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A B S T R A C T

Background: Anemia is common among pregnant women from low- and middle-income countries, but national estimates are scarce.
Objectives: We aimed to assess hemoglobin (Hb) concentrations and the anemia prevalence in Brazil.
Methods: Data included 12,287 pregnant women aged 15–49 y and 17,967 measurements from 7 studies (2007–2014) participating in the
Brazilian Maternal and Child Nutrition Consortium. Hb (g/dL) was obtained from medical records (6 studies, 17,565 measurements) or
capillary blood samples (1 study, 402 measurements). Hb <11, <10.5, and <11 g/dL were used to define anemia at the first, second, and
third trimesters using the 2024 WHO guideline. Identification of implausible Hb values and heterogeneity analysis were performed. We
estimated medians and interquartile ranges for the Hb concentration and prevalence and 95% confidence intervals (CI) of anemia according
to maternal prepregnancy BMI, age, and education, gestational trimester, and year of data collection.
Results: Median Hb was 12.0 (95% CI: 11.2, 12.8) g/dL; no differences were observed according to the studied covariables. Anemia
prevalence was 14.1% (95% CI: 13.6, 14.6), and highest during 2013 [27.9% (95% CI: 17.3%, 38.6%)] and in the third trimester [23.5%
(95% CI: 22.5%, 24.6%)]. Higher anemia prevalence in the third compared with the first trimester was also observed among women aged
15–19 [1st: 8.02% (95% CI: 6.2%, 9.9%); 3rd: 28.1% (95% CI: 25.4%, 30.8%)] than those aged 20–49 y [1st: 6.5%; (5.8%, 7.2%); 3rd: 22.6%
(95% CI: 21.4%, 23.7%)]. Anemia prevalence for those with education �4 y (15.9%; 95% CI: 14.1%, 17.8%) and women with prepregnancy
underweight (19.2%; 95% CI: 15.9%, 22.4%) and normal weight (15.3%; 95% CI: 14.4%, 16.2%) were higher than those with 9–11 (13.1%;
95% CI: 12.4%, 13.8%) and 12–18 y (10.3%; 95% CI: 9.2%, 11.0%), and overweight (12.2%; 95% CI: 10.8%, 13.6%) and obesity (9.9%;
95% CI: 8.1%, 11.7%).
Conclusions: Anemia was higher in adolescents compared with older women and in the third trimester compared with the first, under-
scoring the need for targeted monitoring during these periods.
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Introduction

During pregnancy, normal physiological changes cause rela-
tive or absolute reductions in hemoglobin (Hb) concentration,
which makes anemia one of the most frequent complications in
Abbreviations: BMCNC, Brazilian Maternal and Child Nutrition Consortium; BM
development goals; SSD, standardized site difference.
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this period [1,2]. According to the FAO of the United Nations, in
low and middle-income countries, risk of anemia is higher
among children and women of reproductive age, especially
among those suffering from food insecurity [3]. Poverty and
inequities, including the lack of access to health services and
I, body mass index; CI, confidence interval; Hb, hemoglobin; SDG, sustainable
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food and nutrition security, appear to be important determinants
of the increased risk in these countries [4]. Anemia during
pregnancy is associated with maternal and fetal morbidity and
mortality. Studies show that anemia can increase risk of hem-
orrhage and maternal morbidity, and death during pregnancy,
preterm birth, low birth weight, and infant death [1,2].

In Brazil, the Ministry of Health recommends maternal micro-
nutrient supplementation during pregnancy to reduce risk of
anemia [5]. Since 2005, the recommendation has been to sup-
plement iron and folic acid during pregnancy, independent of a
biochemical evaluation of the individual’s status. The supple-
mentation program was updated in 2022 [5], and the current
recommendation is that pregnantwomen should be supplemented
daily with 40 mg elemental iron after pregnancy confirmation
until the end of pregnancy and 0.4 mg folic acid up to the 12th wk
of pregnancy for the prevention of neural tube defects [6].

