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Abstract

Objective: To estimate the prevalence of anaemia in Brazilian children up to 83-9
months old.

Design: Systematic review and meta-analysis, using databases PubMed, Scopus,
SciELO, Lilacs, Google Scholar, Periodicos Capes, Arca, Biblioteca Virtual em
Sautde, Microsoft Academic Search and Cochrane Library using search terms: anaemia,
prevalence, child and Brazil. PROSPERO Registration number: CRD42020208818.
Setting: Cross-sectional, cohort, case—control and intervention studies published
between 2007 and 2020 were searched, excluding those who assessed children with
an illness or chronic condition. The main outcome was anaemia prevalence. Random
effects models based on the inverse variance method were used to estimate pooled
prevalence measures. Sensitivity analyses removed studies with high contribution to
overall heterogeneity.

Participants: From 6790 first screened, 134 eligible studies were included, totalling
46 978 children aged zero to 83-9 months analysed, with adequate regions representa-
tiveness.

Results: Pooled prevalence of anaemia was 33 % (95 % CI 30, 35). Sensitivity analyses
showed that withdrawal of studies that contributed to high heterogeneity did not in-
fluence national average prevalence.

Conclusions: Childhood anaemia is still a serious public health problem in Brazil,
exposing 33 % of Brazilian children to the anaemia repercussions. The main limitation
of the study is the estimation of national prevalence based on local surveys, but a large
number of studies were included, with representation in all regions of the country,
giving strength to the results. In Brazil, more public policies are needed to promote
supplementation, fortification and access to healthy eating to reduce the high level
of anaemia among children.
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Anaemia is a disease that affects the production of erythro-
cytes and has as main characteristic the insufficient oxy-
genation capacity of tissues due to the lower amount of
circulating Hb. This phenomenon can occur as a
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consequence of decreased production and/or increased
loss of erythrocytes, with underlying and often overlapping
causes™”. This is a global public health problem that affects
populations of different socio-economic levels and in all
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age groups, being more prevalent in poverty regions®,

where there is interaction of factors such as: (a) insufficient
intake of Fe of adequate bioavailability (especially that
from meat and offal); (b) diets rich in cereals composed
of phytates, polyphenols and other ligands that impair
intestinal absorption of Fe and (¢) poor hygienic and san-
itary conditions with parasitic diseases and frequent inflam-
matory processes™.

The WHO considers anaemia as an indicator of nutri-
tional and health poverty, which compromises quality of
life and contributes to infant mortality. At population level,
an anaemia prevalence >4-9% is considered of public
health significance, with a prevalence >40 % classified as
a severe public health problem™. It is estimated that world-
wide, the prevalence of anaemia among children in the
preschool age group is 47-4 %, ranging from 21-7% in
Europe to 67-6% in some countries of the African
continent®.

Chronic childhood anaemia is responsible for a number
of well-documented physical, emotional and cognitive
impairments, such as growth slowdown; pubertal retarda-
tion; impaired visual, auditory and memory functions; neg-
ative effects on cognitive development and behavioural
disorders (appetite perversion, attention deficit hyperactiv-
ity, restless leg syndrome)%*. In addition, the chronic
effects of Fe deficiency can also compromise immunity,
increasing the risk of infectious diseases and their
complications?,

Brazil nationwide data are not available due to the
absence of research studies involving population Hb dos-
age. Some authors, such as Jordio et al 'V, Iglesias
Visquez et al."? and Ferreira et al.'¥ ' have used statistical
strategies to estimate national prevalence based on local
studies. Currently, surveys of anaemia prevalence con-
ducted in specific localities, of local scope, are rarely pub-
lished in journals indexed in the most relevant databases
and are usually published in smaller journals, although offi-
cial and with peer review process. Therefore, in order to
comprehensively estimate the national prevalence, it is
necessary to include in the review the local data published
in these journals of lesser expression.

The present study proposes to estimate the Brazilian
prevalence of anaemia among infants and preschoolers
through a systematic review study with meta-analysis, with
the inclusion of data obtained in articles published in offi-
cial scientific journals, which have International Standard
Serial Number and meet the criteria described in the
methodology.

Methods

Study design and search strategy

This meta-analysis was undertaken according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines'?. Studies on the prevalence
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of anaemia were researched in Brazilian children from birth
to 83-9 months, published between January 2007 and July
2020, in the databases PubMed, Scopus, SciELO, Lilacs,
Google Scholar, Periodicos Capes, Arca, Biblioteca
Virtual em Saiide, Microsoft Academic Search and
Cochrane Library.

