − 5) 0¢12
0 − 725) 640 (429 − 851) 0¢23
0) 2 (0 − 9¢5) 0¢21�
9) 2 (0 − 6) 0¢12�

stratified by age group (>50 or ≤50 years)
ent t − test, unless otherwise indicated; Mann −Whitney U�.
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Variable Class Median (IQR)Ɓ P − value1

Vitamin D insufficiency Yes 1¢33 (0¢77 − 1¢47) <0¢001
No 2¢11 (1¢34 − 2¢87)

Postmenopausal Yes 2¢15 (1¢37 − 3¢08) 0¢01
No 1¢6 (0¢93 − 2¢45)

Overweight 2 Yes 1¢46 (0¢94 − 2¢47) 0¢006
No 2¢19 (1¢6 − 3¢11)

Smoking Yes 2¢12 (1¢24 − 2¢6) 0¢37
No 1¢77 (1¢25 − 2¢65)

Consumption of alcoholic beverages Yes 1¢44 (0¢84 − 2¢4) 0¢04
No 2¢06 (1¢36 − 2¢66)

Sunbathing3 Yes 1¢76 (1¢02 − 2¢13) 0¢72
No 1¢75 (1¢14 − 2¢6)

Distress groups (GHQ) High 1¢75 (0¢88 − 2¢65) 0¢23
Low 1¢82 (1¢31 − 2¢63)

Skin color (self-determined) White 1¢88 (1¢32 − 2¢7) 0¢29
Brown or Black 1¢74 (0¢85 − 2¢6)

Physical Activities Very active 2¢17 (1¢55 − 2¢99) 0¢2
Active 1¢81 (1¢13 − 2¢6)
Sedentary 1¢47 (0¢98 − 2¢47)

Occupational groups Beauty and Health 1¢39 (0¢95 − 1¢76) <0¢001
Education 2¢05 (1¢24 − 2¢47)
Administrative 1¢54 (0¢83 − 2¢06)
Housewife 2¢77 (1¢91 − 4¢33)
Others 2¢92 (1¢9 − 4¢2)

Table 2: Dose of exposure to ultraviolet radiation (UVR) of the Brazilian participants from Araraquara (SP) according to vitamin D status,
lifestyle behaviors and distress groups.
Statistical analysis: 1 Mann −Whitney and Kruskal −Wallis test. 2 Overweight is BMI >25 or women over 60 with BMI >27. 3Sunbathing was taking a sunbath

at least 20 times in the previous year or so. Ɓ interquartile range (IQR).
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not yet entered menopause (P < 0¢001). Overweight
women had significantly lower vitamin D concentra-
tions than non − overweight women (P < 0¢001).
Women with average levels of UVR exposure greater
than 2 SED had higher 25(OH)D concentrations.
Women who had distress score had significantly lower
vitamin D concentrations than those who did not have
the symptoms (P = 0¢001). There was a significant dif-
ference between skin color groups, with the average 25
(OH)D concentration being lower in women with black
or brown skin (P = 0¢008). There were no significant
differences in vitamin D concentrations between the
other groups.
Correlation between lifestyle behaviors and 25(OH)D
concentration
In Table 4, the participants' lifestyle behaviors and soci-
odemographic characteristics are stratified according to
vitamin D status. Women with vitamin D concentra-
tions between 25 and 50 nmol/L had significantly lower
levels of UVR exposure than women with concentra-
tions between 50 and 75 nmol/L (P = 0¢005) and than
women with concentrations above 75 nmol/L
(p = 0¢007). The BMI of women with vitamin D
concentrations greater than 75 nmol/L was significantly
lower than in women with vitamin D concentrations
between 25 and 50 nmol / L (P = 0¢03). The distress
score of women with vitamin D concentrations greater
than 75 nmol/L was significantly lower than in women
with vitamin D concentrations between 25 and 50 nmol
/ L (P = 0¢03). There were no significant differences in
vitamin D levels between the other groups.