Despite the recent changes in the national supplementation
guidelines, there are no national Brazilian data on the prevalence of
maternal anemia or the distribution of Hb concentrations during
pregnancy. Preliminary data from studies participating in the Bra-
zilian Maternal and Child Nutrition Consortium (BMCNC) were
used to support this review. In addition, in 2024, theWHOproposed
new cutoff points for defining anemia by gestational trimester [7].
Estimating the prevalence of maternal anemia during pregnancy is
of pivotal importance to establishing public health policies aiming
to reduce this condition, potentially impacting maternal morbidity
andmortality. Thus,we aimed to characterize thedistribution ofHb
concentrations and the prevalence of anemia among Brazilian
pregnant women from the studies participating in the BMCNC.

Methods

Data source and sample
We used data from the BMCNC, a network created in 2019 to

harmonize multiple datasets across Brazil containing data on
pregnant women and their children. The first phase of the BMCNC
focused on developing newBrazilian gestational weight gain charts
[8]. In the second phase, efforts were made to obtain new datasets
and analyze other essential pregnancy markers such as symphysis
fundal height, blood pressure, anemia, and dietary intake. Details
about the establishment, data harmonization, and basic charac-
teristics of the BMCNC studies can be found elsewhere [9].

The BMCNC currently includes 38 datasets from studies
conducted in Brazil between 1990 and 2018. We identified 12
datasets containing maternal Hb concentrations during preg-
nancy among those studies. These datasets were individually
cleaned and harmonized. After this stage, 4 datasets were
removed from the pool because they did not include the gesta-
tional age of the Hb assessment. Then, implausible values were
identified and removed, and the heterogeneity of the Hb data
across the studies determined the elimination of an additional
dataset (methods described in detail below). Individuals be-
tween 15 and 49 y with Hb measurements collected during
pregnancy and their respective gestational ages were eligible.

Hb and anemia
Hb (g/dL) was obtained from medical records (n ¼ 7)

or capillary blood samples using the portable Hb ana-
lyzer—Hemocue (n¼ 1). Hb data obtained from medical records
2

were assumed to be derived from Hb venipuncture measure-
ments [10]. Hb values <2 and >16 were excluded because they
were considered biologically implausible. The presence of ane-
mia was defined if the Hb values at the first, second, and third
trimesters were < 11, <10.5, and <11 g/dL, respectively [7]. In
most studies, multiple Hb records for the same individual
throughout pregnancy contributed data across >1 gestational
trimester.

Other variables
Gestational age in each prenatal care visit (in which Hb was

collected) was calculated based on an ultrasound performed before
24 wk of gestation. If ultrasound data were unavailable or the ex-
amination was conducted after 24 wk, gestational age was calcu-
lated based on the last menstrual period date. Gestational age at the
time of Hb concentration assessment was classified into trimesters
as follows: 1st trimester—�13 wk and 3 d (~94 d); 2nd trimes-
ter—from 13 wk and 4 d (~95 d) to 26 wk and 3 d (~185 d); and
3rd trimester—from 26 wk and 4 d (~186 d) until delivery [10].
We compared the Hb concentration according to last menstrual
period and ultrasound for gestational trimesters and throughout
gestation and found no differences (Supplemental Figures 1 and 2).

Maternal agewas assessed in years and categorized into 15–19,
20–24, 25–34, and 35–49. Maternal education was recorded in
years of completed study and classified as 0–4, 5–8, 9–11, and
12–18. Prepregnancy body mass index (BMI) was calculated
based on self-reported or measured first trimester (�8 wk) weight
(kg) divided by height (m2). For adults (age> 19 y), BMI (kg/m2)
was classified using the WHO cutoffs as underweight (< 18.5),
normal weight (� 18.5 and < 25.0), overweight (� 25.0 and <

30.0), and obesity (� 30) [11]. For adolescents (15–19 y o),
BMI-for-age z-scores were calculated according to the WHO
standards [12] and classified according to the cutoffs proposed for
the Brazilian Food and Nutrition Surveillance System [13].

Other variables were extracted from the original databases
and included the study collection’s macroregion (North, North-
east, Southeast, South, and Mid-West), year of data collection,
and gestational trimester (first, second, and third).

