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Abstract This article aims to analyze vitamin D
insufficiency and factors associated among older
adults using primary health care services. This is
a cross-sectional study that evaluated 533 older
adults individuals (> 60 years old) in three cit-
ies in the state of Sdo Paulo, Brazil. Serum level
of 25-hydroxyvitamin D (25-OHD) was evalu-
ated by chemiluminescence. The factors evaluat-
ed were sociodemographic information (sex, age
group, ethnicity, education, income, marital sta-
tus), health conditions (reported diseases), body
composition (BMI, waist circumference), lifestyle
(physical activity and smoking), and sun exposure
(purpose, duration, frequency, time of exposure,
exposed body parts, use of sunscreen, skin type).
The prevalence of vitamin D insufficiency was
64.5%, presenting association with female par-
ticipants, non-white/unreported ethnicity, low
weight, high waist circumference (risk for CVD
— cardiovascular disease), and physical inactivity.
Negative association was observed with habitual
sun exposure of hands, arms and legs, during lei-
sure activities, daily commuting and physical ac-
tivity, and between 9 am and 3 pm. The findings
show the relevance of factors such as sex, ethnicity,
body composition, physical activity, and sun ex-
posure habits in the high prevalence of inadequate
levels of vitamin D among older adults.

Key words Elder people, Vitamin D, Sun expo-
sure, Public health.
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Introduction

Vitamin D has a very clear role in bone minerali-
zation; it has been highlighted for its complex ac-
tivity in the body, including control of metabolic
processes. Proper levels of vitamin D are sugges-
ted to help protect the body against musculoske-
letal disorders, infectious diseases, cancers, au-
toimmune and cardiovascular diseases, diabetes
mellitus, and neurocognitive dysfunctions, with
low serum concentrations of vitamin D related to
increased risk for development and progression
of these diseases'.

Cutaneous synthesis regulated by sunlight is
the main source of vitamin D in humans, so there
is a false impression that vitamin D deficiency is
not a problem in sunny countries, and for this
reason, serum concentrations of vitamin D in the
population are not often measured. However, ac-
cording to studies conducted in Brazil and other
countries, hypovitaminosis D is highly prevalent,
regardless of the region evaluated, with Brazilian
studies showing prevalence ranging from 28.5%
according to a study conducted with hypertensi-
ve older adults in Joao Pessoa, Paraiba, in spring
and summer, to almost 96%, as reported in ano-
ther study that evaluated older adults in Sdo Pau-
lo, SP, in winter?.

A study by Cabral et al’®, which evaluated
234 older adults male individuals in Recife, Per-
nambuco, in summer, found 66.7% prevalence
of vitamin D insufficiency, with mean serum
concentrations of 25-hydroxyvitamin D below
the recommended level (27.86 + 13.52ng/mL).
These mean values are similar to those found in
another recent study* conducted with 287 older
adults from a community in Palhoga, Santa Cata-
rina (26.09 = 9.20ng/mL).

In addition to sun exposure, many other fac-
tors may be involved in vitamin D deficiency, such
as age, skin pigmentation, obesity, multimorbidi-
ty, and use of certain medications like antihyper-
tensive, anticonvulsant, anti-inflammatory, and
sedative medications. Due to lifestyle habits,
polypharmacy, multimorbidity, and reduced ef-
fectiveness of vitamin D production in the skin,
the older adults are one of the most important
groups at risk for vitamin D deficiency’.

In this context, considering that few studies
have assessed representative samples of older
adults in primary health care in Brazil®’, and
knowing that serum vitamin D is not widely tes-
ted in the older adults population using primary
health care services, factors must be identified for
an early identification of vitamin D insufficien-

cy, enabling actions and strategies to prevent and
control this condition, which has become more
prevalent in Brazil and worldwide. This study
aims to analyze the prevalence of vitamin D insu-
fficiency and its association with sociodemogra-
phic variables, sun exposure habits, physical and
health conditions in older adults using primary
health care services.

Methods
Participants

This is a cross-sectional study, which is part
of a larger study titled “Evaluation on the preva-
lence of micronutrient deficiency in older adults
living in cities in the region of Campinas — SP”
conducted in the municipalities of Limeira, Pira-
cicaba, and Campinas, in the state of Sdo Paulo,
Brazil.

