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Abstract
Objective: Anaemia is the main nutritional deficiency in Brazil, and a prevention
and control programme (National Program for Iron Supplementation) has been
developed since 2005. Studies on the temporal evolution of anaemia prevalence
contribute to assessment of the effectiveness of the actions undertaken. The
present study aimed to identify the prevalence and temporal trend of anaemia
in children.
Design: Study based on two cross-sectional household surveys carried out in 2005
and 2015. Anaemia was defined as Hb< 11 g/dl (HemoCue®). Trend analysis was
performed using the prevalence ratio (PR), calculated by Poisson regression with
a robust adjustment of the variance. Differences were significant when P< 0·05
in both crude analyses and those adjusted for possible confounding factors
(e.g. socio-economic, demographic and health variables).
Setting: Alagoas, Brazil.
Subjects: In total, 666 and 782 children in the first and second Alagoas State Health
and Nutrition Survey, respectively (probabilistic samples).
Results: In 2005 and 2015, anaemia prevalence was 45·1 and 27·4%, respectively
(−39·1%; PR= 0·61; 95% CI 0·52, 0·70). In both surveys, children aged ≤24 months
were more affected (P< 0·01) than those aged >24 months (67·2 v. 40·7%; 27·0 v.
19·3%, respectively).
Conclusions: The prevalence of anaemia reduced significantly in the evaluated
period. Thus, it may no longer be a severe public health problem but can instead
be considered a problem of moderate magnitude. It remains, however, above the
level considered acceptable according to WHO criteria. These results justify the
implementation of prevention and control actions.
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Anaemia, defined as reduced blood Hb concentration, is
one of the most important diseases in the world due to its
high prevalence and the harm that it causes to the health
of individuals(1–3). Although there are various forms of
anaemia, according to the different aetiologies, the one
caused by Fe deficiency (Fe-deficiency anaemia) is the
most prevalent. The WHO estimates that 42% of anaemia
cases in children would likely be corrected with Fe
supplementation(1).

Anaemia is one of the most prevalent nutritional defi-
ciencies in Brazil. Since 2005, under the National Policy on
Food and Nutrition, a prevention and control programme

called the National Program for Iron Supplementation
(NPIS) has been implemented. It consists of prophylactic
supplementation with ferrous sulfate, nutritional educa-
tion, food fortification with Fe and folic acid, and provid-
ing guidance manuals for health professionals in primary
health care(4).

In Alagoas, one of the Brazilian states with the worst
social indicators in the country, it was found that anaemia
affected 45·1% of pre-school children(5). That survey was
conducted in the same year (2005) in which the Ministry
of Health established the NPIS. A similar survey was
conducted again in 2015, thus enabling analysis of the
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temporal evolution in anaemia prevalence and possibly
contributing to evaluation of the effectiveness of the
actions undertaken.

The present work aimed to identify the prevalence and
temporal trend (2005–2015) of anaemia in children from
Alagoas State, Northeast Brazil.

Materials and methods

Survey overview
The present study was based on two household surveys that
were integrated into a larger project called the ‘Diagnosis of
Maternal and Child Health of the Population of Alagoas State’
that was carried out in 2005 and 2015 (Survey I and Survey
II, respectively). In both cases, the purpose of the sampling
was to obtain a representative sample of children aged
6–60 months from Alagoas State. The following parameters
were adopted to calculate the sample size in Survey I: a
40·6% prevalence(6), 3·5% error margin and 95% CI would
require 756 children. In Survey II, the sample size was cal-
culated taking as reference the 45·1% prevalence observed
in Survey I(5). Admitting a margin of error of 3·5% and a 95%
CI, 774 children were required.