To perform the correlation and linear regression
tests, a logarithmic transformation of the UVR dose was
required. There was a low, positive but significant corre-
lation between age and UVR (r = 0¢22; P = 0¢03) and an
inverse correlation between BMI and age (r = − 0¢21;
P = 0¢03) as well as with UVR (r = − 0¢23; P = 0¢03).
There was a positive correlation of distress score with
BMI (r = 0¢33; P < 0¢001) and a weak inverse association
between age and distress score (r = − 0¢263; P = 0¢008).

An inverse association was found between 25(OH)D
concentrations and BMI, even controlling for UVR
(P = 0¢009). Whereas the correlation between 25(OH)D
concentrations and age of r = 0¢22 was no longer signifi-
cant after controlling for BMI and UVR (P = 0¢1 and
P = 0¢09, respectively), there was also a trend toward a
positive correlation of r = 0¢29 between UVR and 25
(OH)D concentrations, even after controlling for BMI
www.thelancet.com Vol 47 Month , 2022



Variable Class n (%) Mean§SD IC 95% P − value1

Postmenopausal Yes 45 (45) 69§16 65 − 73 <0¢001
No 55 (55) 58§13 54 − 62

Overweight � Yes 59 60§15 56 − 63 <0¢001
No 42 70§14 66 − 74

Skin Color White 74 (73) 66§15 63 − 70 0¢008
Brown or Black 27 (27) 58§15 52 − 64

Ultraviolet Radiation ≥ 2 sed 45 70§14 66 − 74 <0¢001
< 2 sed 51 59§15 55 − 63

Distress group (GHQ) High 41 (41) 58§16 54 − 63 0¢001
Low 60 (59) 68§1 64 − 71

Smoking Yes 26 (26) 60§18 53 − 68 0¢26
No 75 (74) 65§14 63 − 68

Consumption of alcoholic beverages Yes 34 (34) 66§17 60 − 72 0¢29
No 67 (66) 63§15 59 − 66

Sunscreen daily Yes 52 (52) 63§17 58 − 68 0¢28
No 48 (48) 65§14 61 − 69

Sunbathing ≥ 20 times in the last year or so Yes 12 (14) 66§17 60 − 72 0¢09
No 76 (86) 63§15 59 − 66

Physical Activity level Very Active 26 (26) 66§13 61 − 72 0¢51
Active 50 (50) 64§16 59 − 68

Sedentary 25 (25) 61§16 52 − 68

Occupation Beauty and Health 21 (21) 59§16 52 − 67 0¢68
Education 19 (19) 66§13 60 − 72

Administrative 26 (6) 65§18 58 − 72

Housewife 19 (19) 65§14 59 − 72

Others 16 (6) 64§15 56 − 72

Table 3: 25-Hydroxyvitamin D concentration of the Brazilian participants from Araraquara (SP) according to health risk factors and
lifestyle behaviors.
Statistical Analysis: 1 independent t − test; 2 analysis of variance (Anova). � Overweight is BMI >25 or women over 60 with BMI >27.
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(P = 0¢02). There was an inverse association (r = -0¢31)
between distress score and 25(OH)D concentrations,
even after controlling for BMI and UVR (P = 0¢03 and
P = 0¢004) (Figure 1). No significant correlations were
found between 25(OH)D concentration and vitamin D
intake, as well as, with other variables.

Homoscedasticity and the appropriateness of other
linear regression assumptions were assessed for the
models to ensure validity. The process of verifying the
underlying assumptions in the R program was done
graphically and it is included in supplementary material
(Figure S1 and Figure S2). A multiple regression analy-
sis was used to investigate the ability of individual daily
UVR levels (SED) and BMI to predict 25(OH)D (nmol/
L). Age was not included in the model because it lost its
significant correlation with serum 25(OH)D after con-
trolling for BMI and UVR.