The choice was made to evaluate the studies published
after 2007 in order to be able to verify and update the preva-
lence estimated in a meta-analysis by Jordao et al. """, who
reviewed studies published between 1996 and 2007. We
chose the age group to achieve greater comparability with
other studies, since most surveys related to the prevalence
of anaemia in Brazil have included children under the age
of 7 years.

The terms that used for searching were: ‘anaemia’ ‘iron
deficiency anaemia’ and ‘prevalence’ and ‘child’ and
‘Brazil’. These terms in Portuguese were also used: ‘anae-
mia’, ‘anaemia ferropriva’ and ‘prevaléncia’ and ‘crianga’
and ‘Brasil’. Additional eligible studies on the prevalence
of anaemia in childhood were sought by reviewing the
reference lists of identified articles and searching relevant
journals related to our research topic. No language restric-
tions were adopted during the search.

The choice to carry out a meta-analysis was made due to
the fact that there are a large number of local surveys of
anaemia prevalence in Brazil, but that these could only
be used to estimate national prevalence through appropri-
ate statistical methods. Although meta-analyses are often
criticised for combining heterogeneous data, in the present
study, this would have little chance of occurring because
data on the prevalence of anaemia were obtained through
standardised methods and cut-off points, enabling studies
to be analysed together. Additionally, as described (at page
98) by Grant and Booth®, “small or inconclusive studies
lacking in statistical significance can nevertheless make a
contribution to the larger picture and such compilations
are time efficient for decision makers, particularly when
compared with the time taken to review scattered individ-
ual studies”.

Study selection and eligibility criteria
Two reviewers independently screened titles and abstracts
and critically reviewed the full texts of all selected studies
on the basis of the inclusion and exclusion criteria. Any dis-
agreement that arose between reviewers was resolved
through discussion and involvement of a third reviewer.
Observational studies (cohort, case—control and cross-
sectional studies) and clinical trials were included. In
cohort, case—control and intervention studies, the preva-
lence of anaemia was obtained only at the beginning of
the study (baseline). The data were considered only for
children residing in Brazil. Inclusion criteria were studies
that contained information about the children’s age, city
and region of the country, sample size, criteria for defining
anaemia and specific method of laboratory evaluation of
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blood Hb. The cut-off point for defining anaemia should be
in accordance with the definitions of the WHO!®,
Although the authors’ main interest was in Fe deficiency
anaemia, all studies evaluating the prevalence of anaemia
were included, even those in which there was no proof that
the condition was effectively due to Fe deficiency. It is
important to state that, in Brazil, the vast majority of cases
of anaemia occur due to Fe deficiency!”. Review studies,
studies with secondary data, theses, dissertations, course
completion papers, annals of scientific events and studies
that evaluated the prevalence of anaemia in children with
an illness or chronic condition, hospitalised or not were
excluded.

Data extraction and risk of bias/quality
assessment

Two authors independently extracted data on the year of
the study and the region of the country, the study design,
sample size, children’s age group, prevalence and diagnos-
tic criteria for anaemia. The Modified Newcastle-Ottawa
quality assessment scale for observational studies (cohort,
case—control and cross-sectional studies)'®!? was used to
assess the quality of the study for inclusion. The total score
for the Modified Newcastle-Ottawa scale for observational
studies is nine stars as a maximum for the overall scale with
the minimum of zero. A study was considered of high qual-
ity if it reached 7 to 9, medium if it reached 4 to 6 and low if it
reached 0 to 3.

For the evaluation of risk-of-bias (RoB) for the non-
randomised clinical trials, the ROBINS-I tool (Risk of Bias
in Non-randomized Studies-of Interventions) was used®”.
The evaluated criteria were divided into pre-intervention,
intervention and post-intervention categories. The overall
RoB judgement was individually analysed for each study
and classified as low, moderate, serious, critical or no infor-
mation. For randomised clinical trials, the RoB 2 tool
(Revised Cochrane risk-of-bias tool for randomised trials)?V
was used, analysing five domains. The overall RoB judgement
for each study was classified as low risk, some concerns or
high risk.

All studies were included regardless of study quality, in
order to obtain the largest possible national coverage of the
prevalence of anaemia in childhood. In addition, although
some tools are focused on the quality of the intervention,
our objective was only to know the prevalence of anaemia
in the baseline data. In this case, the representativeness of
the sample was more important than the general quality of
the intervention. Sensitivity analyses were undertaken to
withdraw studies that contributed to high heterogeneity.

