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Abstract
Objective: To assess sociodemographic, nutritional and health conditions associ-
ated with vitamin D sufficiency among young Brazilian children living at different
latitudes.
Design: Cross-sectional analysis with a four-level model of inflammation to correct
micronutrient concentrations. Prevalence ratios (PR; 95 % CI) were estimated for
factors associated with vitamin D sufficiency (≥50 nmol/l), adjusting for child’s
sex, age, skin colour, stunting and vitamin A+D supplementation.
Setting: Primary health-care units in four Brazilian cities located at lower
(7°59 026·9016″S and 9°58 031·3864″S) and higher latitudes (16°41 012·7752″S and
30°2 04·7292″S).
Participants: In total 468 children aged 11–15 months were included in the
analysis.
Results: Only 31·8 % of children were vitamin D sufficient (concentration
<30 nmol/l and <50 nmol/l among 32·9 and 68·2 %, respectively). Living at higher
latitudes was associated with reduced prevalence of vitamin D sufficiency com-
pared with lower latitudes (PR= 0·65; 95 % CI 0·49, 0·85). Maternal education
≥9 years positively influenced a sufficient vitamin D status in children. After cor-
rection for inflammatory status, each increase of 1 μmol/l in vitamin A concentra-
tion was associated with a 1·38-fold higher prevalence of vitamin D sufficiency
(95 % CI 1·18, 1·61). Progressive decline in the prevalence of vitamin D sufficiency
was associated with marginal and deficient status of vitamin A (Ptrend= 0·001).
Conclusions: Lower latitude, higher maternal education and vitamin A concentra-
tion were positively associated with vitamin D sufficiency in young Brazilian
children. These findings are relevant for planning public health strategies for
improving vitamin D status starting in early infancy.
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Systematic reviews have been performed to summarize
vitamin D status among populations worldwide(1–3). Data
compiled on 168 389 participants of all age groups from
195 studies predominantly from North America, Asia
Pacific and Europe showed that mean 25-hydroxyvitamin D
(25(OH)D) level was below sufficiency (<50 nmol/l) in
37·3 % of the samples, with lower 25(OH)D values indi-
cated among newborns and infants(1). Meta-analysed

global information on maternal and newborn vitamin D
status indicated sufficient mean 25(OH)D concentration
for 46 % of pregnant women and only 25 % of newborns,
but estimates were acknowledged as still poorly defined
in African, South-East Asian and Eastern Mediterranean
regions, and no studies from Latin America were included
in the analysis(2). Reports properly informing on vitamin D
status were in fact lacking for almost two-thirds of low- and
lower-middle income countries(3), which compromises the
complete understanding of the magnitude of this problem.†Members of the ENFAC Working Group are listed in the Appendix.
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In Brazil, some cross-sectional studies among newborns
and infants indicated prevalence of vitamin D <50 nmol/l
at about 15–30 %(4,5), but these investigations were rather
small and could not cover participants at diverse latitudes.

There is an indication for tracking of vitamin D status in
young children in relation to maternal characteristics and
25(OH)D level during pregnancy(6,7). The importance of
vitamin D for bone metabolism is widely known, along
with increasingly recognized roles in immune response
and cell differentiation as well as other potential health
effects related to chronic conditions such as cancer, respi-
ratory diseases and cardiovascular events(8). Specifically
during the perinatal period, three trials provided evidence
on the association of maternal vitamin D supplementation
with a pooled 60 % reduction (95 % CI 0·23, 0·71) in low
birth weight occurrence, but at a low level of evidence(7).
Promotion of adequate vitamin D status, which is mainly
influenced by sunlight exposure, along with some dietary
sources and supplementation(9), should therefore be sus-
tained starting early in life to favour proper child health
and development.

Of note, some vitamin D functions seem to operate in
synergy with other micronutrients, especially vitamin A(8).
Both vitamins share the regulation of several immune
processes, with hormone-like properties and effects
mediated through nuclear hormone receptors(10). Previous
reports have pointed out a possible modification of the rela-
tionship between vitamin D below sufficiency and infection,
such as respiratory tract infections among young
children, according to vitamin A status(11). It is well known
that inflammatory markers are associated with alterations
in the serum concentrations of micronutrients(12). These
effects may be of particular interest in lower-income regions
with the double burden of malnutrition and disease in
childhood(13).