The inclusion criteria for study participation
were: aged 60 years and older, living in one of
the study municipalities, and presenting proper
neurological and cognitive conditions to answer
the questionnaires (as assessed by the interviewer
during the study presentation and invitation to
participate). Exclusion criteria were: use of food
supplements based on vitamins and/or minerals,
participation in a home care program, and recei-
ving chemotherapy treatment.

The study sample was estimated considering
the total number of inhabitants aged 60 years and
older in the municipalities of Campinas, Limeira,
and Piracicaba using official data of population
estimates for 2018 and considering a prevalence
of 60% of older adults with deficiency of at le-
ast one of the evaluated nutrients, considering a
sampling error of 10% and 95% confidence level.
Then, the total sample was 600 older adults, with
250 participants from the city of Campinas, 170
from Limeira, and 180 from Piracicaba.

Data were collected from 612 participants
from October 2018 to December 2019 (no data
collection was performed during the winter); 17
individuals had incomplete data and 62 who re-
ported using supplements containing vitamin D
were excluded, so the final sample had 533 indi-
viduals.

The older adults volunteers were recruited
through an invitation made at the basic health
units (UBS) recommended by the respective He-
alth Departments of each municipality.

This study was approved by the Ethics
Committee for Research with Human Bein-



gs from Universidade Estadual de Campi-
nas, study approval No. 2.878.652 and CAAE
95607018.8.0000.5404. All participants signed an
informed consent form.

Data collection

In each selected health unit, the older adults
patients were invited by the research team to par-
ticipate in the study and instructed to come back
on the scheduled date with at least 8-hour fas-
ting. On the scheduled day, a blood sample was
collected, anthropometric data were measured,
and then an interview was conducted to answer
the questionnaire. These procedures were perfor-
med by a team of undergraduate and graduate
health students, previously trained by the resear-
ch coordinators.

Study variables

The dependent variable of the study was vita-
min D insufficiency. Serum vitamin D levels were
analyzed by measuring 25-hydroxyvitamin D
(25-OHD) using the chemiluminescence immu-
noassay technique, with the Alinity 25-OH Vita-
min D reagent kit (Abbott). The tubes containing
collected blood were stored in a cooler with ice,
and immediately at the end of collection, they
were sent to the same private laboratory hired
for this study (Pasteur”), where the samples were
processed and then analyzed (no freezing). For
serum 25-hydroxyvitamin D levels, the referen-
ce values recommended by Brazilian Society of
Endocrinoloy and Metabology (SBEM) and Bra-
zilian Society of Clinical Pathology/Laboratory
Medicine (SBPC)® were used, so values below
30 ng/ml were considered vitamin D insufficien-
cy.

The study covariates were: sex, age group,
ethnicity, monthly income, physical activity,
smoking, self-reported diseases, body mass index
(BMI), waist circumference, sun exposure, use of
sunscreen, sun exposure time, part of the body
exposed to the sun, duration of sun exposure,
frequency of sun exposure, and skin types.

BMI is a person’s body weight (in kilograms)
divided by the square of height (in meters). Wei-
ght was measured with the individual standing
on an electronic weighing scale (150 kg capacity,
50 gram accuracy). Height was measured using
a professional portable stadiometer, 0.1 cm ac-
curacy, where the individual was standing strai-
ght with heels together on the base. BMI of the
participants was classified according to the cutoff

points for the older adults, as recommended by
the Ministry of Health®, that is, up to 22 kg/m*
low weight, between 22 and 26.99 kg/m* eutro-
phic, 27 kg/m? or more: overweight.

Waist circumference was measured with a
non-extendable measuring tape located at the
midpoint between the iliac crest and the last rib.
Risk for cardiovascular disease (CVD) was consi-
dered when the male participants presented 102
centimeters or more and 88 centimeters or more
for female participants'.

Regarding physical activity, individuals were
considered active when they reported at least 150
minutes of moderate intensity aerobic physical
activity or 75 minutes of vigorous intensity aero-
bic physical throughout the week.

For the assessment of smoking, individuals
answered “yes” if they were currently smokers,
“no” if they had never smoked, or if they were
former smokers.