Data analysis and beterogeneity assessment

Meta-analysis on the prevalence of anaemia was carried out
by using the ‘meta’ package®? implemented in the R soft-
ware version 3.6.2. Forest plots including 95 % CI calcu-
lated by the Clopper—Pearson exact method were used
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to describe the prevalence estimates for each study
included in the meta-analysis®®. Cochran’s Q test, the
between-study variance (tau?) and P statistics were used
to assess heterogeneity®”. Higher values of P indicate a
greater degree of heterogeneity among studies. Random
effects models based on the inverse variance method were
used to estimate pooled prevalence measures, taking into
account the high heterogeneity observed between studies.
Stratified analyses were performed by Brazilian regions, in
order to assess geographic variations of the prevalence of
anaemia. The contribution of each study to the overall
prevalence measure and heterogeneity was assessed
graphically by constructing a Baujat plot®. Sensitivity
analyses removed studies with high contribution to overall
heterogeneity, detected by the Baujat plots, in order to
assess the possible effects of these studies on the pooled
prevalence measures. The sensitivity analyses also
assessed the possible effect of studies with sample size
<100 and studies that are not cross-sectional on the pooled
estimates®”. An alternative funnel plot was used to explore
the possibility of publication bias®”. Alternative funnel
plots are constructed using study size rather than 1/sE in
y-axis, as recommended by Hunter et al*” in meta-
analyses of proportion studies. Funnel plots are skewed
and asymmetrical in the presence of publication bias and
other biases.

The data presented are stratified by regions of Brazil and
consolidated with the estimate of national prevalence.
Brazil is divided into five geographic regions, being:
North, Northeast, Midwest, Southeast and South. Data for
the North and Midwest regions were grouped. This option
was adopted due to some aspects described below: (1)
fewer studies identified in these regions; (2) similar geo-
graphical and economic characteristics, such as the smaller
number of large urban agglomerates, the presence of
extensive areas of vegetation and watersheds, a smaller
and less populous coastal strip, the presence of native
indigenous populations and low migration and (3) and
no studies were found regarding the metropolitan region
of the Federal District, Brasilia (located in the Midwest
region), which could contribute to data asymmetry due
to cosmopolitan characteristics similar to those observed
in the metropolises of the South and Southeast regions.

Study registration
The protocol for this review was registered with
PROSPERO: (no. CRD42020208818)

Results

The search of articles in the databases identified 6779
records from January 2007 to July 2020. An additional
eleven articles were identified from reference lists and hand
searches. Of these, 3128 records remained after the
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Additional records identified
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Studies in the North Studies in the Studiesin the Studies in the
and Midwest regions | | Northeast region | [ Southeast region| | South region
(n 20) (n 34) (n59) (n21)

Fig. 1 Flow chart of the selection process according to the
Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA) Statement

removal of duplicates (Fig. 1). Based on the title and
screening of the abstract, 2982 records were removed
due to not meeting the inclusion criteria. In total, 146
full-text articles were reviewed. In this full-text screening,
twenty articles were excluded due to the analyses of secon-
dary data and evaluation of previously ill children (Fig. 1).
A total of 126 papers met the inclusion criteria and were
included in the meta-analysis. As some of these articles
were multicentre studies, the prevalence of anaemia was
presented separately for each region where these studies
were conducted. Therefore, the meta-analysis was con-
ducted based on 126 papers and 134 studies, twenty from
the North and Midwest regions®*#7 thirty-four from the
Northeast region??383946-70) fifty_nine from the Southeast
region®>77-13% and twenty-one from the Southern
region(©6:88,135-153)

One hundred and seven cross-sectional studies, eight
cohort studies, one case—control study and eighteen inter-
vention studies were included (see online Supplemental
Table 1). The number of subjects per study ranged from
31 to 2376, with a mean age that ranged from 0 to 839
months. The Newcastle-Ottawa scale for observational
studies was applied to 116 studies. Thirty-nine studies were
classified as high quality, seventy-six as medium quality
and one was classified as low quality of evidence. The
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ROBINS-I tool was used in nine studies. Five studies
showed a moderate risk and four studies a serious RoB.
The RoB 2 tool was used in nine studies, of which four were
assessed as low RoB, four with some concerns and one
with high risk (see online Supplemental Table 1).

In total, 46 978 children were included in the study, with
an estimated national prevalence of 33% of anaemia
(Fig. 2). The prevalence measured was similar for the
North/Midwest (36 %), Northeast (38 %) and South (35 %);
however, they were lower in the Southeast region (28 %).
Figures 3-6 show the results obtained according to the dif-
ferent regions.

One of the aspects that can be observed by the disposi-
tion of the studies in the graphs, which are presented
according to the date of publication, is the fact that there
seems to be no temporal trend, between 2007 and 2020,
of changes in prevalence.

