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RESUMO

OBJECTIVE: To describe the prevalence and predictors of childhood anemia in an Amazonian 
population-based birth cohort study.

METHODS: We estimated the prevalence of maternal anemia at delivery (hemoglobin [Hb] 
concentration < 110 g/L) in women participating in the MINA-Brazil birth cohort study and 
in their children examined at 1 and 2 years (Hb < 110 g/L) and at 5 years of age (Hb < 115 g/L). 
We measured ferritin, soluble transferrin receptor, and C-reactive protein concentrations in 
mothers at delivery and in their 1- and 2-year old children to estimate the prevalence of iron 
deficiency and its contribution to anemia, while adjusting for potential confounders by multiple 
Poisson regression analysis (adjusted relative risk [RRa]).

RESULTS: The prevalence 95% confidence interval (CI) of maternal anemia, iron deficiency, 
and iron-deficiency anemia at delivery were 17.3% (14.0–21.0%), 42.6% (38.0–47.2%), and 8.7% 
(6.3–11.6)%, respectively (n = 462). At age 1 year (n = 646), 42.2% (38.7–45.8%) of the study children 
were anemic, 38.4% (34.6–42.3%) were iron-deficient, and 26.3 (23.0–29.9) had iron-deficiency 
anemia. Prevalence had decreased to 12.8% (10.6–15.2%), 18.1% (15.5–21.1%), and 4.1% (2.8–5.7%), 
respectively, at 2 years (n = 761); at 5 years of age, 5.2% (3.6–7.2%) children were anemic (n = 655). 
Iron deficiency (RRa = 2.19; 95%CI: 1.84–2.60) and consumption of ultraprocessed foods (UPF) 
(RRa = 1.56; 95%CI: 1.14–2.13) were significant contributors to anemia at 1 year, after adjusting 
for maternal schooling. At 2 years, anemia was significantly associated with maternal anemia 
at delivery (RRa: 1.67; 95%CI: 1.17–2.39), malaria since birth (2.25; 1.30–3.87), and iron deficiency 
(2.15; 1.47–3.15), after adjusting for child ’s age and household’s wealth index.

CONCLUSIONS: Anemia continues to be highly prevalent during pregnancy and early 
childhood in the Amazon. Public health policies should address iron deficiency, UPF intake, 
maternal anemia, and malaria in order to prevent and treat anemia in Amazonian children.
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INTRODUÇÃO

Nearly one-third of the world’s population is estimated to be anemic, with increased 
morbidity and mortality, decreased work productivity, and impaired child neurodevelopment1. 
Infants, young children, and pregnant women are among the populations most vulnerable 
to anemia worldwide2. Between 2000 and 2019, the prevalence of anemia in children aged 
6-59 months decreased from 48% to 40% globally and from 30% to 20% in Latin America 
and the Caribbean, but the burden of childhood anemia remains staggering in many low- 
and middle-income countries3. Recent meta-analyses reveal regional disparities in the 
prevalence of childhood anemia in Brazil that are hidden behind pooled countrywide 
estimates4,5. For example, the Brazilian National Survey on Child Nutrition (ENANI-2019), 
estimated that 10% of the preschool children living in Brazilian metropolitan areas were 
anemic, but in the North – the region that comprises most of the Amazon Basin of Brazil – 
the prevalence reached 17%6. The corresponding estimates for children aged 6–23 months 
were 20% countrywide and 30% in the North6.

Iron deficiency accounts for nearly 50% of the global burden of childhood anemia7,8. For 
the primary prevention of iron-deficiency anemia in young children, the World Health 
Organization (WHO) recommends exclusive breastfeeding (EBF) for 4-6 months and continued 
breastfeeding (BF) until 2 years or more, along with adequate complementary feeding with 
iron or multiple micronutrient supplements9. However, supplementation programs to prevent 
anemia have a relatively low coverage in most low- and medium-income countries7 and fail 
to address non-nutritional causes of childhood anemia, such as soil-transmitted helminthic 
infections, schistosomiasis, and malaria2.

Here we focus on childhood anemia in the North of Brazil, the region with the highest 
prevalence of anemia in preschool children estimated in the most recent countrywide 
survey6. We describe the prevalence of anemia during the first five years of follow-up of 
children participating in an ongoing population-based birth cohort study in the Amazon 
and identify independent predictors of anemia risk that may constitute potential targets 
of public health interventions. 