Skin type was assessed using the Fitzpatrick
scale'?, which defines scores to skin phototypes:
from 1 to 6, where type 1 is the palest skin whi-
ch always burns and never tans, and type 6 is the
darkest skin which never burns and always tans
when exposed to the sun (the participant pointed
to a printed picture matching the color of his/her

skin).
Statistical analysis

For the statistical analysis of the study varia-
bles, distributions of relative frequencies, mean
values and standard deviation were estimated
for continuous variables, and proportions were
estimated for categorical variables. Differences
between groups were estimated using the Man-
n-Whitney test after analyzing the normality of
distributions, and x* test was used to analyze di-
fferences between categorical variables. Variables
with p value < 0.20 in simple association were
selected to calculate crude and age-adjusted odds
ratios, with different models for general, physical
and health characteristics and sun exposure ha-
bits, but the variables with p value < 0.05 remai-
ned in the tables. The critical level was p < 0.05.
The analyses were performed in Stata version 14.

Results

All 533 participants included in the study had a
mean age of 69.6 * 6.7 years, with predominan-
ce of female participants. Most participants were
married (60.4%), white (54.4%), had less than 8
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years of education (71.8%) and income of two or
more minimum wages (70.5%). When analyzing
the nutritional status indicators, we found mean
BMI of 28.9 + 5.4 kg/m?, with most participants
classified as overweight (60.4%) and at risk for
CVD according to the waist circumference asses-
sment (58.7%). Regarding health-related beha-
viors, 58.7% had never smoked and 64.4% were
inactive smokers (Table 1).

The mean serum concentration of 25-OHD
was 28.3 £ 9.2 ng/mL, and the prevalence of in-
sufficiency was 64.5%, higher among female par-
ticipants and those who self-reported as black/
brown/indigenous/yellow/unreported, categori-
zed as “other” ethnicity (Table 1). No difference
was observed in age group, marital status, inco-
me, education, those with paid work, and head
of household. Table 1 shows higher prevalence of
vitamin D insufficiency among individuals clas-
sified as underweight and those with a waist cir-
cumference measurement above the limits of risk
for developing CVD.

Regarding health data of participants, most
of them reported medical diagnosis of three
or more diseases — the most prevalent disor-
ders were: hypertension (61.9%), spine issues
(50.5%), rheumatism (43.1%), diabetes (27.6%),
depression (27.6%), and CVD (23.6%). No sig-
nificant difference was found when associating
these diseases and vitamin D insufficiency or
grouping individuals by the number of pre-exis-
ting diseases.

In the evaluation of sex- and age-adjusted lo-
gistic regression of general, physical and health
characteristics of participants, those of “other”
ethnicity, low weight and high waist circumfe-
rence were more likely to have vitamin D insuffi-
ciency (Table 2).

Table 3 shows that most participants sel-
f-reported daily sun exposure while commu-
ting (e.g., going to the market, drugstore, etc.)
without sunscreen. They also reported exposu-
re of less than 3 times during the week, for less
than 15 minutes on average, between 9 am and
3 pm, with hands, arms and face as their more
frequently exposed body parts. Every participant
could report more than one exposure habit, time
and exposed body parts. According to the Fitzpa-
trick scale, the predominant skin phototype was
type 4, followed by types 2 and 3.

The proportion of vitamin D sufficiency was
higher among participants reporting sun expo-
sure during leisure and physical activities (p =
0.018 and p = 0.010, respectively). A difference
was also observed between participants who re-

ported exposure between 9 am and 3 pm (p =
0.032) and exposure of hands and arms (p =
0.046) (Table 3).

In the evaluation of sex- and age-adjusted
logistic regression of sun exposure habits of par-
ticipants, a negative association was observed
between vitamin D insufficiency and individuals
reporting exposure habits during leisure activi-
ties, daily commuting, practice of physical ac-
tivities, exposure between 9 am and 3 pm, and
hands, arms and as their more frequently expo-
sed body parts (Table 4).

Discussion

A high prevalence of vitamin D insufficiency was
reported among the older adults participants
evaluated (64.5%), with sex, ethnicity, body com-
position and some habits of sun exposure associ-
ated with vitamin D insufficiency.

Regarding the high prevalence of vitamin D
insufficiency, similar indices were found in an-
other study conducted with the same population
profile in the country*>", while a study per-
formed with 81 older adults in Ribeirao Preto,
Sado Paulo', found a higher prevalence (76.5%)
of vitamin D insufficiency, with serum 25-OHD
levels of 24.63 + 7.89 ng/mL.

Brazil has a geographic location that pro-
vides good availability of ultraviolet rays (UVB)
throughout the year, which allows exposure to
sunlight and cutaneous synthesis of vitamin D
at proper concentrations in most seasons of the
year. However, studies have reported high prev-
alence of vitamin D insufficiency and deficien-
cy. This paradox can be partly explained by the
concern about preventing high levels of sun ex-
posure, regardless of the concentration of solar
radiation, a precaution that leads the population
to be less exposed to the sun or use physical/
chemical barriers (clothes, hats, sunscreen), thus
increasing the prevalence of inadequate levels of
vitamin D'®.