In the two surveys, the sampling procedure included
multiple stages with three steps. In the first survey, twenty of
the 102 municipalities in Alagoas State were drawn
randomly by systematic sampling with a probability
proportional to the size of the population. For this, they were
organized in alphabetical order, containing their respective
populations (Maceió, the capital of Alagoas, was drawn six
times because it has approximately one-third of the state’s
population). In the second step, four census tracts by
municipality were chosen by a simple drawing (considering
the proportion of their respective urban and rural popula-
tion), and in the third step, a starting point within each sector
was randomly designated from which twenty-eight con-
secutive households were visited. A similar sampling
procedure was performed in the second survey.

Ethical aspects
All children aged 6–60 months whose mothers or guar-
dians signed the informed consent form, as provided in
the terms of the two projects approved by the Ethics
Committee in Research of Alagoas Federal University
(process number 010102/03-55 and 09093012.0.0000.5013
for Survey I and II, respectively), participated in the study.

Data collection
Properly trained and supervised interviewers, using forms
previously tested in a pilot study, collected demographic,
socio-economic, environmental, anthropometric and
health data.

Dependent variable
The dependent variable was anaemia, diagnosed as Hb
<11 g/dl, and classified as mild (9·0 g/dl<Hb< 11·0 g/dl),

moderate (7·0 g/dl ≤ Hb≤ 9·0 g/dl) or severe
(Hb< 7·0 g/dl)(1). Hb assays were performed using a
HemoCue® Hb 301 (HemoCue Ltd, Sheffield, UK) with a
drop of blood obtained by finger prick. After the exam-
ination, the mother or guardian for the child received a
form with the result and, when anaemia was present, was
encouraged to seek the nearest health-care service to get
the proper treatment. Health officials in the area were
contacted to take notes and support the work and to
recognize the form used by the team for specifying the
examination results.

Independent variables
To identify the possible factors associated with anaemia,
the following conditions were investigated: age (6–12,
13–24, 25–36, 37–48 and 49–60 months; and in dichot-
omous form, ≤24 months and >24 months), gender,
number of family members (≤4; >4), maternal age
(≤20 years; >20 years), age at first pregnancy (≤20 years;
>20 years), origin of water used for drinking (inadequate
(i.e. river, well, spring, rain, etc.); adequate (i.e. public
supply or bottled water)), total number of rooms in the
house (≤4; >4), number of rooms in the house used for
sleeping (≤2; >2), possession of consumer goods (such as
television, car, washing machine and refrigerator: ≤2; >2),
per capita income (≤ $US 57/month; > $US 57/month),
area of residence location (rural; urban), maternal
schooling (≤8 years of study; > 8 years of study), gov-
ernment assistance programmes (e.g. family welfare pro-
gramme user: yes; no) and the occurrence of diarrhoea in
children in the last 15 d (yes; no).

For the cut-off point used to establish the categories of
per capita income (≤ $US 57/month; > $US 57/month), the
new established poverty line of $US 1·90 daily was used
and was based on the purchasing power parity in the
poorest countries of the world while preserving the real
purchasing power of the previous line, $US 1·25 daily(7).
The exchange rate used to convert the reported amounts
from Brazilian Reals (R$) into US dollars was $US 1·00=
R$2·25 in January 2006 (for Survey I) and $US 1·00=R$2·63
in January 2015 (for Survey II).

Statistical analysis
The data were entered independently into a double-entry
form created in Epi Info version 3.5.4. After comparing
the files and correcting the discrepancies, we conducted
the statistical analyses in the statistical software package
Stata/SE 12.1 for Windows.

After confirming compliance with the parametric assump-
tions (using the Kolmogorov–Smirnov test and Bartlett’s test),
Student’s t test was used to compare mean Hb values. Pear-
son’s χ2 test was used to compare anaemia prevalence.

