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Abstract  This systematic review and meta-analysis aimed to identify the prevalence of vitamin D insufficiency and 
deficiency in older Brazilian adults. Design:  Systematic review and meta-analysis. The search explored the ME-
DLINE, EMBASE, and LILACS platforms. Clinical and observational studies published before November 9, 2022, 
were included. The review was registered in PROSPERO No. 74,732 and evaluated using the adapted Loney scale. 
The search strategy identified 1,169 articles, of which 26 met the inclusion criteria, totaling 9,606 older adults. The 
vitamin D deficiency prevalence was 34.2% (95%CI: 25.0-44.6), and the insufficiency prevalence was 35.2% (95%CI: 
31.0-39.5). The highest prevalence found was in the southern region (86.3% deficiency) and the southeast (51.4% 
insufficiency). Cross-sectional studies have shown a similar prevalence of vitamin D deficiency and insufficiency to 
the overall prevalence (34.2% and 33.7%). A statistically significant difference was found in the studies’ risk of bias 
assessment (insufficiency subgroup). The results show a high prevalence of vitamin D insufficiency and deficiency in 
older Brazilian adults, pronounced even in places with higher incidences of sunlight.
Key words  Vitamin D, Aged, Systematic Review, Prevalence

Resumo  Esta revisão sistemática e metanálise teve como objetivo identificar a prevalência de insuficiência e defici-
ência de vitamina D em idosos brasileiros. Desenho: Revisão sistemática e meta-análise. A busca explorou as plata-
formas MEDLINE, EMBASE e LILACS. Estudos clínicos e observacionais publicados antes de 9 de novembro de 2022 
foram incluídos. A revisão foi registrada no PROSPERO nº 74.732 e avaliada por meio da escala de Loney adaptada. 
A estratégia de busca identificou 1.169 artigos, dos quais 26 atenderam aos critérios de inclusão, totalizando 9.606 
idosos. A prevalência de deficiência de vitamina D foi de 34,2% (IC95%: 25,0-44,6) e a prevalência de insuficiência 
foi de 35,2% (IC95%: 31,0-39,5). A maior prevalência encontrada foi na região Sul (86,3% de deficiência) e Sudeste 
(51,4% de insuficiência). Estudos transversais mostraram uma prevalência de deficiência e insuficiência de vitamina 
D semelhante à prevalência geral (34,2% e 33,7%). Foi encontrada uma diferença estatisticamente significativa na 
avaliação do risco de viés dos estudos (subgrupo insuficiência). Os resultados evidenciam uma alta prevalência de 
insuficiência e deficiência de vitamina D em idosos brasileiros, pronunciada mesmo em locais com maior incidência 
de luz solar. 
Palavras-chave  Vitamina D, Idosos, Revisão sistemática, Prevalência

Resumen  Esta revisión sistemática y metaanálisis tuvo como objetivo identificar la prevalencia de la insuficiencia y 
deficiencia de vitamina D en ancianos brasileños. Diseño: Revisión sistemática y metaanálisis. La búsqueda exploró 
las plataformas MEDLINE, EMBASE y LILACS. Se incluyeron estudios clínicos y observacionales publicados antes 
del 9 de noviembre de 2022. La revisión fue registrada en PROSPERO nº 74.732 y evaluada mediante la escala de 
Loney adaptada. La estrategia de búsqueda identificó 1.169 artículos, de los cuales 26 cumplieron los criterios de 
inclusión, totalizando 9.606 personas mayores. La prevalencia de deficiencia de vitamina D fue de 34,2% (IC95%: 
25,0-44,6) y la prevalencia de insuficiencia fue de 35,2% (IC95%: 31,0-39,5). Las prevalencias más altas encontradas 
fueron en las regiones Sur (86,3% de deficiencia) y Sureste (51,4% de insuficiencia). Estudios transversales han mos-
trado una prevalencia de deficiencia e insuficiencia de vitamina D similar a la prevalencia general (34,2% y 33,7%). 
Se encontró una diferencia estadísticamente significativa en la evaluación del riesgo de sesgo de los estudios (subgrupo 
insuficiencia). Los resultados muestran una alta prevalencia de insuficiencia y deficiencia de vitamina D en ancianos 
brasileños, acentuada incluso en lugares con mayor incidencia de luz solar.
Palabras clave  Vitamina D, Adultos mayores, Revisión sistemática, Prevalencia
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Introduction

There is a growing increase in life expectancy 
and aging in the global population1. In Brazil, 
according to the Brazilian Institute of Geogra-
phy and Statistics (IBGE), of the total of 212.7 
million Brazilians, 31.2 million were older 
adults in 2021. The number corresponds to 
14.7% of the country’s population2. Projections 
indicate that by 2060, about 25.5% of the Brazil-
ian population will be older adults. There will 
be 58.2 million older persons in Brazil3. Among 
older people, hypovitaminosis D (HYPOD) is 
one of the most common nutritional deficien-
cies4,5 and has been reported for some time in 
various parts of the world6-10.