We provide an early assessment of sociodemographic,
nutritional and health conditions associated with vitamin
D sufficiency among Brazilian children of up to 15 months
of age, with the aim of contributing evidence for the pro-
motion of optimal 25(OH)D status from the first years of
life. Participants were selected at primary health-care units
from diverse latitudes and regions across the country, and
the present study appraises the potential relationship of
25(OH)D level with vitamin A status, accounting for the
presence of inflammation.

Methods

Study design and participants
The present cross-sectional analysis is part of the ‘Estudo
Nacional de Fortificação Caseira da Alimentação
Complementar’ (ENFAC Study). Detailed information on
sampling and field procedures has been described
elsewhere(14). Briefly, the ENFAC Study was a pragmatic
controlled clinical trial designed to evaluate the impact of

a multiple-micronutrient powder on anaemia and nutri-
tional deficiencies among children seen at primary
health-care units in Brazil. Four cities in different regions
of the country participated in data collection: Olinda
(7°59 026·9016″S), Rio Branco (9°58 031·3864″S), Goiânia
(16°41 012·7752″S) and Porto Alegre (30°2 04·7292″S),
located, respectively, in the north-eastern, northern,
mid-western and southern region.

The sample size in the ENFAC Study was defined as at
least 105 children in each control and intervention group by
study city. In the main trial, the primary outcome of interest
was a detected increase of 6 g/dl in mean Hb concentration
in the intervention arm (SD 12 g/dl), with a power of 0·95
and a two-sided significance level of 0·05(14). To compen-
sate for dropouts, the sample size was then increased by
30 %, resulting in 540 children expected for each control
and intervention group. For the present analysis, the study
population was composed of the children from the control
group receiving routine paediatric care and aged 11–15
months. Primary health-care units were selected based
on the largest enrolment in each city, and eligibility criteria
comprised parental approval to participate and absence of
current treatment for anaemia. Exclusion criteria included
premature birth (<37 weeks’ gestation), twins, reported
cases of HIV infection, malaria, tuberculosis or genetic
Hb disorders, as well as fever (>39°C) on the day of blood
sampling. The studywas conducted according to the guide-
lines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by
the Institutional Review Board of the School of Public
Health, University of São Paulo, Brazil. The ENFAC Study
was registered at www.ensaiosclinicos.gov.br as RBR-
5ktv6b and written consent was obtained from the
caregivers of all participants. Children with nutritional
deficiencies diagnosed during the study were referred for
treatment in the health centres.

Overall, 543 children were invited to participate; parents
of twenty-two children (4·1 %) declined participation and
one child did not provide a blood sample, resulting in a
total sample of 520 children for the control group in the
ENFAC Study. Of these, twenty-four children were older
than 15 months of age at the time of blood collection,
and for an additional twenty-eight participants, blood
samples were not sufficient for vitamin D laboratory analy-
sis, resulting in 468 children with complete data for the
present analysis. Except for presenting older ages, children
who were excluded (n 52) were not significantly different
from those included in terms of distribution of the main
exploratory variables considered in the present study.

Data collection and laboratory procedures
From June 2012 to January 2013, caregivers of children
attending primary health-care units were invited to partici-
pate and, at enrolment, trained fieldworkers applied a
structured questionnaire in face-to-face interviews to
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collect data on socio-economic, environmental, demo-
graphic and maternal variables, as well as information on
the child’s birth, feeding practices, supplementation and
morbidities. Children’s anthropometric measurements
were obtained directly by trained research assistants using
standardized procedures and calibrated equipment(15).
Recumbent length was ascertained to the nearest 0·1 cm
on a flat surface with a portable infant measuring board
(Sanny model ES-2000, Los Angeles, CA, USA) and weight
was measured with an electronic scale (Tanita model UM-
061), accurate to 10 g. Measurements were taken in dupli-
cate and the mean value was considered for analysis. BMI
was computed as [weight (kg)]/[length (m)]2. BMI- and
length-for-age Z-scores were calculated using the WHO
Child Growth Standards(16).