Figure 7 shows the contribution of each study to the
overall effect size by Baujat plots, where the impact of
excluding a study from the final analyses (vertical axis) is
plotted against its contribution to the heterogeneity statistic
(horizontal axis). For example, panel (a) of Fig. 7 shows
that the studies by Leite ef al. (2013)3% and Cardoso et al.
(2012)3Y have higher contribution to the overall hetero-
geneity and high influence to the overall result and, conse-
quently, it is important to evaluate the effect of the removal
of these studies in sensitivity analyses. The sensitivity analy-
ses in Table 1 show that the removal of these studies did
not significantly influence the average prevalence of each
region, except in the South region.

The funnel plot for publication bias analyses consider-
ing the 134 studies is showed in Fig. 8. This graph seems
to suggest that there is a reasonably symmetrical distribu-
tion of the logit transformed prevalence estimates around
the pooled prevalence, indicating that this systematic
review is not subject to a publication bias?®.

Discussion

Brazil is a country of continental dimensions and has faced
successive political and economic crises. These facts, in a
way, have interfered in the production of information
and data related to health conditions of national scope.
In the nutritional area, even relatively simple information,
such as nutritional status obtained by anthropometry, is
scarce in childhood and the last national survey that
showed prevalence of malnutrition was conducted in
20085, Regarding anaemia, there are virtually no national
data that have been obtained by a study designed for this
purpose, including representative sampling from all over
the country. An attempt to estimate was made in 2000, in
Pesquisa Nacional de Demografia e Satide da Crianca e
da Mulber (PNDS 2006)">% | in which 3499 blood samples
from children under 5 years of age using the dry drop tech-
nique were analysed, and Hb values below 11 g/dl were
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Fig. 2 Forest plot for meta-analysis of the prevalence of anaemia in all Brazilian regions
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Fig. 3 (colour online) Forest plot for meta-analysis of the prevalence of anaemia in the Brazilian Midwest and North regions (ordered

by year of publication)

considered as anaemia. However, a number of methodo-
logical limitations, including loss of samples and the fact
that the dry drop method was not validated for children,
led to the results of this study being questioned50-15®,
Additionally, these data are currently out dated in about
14 years>>.

For this reason, given the need to know the information
about the prevalence of anaemia in the country as a whole
and in its regions, in order to structure control measures,
some authors have sought to estimate this information
based on local studies’''3. One of the first initiatives in
this sense appeared in the literature in 2009, by Jordao
et al'™V, who reviewed fifty-three studies published
between 1996 and 2007 and, through meta-analysis, esti-
mated a national prevalence of 53 % of anaemia among
children aged between zero and 5 years. Due to the large
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number of affected children, numerous attempts at fortifi-
cation were tested in the country, especially studies by
the Dutra-de-Oliveira group that sought to fortify drinking
water with Fe, considering that to reach all children
exposed to anaemia, it would be necessary to fortify food
of widespread consumption#15%160  An aspect that may
be relevant for the prevalence has fallen, considering the
data from Jordio et al. 'V, and those in the present study
refer to the possible impact of government initiatives to
combat Fe deficiency. Because of a law published in
2002, from 2004, fortification of wheat and maize flours
with Fe and folic acid became mandatory in Brazil'®V
and, in 2005, the Saiide de Ferro programme was imple-
mented, which added initiatives for universal supplemen-
tation of children up to 2 years old%?. These two initiatives
may have contributed to the decrease in prevalence
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Study Events Total Weight IV, Random, 95 % Cl IV, Random, 95% Cl
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Duarte, 2015 22 92 2:8% 0-24 [016; 0-34] ——
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Magalhaes, 2018 98 366 3:0% 0-27 [0-22; 0-32] I B
Vieira, 2018 214 782 31% 0-27 [0-24; 0-31] = :
Total (95% Cl) 16739 100-0% 0-38 [0-33; 0-44] -
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IV: inverse variance; 95 % Cl: 95 % confidence interval; df: degrees of freedom 0 02 04 06 08 1

Fig. 4 (colour online) Forest plot for meta-analysis of the prevalence of anaemia in the Brazilian Northeast region (ordered by year of

publication)

observed in these two studies of similar methodology, but
covering sequential periods. On the other hand, our meta-
analysis showed that, at least between 2007 and 2020, there
seems to have been no trend of change in prevalence. The
results are found, as can be seen in the graphs referring to
the regions, scattered over the years, not seeing a propen-
sity to fall or increase in numbers.