Vitamin D (VD) comprises a group of 
fat-soluble secosteroids10, and the primary 
method for VD synthesis is exogenous, from 
exposure to ultraviolet B (UVB) rays4. However, 
it can also be obtained through diet and vitamin 
supplementation4,10. Although food is relatively 
poor in VD and diet is a much less important 
source of this nutrient10, the primary sources are 
fatty fish, liver, egg yolk, and fortified products10. 
VD status decreases with age due to low sun 
exposure, daily and necessary sunscreen use, 
reduced outdoor activity, reduced skin synthe-
sis, and decreased dietary intake5,6,11. Moreover, 
some older adults have additional risk factors, 
such as decreased gastrointestinal absorption, 
and medications may interfere with VD absorp-
tion and metabolism8,10.

The VD is measured in the blood through 
25 hydroxyvitamin D (25[OH]D), and its serum 
concentration may vary according to the sea-
son9,12,13 and geographic region/latitude14. VD 
skin production depends on the length of sun 
exposure and skin pigmentation15. In Brazil, a 
country with a tropical/subtropical geographic 
region, differences in serum concentrations of 
25(OH)D can be observed when comparing the 
regions nearest or furthest from the Equator, as 
well as the differential climates across the coun-
try. Nevertheless, there is a high prevalence of 
VD deficiency even in regions with higher solar 
incidence due to the population staying indoors 
during the day/work and low sun exposure16.

We must still consider laboratory analysis 
and diagnosis of HYPOD. The laboratory tests 
show up to ~21% variations in their analyses17,18. 
In Brazil, guidelines published in 2017 and re-
vised in 2020 recommend 30 to 60 ng/ml values 
for individuals in the risk group, including old-
er adults. However, they still recommend using 
methods that do not employ direct immunolog-
ical detection10,19.

Some researchers have already evaluated 
the prevalence of VD deficiency in Brazil20-23. 
Unlike previously published studies, this me-

ta-analysis verified the prevalence of vitamin D 
deficiency and insufficiency in a specific pop-
ulation: Brazilian older people (>60 years old). 
We evaluated the characteristics of the original 
research in Brazil, and the population studied, 
considering variables such as the region and the 
laboratory technique used. This systematic re-
view study went through a detailed and careful 
construction process, following pre-established 
methodological standards aimed at the quality 
of evidence. According to the macro-region, 
this study proposed to identify the prevalence of 
VD insufficiency and deficiency in older adults 
in Brazil and identify study characteristics 
through a systematic review and meta-analysis.

Methods

This study was conducted following the Bra-
zilian Ministry of Health’s guidelines24,25 and 
Meta-Analysis of observational studies in epi-
demiology MOOSE26. The review was registered 
in the International Prospective Register of 
Systematic Reviews - PROSPERO (registration 
number CRD42017074732). Two independent 
reviewers performed all steps, and a third re-
viewer when necessary.

The PICo acronym formulated the research 
question: population, intervention, comparison 
group, outcome, and study design and was used 
to guide the determination of inclusion and ex-
clusion criteria for this review24,25.

Data sources and search strategy 

The search was comprehensive, without fil-
ters, regardless of language, type of study, and 
year of publication. The database search was 
performed in November 2022, covering the 
bibliographic databases: MEDLINE, EMBASE, 
and Latin American and Caribbean Health Sci-
ences Literature (LILACS). The descriptors used 
also followed the PICo word strategy. Second-
ary searches (gray literature) were performed24 
in the Catalog of Theses and Dissertations – 
CAPES (Coordination for the Improvement of 
Higher Level Personnel), most frequently cited 
journals, Web of Science Main Collection, and 
manual searches in the bibliographic references. 
In PubMed, the search strategy was performed 
using the terms in all search fields (Scielo Data: 
https://doi.org/10.48331/scielodata.R8SS5C). 
Appropriate modifications were made for 
searches in the other databases. 



3
C

iência &
 Saúde C

oletiva, 30(4):1-16, 2025

Study Selection

After the search, the studies were screened, 
and duplicates and ineligible files were removed. 
Initially, study eligibility was verified by read-
ing the title and abstract, following the proto-
col standardized by the authors. Subsequently, 
a complete reading was performed. Studies 
were kept if they contained original data (re-
views and experimental studies using animals 
were excluded), were conducted in Brazil, were 
published before November 09/2022, and were 
written in any language. Studies of clinical or 
observational design carried out in Brazil eval-
uating older adult participants (≥60 years old) 
of any gender were included. Those studies with 
older adults who presented skin pathologies, 
gastrointestinal tract, liver, and advanced kid-
ney disease were excluded. The studies should 
evaluate VD deficiency <20 ng/ml, insufficiency 
21-29 ng/ml, and sufficiency >30 ng/ml, deter-
mined by serum 25(OH)D concentration27. For 
sample representativeness, studies evaluating 
>100 individuals were included. The most re-
cent publication was considered for the studies 
presenting more than one publication from the 
same sample; however, substantial data were ex-
tracted from all publications.