Evolution of anaemia prevalence observed between the
surveys was described as a percentage, [(current prevalence –
previous prevalence)/previous prevalence]×100, and by the
prevalence ratio (PR) in both crude and adjusted analyses.
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To check the factors associated with anaemia at the time of
the second survey, the PR and its 95% CI were used. The
associations that obtained a significance of P<0·2 in the
crude analysis were subjected to multivariable analysis. This
criterion for including covariates in the multivariate analysis
has been used by other authors(8–12). In the final model, the
only remaining variables were those significantly associated
with anaemia (P<0·05). The exclusion of non-significant
variables occurred through backward processing. The
respective PR and 95% CI were calculated by Poisson
regression with robust variance adjustment.

Results

The final sample of Survey I had 666 children with ages
ranging from 6 to 60 months (88·1% of the planned
sample size), while 782 individuals composed the sample
analysed in Survey II (101·0% of the planned sample size).

The characteristics and the evolution of the indepen-
dent variables in the two analysed periods are displayed in
Table 1. In 2015, there was a significant increase (P< 0·05)
in the proportions of children aged >24 months and
mothers aged >20 years, in the number of families that
had more than two consumer goods and fewer than four
co-inhabitants at home, in per capita income >$US 57/month,
maternal schooling, houses with more than four rooms
and, finally, in the number of families using government
assistance programmes.

Table 2 shows data on the prevalence and evolution of
anaemia from 2005 to 2015, among the different age groups
of children. The prevalence of anaemia was 45·1% in 2005
and 27·4% in 2015, representing a decline of 39·1%
(PR=0·61; 95% CI 0·52, 0·70). There was a reduction in
anaemia prevalence in all age groups except 37–48 months;
however, statistically significant differences were observed
only for the three younger age groups (P<0·001). Com-
pared with the highest age range (49–60 months), the
prevalence among the younger age groups (6–12 and
12–24 months) was 3·38 and 2·62 times higher, respectively.
In both 2005 and 2015, children aged ≤24 months were
more affected than were those aged >24 months: 67·2 v.
27·0% (P<0·001; PR=2·49; 95% CI 2·07, 3·00), respectively,
in 2005 and 40·7 v. 19·3% (P<0·001; PR=2·10; 95% CI 1·68,
2·65), respectively, in 2015.

Consistent with these findings, there was an increase in
mean Hb level, rising from 11·0 (SD 1·5) g/dl in 2005 to
11·6 (SD 1·3) g/dl in 2015 (P< 0·01).

There was a significant decline in all anaemia cate-
gories, as illustrated in Fig. 1. The near disappearance of
the severe form in 2015 is noteworthy, as it was confirmed
in only four cases (0·5%).

Data on the prevalence and evolution of anaemia,
according to the independent variable categories analysed
during the two surveys, are found in Table 3. In 2015,
the variables that were associated with anaemia were:

age of the child, origin of the water used to drink, con-
sumer goods’ ownership, place of residence, maternal
education (number of years of study) and child with
diarrhoea. These variables were considered covariates
and used in the multivariate analysis. In addition, the
following conditions that reached P< 0·2 in the crude
analysis were considered: age at the first maternal
pregnancy, number of rooms in the house and number of
rooms used to sleep.

The variables that remained significantly associated with
anaemia after adjusted analysis in 2015 were the age of the
child, maternal education and the origin of the water used to
drink. More specifically, the categories that were identified as
independent risk factors for anaemia were: being ≤24 months
old, being the child of a mother with ≤8 years of study and
not having access to good-quality water to drink.

It is important to note that, even after adjusting for all
these factors, the reduction in anaemia prevalence
between 2005 and 2015 remained statistically significant
(PR= 0·64; 95% CI 0·55, 0·74; P< 0·001).

Discussion

The WHO classifies anaemia in children as a severe public
health problem when its prevalence is over 40%, with
values between 20 and 40% characterizing a situation of
moderate importance(13). Given this, the decline from 45·1
to 27·4% found in Alagoas in the year 2015 shows that
despite the change in baseline (severe to moderate), the
disease is still a legitimate health problem in this
population.