Statistical analysis
Identification of implausible values

Weapplied 2 cross-sectionalmethods to identify implausible Hb
values in the sample. First, we calculated z-scores of Hb according
to gestational age using the International Fetal and Newborn
Growth Consortium for the 21st Century (INTERGROWTH-21st)
Hb standards [14]. Second, we calculated the z-scores of the sam-
ple distribution of Hb by trimester. For both methods, values< �4
and > þ4 z-scores were flagged as implausible and removed from
the sample (Supplemental Figure 3).

Heterogeneity analysis
Heterogeneity analysis was performed to verify whether the

Hb distribution was homogeneous across the 8 datasets. First, as
an exploratory step, we adjusted a multilevel model for Hb ac-
cording to gestational age and the study of origin. From this
model, we calculated the percentage of Hb variance that could be
explained by the study of origin [15].

We calculated the standardized site difference (SSD) by sub-
tracting the mean of Hb from each dataset in gestational age
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intervals (0–13, 14–18, 19–23, 24–28, 29–33, and 34–43
gestational wk) from the pooled mean for each interval and
dividing by the pooled SD [9,16]. The datasets were considered
homogenous if the SSDs for all intervals were �0.5/þ0.5 [17].
For this analysis, datasets with n < 30 in each gestational age
interval were not considered in the SSD calculation. In this stage,
1 dataset was excluded. Thus, this study included data from 7
original datasets that were harmonized and found to be
homogeneous.

Descriptive analysis
The distribution of variables was assessed using histograms

and scatter plots. We estimated medians and IQR for Hb concen-
tration during pregnancy due to the lack of a normal distribution
in this variable. Prevalence and 95% confidence intervals (CI) for
anemia were estimated. These analyses were performed for the
whole sample and according to maternal prepregnancy BMI, age,
education, gestational trimester, and year of data collection.

We also constructed graphs portraying the Hb concentration
throughout pregnancy compared with the INTERGROWTH-21st
Hb standards [14]. The values for the centiles per week in these
curves were calculated based on the equations available by
Ohuma et al. [14]. Finally, we performed a sensitivity analysis
for all the stratifications, excluding the data from the study using
Hb collected from capillary blood samples. The analyses were
performed in Stata (version 15) and R (version 4.0.2) statistical
software in a Jupiter hub environment.
Initial dataset
(12 BMCNC studies with Hb data, 

n= 38,793 individuals)

Preliminary dataset 1
(n= 12,681 individuals, 
18,456 measurements)

Preliminary dataset 2
(n= 12,531 individuals, 
18,231 measurements)

Preliminary dataset 3
(n= 12,514 individuals, 
18,194 measurements)

Final dataset
(n= 12,287 individuals, 
17,967 measurements)

FIGURE 1. Flowchart for the constitution of the dataset used to describe t
pregnancy, data from the Brazilian Maternal and Child Nutrition Consorti
Notes: Intergrowth-21st: International Fetal and Newborn Growth Consort
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Ethics
This study was approved by the Research Ethics Committee of

the Rio de Janeiro Federal University Maternity Teaching Hos-
pital (protocol number: 33897420.4.0000.5275). All the ana-
lyses were conducted using deidentified data. Each study from
the BMCNC was approved by their institutional research ethics
committees and conducted according to the principles of the
Declaration of Helsinki. The de-identified datasets from each
study were uploaded to a secure repository and accessed and
analyzed by authorized researchers.

Results

The 8 eligible datasets from the BMCNC included 12,681 in-
dividuals and 18,456 Hb measurements with gestational age
data. In the outlier assessment step, 17 individuals and 37
measurements were flagged and removed. Finally, after hetero-
geneity assessment, the 7 datasets included in this analysis
comprised 12,287 individuals and 17,967 measurements
(Figure 1).