Data extraction

The authors developed a data extraction 
protocol. Contact was made with the study 
authors to obtain unavailable data when nec-
essary. The included studies were grouped by 
similarities, and their results were interpreted, 
aiming to answer the research question. In this 
sense, criteria for identification and description 
of results were established: Most of the authors 
answered the questions; however, the remaining 
unavailable data was described as not identified 
(NI) or not analyzed (NA). Studies that did not 
present VD deficiency and insufficiency preva-
lence data were excluded. Data from the adult 
age group were extracted from studies that eval-
uated different age groups. An institutionalized 
older adult was defined as someone residing in 
a long-term institution (LTI), and a non-institu-
tionalized older adult was not a resident in the 
LTI. The classification in seasons was carried 
out according to the data collection: summer 
(December to March), autumn (April to June), 
winter (July to September), and spring (Octo-
ber to November). The seasons were grouped 
into autumn/winter (cold) and spring/summer 
(warm). The serum concentration of 25(OH)D 
was used to indicate (deficient, insufficient, or 

sufficient). Studies using the cutoff point includ-
ed deficiency <20ng/ml, insufficiency 21-29 ng/
ml, and sufficiency>30 ng/ml27.

Risk of bias assessment 

The adapted scale of Loney et al.28 was used. 
The authors created a manual to adjust the tool 
to the objectives of this systematic review and 
standardize operations. The scale valued: meth-
ods (study design, sampling meth, sampling 
frame, sample size, the response rate adequate, 
outcome measured in an unbiased fashion, ob-
jective suitable, standard criteria and appropri-
ate for the research question) and results (de-
scribed in detail and estimates of prevalence/
incidence given with confidence intervals in 
fact by subgroup). A consensus was established 
to classify studies according to their score: stud-
ies from 1 to 2 points (risk of high bias), 3 to 5 
points (risk of moderate bias), and more than 5 
(risk of low bias). 

Statistical analysis

R software version 4.1.2 with meta version 
5.2-0 package was used for all analyses29. Me-
ta-analysis of single proportions was calculated 
with logit transformation (metaprop function) 
to pool the VD deficiency and insufficiency 
prevalence across the studies. The variance be-
tween studies was estimated by the maximum 
likelihood method. Heterogeneity across stud-
ies was assessed by Cochran Q test and I2 statis-
tic. Also, confidence intervals were estimated to 
provide a range of expected VD deficiency and 
insufficiency prevalence.

Subgroup analysis and meta-regression 
(metareg function) were conducted to explore 
possible sources of heterogeneity in the prev-
alence across studies. The following variables 
were included in the analyses: region (South, 
Southeast, Midwest, and Northeast); study de-
sign (cross-sectional, case-control, cohort, and 
clinical); study quality (risk of high, moderate, 
and low) and 25(OH)D laboratory technique 
(chemiluminescence - CLIA, high-performance 
liquid chromatography - HPLC, radioimmuno-
assay, electrochemiluminescence, immunora-
diometric, chemiluminescence microparticle 
immunoassay and liquid chromatography with 
mass spectrometry - LCMS/MS). In addition, 
we presented forest plots for the overall prev-
alence of VD deficiency and insufficiency ac-
cording to Brazilian regions. Publication bias 
was assessed using the Doi plot and Luis Fu-
ruya-Kanamori asymmetry index (LFK index). 
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In the presence of symmetry, one can conclude 
that there is no publication bias, but in the ab-
sence of symmetry, one can expect publication 
bias. This publication bias was measured by the 
asymmetry index (LFK index). An LFK index 
within ±1, out of ±1 but within ±2, and >±2 
means no asymmetry, minor asymmetry, and 
major asymmetry, respectively30.

Results

Study selection and study characteristics 
within studies	

The search strategy identified 1,169 articles, 
of which 26 met the inclusion criteria for the 
systematic review and meta-analyses. The study 
selection process is described in the flowchart 
(Figure 1).