More recently, Iglesias Visquez et al."® found a preva-
lence of 39-6 % of anaemia among preschool children and
schoolchildren in Latin America, reviewing eighteen studies
published between 2000 and 2014. And, Ferreira et al. ">
reviewed thirty-seven studies published between 2007
and 2019 involving 17 741 Brazilian children aged 6-60
months and found, through meta-analysis, a general preva-
lence of 40-4 % of anaemia. The article by Ferreira et al.!®
aimed to describe the prevalence of anaemia in different
scenarios (health services, populations subject to social
inequalities and population-based studies), including
thirty-seven studies with children aged 6-60 months. Our
analysis included 134 studies, with children from a wider

0.1017/5136898002100286X Published online by Cambridge University Press

age group and also differed by describing the prevalence
according to the regions of the country. These regional
inequalities have not been studied in previous meta-
analyses,

The present study, when compared with the three men-
tioned above'™'® who evaluated similar age groups,
found a lowest prevalence. However, considering that
the number of studies included was quite high, it is possible
that our data are better able to reflect the real situation. In
any case, the figures are extremely high in view of the rec-
ognised repercussions of anaemia®3-1%9 and the situation
demonstrated has the potential to compromise the growth
and development of about 1/3 of the country’s children.

Fe deficiency has been shown to compromise thyroid
function and negatively influence  growth0-169),
According to Pivina et al., Fe deficiency can cause changes
in neurotransmitter homoeostasis, decrease myelin pro-
duction, impair synaptogenesis and decrease basal ganglia
function, negatively affecting cognitive functions and
psychomotor development, and is also frequent
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Compri, 2007 214 357 1-8%  0:60 [0-55; 0:65] : ——
Nogueira—de—Almeida, 2007 54 184 1-8%  0-29[0-23; 0-36] ——
Prieto, 2008 12 55 1'5% 0-22[0-12; 0-35] ——
Rocha, 2008 116 402 1-8%  0-29[0-24; 0-34] —=
Camillo, 2008 34 211 17% 016 [0-11; 0-22] -
Biscegli, 2008 6 52 1-4%  0-12[0:04; 0-23] ——
Oliveira, 2008 3 34 1-1%  0:09[0:02; 0-24] ——
Carvalho, 2008 109 404 1-8%  0-27 [0-23; 0-32] =
Gomes, 2008 30 51 1:6%  0:59[0-44; 0:72] : —e—
Shibukawa, 2008 49 118 17%  0-42[0-33; 0-51] L ——
Coutinho, 2008 81 108 1-7%  0-75[0-66; 0-83] : —e—
Fujimori, 2008 106 254 1-8%  0-42[0-36; 0-48] o
Costa, 2009 96 459 1-8%  0-21[0-17; 0-25] =
Bagni, 2009 345 387 1-8%  0:89[0:86; 0-92] : =
Konstantyner, 2009 217 498 1-8%  0-44[0-39; 0-48] : —=
Sa, 2009 109 399 1-8%  0-27[0-23; 0:32] ——
Ferreira, 2009 3 43 1'1%  0-07 [0-01; 0-19] —
Jordao, 2009 235 354 1-8%  0:66[0-61;0:71] : —a—
Reis, 2010 39 121 1:7%  0-32[0-24; 0.41] ——
Righ, 2010 128 259 1-8%  0-49[0-43; 0-56] : ——
Oliveira, 2010 100 270 1-8%  0:37[0-31; 0:43] L
Santos, 2010 27 132 1:7%  0-20 [0-14; 0-28] ——
Costa, 2011 171 667 1-8%  0:26 [0-22; 0-29] =
c Cotta, 2011 101 446 1:8%  0-23[0-19; 0-27] =
(o] Netto, 2011 27 104 1-7%  0-26 [0-18; 0-35] —a—
2 Pessoa, 2011 211 556 1-8%  0-38[0-34; 0-42] .
‘C Capanema, 2011 120 322 1-8%  0-37[0-32; 0:43] L
‘5’ Azeredo, 2011 100 327 1-8%  0-31[0-26; 0-36] -~
Z Rocha, 2012 96 312 1-8%  0-31[0-26; 0-36] -
Netto, 2012 31 101 17%  0:31[0-22; 0-41] —E—
N Mendes, 2012 12 126 1:6%  0-10 [0-05; 0-16] —= :
¥ Nogueira—de—Almeida, 2013 39 153 17%  0-25[0-19; 0-33] —&—
« Oliveira, 2013 363 980 1-8%  0-37 [0-34; 0-40] .
) Dias, 2013 10 35 1-5%  0-29 [0-15; 0:46] ——
I Coutinho, 2013 20 99 1-7%  0-20[0:13; 0-29] ——
8] Correa, 2013 4 374 1-8%  0-11[0:08; 0:15] = :
= Pereira, 2013 4 38 1-2%  0-11[0:03; 0-25] ——
0 Castro, 2013 9 363 1-5%  0-02[0:01; 0-05] = :
> Oliveira, 2014 143 373 1:8%  0-38[0-33; 0-43] —=—
o Saraiva, 2014 108 692 1-8% 0-16[0:13; 0:19] =
Barreto, 2014 75 115 1-7%  0:65[0-56; 0-74] : —e—
Stulbach, 2014 53 136 17%  0-39[0-31; 0:48] —a—
Silva, 2015 27 93 1-7%  0-29[0-20; 0-39] ——
Lisbda, 2015 271 725 1-8%  0-37[0-34; 0-41] .
Clarke, 2015 40 409 1-8%  0-10[0:07; 0:13] = :
Vaz-Tostes, 2015 14 54 1-6% 0-26 [0-15; 0-40] ——
Fonseca, 2016 25 182 1:7%  0-14[0:09; 0-20] —=—
Freitas, 2016 18 58 1-6%  0-31[0-20; 0:45] —
André, 2017 34 357 17%  0-10[0:07; 0-13] =
Nobre, 2017 36 228 1-7% 016 [0-11; 0-21] =
Lucia, 2017 10 98 1-5%  0-10[0:05; 0-18] -
Man, 2017 16 167 1:6%  0-10[0-06; 0-15] - :
Mendes, 2017 24 93 1-7% 0-26[0-17; 0-36] —e—
Silva, 2019 39 165 1-7%  0-24[0-17; 0-31] ———
Siqueira, 2019 18 66 1:6%  0:27[0-17; 0:40] —_—
Rocha, 2020 70 363 1:8%  0:19[0-15; 0-24] =
Total (95%Cl) 15111 100-0% 0-28 [0-24; 0-32] -
Heterogeneity: Tau® = 0.5503; ChiZ = 1549.53, df = 58 (P < 0.01); I = 96 % [96 %; 97 %)] I I I I I I
IV: inverse variance; 95 % Cl: 95% confidence interval; df: degrees of freedom 0 0.2 0.4 0.6 0.8 1
Fig.5 (colouronline) Forest plot for meta-analysis of the prevalence of anaemia in the Brazilian Southeast region (ordered by year of
publication)
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Study Events Total Weight IV, Random, 95 % Cl IV, Random, 95% Cl
Assuncéo, 2007 153 507 5:9% 0-30 [0-26; 0-34] | 3
Vitolo, 2007 235 369 59% 0-64 [0-59; 0-69] L 3
Oliveira, 2008 3 34 2:8% 0-09 [0-02; 0-24] -