BMI (P = 0¢007) and UVR levels (P = 0¢02) made
statistically significant contributions to the prediction of
the 25(OH)D concentrations and the total variance
explained by the model was 15¢7%. According to the
slope coefficient for individual daily UVR levels, the
concentration of 25(OH)D increased by 5 nmol / L for
each extra SED of UVR, regardless of BMI (P < 0¢001)
www.thelancet.com Vol 47 Month , 2022
(Table S2). A second multiple regression analysis was
used to investigate the ability of BMI and 25(OH)D
(nmol/L) to predict distress score. BMI (P = 0¢009) and
25(OH)D concentrations (P = 0¢02) made statistically
significant contributions to the prediction of the distress
score and the total variance explained by the model was
15¢6% (P < 0¢001) (Table S3).
Discussion
In tropical countries there is higher exposure to solar
radiation that is favorable for vitamin D synthesis, either
due to latitude or favorable atmospheric conditions,
with less severe winters. This study provides novel infor-
mation on the association between vitamin D status and
health and lifestyle characteristics of a population from
a medium−sized city in Brazil. Most studies to date on
Vitamin D have been conducted in countries located in
regions of high latitude.44,45

The prevalence of vitamin D insufficiency of 16%
among white women and 25% among brown and black
women observed in healthy women living in Araraquara
(Brazil), a city characterized by high insolation and low
latitude, indicates the relevance of sunlight. These
7



Parameters 25(OH) in nmol/L P value2

25 − 49,99 (n=16) 50 − 74,99 (n=58) >75 (n=27)

Serum 25(OH)D (nmol/L) 41§6 61§6 83§8 <0¢0013
Age (years) 46 (39 − 57) 50 (42 − 57) 56 (47 − 61) 0¢07
BMI (kg.m2) 28¢4 § 4¢8 a 27¢1 § 4¢5 24¢9 § 3¢3a 0¢023
Waist Circumference (cm) 94¢2§10¢5 94¢2§12¢9 87¢7§9¢5 0¢053
Ultraviolet Radiation (UVR) 1¢3 (0¢8 − 1¢5) a 1¢8 (1¢4 − 2¢7) a 2¢2 (1¢5 − 3¢1) a 0¢007
Vitamin D intake (µg/day) 2¢9 (2¢2 − 4¢2) 3¢9 (2¢3 − 4¢9) 2¢9 (1¢8 − 4) 0¢23
Calcium Intake (mg/day) 554 (469 − 669) 654 (362 − 886) 604 (437 − 713) 0¢53
Sunbathing (times in the last year) 3 (1 − 7) 3(0 − 10) 3(0 −10) 0¢1
Distress score 6¢5 (1¢8 − 10) a 2(1 − 7) 1 (0 − 3¢5) a 0¢03

Table 4: Participants' parameters by vitamin D status
1Values: mean § SD or median (25⁰,75⁰ percentile). 2Statistical analysis: Kruskal − Wallis, unless otherwise stated; 3Anova. Values in the same row with the

same superscript letters are significantly different (p <0¢05).
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results are similar to those found by Brazilian Longitu-
dinal Study of Aging (ELSI).30

The higher mean concentrations of 25(OH)D in
older women in the current study was surprising and
contradictory to other studies.46,47 However, in the mul-
tivariate regression model, age was not associated with
serum 25 (OH) D in older postmenopausal women, as
the variable lost significance when UV radiation and
BMI were included. More studies are needed to explain
how higher exposure to UV radiation and lower BMI in
this age help with ideal optimal concentrations of 25
(OH)D.

BMI was an important confounding factor, explain-
ing 10¢6% of the regression model for vitamin D
Figure 1. Scatterplot diagram with correlation line between the ind
dependent variable 25 (OH)D concentration of the Brazilian particip
concentrations. The inclusion criteria of participants
being generally healthy and not undergoing treatment
for chronic diseases, including osteoporosis, may have
favored the result of higher vitamin D levels in the older
age group compared to other studies. It is well known
that vitamin D deficiency in postmenopausal women is
associated with increased prevalence of bone diseases
such as osteoporosis and osteomalacia,48 therefore the
exclusion of these pre-existing conditions may have lim-
ited the generalizability of our findings.