Specifically in relation to sex, the female
participants had lower mean values and higher
prevalence of insufficiency (adjusted OR 2.54; p
< 0.001). A study that evaluated 359 older adults
in Teresina, Piaui,” found even lower mean values
when analyzing serum levels (22.51 + 8.03 ng/
mL), which were also lower among female partic-
ipants. Several studies’’"" show that women are
more likely to have lower levels of 25-OHD than
men, particularly due to the type of clothes and
sun protection behavior of women, which makes



Table 1. General, physical and health characteristics of older adults with vitamin D sufficiency and insufficiency.
Limeira, Piracicaba, and Campinas, state of Sdo Paulo, 2018-2019.

Total Vitarr}in D .Vitami'n D
sufficiency  insufficiency
Characteristic (230ng/mL) (<30 ng/mL) p-value
533 n=189 n=>344
(35.5%) (64.5%)
n % n % n %
Sex 0.000
Female 353 66.2 99 52.4 254 73.8
Male 180 33.8 90 47.6 90  26.2
Age 0.218
60-74 years 419  78.6 143 75.7 276  80.2
75 years and older 114 214 46 243 68 19.8
Ethnicity 0.026
White 284 53.3 113 59.8 171 49.7
Other — black, brown, indigenous, yellow or 249 46.7 76 40.2 173 50.3
unreported
Monthly income* 0.059
< 2 minimum wages 108 20.3 29 15.3 79 230
> 2 minimum wages 376 70.5 138 73.1 238 69.2
unreported 49 9.2 22 11.6 27 7.8
BMI 0.004
Low weight 44 8.3 9 4.8 35 102
Eutrophy 167 313 74 39.1 93  27.0
Overweight 322 60.4 106 56.1 216 62.8
Waist circumference 0.001
With risk 313 58.7 93 49.2 220 64.0
No risk 220 41.3 96 50.8 124 36.0
Physical activity 0.225
Active 230 432 91 48.1 139 404
Not active 303 56.8 98  51.8 205  59.6
Smoking 0.749
Yes 39 7.3 14 7.4 25 7.3
No 313 587 107 56.6 206 59.9

Former smoker

181 34.0 68 36.0 113 32.8

n: sample number; %: proportion from n; p value: Pearson’s chi-square test; *minimum wage in effect at the time of the interview

(2018-R$954.00/2019-R$998.00); BMI: body mass index.

Source: Authors.

cutaneous synthesis of vitamin D less efficient®.

Regarding skin color, reduced efficiency of vi-
tamin D synthesis in people with dark skin is well
described in the literature, to the greater amount
of melanin, which acts as a natural sunscreen’. It
explains the higher prevalence of vitamin D in-
sufficiency found among individuals reporting
more pigmented skin color ethnicities.

The association between overweight and vi-
tamin D insufficiency is also well described in the
literature®?”. It can be explained by biological

factors, since obesity decreases the bioavailability
of vitamin D obtained by cutaneous synthesis, as
vitamin D tends to be deposited on adipose tis-
sue, changes the regulation of PTH and hepatic
synthesis of 25-OHD, and involves lifestyle fac-
tors, such as lower intake of vitamin D in the diet
of obese people?. Although this study did not
find an association with overweight according to
the BMI classification, after an adjusted regres-
sion analysis, this association was observed with
increased waist circumference (adjusted OR 1.57;
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Table 2. Crude and adjusted odds ratios (OR) of vitamin D insufficiency in relation to sociodemographic and
health characteristics of older adults. Limeira, Piracicaba, and Campinas, state of Sdo Paulo, 2020.

Characteristic CrudeOR  pvalue adgl;ted p value

Sex

Male 1.00 1.00

Female 2.58 <0.001 2.54 <0.001
Ethnicity

White 1.00 1.00

Other - black, brown, indigenous, yellow or unreported 1.48 0.031 1.46 0.043
Monthly income*
< 2 minimum wages 1.00 1.00
> 2 minimum wages 1.58 0.057 1.29 0.303
unreported 0.68 0.226 0.67 0.219
BMI

Eutrophy 1.00 1.00

Low weight 3.09 0.005 2.56 0.023

Overweigh 1.60 0.016 1.41 0.085
Waist circumference

No risk 1.00 1.00

With risk 1.83 0.001 1.57 0.018

OR: odds ratio; +adjustment by sex and age variables; *minimum wage in effect at the time of the interview (2018-R$954.00/2019-

R$998.00); BMI: body mass index.