Regarding the study’s characteristics, 9,606 
older adults were included in the analyses. The 
sample size of studies ranged from 109 to 2,263, 
and only 3.8% of studies (n=1) included individ-
uals who lived in long-stay institutions. Sixty-one 
percent of the studies (n=16) were published in 
the last five years, and the age of the older adults 
varied from 60.4 to 85.5 years (data not shown). 
Sixty-nine percent of the studies (n=18) were 
conducted with older adults of white skin color 
(data not shown). The studies were mainly car-
ried out in the southeast region (n=12; 46%), 
compared to the south (n=6; 23%) and northeast 
(n=6; 23%). Fifteen (57.6%) studies collected 
data in the year’s four seasons, and 73% (n=19) 
of studies had convenience sampling. Most stud-
ies were cross-sectional (n=20; 76.9%). The VD 
deficiency prevalence ranged from 0.8%31 to 
86.29%32, and insufficiency prevalence ranged 
from 11.29%32 to 51.36%33 (Table 1).

Risk of bias assessment

Most studies were classified as having a 
moderate risk of bias (n=16, 61.5%). Six stud-
ies (23%) had a low risk of bias, and four (15%) 
had a high risk (Table 2). Studies obtained low-
er scores in domains 1 and 4, referring to study 
design (census or random) and measurement 
of 25(OH)D (gold standard laboratory anal-
ysis). The domains that obtained the highest 
scores were 5 and 6, referring to the laboratory 
test/25(OH)D classification (blood analysis and 
adequate cut-off points for classification) and 
the loss of participants during the study (less 
than 30%).

A publication bias was detected for insuf-
ficiency outcome (LFK index =-3.14), whereas 
no publication bias was detected for deficiency 
outcome (LFK index =-0.47).

Prevalence of vitamin D deficiency 
and insufficiency

The studies have shown an overall VD de-
ficiency prevalence of 34.2% (95%CI: 25.0-
44.6) and an insufficiency prevalence of 35.2% 
(95%CI: 31.0-39.5). The highest overall VD 
deficiency prevalence was found in the study 
from the south region at 86.29% (95%CI: 78.96-
91.81), and the lowest prevalence was found in 
the study from the northeast at 0.81% (95%CI: 
0.02-4.41). The highest overall VD insufficiency 
prevalence was found in a study from the south-
east at 51.36% (95%CI: 47.37-55.33), and the 
lowest prevalence was found in the study from 
the south at 11.29% (95%CI: 6.31-18.22) (Figure 
2).

Subgroup and Meta-regression Analyses

Cross-sectional studies have shown a simi-
lar prevalence of VD insufficiency and deficien-
cy (33.7% 95%CI: 28.8-39.0 and 34.2% 95%CI: 
22.8-47.7) to the overall prevalence found (35.2 
and 34.2%, respectively). No statistically signif-
icant difference was found between the types 
of study (deficiency p=0.90 and insufficiency 
p=0.50).

The results found in the risk of bias assess-
ment42 demonstrated that studies with a mod-
erate rating showed a prevalence of VD defi-
ciency (34.6% 95%CI: 25.1-45.4), similar to the 
overall prevalence (34.2%). On the other hand, 
studies with low scores showed a VD deficiency 
prevalence (33.7% 95%CI: 23.5-45.8), similar 
to the overall prevalence (35.2%). Regarding 
the prevalence of VD insufficiency, there was a 
statistically significant difference between these 
groups (p=0.05). However, no statistically sig-
nificant difference was observed between these 
groups regarding the prevalence of VD deficien-
cy (p=0.49). 

The most used laboratory technique was 
CLIA (n=14; 53.8%). There was no statistically 
significant difference between the laboratory 
techniques used to assess VD deficiency and in-
sufficiency (p=0.67 and p=0.84). Studies using 
CMIA and ECL have shown a higher prevalence 
of VD insufficiency (41.7% 95%CI: 34.3-49.6 
and 38.1% 95%CI: 27.4-50.1) and studies that 
used HCPL (gold standard) showed a lower 
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prevalence of VD deficiency (14.8% 95%CI: 0.9-
77.2) (Table 3).

Discussion

This systematic review identified that the VD 
deficiency prevalence in older adults in Brazil 

was highest in the South and Southeast regions, 
and insufficiency prevalence was highest in the 
Southeast studies. HYPOD was considered high 
for the country (70.4%). The gold standard lab-
oratory technique (HCPL) had a lower rating of 
VD deficiency. A statistically significant differ-
ence was found in the risk of bias assessment of 
the studies (insufficiency subgroup).

In
cl

ud
ed

Figure 1. Study Selection Flow Chart. 

Source: Authors.
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Table 1. Vitamin D insufficiency and deficiency prevalence in older adults in Brazil: Study Subjects and 
Characteristics (N=26).