Venous blood samples were collected by trained
technicians up to a week after the interview, on the
morning of a previously scheduled day and after at least
3 h of fasting. At the field laboratory, Hb concentration
was determined with a portable haemoglobinometer
(HemoCue Hb301, Angelholm, Sweden) and anaemia
was defined as Hb concentration <11 g/dl(17). A separate
blood sample was protected from light and centrifuged
within 1 h of collection; serum and plasma samples were
frozen at −20°C before being shipped to São Paulo on
dry ice and maintained at −70°C until further analysis,
within 6 months of collection. Serum concentrations of
retinol and 25-hydroxycholecaliferol (25(OH)D3) were
measured by standardized HPLC methods using a
Chromsystems kit according to the manufacturer’s instruc-
tions (Chromsystems Instruments & Chemicals GmbH,
Gräfelfing, Germany), as previously described(18). To
assess the presence of inflammation, α1-acid glycoprotein
(AGP) and C-reactive protein (CRP) were determined using
an IMMAGE Immunochemistry System (Beckman Coulter,
Brea, CA, USA). The laboratory assayed internal and exter-
nal blinded quality control specimens in each run. Based
on the control specimens, the accuracy and inter-assay
CV for all these analyses were within 7 %.

Correction factors for inflammation and
assessment of micronutrient status
A four-level model of inflammation was used to identify
children in the reference (AGP≤ 1 g/l and CRP≤ 5 mg/l),
incubation (AGP≤ 1 g/l and CRP> 5 mg/l), early convales-
cence (AGP> 1 g/l and CRP> 5mg/l) and late convales-
cence (AGP> 1 g/l and CRP≤ 5 mg/l) groups(12). We
approached potential impacts on micronutrient status by
comparing serum concentrations of retinol and 25(OH)D3

for each stage of inflammation with Kruskal–Wallis tests.
Retinol concentration varied significantly across stages

of inflammation (P< 0·001), with lower median value
among children with raised inflammatory markers com-
paredwith those in the reference group. Internal correction
factors were calculated as the ratios of the geometric mean

of serum retinol among children in the reference group to
each geometric mean of serum retinol among those in the
incubation, early convalescence and late convalescence
groups (equivalent to 1·33, 1·78 and 1·12, respectively).
Based on the observed stage of inflammation, each
child’s serum retinol concentration was multiplied by the
corresponding factor to estimate a corrected retinol
concentration(12). After correction, retinol concentrations
were similar between groups (P = 0·64). Vitamin A status
was then classified as sufficient at serum retinol concentra-
tion of ≥1·05 μmol/l, marginal at 0·70–1·04 μmol/l and
deficient at <0·70 μmol/l(19).

Serum 25(OH)D3 concentration was not significantly
altered according to stage of inflammation (P = 0·13) and
a similar approach for correction was not deemed neces-
sary. Vitamin D sufficiency was defined as ≥50 nmol/l(20).

Statistical analyses
The main dependent variable of interest was vitamin D suf-
ficiency. Exploratory variables comprised child’s sex, age
and skin colour, latitude, maternal characteristics, birth
weight, nutritional and health indicators, including dura-
tion of breast-feeding, presence of stunting or overweight,
use of vitamin supplements, occurrence of diarrhoea or
wheezing in the past 15 d, anaemia, vitamin A status and
presence of inflammation.

First, we compared the distribution of basic characteris-
tics by latitude with Pearson’s χ2 or Fisher’s exact test and
t tests or Mann–Whitney U tests to examine differences in
proportions and in continuous variables, respectively.
Differences in proportion of vitamin D sufficiency were
further explored between categories of these variables at
different latitudes.

A multiple model for vitamin D sufficiency was fitted
with Poisson regression with robust variance. Prevalence
ratios (PR) and 95 % CI for vitamin D sufficiency were
initially adjusted for the child’s sex, age and skin colour.
We considered a hierarchical conceptual framework(21)

adapted to the present analysis to further select variables
at distal level (latitude), intermediate level (maternal
education) and proximal level (presence of stunting, use
of vitamin supplements, vitamin A status corrected for
the presence of inflammation) in relation to vitamin D
sufficiency.

Concerning latitude, estimates were equivalent when
considering the classification of participating cities into
two categories (northern/north-eastern regions, at lower
latitudes, and mid-western/southern regions, at higher lat-
itudes) or three categories (northern/north-eastern regions,
mid-western region and southern region). Thus, we
present results considering cities located at lower v. higher
latitudes. The association with vitamin A was evaluated
according to categories (sufficient, marginal, deficient) as
well as continuous concentration. Other potential covari-
ates were not independently associated and did not
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significantly affect the estimates of association with the
dependent variable of interest at each hierarchical level.
We additionally performed square-root transformation on
25(OH)D3 concentrations to run multiple linear regression
models to observe the direction and significance of linear
associations with the same covariates considered for
vitamin D sufficiency. Finally, a control variable accounting
for different seasons of blood collection in our study was
also added to the final multiple model and interpretation
of findings remained similar.