Source: Authors.

p = 0.018). A study conducted by Snijder et al.*!
in Amsterdam with 453 older adults found an
association between low levels of 25-OHD and
high waist circumference. This characteristic is
an important factor, as it seems to make an in-
dividual more susceptible to lower levels of 25-
OHD29,30.

On the other hand, we found a strong asso-
ciation between vitamin D insufficiency and low
weight (adjusted OR 2.56; p = 0.023). A study
conducted by Cabral® that assessed older adults
in Porto Alegre, Rio Grande do Sul, also found
deficient levels of 25-OHD with higher preva-
lence among thin or malnourished older adults,
suggesting vitamin D deficiency is associated
with nutritional risk and malnutrition.

Several studies show higher serum levels of
25-OHD among individuals who practice phys-
ical activities?**>%, This characteristic is even
more accentuated when this practice is per-
formed outdoors®. In this study, we found no
significant difference between groups in terms of
active individuals. However, individuals report-
ing sun exposure during physical activity showed
a lower prevalence of vitamin D insufficiency.

Among the diseases reported by participants,
although the relationship between hypovita-

minosis D and various diseases such as diabetes,
cardiovascular diseases, hypertension, cancer,
osteoporosis, depression, among others™, is well
described in the literature, no association was
observed between these diseases and vitamin D
insufficiency. Also, no significant difference was
found regarding the number of diseases reported
by participants.

A correctly applied sunscreen with sun pro-
tection factor (SPF) 30 is presumed to reduce by
95% to 99% the skin ability to produce vitamin
D*. Despite that, we found no significant differ-
ence for vitamin D insufficiency between indi-
viduals who reported using sunscreen and those
who did not have such habit. A similar result was
reported by Maeda et al.”® for using sunscreen or
not. On the other hand, in a study conducted by
Cabral®, sunscreen was significantly associated
with proper levels of 25-OHD, a fact that, accord-
ing to the author, can be explained by a possible
application of insufficient or uneven sunscreen.

The efficiency of sun exposure in vitamin D
synthesis depends on the use of sunscreen and
other factors, such as latitude, season of the year,
air pollution, skin pigmentation, and age*. For
white adults, it is recommended to expose arms
and legs to the sun (which represent 25% of the



Table 3. Sun exposure habits of individuals with vitamin D sufficiency and insufficiency. Limeira, Piracicaba, and

Campinas, state of Sdo Paulo, 2018-2019.

Total Vitan.lin D 'Vitami.n D
sufficiency insufficiency
Variavel (230ng/mL)  (<30ng/mL)  value
n=>533 n =189 (35,5%) n =344 (64,5%)
n % n % n %
Sun exposure
During leisure activities 137 25.7 60 317 77 22.4 0.018
During daily commuting 408 76.5 153 81.0 255 74.1 0.075
During physical activities 190 35.6 81 42.9 109 31.7 0.010
For health purposes 83 156 35 18.5 48 14.0 0.164
Use of sunscreen 0.207
Yes 188 353 60 31.7 128 37.2
No 345 64.7 129 68.3 216 62.8
Time of exposure
Before 9 am 256 48.0 85 45.0 171 49.7 0.295
Between 9 am and 3 pm 274 514 109 57.7 165 48.0 0.032
After 3 pm 95 17.8 33 17.5 62 18.0 0.871
Exposed body parts
Face 418 784 149 78.8 269 78.2 0.864
Hands and arms 474  88.9 175 92.6 299 86.9 0.046
Legs 272 51.0 107 56.6 165 48.0 0.056
Average duration 0.115
< 15 minutes 435 81.6 161 85.2 274 79.7
> 15 minutes 98 184 28 14.8 70 20.3
Frequency of exposure 0.718
< 3 days a week 350  65.7 126 66.7 224 65.1
>3 days a week 183 343 63 33.3 120 34.9
Skin type (Fitzpatrick scale) 0.542
Type 1 70  13.1 23 12.2 47 13.7
Type 2 142 26.6 52 27.5 90 26.2
Type 3 107 20.1 43 227 64 18.6
Type 4 144  27.0 48 254 96 27.9
Type 5 39 7.3 10 5.3 29 8.4
Type 6 20 3.8 7 3.7 13 3.8

Not reported

11 2.1 6 3.2 5 1.4

n: sample number; %: proportion from n; p value: Pearson’s chi-square test.