Author (year)
Population
(conclusion 

year)

Design
(clinical condition) Region Data 

collection Sample
INS 
and 
DEF

Lips et al. (2006)34 151 (2005) Cross-sectional 
(postmenopausal osteoporosis)

SE Four 
Seasons

CV 13.2%
44.4%

Lamas (2012)35 119 (2012) Cross-sectional (normal BMD, 
osteopenia and osteoporosis)

MW Four 
Seasons

CV 27.7%
46.2%

Correia et al. 
(2013)36

152 (2011) Cross-sectional (patients 
admitted for unstable angina)

NE Four 
Seasons

CV 32.2%
57.9%

Camargo et al. 
(2014)37

296 (2011) Cross-sectional (older adult 
with osteoporosis)

SE Fall and 
winter

CV 37.8%
31.8%

Silva (2015)32 124 (2014) Cross-sectional (older adult 
hospitalized)

S Fall and 
winter

RD 11.2%
86.3%

Domiciano et al. 
(2016)38

701 (2012) Cohort (normal BMD, 
osteopenia, and osteoporosis)

SE Four 
Seasons

PB 32.1%
55.3%

Guerra  et al. 
(2016)39

341 (2015) Case-control (patients with 
and without proximal hip 
fracture)

S Four 
Seasons

CV 29.6%
38.1%

Issa et al. (2016)40 142 (2013) Cross-sectional (most were 
overweight, obese with e and 
high blood pressure)

NE Four 
Seasons

RD 38.7%
2.1%

Penoni  et al. 
(2016)41

113 (2015) Cross-sectional (older adult 
woman with normal BMD and 
osteoporosis)

SE Four 
Seasons

CV 47.8%
29.2%

Alfierii et al. (2017)42 286 (2015) Case-control (patients with 
and without acute ischemic 
stroke)

S Four 
Seasons

CV 40.6%
27.6%

Azevedo et al. 
(2018)43

729 (2014) Cross-sectional (most were 
high blood pressure and 
metabolic syndrome)

NE Spring and 
summer

CV 31.1%
41.9%

Machado et al. 
(2019)33

627 (2016) Case-control (postmenopausal 
with and without breast 
cancer)

SE Four 
Seasons

CV 51.4%
22.3%

Soares et al. (2018)44 241 (2017) Cross-sectional (patients with 
non-melanoma skin cancer)

SE Four 
Seasons

CV 33.2%
56.8%

Carvalho et al. 
(2018)45

419 (2011) Cross-sectional (older adult 
woman with and without 
regular physical activity)

SE Fall and 
winter

CV 23.6%
70.4%

Porto et al. (2018)46 137 (2016) Cross-sectional (most were 
overweight, obese and 
metabolic syndrome)

NE Spring and 
summer

CV 24.8%
40.1%

Paranhos-Neto et al. 
(2019)47

287 (2014) Cross-sectional (older adult 
women with fracture)

SE Four 
Seasons

PB 28.6%
39.7%

Sousa et al. (2019)13 153 (2015) Cross-sectional (older adult 
in LTI)

NE Spring and 
summer

CV 36.6%
37.2%

Bazoni et al. (2020)48 109 (2010) Cross-sectional (patients 
with and without benign 
paroxysmal
positional vertigo)

S Four 
Seasons

PB 44.9%
31.2%

Lima-Costa et al. 
(2020)23

2,263 (2016) Cohort (older adult in the 
community)

VR Spring and 
summer

PB 44.5%
16.2%

Santos et al. (2020)49 287 (2016) Cross-sectional (most were 
depression and high blood 
pressure)

S Four 
Seasons

CV 44.9%
24.7%

Belli et al. (2020)50 200 (2016) Cohort (post 
parathyroidectomy patients)

SE Four 
Seasons

CV 41.0%
50.0%

it continues
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Analyzing the VD deficiency and insuffi-
ciency prevalence among the regions, the evi-
dence is directly linked to the latitude and solar 
radiation of the country, where the Northeast, 
Midwest, Southeast, and South Regions deviate 
from the Equator line. The closer to the equator, 
the lower the latitude, and the greater the solar 
incidence interfered with the UVB radiation re-
ceived by the region and, consequently, affected 
the cutaneous synthesis of VD15,55-57.

Brazil has a predominantly hot climate and 
high sunlight incidence55. Studies have identified 
a high prevalence of VD insufficiency and defi-
ciency even with these climatic characteristics. 

Another review found a high prevalence 
of HYPOD in Brazil (73.42%, different age 
groups)21. The HYPOD prevalence varies sig-
nificantly in regions of the world and the char-
acteristics of each population. A systematic 
review examined 25(OH)D standards world-
wide58, and the results showed that 37.3% of 
the studies had mean values below 20 ng/mL. 
Exploratory analysis suggested that newborns 
and institutionalized older adults had lower 
25(OH)D values in various regions worldwide. 
The study with the Portuguese adult population 
found a 96.4% prevalence of VD deficiency59. In 
China, VD inadequacy was found in 63.2% of 
adults and 46.8% of children and adolescents60. 
In Korean adults, 71.4% present VD deficien-
cy61. These studies indicated a significant asso-
ciation between deficiency and advancing age.