METHODS

Study Design, Population, and Data Collection

The Maternal and Child Health and Nutrition in Acre, Brazil (MINA-Brazil) study is 
a population-based birth cohort started in 2015 with 1246 mother-child pairs in the 
Western Amazonian city of Cruzeiro do Sul (CZS), Acre State, to characterize the effect 
of a wide range of early exposures on child health10. The infant mortality rate in CZS was 
estimated at 10.8 deaths per 1,000 live births in 2015 and 10.6 per 1,000 in 202011. CZS 
experiences year-round malaria transmission, with nearly 90% of all malarial infections 
in young children being due to Plasmodium vivax12. The annual malaria incidence (API; 
number of laboratory-confirmed cases per 1,000 people per year), one of the highest for 
municipalities in Brazil, was estimated at 231.9 in CZS in 201612. Mother-baby pairs were 
enrolled at pregnancy in public antenatal clinics, or at birth in the Women and Children’s 
Hospital of Juruá Valley, the only maternity hospital of CZS. Written informed consent 
was obtained at enrollment from mothers or caregivers (in the case of teenage mothers). 
The research protocols were approved by the ethical review board of the Faculdade de 
Saúde Pública da Universidade de São Paulo, Brazil (# 872.613, 2014; # 2.358.129, 2017).

During pregnancy, clinical and laboratory assessments were conducted by the research team 
in a subsample (n = 557) of the entire cohort (n =1,246). At delivery, the following data from 
both interviews and medical records were obtained: sociodemographic (maternal schooling, 
self-reported mother’s skin color, whether the family was supported by the Bolsa Família 
conditional cash transfer program, and an assets-based wealth index used as a proxy of 
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socioeconomic status), maternal and perinatal data (such as parity, number of antenatal care 
visits, smoking and alcohol consumption during pregnancy, maternal hemoglobin concentration 
and body weight at delivery, gestational age and type of delivery, child’s sex and birthweight). 
From the prenatal card, information on maternal height (m) and pre-pregnancy weight (kg) 
was collected for all participants. Pre-pregnancy body mass index (BMI) was categorized as 
underweight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), 
or obese (≥ 30.0 kg/m2) as defined by the WHO. The difference between weight at delivery and 
pre-pregnancy weight was used to estimate maternal gestational weight gain (GWG). Based 
on pre-pregnancy BMI categories, GWG was classified as insufficient, adequate, or excessive 
following the Institute of Medicine 2009 guidelines13.

After birth, clinical assessments with blood sample collection were carried out at healthcare 
units when children were 1, 2, and 5 years of age, as described elsewhere10. Anthropometric 
measurements were performed in duplicate using standardized procedures. Child 
anthropometric indexes in z-scores were calculated according to age and sex with the WHO 
Child Growth Standards; stunting and overweight were defined as length or height for age 
in z-score < -2 and body mass index (BMI)-to-age > 2 z-scores, respectively14.

At each childhood follow-up visit, structured questionnaires were administered to children’s 
mothers or guardians to update mother and child’s information, including infant feeding 
practices, morbidities since birth, and other behaviors. Mothers reported whether the child 
was being breastfed (yes or no) and, if not, the age of weaning. Children who received breast 
milk with no other food or drink, except prescribed medicines, oral rehydration solutions, 
vitamins and minerals, were considered exclusively breastfed. Continued breastfeeding (BF) 
was estimated in days and then classified as prolonged BF when ≥ 365 days. At the 1- and 
2-year follow-up visits, information on complementary feeding was assessed by a structured 
food frequency questionnaire on the intake of foods and drinks during the previous day, 
as detailed elsewhere15. The following ultraprocessed foods (UPF) were included in the 
questionnaire: industrialized yogurt, artificial fruit juice, soda, candies, cookies, packaged 
savory snacks, hotdogs and instant noodles and “other UPF” (chocolate drinks, ice cream, 
jelly, cake, and industrialized soup). Then, the prevalence of UPF consumption was estimated 
based on the intake of at least one food in the category during the previous day. 