Source: Authors.

body surface when wearing shorts and a short-
sleeve shirt or blouse) for about 5 to 15 minutes,
between 9 am and 3 pm, three times a week (de-
pending on the latitude, season of the year, and
skin pigmentation), which would be sufficient
for the production of vitamin D required. How-
ever, among the older adults, cutaneous synthe-
sis is reduced to around 25% of the capacity of a
20-year-old person®.

Despite the reduced capacity of vitamin D
photoproduction among older people, Brou-

wer-Brolsma et al.*® observed significant asso-
ciations between habitual sun exposure and
25-OHD in this population. Data from a study
conducted by Maeda et al.”® suggest the amount
of UVB radiation at the latitude of the city of
Sao Paulo, SP, is sufficient for proper production
of vitamin D, even for the older population, as
long as they have minimal exposure. However, it
should be noted that sun exposure is not enough
to compensate for vitamin D insufficiency or de-
ficiency®. Data obtained in this study related to
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Table 4. Crude and adjusted odds ratios (OR) of vitamin D insufficiency in relation sum exposure habits of older
adults. Limeira, Piracicaba, and Campinas, state of Sao Paulo, 2020.

Characteristic Crude OR p value Adé)u;:ed p value

Sun exposure
During leisure activities

No 1.0 1.0

Yes 0.62 0.018 0.63 0.030
During daily commuting

No 1.0 1.0

Yes 0.67 0.076 0.57 0.019
During physical activities

No 1.0 1.0

Yes 0.61 0.010 0.67 0.040
For health purposes

No 1.0 1.0

Yes 0.71 0.166 0.71 0.172
Time
Before 9 am

No 1.0 1.0

Yes 1.20 0.219 1.20 0.326
Between 9 am and 3 pm

No 1.0 1.0

Yes 0.67 0.032 0.68 0.042
After 3 pm

No 1.0 1.0

Yes 1.03 0.871 1.08 0.744
Exposed body parts
Face

No 1.0 1.0

Yes 0.96 0.864 0.83 0.442
Hands and arms

No 1.0 1.0

Yes 0.53 0.049 0.46 0.019
Legs

No 1.0 1.0

Yes 0.70 0.056 0.66 0.031

OR: odds ratio; +Adjustment by sex and age variables.

Source: Authors.

sun exposure agree with literature findings. Low-
er proportions of vitamin D insufficiency were
observed among individuals who reported sun
exposure during leisure activities and physical
activities (p = 0.018 and p = 0.010, respectively),
and between 9 am and 3 pm, the peak period of
solar radiation (p = 0.032).

Our study limitation refers to the fact that it
used the older adults participants accounts as a
parameter to assess habitual sun exposure, and
this information can be underestimated or over-

estimated. Also, data were not analyzed separately
by season. However, data collection was not per-
formed during the winter and, considering the
incidence of UVB rays are similar during spring,
summer and autumn at the latitude in question,
we consider these findings to be relevant. Anoth-
er study limitation is that the individuals were
volunteers, and many of them came from health
groups from the primary health care system in
the municipalities, including outdoor physical
activity groups, causing the bias of “healthy par-



ticipant/volunteer participant,” a fact that may
have partially influenced the results. However,
this is a common limitation in population stud-
ies where participants are invited in out-of-home
interviews, as volunteers are usually more inter-
ested in health-related issues.

One of the strengths of our study is the as-
sessment of a sample of older population assisted
by primary health care services in the cities of
Limeira, Piracicaba, and Campinas, and the in-
vestigation conducted in the same study of vari-
ous factors that can be associated with vitamin D
insufficiency in this vulnerable age group.

The results obtained show the relevance of
the impact of factors like sex, ethnicity, body
composition, physical activity, and sun exposure
habits on the prevalence of inadequate levels of
vitamin D among older adults, and the impor-
tance of considering these factors as vitamin D
insufficiency predictors in this population, main-
ly as a primary care tool. The assessment of these
factors is a simple, low-cost and non-invasive
measure that can contribute to the early identi-
fication of vitamin D insufficiency, enabling ac-
tions and strategies to prevent and control this
condition, which has become increasingly preva-
lent in Brazil and in the world.
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