Other studies that evaluated the VD defi-
ciency prevalence found the following results: 

Africa (59.5%)62, China (70.3%)63, and the Unit-
ed States (17.4%)63. The study of 30 Asian coun-
tries revealed a VD deficiency prevalence in 54% 
of the population64. In Europe, the prevalence of 
VD deficiency was about 40%65; however, in the 
southern European countries, including some 
Eastern Mediterranean countries, the average 
estimate of VD deficiency in older adults was 
16%. Variability is related to differences in study 
populations and characteristics, such as the time 
of blood collection and the method of assessing 
circulating 25(OH)D9.

Two other studies found results of VD defi-
ciency prevalence at 86.3% and 70.4%, respec-
tively34,45. The collection of these studies was 
carried out predominantly in the colder sea-
sons. The sun’s zenith angle results in a greater 
incidence of UVB through the ozone layer when 
increased. For this reason, lower serum concen-
trations of 25(OH)D are produced in winter66. In 
addition, people reduce exposure to the sun and 
tend to wear more clothes in cold seasons67-69. 
Avoiding heat was a determinant for values be-
low 25(OH)D in older adults70,71. The degree of 
urbanization also significantly impacts the in-
crease in the HYPOD prevalence since residents 
of urban areas generally work and spend most 
of the day indoors. The lowest rates of VD de-
ficiency and insufficiency occur in populations 
living in rural areas16,72. Air pollution in urban 
areas also acts as a barrier to UVB light, limiting 
endogenous VD synthesis17,73.

The literature points out that the aging pro-
cess causes a decrease in 7-dehydrocholesterol 

Author (year)
Population
(conclusion 

year)

Design
(clinical condition) Region Data 

collection Sample
INS 
and 
DEF

Cembranel et al. 
(2021)51

526 (2014) Cross-sectional (older adults in 
the community)

S Four 
Seasons

PB 43.7%
21.9%

Barbieri et al. 
(2022)52

346 (NI) Cross-sectional (older adults in 
the community)

SE NI CV 44.2%
35.3%

Foroni et al. (2022)53 200 (2012) Cross-sectional (older adults in 
the community)

SE Four 
Seasons

CV 29.5%
56.0%

Rolizola et al. 
(2022)54

533 (2019) Cross-sectional (older adults in 
the community)

SE Spring and 
summer

CV 49.5%
15.0%

Vieira et al. (2022)31 124 (NI) Cross-sectional (older adults in 
the community)

NE NI CV 47.6%
0.8%

INS: insufficiency; DEF: deficiency; H: high; M: moderate; L: low; SE: Southeast; S: South; NE: Northeast; MW: Midwest; VR: 
various regions; BMD: bone mineral density; CV: convenience; RD: randomized; PB: population base; VD: vitamin D; LTI: long-
term institution; BMD: bone mineral density.

Source: Authors.

Table 1. Vitamin D insufficiency and deficiency prevalence in older adults in Brazil: Study Subjects and 
Characteristics (N=26).
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production, reducing up to 70% in VD produc-
tion66,74,75. A population-based study demon-
strated a VD insufficiency prevalence [serum 
25(OH)D<50 nmol/L] of 36.7% in centenarians 
compared to 22.5% in octogenarians (p<0.02)76. 
In addition, older adults gradually lose their 
ability to adapt to the environment: their de-

creased cognitive functions, autonomy, and 
independence cause greater vulnerability and 
incidence of pathological processes77,78. The re-
sult is reduced social life and isolation in their 
homes or long-term institutions79,80.

HYPOD can be treated or prevented by cre-
ating new programs and strategies to encourage 

Study

Region = southeast
Lips P et al. (2006)
Camargo et al.(2014)
Domiciano et al. (2016)
Penoni et al. (2016)
Machado et al. (2018)
Soares et al. (2018)
Carvalho et al. (2018)
Paranhos-Neto et al. (2019)
Belli et al. (2020)
Barbieri et al. (2022)
Foroni et al. (2022)
Rolizola et al. (2022)
Common effect model
Random effects model
Heterogeneity: I2 = 98%, τ2 = 0.4855, p < 0.01

Region = midwest
Lamas (2012)

Region = northeast
Correia et al. (2013)
Issa et al. (2016)
Azevedo et al. (2018)
Porto et al. (2018)
Sousa et al. (2019)
Vieira et al. (2022)
Common effect model
Random effects model
Heterogeneity: I2 = 93%, τ2 = 3.5985, p < 0.01