Recent studies point to high rates of vitamin D insuf-
ficiency related to low consumption of vitamin D−con-
taining foods, as well as a high prevalence of overweight
and obesity.6,49 In a study conducted among Brazilian
ependent variables (Age, Distress score, BMI and RUV) and the
ants.

www.thelancet.com Vol 47 Month , 2022
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women that were living in either Goi�as (Brazil) or Sur-
rey (England) (n = 114), mean vitamin D dietary intake
was 2¢4 § 1¢9 mg/day.50 Brazil does not have food vita-
min D fortification policies. In addition, the low intake
of vitamin D in natural foods may have made it difficult
to analyze the association with 25 (OH) D concentra-
tions in the blood.

Skin pigmentation is known to be a limiting factor to
vitamin D production, especially for migrants and
descendants of darker−pigmented skin living in north-
ern countries where there is low sun exposure, or due to
dress cover and sun avoidance behavior.6,51 In our
study, women who had white skin, had higher concen-
trations of 25(OH)D than those that were of black or
brown skin.

In the UK, studies have been conducted that specify
the weighted dose of UVR for vitamin D synthesis in
summer, in order to ensure sufficient vitamin D pro-
duction to prevent deficiencies in winter months.34,52

The desirable dose of UVR depends on skin type, and
the exposure times required differ for different skin
types.53 A light−skinned person who does not tan easily
would show a very mild burn after absorbing 2 − 3 SED
in a short period of time.54 The target dose of UVR
throughout the summer for Caucasian adults living in
high latitudes such as the UK remains 38 SED in a
small and frequent exposure regime, i.e. a short, daily
exposure.52 Studies such as this are needed for residents
of tropical countries. In the present study, women with
a dose of UVR greater than or equal to 2 SED, over four
consecutive days, had 25 (OH) D concentrations of 70
nmol/ L on average, while those who had doses less
than 2 SED had a mean concentration of 59 nmol/ L,
which is borderline sub-optimal.

In a study conducted by Mendes et al in Brazilian
women living in either England or Brazil, an increase of
20¢2 nmol/L of 25 (OH) D concentration was observed
for each extra SED of UVR measured by the same
method.50 However, in our study, an increase of
6¢51 nmol/L of 25 (OH) D concentration was observed
for each extra SED of UVR measured by the same
method. In that study, because it included participants
from England, 25 (OH) D concentrations were very low,
which led to a larger within−sample variance. Such
results suggest that individual countries need specific
sunlight exposure recommendations due to differences
in solar radiation, as well as differences in sociodemo-
graphic characteristics such as age, skin color, and BMI,
resulting in region−specific recommendations.

An individual's work environment is directly related
to the time of skin exposure to the sun. Long hours of
indoor work can contribute to vitamin D deficiency in
the adult population, as shown in studies of health care
workers in hospitals and clinics.44,55 In our study, lower
levels of exposure to UVR were found in certain occupa-
tion categories that work indoors, including health pro-
fessionals which suggests that health promotion
www.thelancet.com Vol 47 Month , 2022
messaging to prevent suboptimal vitamin D status
could be targeted in various workplaces. Even though
there are no significant differences in 25(OH)D concen-
trations in the occupational categories analyzed, other
studies have shown lower rates of vitamin D insuffi-
ciency in those who work outdoors.56

Cultural differences in clothing and other cultural
habits of avoiding sun exposure with constant use of
sunscreen and staying indoors all day may interfere
with the process of endogenous vitamin D
production.57,58 Enlarging the area of fully exposed skin
(reduced clothing, no sunscreen) increases the skin's
supply of vitamin D. Experts recommend exposing as
much skin as temperature and social and cultural cus-
toms allow, accepting that this may vary from day to
day.59