Hb data were highly homogeneous according to heterogene-
ity assessment. The distribution of Hb among datasets was
assessed according to gestational age intervals. All SSD values
were within �0.5 SD (Supplemental Figure 4). Between 2007
and 2014, most studies were conducted in the Southeast region,
1 in the 5 Brazilian macroregions, and 1 only in the Northeast
Exclusion of hemoglobin >16g/dL or 
<2g/dL (n= 38 individuals, 75 

measurements) 
Exclusion of individuals <15 years, >49 
years, and missing data for age (n= 112 

individuals, 150 measurements)

Exclusion of outliers based on Intergrowth 
21th z-score criteria of -4/+4 (n= 15 

individuals, 35 measurements) and sample 
z-score of -4/+4 (n= 2 individuals, 2 

measurements)

Heterogeneity analysis: Removal of one 
dataset that was not homogeneous with 
others (n= 227 individuals, 227 
measurements)

Exclusion of four datasets that did not 
collect gestational age (n= 17,717 
individuals) and individuals  with 

haemoglobin data but no respective 
gestational age (n= 8,395 individuals, 

13,336 measurements)

he concentrations of hemoglobin and the prevalence of anemia during
um (BMCNC).
ium for the 21st Century.
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region. Six used data from medical records, and 1 used capillary
blood to assess Hb data (Table 1) [18–24].

The median Hb concentration was 12.0 g/dL (IQR:
11.2–12.8). No differences were observed between the median
Hb according to the selected covariables (Figure 2A and Table 2).
Nonetheless, the highest prevalence of anemia was observed in
2012–2014 (2012: 22.8%, 95% CI: 20.0%, 25.5%; 2013: 27.3%,
95% CI: 17.3%, 38.6%; 2014: 20.4%, 95% CI: 16.1%, 24.7%),
and the lowest in 2007 (9.5%, 95% CI: 3.6%, 15.4%) (Figure 2).

The prevalence of anemia was 14.1% (95% CI: 13.6%,
14.6%). The highest prevalence was observed for women aged
15–19 (17.4%, CI: 16.1%, 18.7%) and 20–24 (14.9%, CI: 13.9%,
15.8%), and among those with education � 4 y (15.9%; 95% CI:
14.1%, 17.8%). We also observed higher anemia prevalence
among women with prepregnancy underweight (19.2%; 95% CI:
15.9%, 22.4%) and normal weight (15.3%; 95% CI: 14.4%,
16.2%) compared with those with overweight (12.2%; 95% CI:
10.8%, 13.6%) and obesity (9.9%; 95% CI: 8.1%, 11.7%)
(Table 2).

The prevalence of anemia was 6.7% (95% CI: 6.1%, 7.4%),
11.3% (95% CI: 10.5%, 12.1%), and 23.5% (95% CI: 22.5%,
24.6%) at the first, second, and third gestational trimester,
respectively (Table 2). The highest prevalence of anemia
observed between the first and third trimesters was noticed
when analysis was stratified by age group, that is, higher value
was observed in third trimester among women 15–19 age group
(1st: 8.02; 95% CI: 6.2, 9.9; 3rd: 28.1; 95% CI: 25.4, 30.8)
compared with 20–49 y (1st: 6.5; 95% CI: 5.8, 7.2; 3rd: 22.6;
95% CI: 21.4, 23.7). Although the median of Hb did not show a
significant difference between age groups, the Hb concentration
exhibited the same downward trend (Figure 3).

Hb measurements distribution throughout pregnancy
were not concentrated in specific gestational ages, and
most measurements were within the 3rd and 97th percentiles of
the INTERGROWTH-21st charts. Throughout pregnancy, 46.3%
of the measurements were below the 50th percentile of the
charts, and 9.8% were <10th and 88.1% <90th percentiles
(Figure 4).

When we performed the sensitivity analysis excluding the
study using Hb obtained from capillary blood samples, no dif-
ferences were observed in the concentrations of Hb or prevalence
of anemia in general (data not shown in tables) or stratified by
the selected variables (Supplemental Table 1 and Supplemental
Figures 5, 6, and 7).