Missing observations (considering all covariates, n 70 or
14·9 %) were included in the multiple models by creating
missing-value categories. Complete-case multiple models
regarded analogous estimates. Statistical significance was

set at P< 0·05. We used the statistical software package
Stata version 11.2 for all analyses.

Results

Among 468 children included in the present analysis, 48·3 %
were girls and the mean age was 13·4 (SD 1·0)months. The
distribution of some characteristics varied significantly
according to latitude (Table 1). The northern/north-eastern
regions, at lower latitudes, had a smaller proportion of white
children (10·2 %) compared with the mid-western/southern
regions, at higher latitudes (23·9 %, P< 0·001). Reported
vitamin A+D supplementation was more frequent at higher

Table 1 Characteristics of study participants by latitude: children aged 11–15 months (n 468) from primary health-care units in four Brazilian
cities, June 2012–January 2013

Characteristic

Total (n 468)

Lower latitudes
(northern/north-eastern;

n 219)

Higher latitudes
(mid-western/southern;

n 249)

P†n*
%, mean/SD or
median/IQR n*

%, mean/SD or
median/IQR n*

%, mean/SD or
median/IQR

Sex 0·82
Female 226 48·3 107 48·9 119 47·8
Male 242 51·7 112 51·1 130 52·2

Age (months), mean 468 13·4 219 13·4 249 13·5 0·13
SD 1·0 1·0 0·9

Skin colour <0·001
White 80 17·7 21 10·2 59 23·9
Brown/Black 373 82·3 185 89·8 188 76·1

Maternal education <9 years 179 39·3 82 39·1 97 39·4 0·93
Maternal age <25 years 228 48·7 117 53·4 111 44·6 0·06
Birth weight (g), mean 462 3242 214 3275 248 3213 0·17

SD 484 474 492
Breast-feeding ≥6months 329 70·8 157 72·4 172 69·4 0·48
Length-for-age Z-score‡, mean 458 −0·14 210 −0·22 248 −0·08 0·19

SD 1·15 1·21 1·09
Stunting‡ 20 4·4 15 7·1 5 2·0 0·007
BMI-for-age Z-score‡, mean 443 0·53 199 0·72 244 0·38 0·003

SD 1·18 1·16 1·17
Overweight‡ 159 35·9 84 42·2 75 30·7 0·012
Vitamin A+D supplementation§ 120 25·8 5 2·3 115 46·6 <0·001
Diarrhoea in the past 15 d 112 24·0 58 26·6 54 21·7 0·21
Wheezing in the past 15 d 178 38·0 83 37·9 95 38·2 0·96
Anaemia‖ 107 22·9 52 23·7 55 22·1 0·67
Presence of inflammation¶ 0·34
Reference 286 65·6 121 62·1 165 68·4
Incubation 7 1·6 3 1·5 4 1·7
Early convalescence 62 14·2 34 17·4 28 11·6
Late convalescence 81 18·6 37 19·0 44 18·3

Vitamin A (μmol/l)**, median 436 1·44 195 1·32 241 1·56 0·005
IQR 1·01–1·90 0·98–1·70 1·10–2·04

Vitamin D (nmol/l), median 468 38·1 219 41·4 249 36·9 0·003
IQR 26·2–55·7 27·0–63·6 25·0–51·7

IQR, interquartile range.
Data are presented as n and %, unless specified otherwise.
*Totals may differ from the total number of participants due to missing values.
†Pearson’s χ2 or Fisher’s exact test and t tests or Mann–Whitney U tests were used to examine differences in proportions and in continuous variables between latitudes,
respectively.
‡According to the WHO Child Growth Standards, stunting was defined as length-for-age Z-score<−2 and overweight as BMI-for-age Z-score> 1.
§Ever used or is currently using vitamin A and D supplementation.
‖Defined as Hb< 11 g/dl.
¶Defined according to a four-levelmodel of inflammationwith α1-acid glycoprotein (AGP) andC-reactive protein (CRP) as reference (AGP≤ 1 g/l andCRP≤ 5mg/l), incubation
(AGP≤ 1 g/l and CRP> 5mg/l), early convalescence (AGP> 1 g/l and CRP> 5mg/l) and late convalescence (AGP> 1 g/l and CRP≤ 5mg/l).
**Each child’s serum retinol concentration was multiplied by a correction factor according to the observed level of inflammation.
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latitudes, occurring among 46·6 % of the children (v. only
2·3 % of children living at lower latitudes, P< 0·001).