The noted decline placed the prevalence of anaemia in
Alagoas at a lower level than both the overall estimate
(42·6%) published by the WHO for pre-school children(1)

and the values recorded in surveys conducted in other
states in Northeast Brazil (36·5% in the state of Paraiba(10)

and 33·0% in the state of Pernambuco(8)).
The prevalence did not differ significantly from

those reported in recent studies (the last 10 years)
conducted among children from the South/Southeast of
the country, where the states are distinguished from
those of the Northeast because they are economically
more developed and have better social and health
indicators. In these studies, the prevalence ranged from
30·2 to 45·4%(14–19).

Internationally, the prevalence now found is higher than
that estimated for developed countries, such as the USA,
Canada and Europe (7·0–19·3%), but lower than the veri-
fied prevalence (42·0–60·2%) in poor countries or in
developments located in Asia or Africa(1).

When analysing the temporal trend for the prevalence
of anaemia, there are other studies conducted among
populations in the Northeast region of Brazil(8,10,11);
however, the data in these surveys were collected eight or
more years ago, making it difficult to compare them with
our results. In the state of Paraiba, one study reported a
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marked increase in cases in the period between 1982 and
1992 (from 19·3 to 36·4%) and a stabilization in the period
from 1992 to 2007 (36·4 v. 36·5%), but at a high level(10). In
the state of Pernambuco, there was a reduction of
approximately 19·3% in anaemia prevalence, from 40·9%
in 1997 to 33·0% in 2006(8).

Compared with 2005, significant changes were
observed in 2015 in several variables that could be asso-
ciated with the prevalence of anaemia in Alagoas (i.e. the
proportions of children aged >24 months and mothers
aged >20 years, the number of families that had more
than two consumer goods and with less than four co-
inhabitants at home, per capita income > $US 57/month,
maternal schooling, houses with more than four rooms

and, finally, the number of families using government
assistance programmes). Therefore, for better compar-
ability, it was necessary that the prevalence observed
in 2015 be adjusted for all those variables that had an
association with a significance level of at least 20%
(P< 0·2). According to the multivariate analysis, the
risk factors independently associated with anaemia in
2015 in the current study were child age ≤24 months,
mother with low education and inadequate source of
drinking-water.

Several studies conducted in Northeast Brazil have
revealed that children are more susceptible to anaemia in
the first 2 years of life(5,11,20), which is why that age group,
as well as pregnant and postpartum women, are the target

Table 1 Distribution and evolution of demographic, socio-economic, environmental and health characteristics related to
children aged 6–60 months from Alagoas State, Northeast Brazil, 2005–2015

Survey I, 2005
(n 666)

Survey II, 2015
(n 782)

Variable n % n % Variation (%) P value

Age of child (months)
≤24 299 44·9 295 37·7 − 16·0 0·006
>24 367 55·1 487 62·3 13·1

Sex of child
Male 317 47·6 388 49·6 4·2 0·444
Female 349 52·4 394 50·4 −3·8

Age of mother (years)
≤20 94 15·7 49 6·8 −56·7 <0·001
>20 506 84·3 673 93·2 10·6

Age of the first maternal pregnancy (years)
≤20 393 66·9 425 62·0 −7·3 0·064
>20 194 33·1 261 38·0 14·8

Origin of water used to drink
Inadequate (river, well, rain, etc.) 185 27·8 252 32·3 16·2 0·061
Adequate (public network or bottled water) 481 72·2 527 67·7 −6·2

Number of rooms in the house
≤4 266 39·9 154 19·8 −50·4 <0·001
>4 400 60·1 625 80·2 33·4

Number of rooms used to sleep
≤2 485 72·8 538 69·1 −5·1 0·116
>2 181 27·2 241 30·9 13·6

Possession of durable consumer goods (television, car, washing machine or refrigerator)
≤2 579 86·9 436 55·8 −35·9 <0·001
>2 87 13·1 346 44·2 237·4

Place of residence
Rural 203 30·5 219 28·0 −8·2 0·293
Urban 462 69·5 563 72·0 3·6