Discussion

We observed a high prevalence of anemia among Brazilian
women. According to WHO standards, the prevalence of anemia
is considered mild overall but is classified as moderate during
adolescence and the third trimester in this Brazilian group of
women of reproductive age. Women with underweight and
normal weight prepregnancy and low education also had a
higher prevalence of anemia. The BMCNC findings also show
that the highest prevalence of anemia was observed in the third
pregnancy trimester, and between 2012 and 2014, the last years
of our time series.

The current results represent the first publication of national
data on the prevalence of anemia among pregnant women ac-
cording to the Brazilian macroregions and gestational trimesters.



FIGURE 2. Distribution of maternal hemoglobin (A) in g/dL and prevalence and 95% confidence intervals for anemia (B) during pregnancy
according to year of the data collection. Note: dashed line indicates Hb¼11 g/dL. Anemia was defined according to WHO threshold: Hb < 11,
<10.5, and <11 g/dL at 1st, 2nd, and 3rd trimesters, respectively [7].

N.C. Freitas-Costa et al. Current Developments in Nutrition 9 (2025) 107458
Biete et al. [25] metaanalyzed data from 73 Brazilian studies and
12,792 individuals conducted between 1988 and 2020 and
estimated a prevalence of anemia of 23% at any time during
pregnancy [25]. In this study, we estimated the prevalence of
anemia by gestational trimester and observed higher values at
the end of pregnancy. The value observed in the third trimester
was virtually identical to that reported by Biete et al. [25]
(23.5% in the BMCNC compared with 22.4%). In the Americas,
the prevalence of anemia at any time during pregnancy is esti-
mated to be 22.4% [4]. It is essential to highlight the need for
country-specific estimates. The American continent exhibits
significant differences in income levels and epidemiological and
nutritional transition stages, affecting access to health services
and adequate nutrition. This could translate into a very different
prevalence of anemia across countries [26,27].

As expected, we observed an increase in the prevalence of
anemia from the first to the third trimester, which was almost
threefold [28,29]. Worldwide studies also report a higher
5

prevalence of anemia in the third trimester [30,31]. This may be
related to the rapid growth of the fetus in the second and third
trimesters and the significant increase in demand for nutrients
such as iron [32,33]. Recently, the WHO proposed new Hb cut-
offs to define anemia, changing it in the second trimester to 10.5
g/dL but keeping <11 g/dL for the other trimesters. Previously,
the anemia threshold was Hb <11 g/dL at any time during
pregnancy. The second trimester is critical, as Hb levels in the
blood will be lower due to hemodilution [29]. We considered the
new cutoff points for this manuscript and observed an increase in
anemia prevalence between the first and second and between the
second and third trimesters.

We also observed an increase in the prevalence of anemia
between 2007 and 2012. According to our findings, after 2012,
the estimates appear to have stabilized. Araujo Costa et al. [4]
used the WHO dataset and revealed that most countries in the
Americas had a reduction of <1% or an increase in the estimates
of the prevalence of anemia among pregnant women aged 15–49



TABLE 2
Distribution of the concentrations of hemoglobin (g/dL) and the prevalence of anemia6 according to maternal characteristics (n ¼ 17,967)

Variables Distribution of hemoglobin Prevalence of anemia

Median (IQR) Range (min–max) % (n) 95% CI

Overall 12.0 (11.2–12.8) 7.4–16.0 14.1 (2527) 13.6, 14.6
Maternal age (y) (n ¼ 12,287)
15–19 11.8 (11.0–12.6) 7.40–16.0 17.4 (562)1,2,3 16.1, 18.7
20–24 12.0 (11.2–12.7) 7.50–15.8 14.9 (764)1,4,5 13.9, 15.8
25–34 12.1 (11.3–12.9) 7.70–16.0 12.4 (968)2,4 11.7, 13.1
35–49 12.1 (11.1–12.9) 7.50–15.4 12.9 (233)3,5 11.4, 14.5