Overall, one-third of children were in the incubation,
early convalescence or late convalescence stage of inflam-
mation. After correcting retinol concentrations by the pres-
ence of inflammation, vitamin A deficiency was estimated

in 12·6 % (v. 16·1 % before correction). Median concentra-
tion of vitamin A was higher in the midwestern/southern
regions. On the other hand, median concentration of
vitamin D was higher in the northern/north-eastern
regions, consistent with the incidence of sunlight at these
latitudes.

Table 2 Proportion of vitamin D sufficiency by sociodemographic and health characteristics and according to living at lower and higher
latitudes among children aged 11–15 months (n 468) from primary health-care units in four Brazilian cities, June 2012–January 2013

Lower latitudes
(northern/north-eastern)

Higher latitudes
(mid-western/southern)

n* % P† n* % P†

Total of children with vitamin D sufficiency‡ 86 39·3 63 25·3
Sex 0·58 0·04
Male 46 41·1 26 20·0
Female 40 37·4 37 31·1

Skin colour 0·21 0·08
White 11 52·4 10 17·0
Brown/Black 71 38·4 53 28·2

Maternal education 0·01 0·89
<9 years 23 37·6 24 24·7
≥9 years 58 45·3 38 25·5

Maternal age 0·59 0·37
<25 years 44 37·6 25 22·5
≥25 years 42 41·2 38 27·5

Birth weight 0·95 0·51
<3500 g 58 38·9 48 27·3
≥3500 g 26 41·3 15 21·1

Duration of breast-feeding 0·32 0·17
<6 months 27 45·0 15 19·7
≥6 months 59 37·6 48 27·9

Stunting§ 0·88 0·02
No 74 38·0 58 23·9
Yes 6 40·0 4 80·0

Overweight§ 0·43 0·81
No 46 40·0 43 25·4
Yes 29 34·5 18 24·0

Vitamin A+D supplementation 0·65 0·08
Has never used it 84 39·4 39 25·6
Has used or is currently using it 1 20·0 23 20·0

Diarrhoea in the past 15 d 0·51 0·56
No 61 38·1 51 26·2
Yes 25 43·1 12 22·2

Wheezing in the past 15 d 0·12 0·76
No 48 35·3 40 26·0
Yes 38 45·8 23 24·2

Anaemia‖ 0·64 0·70
No 67 40·1 48 24·7
Yes 19 36·5 15 27·3

Presence of inflammation¶ 0·28 0·91
Reference 43 35·5 40 24·2
Incubation 2 66·7 1 25·0
Early convalescence 16 47·1 8 28·6
Late convalescence 18 48·7 12 27·3

Vitamin A status** 0·01 0·15
Sufficient 64 47·1 52 28·1
Marginal 13 31·7 4 21·1
Deficient 2 11·1 5 13·5

*Totals may differ from the total number of participants with vitamin D sufficiency due to missing values.
†Pearson’s χ2 or Fisher’s exact test was used to examine differences in proportions of vitamin D sufficiency between categories of variables at each of lower and higher
latitudes.
‡Defined as 25-hydroxyvitamin D concentration ≥50 nmol/l.
§According to the WHO Child Growth Standards, stunting was defined as length-for-age Z-score< −2 and overweight as BMI-for-age Z-score> 1.
‖Defined as Hb< 11 g/dl.
¶Defined according to a four-levelmodel of inflammationwith α1-acid glycoprotein (AGP) andC-reactive protein (CRP) as reference (AGP≤ 1 g/l andCRP≤ 5mg/l), incubation
(AGP≤ 1 g/l and CRP> 5mg/l), early convalescence (AGP> 1 g/l and CRP> 5mg/l) and late convalescence (AGP> 1 g/l and CRP≤ 5mg/l).
**Each child’s serum retinol concentration was multiplied by a correction factor according to the observed level of inflammation. Vitamin A status was defined as sufficient at
serum retinol concentration of ≥1·05 μmol/l, marginal at 0·70–1·04 μmol/l and deficient at <0·70 μmol/l.
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Considering usual cut-offs, vitamin D concentration
<30 nmol/l was found among 32·9 % of children and
<50 nmol/l among 68·2 %. A sufficient status of vitamin
D was therefore present in 31·8 % of the study population
and explored according to sociodemographic and health
characteristics separately at lower and higher latitudes, as
shown in Table 2. Maternal education was positively asso-
ciated with vitamin D sufficiency among children from
lower latitudes. At higher latitudes, the child’s sex and
stunting were related to vitamin D sufficiency. In both
regions, greater proportions of vitamin D sufficiency were
noted with increasing vitamin A status. Birth characteristics,
recent morbidities, anaemia and inflammation were not
associated with vitamin D sufficiency in these children.