Region = south
Silva (2015)
Guerra et al. (2016)
Alfieri et al. (2017)
Bazoni et al. (2020)
Santos; Bessa; Xavier (2020)
Cembranel et al. (2021)
Common effect model
Random effects model
Heterogeneity: I2 = 96%, τ2  = 1.0598, p < 0.01

Region = various regions
Lima-Costa et al. (2020)

Common effect model
Random effects model
Heterogeneity: I2 = 98%, τ2 = 1.2752, p < 0.01

Figure 2. Meta-analysis of the proportion of Vitamin D deficiency (A) and insufficiency (B) prevalence in older 
adults in Brazil.
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Study

Region = southeast
Lips P et al. (2006)
Camargo et al.(2014)
Domiciano et al. (2016)
Penoni et al. (2016)
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Soares et al. (2018)
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Porto et al. (2018)
Sousa et al. (2019)
Vieira et al. (2022)
Common effect model
Random effects model
Heterogeneity: I2 = 75%, τ2 = 0.0599, p < 0.01

Region = south
Silva (2015)
Guerra et al. (2016)
Alfieri et al. (2017)
Bazoni et al. (2020)
Santos; Bessa; Xavier (2020)
Cembranel et al. (2021)
Common effect model
Random effects model
Heterogeneity: I2 = 91%, τ2  = 0.3598, p < 0.01

Region = various regions
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Common effect model
Random effects model
Heterogeneity: I2 = 92%, τ2 = 0.2131, p < 0.01

Figure 2. Meta-analysis of the proportion of Vitamin D deficiency (A) and insufficiency (B) prevalence in older 
adults in Brazil.

Source: Authors.
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daily sun exposure. Guidelines should include 
the benefits of sun exposure and exemplify the 
times, timing, and correct form. About 80-95% 
of the VD used by the body is obtained through 
sun exposure81. Therefore, exposure of~20% of 
the body surface to direct sunlight is required. 

The consensus on adequate VD production 
refers to sun exposure with an average of 5-15 
minutes, between 10 and 15h, three times a 
week10,19,27,57.

Most studies included in this systemat-
ic review used the observational study design. 
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Table 3. Subgroup and meta-regression analysis results derived from random-effect models of Vitamin D 
insufficiency and deficiency prevalence in older adults in Brazil according to different study-level characteristics 
(N=26).

Variables N Npop
Insufficiency 
Prevalence % 

[95%CI]

I²
(%) τ²

Deficiency 
Prevalence % 

[95%CI]

I²
(%) τ²

Study design p* 0.499 p* 0.897
Cross-sectional 20 5188 33.7 [28.8; 39.0] 90.8 0.245 34.2 [22.8; 47.7] 96.7 1.606
Case-control 3 1254 39.1 [32.9; 45.6] 94.0 0.048 38.2 [19.4; 61.4] 99.5 0.687
Cohort 3 3164 40.3 [30.5; 51.0] 95.3 0.133 28.8 [22.0; 36.8] 92.6 0.090

Rating by Loney et al.28 p* 0.049 p* 0.495
High bias risk (1-2) 4 1207 25.4 [17.4; 35.3] 91.0 0.211 46.2 [31.8; 61.4] 97.5 0.3759
Moderate bias risk (3-5) 16 4897 37.3 [34.5; 42.4] 88.1 0.096 34.6 [25.1; 45.4] 95.9 0.8231
Low bias risk (≥5) 6 3502 33.7 [23.5; 45.8] 93.6 0.374 26.2 [8.38; 58.0] 98.3 2.8073

Laboratory techniques 
25(OH)D

p* 0.838 p* 0.667

CLIA 14 3509 36.5 [31.1; 42.3] 88.3 0.191 30.9 [21.6; 42.0] 94.5 0.8126
HPLC 2 294 35.4 [30.1; 41.0] 26 0 14.8 [0.9; 77.2] 97.9 4.4375
RIA 1 701 32.1 [28.7; 35.6] 0 0 55.3 [51.6; 59.0] 0 0
ECL 2 842 38.1 [27.4; 50.1] 91.6 0.102 36.8 [28.3; 46.3] 84.7 0.0515
CMIA 4 3376 41.7 [34.3; 49.6] 90.4 0.093 28.6 [16.8; 44.4] 98.1 0.4786

aMeta-Regression model regarding the prevalence of insufficiency and deficiency of vitamin D. Test of Moderators (coefficient(s)2): 
Inverse variance method. DerSimonian-Laird estimator for tau^2. Continuity correction of 0.5 in studies with zero cell frequencies. 
N: number of studies; Npop: number of individuals in the category; Prevalence 95%CI: prevalence of vitamin D insufficiency and 
deficiency found in group and confidence interval of 95%; I²: Cochran test statistic Q; τ²: the degree of variation in the prevalence 
observed between studies; p*: p<0.05, for metagression; 25(OH)D: 25 hydroxyvitamin D; CLIA: chemiluminescence; HPLC: High-
performance liquid chromatography; RIA: radioimmunoassay; ECL: electrochemiluminescence; CMIA: chemiluminescence 
microparticle immunoassay.