Martins, 2008 102 229 58% 0-45[0-38; 0-51] =
Fontoura, 2009 2 42 2:3% 0-05 [0-01; 0-16] -
Pazzinato, 2009 6 60 38% 0-10 [0-04; 0-21] -
Bortolini, 2010 114 299 58% 0-38 [0-33; 0-44] L

Silva, 2011 24 41 4-6% 0-59 [0-42; 0-74] P ——
Scherer, 2011 9 27 4-0% 0-33 [0-17; 0-54] ——
Rodrigues, 2011 76 256 57% 0-30 [0-24; 0-36] -

Pan, 2011 35 60 50% 0-58 [0-45; 0-71] P —a—
Bortolini, 2012 236 369 59% 0-64 [0-59; 0-69] : =
Hintz, 2012 177 590 59% 0-30 [0-26; 0-34] =
Pacheco, 2013 13 113 4-8% 0-12 [0:06; 0-19] - |

Silla, 2013 1079 2376 6'1% 0-45 [0-43; 0-47]
Hermes, 2014 3 36 2:8% 0-08 [0-02; 0-22] -

Zuffo, 2016 116 334 58% 0-35 [0-30; 0-40] =
Cembranel, 2017 67 123 55% 0-54 [0-45; 0-63] P
Rodrigues, 2017 297 533 59% 0-56 [0-51; 0-60] i
Fischer, 2017 1 55 1-4% 0-02 [0-00; 0-10] -—

Melere, 2018 12 31 4-2% 0-39 [0-22; 0-58] —a—
Total (95 % Cl) 6484 1000 % 0-35[0-29; 0-42] -
Heterogeneity: Tau2 = 0-3114; ChiZ = 388:62, df =20 (P <0:01); 1°=95% [93%:;96%] [ T T T T 1
IV: inverse variance; 95% Cl: 95% confidence interval; df: degrees of freedom 0 0204 06 08 1

Fig. 6 (colour online) Forest plot for meta-analysis of the prevalence of anaemia in the Brazilian South region (ordered by year of

C | publication)
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Fig. 7 Contribution of each study to the overall effect size by Baujat plots
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Table 1 Sensitivity analyses table

CA Nogueira-de-Almeida et al.