In adjusted analysis (Table 3), children living at higher
latitudes had a lower prevalence of vitamin D sufficiency
(PR= 0·65; 95 % CI 0·49, 0·85) than children from lower lat-
itudes. Elevated maternal education positively influenced
a sufficient vitamin D status in children (PR= 1·34; 95 %
CI 1·00, 1·80), in comparison with those whose mothers
reported <9 years of education. Compared with vitamin
A concentration≥1·05 μmol/l, marginal and deficient status

of vitamin A were significantly associated with progressive
reduction in the prevalence of vitamin D sufficiency
(Ptrend= 0·001), accounting for proper correction for the
presence of inflammation. Each increase of 1 μmol/l in
vitamin A concentration was associated with a 1·38-fold
higher prevalence of vitamin D sufficiency (95% CI 1·18,
1·61), with additional adjustment for the child’s sex, age, skin
colour, stunting and vitamin A+D supplementation. The
direction and significance of all associations were similar
when considering continuous vitamin D concentration
in linear regression models. Specifically regarding the
association with vitamin A corrected for inflammatory
status, each 1 μmol/l increase of serum retinol was associated
with a 0·43 nmol/l higher 25(OH)D3 concentration (95% CI
0·18, 0·80), after controlling for all covariates (r2= 0·12).

Discussion

In this early-life assessment of conditions related to
vitamin D sufficiency among Brazilian children, 25(OH)D

Table 3 Multiple model for vitamin D sufficiency among children aged
11–15 months (n 468) from primary health-care units in four Brazilian
cities, June 2012–January 2013

Vitamin D sufficiency
(≥50 nmol/l)

Adjusted PR* 95% CI*

Sex
Female Ref. –
Male 1·15 0·88, 1·50

Age (months) 0·98 0·86, 1·13
Skin colour
White Ref. –
Brown/Black 1·26 0·85, 1·87

Latitude
Lower (northern/north-eastern) Ref. –
Higher (mid-western/southern) 0·65 0·49, 0·85

Maternal education
<9 years Ref. –
≥9 years 1·34 1·00, 1·80

Stunting†
No Ref. –
Yes 1·60 0·94, 2·68

Vitamin A+D supplementation
Has never used it Ref. –
Has used or is currently using it 0·72 0·47, 1·09

Vitamin A status‡
Sufficient Ref. –
Marginal 0·62 0·41, 0·93
Deficient 0·37 0·18, 0·77

Ref., reference category.
*Prevalence ratios (PR) and 95% CI for vitamin D sufficiency were estimated using
multiple Poisson regression models with robust variance, with initial adjustment for
the child’s sex, age and skin colour. Variables were subsequently selected according
to a hierarchical conceptual framework for factors at distal, intermediate and
proximal levels in relation to the outcome of interest.
†According to theWHOChildGrowthStandards, stuntingwas defined as length-for-age
Z-score<−2.
‡Each child’s serum retinol concentration was multiplied by a correction factor
according to the observed level of inflammation. Vitamin A status was defined as
sufficient at serum retinol concentration of ≥1·05 μmol/l, marginal at 0·70–1·04 μmol/l
and deficient at <0·70 μmol/l.
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level ≥50 nmol/l was found in only one-third of study par-
ticipants and was positively associated with living at lower
latitudes. Independently of this proxy of sunlight exposure,
maternal education and higher vitamin A concentrations
contributed to vitamin D sufficiency in children up to 15
months of age.