Venous blood samples (10 mL for third-trimester pregnant women and 5 mL for children) 
were collected for measuring biochemical nutritional indicators during pregnancy and at 
the 1-year and 2-year follow-up assessments; at the 5-year follow-up, only blood hemoglobin 
(Hb) concentration was measured. A Hb concentration < 110 g/L, measured in antenatal 
clinics using a portable Hemocue (Hb301; Angelholm, Sweden) hemoglobinometer defined 
anemia in pregnancy16. Delivering mothers had their Hb levels measured at the maternity 
ward on a Labtest SDH-20 cell counter (Labtest, Lagoa Santa, Brazil). Among children, 
Hb concentrations were measured using an ABX Micro 60 cell counter (Horiba, Montpellier, 
France) at the 1- and 2-year follow-up visits; at the 5-year follow-up, Hb concentrations were 
measured using the portable Hemocue hemoglobinometer. Blood samples were protected 
from light and centrifuged within 2 hours after collection; serum and plasma samples were 
frozen at −20°C, shipped on dry ice to São Paulo, and kept at −70°C until further analyses. 
Plasma ferritin and soluble transferrin receptor concentrations were measured using enzyme 
immunoassay (Ramco, Houston, TX, USA). Serum concentrations of retinol were assessed 
by liquid chromatography (HPLC) as described elsewhere17. Serum folate concentrations 
were measured by fluoroimmunoassay (PerkinElmer; Wallac Oy, Turku, Finland). C-reactive 
protein was determined using an IMMAGE Immunochemistry System (Beckman Coulter, 
Brea, CA, USA). Analyses were subject to internal and external quality control with routine 
use of blind samples for each run, with coefficients of variation < 7%.

We used WHO cut-off values to define vitamin deficiencies: serum retinol concentrations 
< 0.7 µmol/L for vitamin A deficiency (VAD) and < 1.05 µmol/L for vitamin A insufficiency 
(VAI)18, and serum folate concentration < 3 ng/mL (pregnant women) or < 4 ng/mL (children) 
for folate deficiency19. Iron deficiency (ID) was defined as plasma ferritin concentration < 12 
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µg/L (children) or < 15 µg/L (pregnant women), combined with a soluble transferrin receptor 
concentration > 8·3 mg/L, or plasma ferritin < 30 µg/L combined with a C-reactive protein 
concentration ≥ 5 mg/L (suggestive of acute inflammation)20. 

Malaria during pregnancy was diagnosed by microscopy during sick visits to health posts 
and/or by real-time polymerase chain reaction (PCR) at delivery21. Malaria in young children 
was diagnosed by microscopy during sick visits to health posts. Case notifications during 
pregnancy and the first two years of life were retrieved from the electronic database of the 
Ministry of Health of Brazil (SIVEP Malaria) using a previously described linkage strategy12.  

Anemia, nutritional deficiencies, and malaria diagnosed during the follow-up visits were 
treated by research physicians. Children with anemia were prescribed ferrous sulfate (dose: 
3-6 mg of elemental iron per kg per day up to 60 mg/day for 4 months) for presumptive 
treatment of iron deficiency, but adherence to this treatment was not evaluated. 

Main Outcome Measures 

Childhood anemia was defined as Hb < 110 g/L for children < 5 years. At the 5-year follow-up 
visit, Hb < 115 g/L defined anemia for children ≥ 5 years.  Severe anemia was classified as 
Hb < 70 g/L and < 80 g/L for children < 5 and ≥ 5 years, respectively16. 

Data Analysis

Maternal and child characteristics were described using absolute frequencies and proportions 
(%) with 95% confidence intervals (CI). Mean and SD for age and median values and 
interquartile ranges (IQR, 25th and 75th percentiles) for biochemical nutritional indicators 
were calculated. Pearson χ2 or Fisher exact tests were used to compare proportions.

Relative risks (RR) with 95% CIs were estimated using multiple Poisson regression models 
with robust variance to identify factors associated with childhood anemia at each follow-up 
visit and with “persistent anemia” (children who were anemic in both the 1-year and the 
2-year visits). Multiple adjusted linear regression coefficients (β) were also calculated 
to describe predictors for concentrations of Hb (dependent variable) at each follow-up 
assessment. Variables associated with the outcomes at a significance level < 20% in unadjusted 

Figure 1. Causal hierarchical approach for childhood anemia based on the available variables in the 
MINA-Brazil birth cohort study, adapted from previous conceptual frameworks7,22
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analysis were entered in multiple regression models. We used a hierarchical approach 
based on conceptual frameworks7,22 to select distal (demographic and socio-economic 
factors), underlying (antenatal care, obstetric and birth characteristics), and immediate 
(child feeding practices, nutritional status, and morbidities) determinants of childhood 
anemia in the final adjusted models (Figure 1). At each level of determination, covariates 
were retained in the model if they were associated with the outcome at P < 0.10 and/or, for 
ordinal variables with more than 2 categories, if they followed a dose-response pattern. 
Missing values in categorical covariates were maintained in the model by creating a new 
missing-value category. All P-values reported are two-tailed and the significant level was 
set at P < 0.05. Statistical analyses were performed using Stata version 15.0 (StataCorp, 
College Station, TX, USA). 