Source: Authors.

Cross-sectional studies aim to evaluate the pop-
ulation in a single moment, identifying char-
acteristics, profiles, and distribution patterns82. 
However, the literature reports that these stud-
ies may present biases83. To evaluate these bi-
ases, scales that classify studies qualitatively 
are used25. The validity of studies prevalence is 
determined as a function of sampling, measure-
ment, and results, which are the criteria used in 
the tool proposed by Loney et al.28. We scored 
studies that had a census sample, that performed 
sample calculation, using the measurement of 
25(OH)D by the gold standard of analysis, the 
loss of participants less than 30%, that reported 
the prevalence with confidence intervals, and 
used criteria of adequate exclusion (subjects did 
not use VD supplementation and medications 
that may interfere with the formation and deg-
radation of VD). Most of the included studies 
had a moderate risk of bias. There was a statis-
tically significant difference between the bias 
classification groups, specifically in the preva-
lence of VD insufficiency. The Doi Plot, a pub-
lication bias was detected for insufficiency out-
come (data not shown). Therefore, the quality of 

the study may interfere with the classification of 
the VD insufficiency prevalence, overestimating 
or underestimating it30.

The cutoff point for classifying VD values 
still needs to be well established. Most research-
ers list values lower than 10 ng/mL as severe de-
ficiency, <20 ng/mL as moderate deficiency, and 
values >30 ng/mL as adequate. However, some 
authors describe values between 32-40 ng/mL as 
ideal84,85. In Brazil, a new positioning was pub-
lished in 2017 and revised in 2020; this guideline 
is commonly used in clinical practice. The con-
sensus classifies VD deficiency values below 20 
ng/mL (50 nmol/L) for the healthy population. 
Values of 30 to 60 ng/ml are recommended for 
individuals in the risk group (such as older peo-
ple)10,27. The Brazilian Association of Nutrology, 
201927 suggested a diagnostic criterion where 
vitamin D insufficiency is assessed (deficiency 
<20 ng/ml, insufficiency 21-29 ng/ml, and suffi-
ciency >30 ng/ml), and this classification can be 
recommended for research practice.

Currently, several laboratory techniques 
are used to evaluate the 25(OH)D serum con-
centration. LCMS/MS or HPLC are accepted as 
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the standard gold measurement because they 
produce greater sensitivity, precision, and cor-
rection of the samples18. However, they are chal-
lenging to execute and are expensive19,62,63,86,87. 
The most used laboratory techniques are anti-
body assays and non-radioactive markers, but 
sensitivity may vary from 12.5 to 40.3%88. Con-
sidering this sensitivity range, the chosen labo-
ratory technique interferes with the result, the 
diagnosis, and, consequently, the prevalence. 
Although there was no statistically significant 
difference between the groups, the prevalence 
of VD deficiency was lower in the studies (n=2) 
that used the HPLC technique.

The heterogeneity of the included studies 
was considered high. A high statistical inconsis-
tency is often expected in prevalence estimates 
meta-analyses since the studies were conduct-
ed differently, in different regions, and showed 
populations with other characteristics associat-
ed with VD insufficiency and deficiency prev-
alence89. Nonetheless, subgroup and meta-re-
gression analyses were performed to assess and 
explain heterogeneity reasons.

This systematic review has limitations. The 
studies had a limited sample and moderate bias. 
Due to the absence of data on specific variables, 
it was impossible to meta-analyze them. The 
risk of bias of the studies showed a statistically 
significant difference in the prevalence of VD 

insufficiency. Few studies have been conducted 
in the Midwest.

In contrast, this review strictly followed the 
current recommendations for conducting sys-
tematic reviews. The broad search identified all 
studies that performed 25(OH)D serum measure-
ments among Brazilian older adults. The authors 
used standardized protocols. The random-effects 
meta-analysis model evaluated the subgroups 
and explored heterogeneity between studies.

Conclusion

The results revealed a high HYPOD prevalence 
in Brazilian older adults. The prevalence of VD 
deficiency was higher in the South and South-
east regions, and insufficiency prevalence was 
highest in the Southeast studies. Further re-
search is needed on the associated factors for 
evaluation using proper laboratory techniques. 
Considering the global aging of the population, 
it is essential to investigate the serum levels of 
25(OH)D in older adults. Identifying the preva-
lence of vitamin D deficiency and insufficiency 
in older Brazilian adults produces a portrait of 
the community’s situation to support as a basis 
for discussions, assessment, and appropriate 
treatment and to support public policies for the 
older Brazilian adult population.
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