Considering that, to date, meta-analyses have not been
able to systematically include representative information
on vitamin D status during the first years of life from several
developing regions worldwide, our findings for vitamin D
sufficiency in young Brazilian children may be compared
with other individual studies on children of similar age
groups from low- to middle-income countries. Among
apparently healthy individuals selected from outpatient
clinics of paediatric hospitals in northern India and
Turkey, roughly half of children aged 1–3 years and 59 %
of children aged 13–24 months, respectively, were consid-
ered to have sufficient 25(OH)D level(22,23). While 64 % of
Iranian healthy children 15–23 months of age attending
health-care centres were vitamin D sufficient in a cross-
sectional investigation conducted in different urban and
rural areas of the country(24), less than 10 % of children
aged 12–60 months in rural Nepal recently exhibited
25(OH)D ≥ 50 nmol/l in a community-based study(25).

Despite variations in estimates of vitamin D sufficiency, all
the assessments mentioned above were carried out in loca-
tions at around the 30th parallel north (or somewhat higher).
For Latin America and the Caribbean, a review of age groups
throughout the lifespan suggested that vitamin D insufficiency
is probably a public health concern in the region, but with
undefined magnitude. For younger children, representative
data were collected only from Mexico (15th–30th parallel
north), where approximately one-quarter of pre-schoolers
showed 25(OH)D concentration <50 nmol/l(26). In Brazil,
vitamin D level below sufficiency was found among 29·2%
of newborns from a probabilistic cross-sectional study in the
city of Viçosa (20th parallel south; n 226)(4) and among
14·6% of children <25 months of age in a population-based
cross-sectional survey in the western Amazon area
(20th parallel south; n 158)(5). In view of the skin physiology
involved in the provision of human vitamin D requirements,
latitudemay be interpreted as a proxy of exposure to sunlight
andUV radiation(9). In this sense, our analysiswas remarkable
in its inclusion of children from cities in diverse regions and
latitudes of Brazil, a country with continental dimensions in
the southern hemisphere. Living at lower latitudes was an
important factor associated with vitamin D sufficiency among
generally healthy Brazilian children aged up to 15 months
who attended primary health-care units. As has been well
described, UV radiation is essential to the photochemical
transformation of 7-dehydrocholesterol into previtamin D3,
which undergoes hydroxylation reactions to later reach the
physiologically active form of vitamin D(8,9).

Of note, latitude distribution seemed to minimize the
potential influence of skin colour on vitamin D sufficiency
in the present study. In our study, as shown in Table 1,

a significantly larger proportion of non-white childrenwere
living at lower latitudes in comparison to those at higher
latitudes. With adjustment for latitude, however, such char-
acteristic did not affect the estimates for vitamin D
sufficiency. Interestingly, a small study conducted in the
south-eastern region of Brazil with children aged 2–7 years
(n 84) proposed a score accounting for favourable condi-
tions for the skin synthesis of vitamin D (such as sunlight
exposure, use of sunscreen, skin colour), which was in turn
positively associated with 25(OH)D concentration(27). An
ecological meta-regression study with data mostly from
adults and elderly individuals worldwide detected an
inverse relationship of latitude with 25(OH)D level solely
among Caucasian subjects(28).

We also found significant regional differences in practices
regarding vitamin supplementation. Whereas only 2 % of
children residing at lower latitudes (northern/north-eastern
regions) received supplements, caregivers of almost half of
the children from higher latitudes reported complying with
the practice – in spite of the significantly lower prevalence of
vitamin D sufficiency simultaneously detected. In contrast
with other reports(29,30), vitamin D supplementation was
not sustained as a major contributor to 25(OH)D status
among children in our final multiple model. This may point
to a variable range of factors to be acknowledged in under-
standing predictors and also planning actions aimed at opti-
mizing vitaminD status from early life. Our adjusted analysis
suggested a role for maternal education, which was posi-
tively associatedwith vitamin D sufficiency. Particularlywith
more extreme patterns of social inequities, one may specu-
late that diverse contexts encompass determinants of nutri-
tional status such as environmental conditions, health
knowledge and behaviours(31).