Per capita income†
≤$US 57/month 483 77·3 199 27·9 −63·9 <0·001
>$US 57/month 142 22·7 515 72·1 217·6

Maternal education (number of years of study)
≤8 441 74·7 391 54·5 −27·0 <0·001
>8 149 25·3 327 45·5 79·8

Family size (number of people)
>4 375 56·5 326 41·7 −26·2 <0·001
≤4 289 43·5 456 58·3 34·0

Family using a government assistance programme
Yes 190 28·7 510 65·5 128·2 <0·001
No 472 71·3 269 34·5 −51·6

Child with diarrhoea‡
Yes 152 22·8 163 20·9 −8·3 0·384
No 514 77·2 616 79·1 2·5

†$US 1·00=R$2·25 in January 2006 (Survey I); $US 1·00=R$2·63 in January 2015 (Survey II).
‡Diarrhoea on the same day or up to 15 d before the interview.
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population for actions of the Brazilian NPIS(4). National
and international studies have also shown this
association(8,10,12,21–23).

Several reasons have been presented to explain this
increased susceptibility in this age group. Biological
demands related to growth and development that generate
higher physiological demands for Fe and other nutri-
ents(24) and food-related issues, such as an increased
consumption of cow’s milk, feeding complementary to
breast-feeding up to 2 years and inadequate and/or early
abandonment of exclusive breast-feeding(6,25,26), cause
anaemia to be more prevalent in children under 24 months
of age compared with older children(12,27). Moreover,
feeding for children older than 24 months tends to be
similar to that of their family members, involving greater
consumption of foods with high Fe density(6), unlike at
younger ages, when milks and farinaceous foods are more
commonly given(11).

Like in our study, low maternal education has been
identified in several works performed in Brazil(6,9,28–30)

and other countries(21,23,27,31–35) as an important risk factor
for anaemia in children. Better maternal education is a
variable that is associated with a higher socio-economic
status and higher income, which enables access to

adequate nourishment and other items related to health
and quality of life(6,30).

As already mentioned, in the present study, an
improvement in maternal schooling was observed
between 2005 and 2015. Consistent with our findings,
research conducted by the Brazilian Institute of Geo-
graphy and Statistics (National Survey by Household
Sample) revealed an important decline in the rate of illit-
eracy in the country, with a more intense decline in the
North and Northeast of the country(36), where the worst
social indices were observed.

Beyond the perspective of financial accessibility, a
higher educational level can provide mothers with a better
understanding of the environment, health and feeding
of the child(37). Exploring data from 10 137 children aged
0–6 years from north-eastern India, it was found that
children of literate mothers had a lower risk of developing
severe anaemia(33).

When considering an inadequate source of drinking-
water as a risk factor for anaemia, there are many diver-
gences in the literature, possibly because of the several
ways in which this variable is obtained in different studies
and the huge network of interactions it has with socio-
economic and environmental factors.

Table 2 Prevalence and temporal trend (2005–2015) of anaemia in children aged 6–60 months from Alagoas State, Northeast Brazil

Sample Anaemia (%)
Variation (%)

Age group 2005 2015 2005 (a) 2015 (b) [(b – a)/a] × 100 PR† 95% CI P value PR‡ 95% CI P value

6–12 months 117 96 75·2 47·9* −36·3 0·64 0·50, 0·80 <0·001 3·38 2·17, 5·24 <0·001
13–24 months 182 199 62·1 37·2* −40·1 0·60 0·48, 0·74 <0·001 2·62 1·71, 4·02 <0·001
25–36 months 151 172 40·4 21·5* −46·8 0·53 0·38, 0·75 <0·001 1·52 0·94, 2·45 0·090
37–48 months 124 160 16·9 21·9 29·6 1·29 0·79, 2·11 0·304 1·54 0·95, 2·50 0·081
49–60 months 92 155 18·5 14·2 −23·2 0·77 0·43, 1·37 0·372 1·00 Ref. –