Studies Prevalence 95% Cl P (%) Cochran’s Q
North and Midwest regions
Removal of studies with sample size <100 17 34-6 25.9, 44-6 98-6 1118-01
Removal of two studies with high contribution to overall heterogeneity 18 36-1 29.8, 43-1 95.-6 385-14
Removal of studies that are not cross-sectional 17 355 26-6,455 985 1094-48
All studies 20 35-8 276,449 983 1137-81
Northeast region
Removal of studies with sample size <100 27 371 31-4, 431 98-2 1407-95
Removal of two studies with high contribution to overall heterogeneity 32 37-3 32-6, 42-3 97.2 1119-81
Removal of studies that are not cross-sectional 27 37-6 31.7,43-8 981 1337-50
All studies 34 38-1 328,436 978 1489-15
Southeast region
Removal of studies with sample size <100 45 29-8 25.3, 36-6 97-0 1647-47
Removal of two studies with high contribution to overall heterogeneity 57 26-4 231,299 948 1076-43
Removal of studies that are not cross-sectional 49 27.0 23:3,31-0 958 1133.22
All studies 59 279 241,320 96-3 1549-53
South region
Removal of studies with sample size <100 12 41.3 34.2,48.7 96-4 305-14
Removal of six studies with high contribution to overall heterogeneity 15 338 277, 40-4 88.7 12411
Removal of studies that are not cross-sectional 17 30-4 24.7,56-8 92-3 209.04
All studies 21 354 29-5,41.8 94.9 388-62
Brazil
Removal of studies with sample size <100 101 338 30-7, 371 97-9 4713-40
Removal of all studies with high contribution to overall heterogeneity in each 122 31-9 294, 34-4 96-1 3105-42
region
Removal of studies that are not cross-sectional 110 311 28-2, 341 97-4 4170-68
All studies 134 32:5 29.8,354 973 5013.82
° R CD4 + Th1 subpopulations''’>, has been associated with
g changes that compromise the proper functioning of both
& the innate and adaptive immune systems" %177 increasing
S susceptibility to infections by intracellular microorganisms.
8 2 J Among the various roles played by Fe in the body should
33 o 0° o be mentioned the modulating function of the innate
Z=g °e @ immune response’® which is impaired when the levels
o] o
o °© ©° op "; 006;9 of this metal are decreased, predisposing the body to
3 oo " infection(179:180)
o o 8o o 9 o§ ° . infection .
. ° %3 °2 o ey ] gg a oo Historically, Brazil has been unable to effectively reduce
| o o
° ” - 2 — > . its prevalence of Fe deficiency anaemia. Some factors can

Logit transformed prevalence

Fig. 8 Funnel plot for publication bias analyses considering the
134 studies. The dashed vertical line refers to the position of the
pooled prevalence in Brazil

comorbidity in autism and attention deficit hyperactivity
disorder’?, Several studies have proven that Fe deficiency
anaemia in childhood due to its negative effects mainly on
myelogenesis and synaptogenesis” is associated with
changes in development and motor skills and worse cog-
nitive performance in varying degrees (results identified
through assessments performed with the Denver II scale),
which certainly compromises the learning and, conse-
quently, the permanent intellectual future of these
children03170-173_Fe deficiency, interfering in the produc-
tion and action of cytokines, reducing the phagocytic
capacity of neutrophils and macrophages"’® and compro-
mising the production of T lymphocytes, particularly

9/10.1017/5136898002100286X Published online by Cambridge University Press

be listed as possibly responsible for this fact, and one of
them dates back to the first year of life, when the use of
unmodified cows’” milk is used by 62:4 % of babies aged
0-5 months and 746 % of those between 6 and 12 months,
when the child is weaned*®". Due to the fact that it has little
amount of low bioavailability Fe and the chelating potential
of milk Ca; and leading to micro haemorrhages in the intes-
tinal mucosa, cows’ milk contributes decisively to the instal-
lation and maintenance of Fe deficiency3>18  Many
babies are not able to satisfactorily make up their reserves
during the gestational period and even during breast-feed-
ing because the prevalence of anaemia among pregnant
and lactating women is also high in the country™®®. It
should also be remembered the low use of fortified foods
during the feeding introduction period in Brazilian
children®,