As hypothesized, higher vitamin A concentration was
positively associated with a sufficient status of vitamin D.
This appeared to be especially pertinent for retinol concen-
tration ≥1·05 μmol/l, in view of progressive decline in the
prevalence of vitamin D sufficiency associated with
marginal (0·70–1·04 μmol/l) and deficient (<0·70 μmol/l)
status of vitamin A. Previous observational studies have
found correlations among micronutrient status indicators,
including vitamins D and A(32,33). Controlling for favourable
conditions for skin synthesis of vitamin D, serum retinol
concentration was positively associated with 25(OH)D in
a cross-sectional analysis with children aged 2–7 years
(n 84) enrolled in a governmental fortified-milk prog-
ramme in São Paulo, Brazil(27). Vitamin A supplementation
(single-dose capsule of 5000 μg (200 000 IU)) was tested
for its impact on physical growth in a randomized,
double-blind, placebo-controlled trial in an urban commu-
nity clinic in New Delhi, India, among children aged 12–59
months (n 900). There was an indication for modest
improvement of weight gain specifically in the summer
season(34), which could foster some discussion on a poten-
tial relationship of vitamin A with predictors of vitamin D
status.
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Among our generally healthy children, 34·4% were iden-
tified in the incubation, early convalescence or late convales-
cence stage of inflammation. As a result, it is important to
note that the association between these vitamins was ascer-
tained after adequately correcting for the concurrent AGP
and CRP concentrations. It is known that nutrition interre-
lateswith immune function; retinol-binding protein is among
the serum proteins whose concentrations are rapidly
reduced during infectious processes, with a logical impact
on vitamin A levels(12), and there is much existing evidence
that corroborates this link(12,32,35). Besides the well-known
actions on bone health, a review of trials on the impact of
vitamin D supplementation for preventing infections among
children under 5 years of age was performed(36), but epi-
demiological evidence is still of restricted quality andnoben-
efit has been proven. At the cellular level, examination of the
joint effects of vitamins D and A on the regulation of immun-
ity has in fact indicated a possible antagonistic dynamic
between metabolites of these micronutrients, given that
these compounds share common nuclear receptors in the
retinoid X receptor family(10). The characterization of
larger-scale implications of specific anti-proliferative effects
of vitamin D v. cytotoxic and proliferative roles of vitamin
A, however, would require a prospective design of data col-
lection along with the consideration of different levels of
these vitamins’ availability to the organism, which was not
possible in the present cross-sectional analysis.

There are some limitations to our study. First, we did not
collect data on the dietary intake of vitamin D among
our participants. Nevertheless, past investigations among
young Brazilian children(37,38) found poor dietary variability
in conjunction with widespread nutrient deficiencies in
this age group, suggesting that no major contribution to
25(OH)D level would have arisen from food consumption.
Second, time spent outdoors under sunlight exposure,
clothing habits, and use of sunscreen or other types of bar-
rierswerenot directly assessed, althoughwehad information
on other important parameters related to the skin synthesis of
vitamin D, such as region of residence and child skin colour.
We were not able to disentangle the effects of vitamin A and
vitamin D supplementation as thesemicronutrients are often
offered in combination, neither to precisely ascertain poten-
tial impacts on serum vitamin concentration because infor-
mation on supplementation was collected jointly for its
past or current use. Finally, we must interpret the present
findings in view of the cross-sectional nature of data collec-
tion that prevents causal assumptions. Some strengths should
be noted as well. We contribute multicentre information on
vitamin D sufficiency among young children in low- to
middle-income areas. Our study participants were selected
at public primary health-care units across a wide range of
latitude. Our findings also highlight the contribution of
vitamin A, according to previous exposure to inflammation,
to vitamin D status in this very young age group.

There is an increasing amount of longitudinal data
showing a relationship of gestational vitamin D and

perinatal outcomes(39,40). Overall, in our analysis a relatively
small proportion (31·8 %) of children had 25(OH)D≥
50 nmol/l already during their first months of life. In light
of evidence for intergenerational pathways influencing
vitamin D levels, there is substantial work ahead, therefore,
to ensure proper status of vitamin D among young children
during an important window of opportunity that favours
adequate development and better health outcomes in
later years.

Conclusion

In conclusion, vitamin D sufficiency was present in one-
third of Brazilian children of up to 15 months of age attend-
ing primary health-care units and living at diverse latitudes.
Living at lower latitudes, along with higher maternal edu-
cation and vitamin A concentrations, after correction for
the presence of inflammation, were positively associated
with 25(OH)D level. Additional prospective surveys are
necessary to elucidate underlyingmechanisms for potential
synergy of optimal status of vitamins.
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