Total 666 782 45·1 27·4* −39·1 0·61 0·52, 0·70 <0·001
95% CI 41·3, 48·9 24·2, 30·5

PR, prevalence ratio; Ref. reference category.
*Prevalence of anaemia was significantly different from that in 2005 (P< 0·001; χ2).
†Comparison of the prevalence in 2015 v. 2005, considering the respective age group.
‡Comparison of the prevalence in 2015 in the respective age group v. the prevalence in 2015 in the highest age group (49–60 months), as reference.
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Fig. 1 Prevalence and temporal trend (2005–2015) of anaemia in children aged 0–60 months from Alagoas State, Northeast Brazil.
All prevalences observed in 2015 ( ) were significantly lower (P< 0·01) than the respective values observed in 2005 ð )
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In a study conducted with secondary data from
Encuesta Demográfica y de Salud Familiar (ENDES),
which occurred in Peru between 2007 and 2013, it was
found that not previously boiling water used for drinking
was a factor associated with anaemia(27). In Pernambuco
(Brazil), an association was established between anaemia
and drinking-water that has not been submitted to any
treatment process(9).

A study performed by Calegar et al.(38) in a municipality
in the semi-arid region of Northeast Brazil showed a

higher infection rate by entamoeba (an intestinal parasite
that affects intestinal nutrient absorption) among indivi-
duals who drank rainwater collected from roofs.

The quality of drinking-water as a risk factor for
anaemia is not an exclusively Brazilian problem and
has been identified in studies conducted in several
countries(22,39,40).

Water has become a scarce resource and its quality has
been compromised in some areas by the contribution of
deforestation, erosion/sedimentation of surface waters,

Table 3 Prevalence and temporal trend (2005–2015) of anaemia in children aged 6–60 months, according to demographic, socio-economic,
environmental and health characteristics, Alagoas State, Northeast Brazil

Anaemia (%)

Variable
2005
(n 666)

2015
(n 782) PR† 95% CI PR‡ 95% CI Adjusted PR‡ 95% CI

Age of child (months)
≤24 67·2 40·7* 0·61 0·52, 0·71 2·11 1·68, 2·65 1·97 1·54, 2·51
>24 27·0 19·3 0·72 0·56, 0·92 1·00 Ref. 1·00 Ref.

Sex of child
Male 45·4 26·0 0·57 0·47, 0·70 0·90 0·72, 1·14
Female 44·7 28·7 0·64 0·53, 0·78 1·00 Ref.

Age of mother (years)
≤20 57·4 30·6 0·53 0·34, 0·84 1·21 0·78, 1·88
>20 43·9 25·3 0·58 0·49, 0·68 1·00 Ref.

Age of the first maternal pregnancy (years)
≤20 49·6 27·3** 0·55 0·46, 0·66 1·21 0·92, 1·59
>20 38·7 22·6 0·58 0·44, 0·78 1·00 Ref.

Origin of water used to drink
Inadequate (river, well, rain, etc.) 49·3 37·7* 0·76 0·61, 0·94 1·68 1·34, 2·11 1·54 1·21, 1·98
Adequate (public network or bottled water) 43·2 22·4 0·52 0·43, 0·63 1·00 Ref. 1·00 Ref.

Number of rooms in the house
≤4 51·1 31·8** 0·62 0·48, 0·81 1·21 0·93, 1·58
>4 41·0 26·2 0·64 0·54, 0·76 1·00 Ref.

Number of rooms used to sleep
≤2 46·2 28·8** 0·62 0·53, 0·73 1·20 0·92, 1·55
>2 42·0 24·1 0·57 0·43, 0·76 1·00 Ref.

Possession of durable consumer goods (television, car, washing machine or refrigerator)
≤2 45·9 30·3* 0·66 0·56, 0·78 1·28 1·01, 1·62
>2 39·1 23·7 0·61 0·44, 0·84 1·00 Ref.