Maternal education (schooling years) (n ¼ 12,242)
0–4 11.9 (11.1–12.7) 7.70–15.7 15.9 (244)1,2 14.1, 17.8
5–8 11.9 (11.1–12.6) 7.40–16.0 16.8 (907)3,4 15.8, 17.8
9–11 12.0 (11.3–12.8) 7.70–16.0 13.1 (1083)1,3,5 12.4, 13.8
12–18 12.2 (11.5–12.9) 7.70–16.0 10.3 (281)2,4,5 9.2, 11.5

Prepregnancy BMI7 (n ¼ 6596)
Underweight 11.8 (11.0–12.6) 8.70–14.8 19.2 (106)1,2 15.9, 22.4
Normal 12.0 (11.2–12.7) 7.50–16.0 15.3 (908)3,4 14.4, 16.2
Overweight 12.1 (11.3–12.9) 7.90–15.4 12.2 (261)1,3 10.8, 13.6
Obesity 12.2 (11.4–13.0) 7.50–15.8 9.9 (103)2,4 8.1, 11.7

Gestational trimester (n ¼ 12,287)
First (4–13 wk) 12.6 (11.9–13.2) 8.40–16.0 6.7 (390)1,2 6.1, 7.4
Second (14–29 wk) 11.8 (11.1–12.5) 7.50–16.0 11.4 (673)1,3 10.5, 12.2
Third (27–43 wk) 11.7 (11.0–12.4) 7.40–15.9 23.5 (1464)2,3 22.5, 24.6

Macroregion (n ¼ 12,287)
North 12.0 (11.1–12.7) 7.67–16.0 15.2 (185)1 13.1, 17.2
Northeast 12.0 (11.1–12.7) 7.90–16.0 15.6 (562)2 14.4, 16.8
Southeast 12.0 (11.2–12.8) 7.40–16.0 14.1 (1249)3 13.3, 14.8
South 12.0 (11.2–12.8) 7.80–16.0 13.8 (450)4 12.6, 15.0
Mid-West 12.3 (11.6–13.2) 8.10–15.7 8.2 (81)1,2,3,4 6.5, 9.9

Abbreviation: CI, confidence interval.
1,2,3,4,5 superscript numbers represent differences between the variables categories using lack of overlapping 95% CI.
6 Anemia was defined according to WHO threshold, Hb < 11, <10.5, and <11 g/dL at 1st, 2nd, and 3rd trimesters, respectively [7].
7 BMI was classified differently for adolescents and adults, according to WHO. For adults (age> 19 y), BMI (kg/m2) was classified as underweight

(<18.5), normal weight (�18.5 and <25.0), overweight (�25.0 and <30.0), and obesity (�30) [11]. For adolescents (age �19 y), BMI-for-age
z-scores were calculated considering the women’s age according to WHO thresholds [12] and classified according to the cutoffs proposed for the
Brazilian Food and Nutrition Surveillance System [13].
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y [4] between 2015 and 2019, a result that aligns with the cur-
rent study. However, Steves et al. [34] reported a reduction in
the prevalence of anemia from 29% to 22% among pregnant
women in Latin America [34]. This falls short of the WHO’s
target of reducing this nutritional problem by 50% by 2025 and
the sustainable development goals (SDG) that aim to ensure
healthy lives and promote well-being for all, which include
reducing anemia by 2030 [35]. In addition, these rates appear to
have stabilized because the definition of SDG, indicating the
need to evaluate public policies that seek to improve this situa-
tion [4,36].

In our study, women with lower education levels (0–4 and
5–8 schooling years) had higher prevalence of anemia, and we
also observed lower levels of anemia in higher education
levels. Socioeconomic status and poverty appear to be one of
the main determinants of anemia [4,37]. Individuals with low
socioeconomic status are at greater risk of exposure to anemia
and its sequelae [38]. This is probably due to access to better
living conditions in general, including the guarantee of
adequate nutrition and health education [39]. Our findings
are in line with other studies that have observed higher ane-
mia prevalence among women with lower education levels in
Brazil and other low- and middle-income countries [40–43].