Another aspect concerns the consumption of Fe of inad-
equate bioavailability, associated with low-cost foods
and low nutritional density, characteristic of the poorest
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countries, in which good sources of Fe, especially meat and
fortified foods, have a higher cost!3?. Additionally, the diet
based on plant protein sources predisposes to the intake of
Fe-chelators nutrients, such as phytate, and is usually poor
in absorption stimulating nutrients such as vitamin C8%157,
A recent survey published in 2020 conducted by the
Brazilian government showed that food insecurity in the
country increased by 33-3% compared with 2004 and
62-2 % compared with 2013, leading to a significant portion
of the population being exposed to inadequate and insuf-
ficient micronutrient nutrition’®. The same research
showed that in the North and Northeast regions, less than
half of the households in these regions had full and regular
access to food and that the general sewage network was
present only in about half of the households with moderate
and severe food insecurity and, in both cases, the existence
of a fossa not connected to the health network was quite
relevant (43 %)%, data from the present study found
the highest prevalence of anaemia in these two regions.
The issue of basic sanitation of very low coverage in the
country can also contribute to the difficulty of controlling
anaemia, as it provides a greater amount of infectious dis-
eases and intestinal parasitosis'®”. At the other end of this
issue, it is verified that the prevalence of anaemia has
shown a slight fall in southeast Brazil in the last 10 years
(Fig. 5), which can be explained by the better socio-
economic conditions of this region in relation to the
others. The Southeast region has the highest Human
Development Index'*” and the highest rates of access to
basic sanitation in the country™®V; in addition, with the
exception of the South region, the Southeast has the lowest
rates of food insecurity in Brazil 8,

Some aspects may have interfered in the results of the
present study. There is a tendency for research on a given
disease to focus on areas where it is most prevalent. Thus, it
is likely that some results, especially those with abnormally
high prevalence of anaemia, have been obtained exactly in
regions where high results would already be expected.
Similarly, areas with more socio-economically privileged
populations may have been less investigated than the
poorer ones. The data in Figs. 2-6 show that an asymmetric
arrangement of the points was observed, demonstrating
that this fact must have actually occurred’?. For this to
be avoided, it would be necessary to study with national
sampling, which is not available in Brazil, justifying the
search for results that are obtained in another way.

Joint analyses of cross-sectional and longitudinal studies
may include bias in the results. However, as shown in
Table 1, the impact of the separation of these studies
was not relevant for the final results. Similarly, the sample
size was also quite different in each of the studies.
However, Table 1 shows that the exclusion of studies with
low sample size did not alter the prevalence of anaemia in
the regions, except in the South region, in which, with
drawing studies with sample size smaller than 100, the
prevalence increases from 354 to 41-3%. The careful
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analyses of the individual studies considered showed the
existence of outliers, which can be verified in Fig. 7. As
can be seen in Table 1, the withdrawal of these surveys
practically does not alter the results.

The present study has some limitations. The first, and
more importantly, refers to the fact that, considering that
local prevalence studies are rarely published in the most
important scientific journals, in so that the survey could
be made feasible, it was necessary to also seek data in jour-
nals of lesser expression. This method may have led to the
inclusion of data with a lower degree of reliability, even tak-
ing care to include only articles in which quality was veri-
fied. Another limitation concerns the fact that almost all
studies that seek to determine the prevalence of Fe defi-
ciency anaemia do not include criteria that prove that there
is nutritional deficiency. Therefore, the results presented
here may include anaemia for causes other than deficiency
of Fe food intake. However, knowing that in low- and
middle-income countries, the vast majority of cases have
nutritional origin and, taking into account that studies with
children with an illness condition were not included, this
limitation can be considered of little relevant impact. Five
studies did not report the Hb cut-off point used to define
anaemia, and it was not possible to obtain this information
by direct contact with the authors. However, the method-
ology reported that internationally accepted criteria were
used, so that the cut-off points suggested by the WHO were
considered to have been used. Finally, it should also be
noted that not all studies used the same method of labora-
tory evaluation, including surveys with different analyses
techniques, even with portable methodologies.

Conclusion

Our meta-analysis of 134 studies revealed a high preva-
lence of anaemia among Brazilian preschool children.
Although the comparison with previous similar studies sug-
gests a reduction in prevalence, the numbers are still very
high, placing approximately one-third of Brazilian children
at risk of damage to physical and psychosocial health.
There is an urgent need for the Brazilian government to
conduct a nationwide survey of Fe deficiency, using appro-
priate biomarkers, in order to confirm whether the preva-
lence is really so high and, if so, implement appropriate
public health strategies.
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