Place of residence
Rural 56·2 33·3* 0·59 0·47, 0·74 1·33 1·05, 1·68
Urban 40·3 25·0 0·62 0·52, 0·75 1·00 Ref.

Per capita income§
≤$US 57/month 45·8 30·7 0·67 0·53, 0·84 1·18 0·91, 1·52
>$US 57/month 40·1 26·0 0·65 0·51, 0·83 1·00 Ref.

Maternal education (number of years of study)
≤8 49·7 30·7* 0·62 0·52, 0·73 1·54 1·19, 2·01 1·34 1·02, 1·75
>8 35·6 19·9 0·56 0·41, 0·76 1·00 Ref. 1·00 Ref.

Family size (number of people)
>4 44·3 29·1 0·66 0·54, 0·81 1·12 0·89, 1·40
≤4 46·0 26·1 0·57 0·46, 0·69 1·00 Ref.

Family using a government assistance programme
Yes 52·1 28·4 0·55 0·45, 0·66 1·12 0·88, 1·44
No 42·0 25·3 0·60 0·48, 0·76 1·00 Ref.

Child with diarrhoea║
Yes 54·6 36·2* 0·66 0·52, 0·85 1·46 1·14, 1·86
No 42·2 24·8 0·59 0·50, 0·47 1·00 Ref.

PR, prevalence ratio; Ref. reference category.
*Prevalence of anaemia between the two categories in 2015 was significantly different (P< 0·05; χ2 test).
**Prevalence of anaemia between the two categories in 2015 showed a significance level greater than 5·0% but less than 20·0% (0·05<P< 0·2).
†Comparison of the prevalence in 2015 v. 2005, in the respective category of the independent variable.
‡Comparison of the prevalence in 2015 in the respective category of the independent variable v. the prevalence in 2015 in the other category of the independent
variable, as reference. All variables that presented *P< 0·05 or **P ≥ 0·05 to <0·2 were included in the multivariate Poisson regression model. However, the
variables with a lower level of significance were successively excluded (backward stepwise elimination), so that, in the final model, only those with P< 0·05
remained (adjusted PR).
§$US 1·00=R$2·25 in January 2006 (survey in 2005); $US 1·00=R$2·63 in January 2015 (survey in 2015).
║Diarrhoea on the same day or up to 15 d before the interview.
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and discharges of effluent, industrial and domestic waste.
In developing countries, this problem is aggravated due to
the low coverage of the population with quality water
supply services(41,42), a key condition for family health and
the expansion of local economies(43). Access to safe water
is a human right, but its limited realization around the
world often has disproportionate impacts on the poor and
on women and children in particular(42).

Even after adjusting for the associated factors, the
reduced anaemia prevalence in 2015 remained statistically
significant, suggesting that other factors are related to the
downward trend. Some of these factors may be related to
the actions undertaken in the NPIS. Through this pro-
gramme, the Brazilian Ministry of Health has introduced a
number of measures, such as fortification of wheat and
corn flour with Fe; ferrous sulfate supplementation for
children aged 6–18 months, pregnant women from the
20th week of gestation and mothers until the third month
postpartum; the promotion of breast-feeding; nutritional
education; and school feeding programmes(4,44).

As shown in Table 1, the number of families using
government assistance programmes increased from 28·7%
in 2005 to 65·5% in 2015.* More than 90% of these were
users of the ‘Bolsa Família’ Program, one of the strategies
developed to try to eliminate famine and poverty of
families in Brazil through the direct transfer of cash. The
expectation is that this financial increase will also result in
an improvement in the nutritional status of the children.
Analysing the evolution of nutritional status of Brazilian
pre-schoolers from 1996 to 2007, Monteiro et al.(46) ver-
ified that the prevalence of undernutrition fell by
approximately 50% (from 13·5% in 1996 to 6·8% in 2007).
According to these authors, 21·7% of this reduction was
attributable to increased purchasing power of families.
Although started in 2003, it is considered that the Bolsa
Família programme was the main factor responsible for
improving the purchasing power of families. A more
recent study carried out in Brazil concluded that the Bolsa
Família programme’s impact on food availability among
low-income families was higher food expenditure and
higher availability of fresh foods and culinary ingredients,
including those foods that increase dietary quality and
diversity(47).