We also observed that 17.4% of pregnant adolescents
(15–19 y) had anemia at some point during pregnancy, and an
6

increase in prevalence from the first to the third trimester from
8.0% to 28.2%. During adolescence, nutritional needs increase
significantly due to rapid somatic growth, increased erythro-
cyte mass, and the onset of menstruation [44]. In addition to
the nutritional demands of adolescence, the nutritional re-
quirements of pregnancy place adolescents in a high-risk
group. National data for adolescents are scarcer than for
adults. A population survey conducted in the Brazilian Amazon
also demonstrated an increased anemia risk immediately after
delivery among women <19 compared with those � 19 y [40].

Prepregnancy or early pregnancy nutritional status is another
determinant of anemia. In our study, anemia was higher among
underweight and normal-weight individuals. Low early preg-
nancy weight or BMI may be a reflection of deficient nutritional
intake, including intake of micronutrients that are essential for
hematopoiesis [37]. In addition, being underweight may result
from multiple infections or reinfections, such as parasites, which
subsequently lead to anemia, a common problem in developing
countries [1,45]. We also observed lower anemia prevalence
among individuals with overweight or obesity. A study of 1379
women in Ghana and Indonesia demonstrated that lower BMI in
early pregnancy was associated with higher Hb levels, and the
anemia risk decreased with higher early pregnancy BMI [46].
Results of a meta-analysis that included data from 83,554 par-
ticipants reinforce that underweight prepregnancy BMI leads to a



FIGURE 3. Distribution of maternal hemoglobin (A) in g/dL and prevalence and 95% confidence intervals for anemia (B) during pregnancy
according to gestational age and maternal age. Note: dashed line indicates Hb¼11. Anemia was defined according to WHO threshold: Hb < 11,
<10.5, and <11 g/dL at 1st, 2nd, and 3rd trimesters, respectively [7].
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risk of iron deficiency, whereas excess prepregnancy BMI does
not [47].

This is the first study to present national data on anemia
during pregnancy in Brazil, and the availability of data for each
gestational trimester is worth mentioning. In addition, the
careful data harmonization process, including steps of outliers
and heterogeneity assessment planned a priori, makes the results
of this study valuable for evaluating the public policies in place
in the country. The Brazilian iron supplementation program is
almost 20 y old; however, the review of this program would not
have been possible without the national data on anemia preva-
lence in pregnant individuals. The Brazilian Ministry of Health
used early reports based on data from BMCNC that were pre-
pared exclusively to review this supplementation program. On
the basis of this evaluation, the decision was to maintain iron
supplementation throughout pregnancy, considering anemia is
still a mild-to-moderate public health problem for this
population.

However, our study has limitations. Variables such as
parity/interpregnancy interval, use of supplements, or
7

adherence to the national supplementation program were
unavailable for most of the included studies. The use of Hb
data from medical records for most studies is another signif-
icant limitation. Although it is safe to assume that Hb con-
centrations were obtained from venipuncture, the collection of
the samples was not standardized across the studies. In this
sense, the heterogeneity assessment results helped reinforce
the homogeneity of the data and likely of the data collection
method, indicating a similar measurement error. Finally, the
selected studies included in this analysis are concentrated in
the country’s Southeast region. However, previous studies
have shown that the profile of the women participating in the
BMCNC studies is similar to that of the Brazilian population in
general [9].

In conclusion, based on data from 2000 to 2014, anemia
during pregnancy was shown to still be a public health problem
in Brazil. National estimates are essential when evaluating sup-
plementation programs and shedding light on the most vulner-
able groups. Individuals with lower prepregnancy BMI,
adolescents, those with lower education, and those in the third



FIGURE 4. Distribution of hemoglobin (g/dL) during pregnancy according to the percentiles of data distribution and the International Fetal and
Newborn Growth Consortium for the 21st Century (INTERGROWTH-21st) charts [14]. Note: line at 11 g/dL refers to the cutoff for diagnosing
anemia in 1st and 3rd gestational trimester according to the WHO. In the 2nd gestational trimester, the cutoff for diagnosing anemia is 10.5
g/dL [7].
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trimester of pregnancy require greater attention during prenatal
care to help minimize adverse outcomes related to anemia.
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