In the present study, no associations were found
between 25(OH)D concentrations and lifestyle behav-
iors such as smoking, alcohol consumption, physical
activity levels, sunscreen use, and sunbathing (more
than 20 times a year). The lack of association between
daily use of sunscreen and 25(OH)D concentration
should be evaluated in conjunction with other behav-
ioral variables typical of tropical city dwellers, such as
staying in shaded places that offer better thermal com-
fort. In Brazil, the population has the habit of sunbath-
ing during high heat intensity periods on vacations or
long holidays. Evidence reinforces that large and infre-
quent exposure of skin to the sun are inefficient for vita-
min D synthesis due to the complexities of skin
photochemistry and may also increase the risk of sun-
burn and further skin damage.60 The failure to observe
differences between physical activity groups assessed
using IPAQ on mean vitamin D concentration needs to
be further evaluated. Introduction of questions related
to physical activity and/or walking outdoors is recom-
mended for further studies.

In the present study, an association of distress score
and lower 25 (OH) D concentrations was observed. A
possible relationship of vitamin D in the pathophysiol-
ogy of depression is currently speculative, and more rig-
orous research is needed to evaluate this association in
large adult populations. Prospective associations
between vitamin D status and depression have already
been found suggesting that both vitamin D deficiency
and insufficiency may be risk factors for the onset of
depression in middle−aged adults.61

The analysis from the global syndemic perspective
may lead to a greater understanding of the vitamin D
deficiency pandemic. The relationship between lower
vitamin D levels and higher body mass index, observed
in the present study, brings yet another challenge for
reducing overweight and malnutrition. The optimal
level of vitamin D, being directly associated with ultravi-
olet radiation, may be impacted by climate change that
is occurring globally.62 In countries with a tropical cli-
mate, these changes can lead to avoidance of sun
9
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exposure because of high temperatures. In addition, the
urban lifestyle, characterized by staying indoors, inside
buildings, or spending long hours in transportation, are
not conducive to outdoor activities.

Among the limitations of the study, we mention: A.
The sample size, which was not based on the population
size of the city of Araraquara. Nevertheless, it was repre-
sentative of the census population regarding skin color.
As part of a multicenter study, the sample was standard-
ized for different population sizes. B. The potential for
bias in the self-reported answers to que questionnaires,
and adherence to the use of radiation dosimeter badge
without direct monitoring by the researchers. C. The
results cannot be generalized for other Brazilian or trop-
ical cities as it was undertaken in a middle-size urban
area, with mild winter, prevalence of single-family
homes, scarce high rise-buildings, and good level of tree
shaded streets.

This cross-sectional study of healthy, community-
dwelling Brazilian women has found the average con-
centration of 25 (OH) D to be in the normal range, but
15¢8% had vitamin D insufficiency or deficiency using
Endocrine Society Clinical Practice Guideline and 25%
among brown and black women (< 50nmol/L). Even in
a tropical country such as Brazil, those with a darker
skin color had lower vitamin D levels.

Our findings suggest that studies on the optimal
exposure dose to UVR for each season to prevent vita-
min D deficiency are needed in tropical countries, espe-
cially in highly urbanized areas that are inland. The
higher 25(OH)D mean concentration observed in the
older, postmenopausal women in the non-parametric
analysis can be explained by their relatively higher sun
exposure compared to those younger than 50 years. Nev-
ertheless, multivariate analysis showed no association
between age and vitamin D. More studies are necessary
to understand how sun exposure and healthy eating
habits interfere with these levels. Our findings have
important public health implications since they suggest
that vitamin D deficiency in older age is not inevitable.
The challenge of developing public health policies to
prevent and cope with vitamin D deficiency and its
numerous health effects is more complex and interdisci-
plinary as life and work habits associated with climate
change have limited healthy exposure to UV radiation,
even under humid tropical climates characterized by
mild and sunny winters.
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