RESULTS

At baseline, we had data from 1,246 participants of the MINA Brazil cohort. After exclusion 
of 22 twins, a total of 1,224 mother-child pairs were eligible for the present analysis.  
Of these, 79 missed all post-natal follow-up visits and 6 children died up to 5 years of 
age (Figure 2). Children participating from birth to different follow-up assessments 

Figure 2. Flowchart of the MINA-Brazil birth cohort study since pregnancy to 5-year follow-up visits.
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Table 1. Characteristics of the participants in the MINA-Brazil birth cohort study in relation to childhood anemia at follow-up visits. 

Variables

Child follow-up visits

Totals Anemiab at 1 y  (n = 768) Anemiab at 2 y (n = 846) Anemia at 5 y (n = 655)

1,224a % n (%) p-value n (%) p-value n (%) p-value

  324 (42.2) - 108 (12.8) - 31 (5.2) -

Baseline characteristics

Maternal age at delivery (years)     0.009   0.893   0.832

< 19 229 (18.7) 65 (52.9)   16 (12.4)   6 (5.6)  

≥ 19 995 (81.3) 259 (40.2)   92 (12.8)   28 (5.1)  

Maternal self-reported skin color     0.913   0.559   0.233

White 149 (12.5) 39 (41.9)   12 (10.9)   2 (2.5)  

Black, Brown, indigenous and yellow 1,042 (87.5) 282 (42.5)   93 (12.9)   32 (5.7)  

Wealth index in tertiles     < 0.001   0.004   0.768

lowest 400 (33.6) 113 (52.1)   43 (18.8)   9 (5.8)  

second 392 (32.9) 121 (46.5)   31 (10.8)   10 (4.4)  

highest 399 (33.5) 87 (31.2)   31 (9.8)   15 (5.8)  

Maternal schooling (years)     < 0.001   0.181   0.647

≤ 9 422 (35.5) 123 (54.7)   36 (15.1)   10 (6.0)  

> 9 768 (64.5) 197 (37.2)   69 (11.7)   24 (5.1)  

Bolsa Familia recipient     0.032   0.064   0.233

No 720 (60.5) 188 (39.5)   57 (11.0)   23 (5.6)  

Yes 471 (39.6) 133 (47.5)   48 (15.4)   11 (4.7)  

Antenatal care visits     0.185   0.047   0.455

< 6 288 (23.7) 66 (47.1)   29 (17.5)   4 (3.7)  

≥ 6 926 (76.3) 256 (41.0)   79 (11.7)   30 (5.5)  

Malaria during pregnancy     0.358   0.909   0.354

No 1,142 (93.3) 298 (41.7)   101 (12.8)   31 (5.0)  

Yes 82 (6.7) 26 (48.2)   7 (12.3)   3 (8.6)  

Gestational weight gainc     0.434   0.760   0.688

Insufficient 341 (31.3) 93 (44.1)   27 (11.3)   7 (3.9)  

Adequate 392 (36.0) 101 (38.7)   35 (12.4)   12 (5.5)  

Excessive 357 (32.8) 110 (43.1)   37 (13.4)   12 (5.6)  

Parity     0.159   0.034   0.200

Primiparous 498 (41.8) 126 (39.5)   33 (9.7)   16 (4.3)  

Multiparous 693 (58.2) 195 (44.6)   72 (44.7)   18 (6.6)  

Type of delivery     0.971   0.432   0.570

Vaginal 660 (53.9) 169 (42.3)   61 (13.6)   19 (5.7)  

Cesarean 564 (46.1) 155 (42.1)   47 (11.8)   15 (4.7)  

Preterm birth (gestational age) (weeks)     0.148   0.310   0.670

No (≥ 37) 1,120 (91.5) 304 (42.9)   102 (13.1)   32 (5.3)  