Thus, although the association between anaemia and
the use of government assistance programmes lost statis-
tical significance in the adjusted analysis, there is evidence
suggesting that part of the reduction now observed
in anaemia prevalence is explained by the increase
in household purchasing power via the ‘Bolsa Família’
Program.

It is important to highlight that, in addition to the direct
transfer of cash, the Bolsa Família programme presents
some conditionalities that must be fulfilled by the bene-
ficiary families and by the municipal government and that,
in the set of actions, could be responsible for the possible
impact of the federal programme. These conditionalities
include actions such as children’s school attendance,
compliance with the immunization schedule, monitoring
of growth and development, and the participation of
pregnant women in prenatal care(48).

According to Oliveira et al.(20), this Brazilian pro-
gramme, together with other strategies to combat anaemia,
has contributed significantly in reducing the prevalence of
this disease. In evaluating the programme, however, it is
argued that such a contribution could be higher in all
Brazilian municipalities if the supplement distribution
system was fully accessible to the target group(49) and if
there were more training and motivation activities for the
professionals involved in their execution(49,50).

A reduction in anaemia prevalence may be a new epi-
demiological trend(11), and the progress in socio-economic
and educational conditions between 2005 and 2015
observed in the present study may have contributed to this
reduction. The lack of recent population-based surveys
conducted in Brazilian states affected the comparability of
our results and the confirmation of such an ‘epidemiolo-
gical trend’. Given the socio-economic, cultural and
environmental similarities between the states in the Bra-
zilian north-east, however, it is possible that the anaemia
prevalence may also be decreasing in the respective
populations in such states.

A process of nutritional, epidemiological and demo-
graphic transition has been observed throughout the
national territory(51). Big changes in Brazil started just
before the 2005 survey. The fertility rate fell from 2·09 in
2005 to 1·72 in 2015(52). If children younger than
24 months is a risk factor for anaemia, then the decline in
fertility that occurred would mean a smaller proportion of
the overall population was at risk of anaemia. Such
alteration could indirectly lead to a decline in the pro-
portion of individuals with anaemia. The same would be
true for the reduction in the number of teenage mothers,
mothers with low education and extremely poor families,
among other favourable changes occurring in the period.

A limitation of the present study was not investigating
differences in the pattern of food consumption in both
analysed periods, particularly in relation to Fe intake
adequacy, which hinders the understanding of the factors
involved in the analysed outcomes. However, the study
presents updated data on anaemia prevalence and its
temporal trend, which were obtained in a well-planned
and representative sample of children in a Brazilian state.

The prevalence of anaemia in children from Alagoas
State has been declining at a significant rate and is no
longer considered a severe public health problem but one
of moderate magnitude; however, it remains above the

* This frequency was specific for families with children younger than
24 months. In the same survey, the proportion of users of the Bolsa
Família programme in Alagoas, considering the population as a whole,
was 52·2%, a percentage similar (52·3%) to that registered in the Ministry
of Social Development, which is the national body responsible for the
programme(45).
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acceptable level (5%) according to WHO criteria. The risk
factors independently associated with anaemia were being
less than 24 months old, being the child of a mother with a
low educational level and not having access to good-
quality drinking-water. These characteristics should be
considered by professionals and managers of public
health policies. Between 2005 and 2015, there were sig-
nificant improvements in the socio-economic and public
education conditions, characteristics that, combined with
the actions of the NPIS, possibly contributed to the decline
in the prevalence of anaemia. These results justify the
maintenance and implementation of prevention and con-
trol actions.
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