Yes (< 37) 104 (8.5) 20 (33.3)   6 (8.8)   2 (3.9)  

Birth weight (grams)     0.486   0.485   0.706

2,500 - < 4,000 1,061 (86.8) 288 (42.9)   94 (12.9)   28 (4.9)  

< 2,500 86 (7.0) 18 (36.7)   5 (8.6)   3 (7.3)  

≥ 4,000 76 (6.2) 17 (36.2)   9 (16.1)   3 (6.8)  

Continue
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and those lost to follow-up over time until the 5-year assessment (n = 514) had similar 
perinatal characteristics regarding sex, gestational age, preterm birth, and birth weight, 
but differed significantly in the proportion of children from poorest families (36.2% versus 
44.1%) and of mothers with ≤ 9 years of schooling (26.4% versus 47.5%), respectively, with 
P < 0.01 (χ2 test) for both. 

The overall prevalence of childhood anemia declined from 42% at 1 year to 13% at 2 
years and 5% at 5 years. Two cases (0.3%) of severe anemia (Hb < 70 g/L) were observed 
at the 1-year follow-up; the prevalence of moderate anemia was 14.2%, 1.5%, and 1.5% at 
1, 2, and 5 years of age, respectively (Table 1). In crude analysis, the lowest wealth index, 
lowest maternal age, lowest schooling, prolonged breastfeeding, and consumption of 
UPF were significantly associated with anemia at 1 year of age. At 2 years, children 
in the lowest wealth index, born to a multiparous mother, with < 6 antenatal care 
visits, and history of one or more malaria infections since birth were at higher risk for 
anemia. At 5 years, only prolonged breastfeeding was significantly associated with lower  
risk of anemia.   

Table 2 shows the mean values of age (SD), frequencies of the use of iron and/or vitamin 
supplements, prevalence (95%CI) of nutritional deficiencies and interquartile ranges 
(IQR) of biochemical parameters at different waves of the entire cohort. Among pregnant 
and parturient women, the most frequently used supplements were iron (30–60 mg/day) 
and folic acid (5 mg/day), following national antenatal care guidelines. At delivery, there 
were similar frequencies (around 30%) of underweight and excessive GWG. Anemia was 
common among pregnant women (17%) and parturients (38%). Inadequacies of iron or 
vitamin A status were frequent among pregnant women and children under 2 years; folic 

Table 1. Characteristics of the participants in the MINA-Brazil birth cohort study in relation to childhood anemia at follow-up visits. Continuation

Child characteristics during the follow-up 

Exclusive breastfeeding ≥ 90 days     0.760   0.295   0.080

No 691 (67.0) 198 (41.7)   68 (13.7)   25 (6.5)  

Yes 340 (33.0) 125 (42.8)   30 (11.1)   7 (3.2)  

Prolonged breastfeeding (≥ 365 days)     < 0.001   0.394   0.039

No 318 (34.9) 63 (28.3)   29 (11.3)   15 (7.8)  

Yes 593 (65.1) 216 (46.2)   79 (13.4)   16 (3.9)  

Malaria in the first 2 years     0.338   0.016   0.386

No 808 (94.6) 313 (41.9)   97 (12.1)   28 (5.0)  

Yes 46 (5.4) 11 (52.4)   11 (24.4)   2 (9.1)  

Consumption of beansd     0.362   0.056   0.468

No - 147 (42.6)   69 (14.9)   14 (4.4)  

Yes - 118 (39.1)   39 (10.4)   15 (5.7)  

Consumption of meatsd     0.686   0.170   0.473

No - 77 (41.0)   17 (17.2)   2 (3.2)  

Yes - 246 (42.6)   91 (12.3)   28 (5.4)  

Consumption of ultraprocessed foodsd,e     0.007   0.746   0.531

No - 29 (29.6)   7 (11.5)   1 (2.9)  

Yes - 295 (44.0)   101 (12.9)   29 (5.3)  
aTotals differ due to missing values; P-values for Pearson χ2 test or Fisher exact test (cell count < 5). 
bWorld Health Organization classification criteria for anemia (2011): blood hemoglobin concentrations < 110 g/L for children under 5 years and < 115g/L 
for children ≥ 5 years.
cInstitute of Medicine Guidelines, 2009. 
dFood frequency intake in the previous day.
eConsumption of at least one ultraprocessed food. 
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acid deficiency was uncommon, with prevalence < 1% in mothers and children. Combined 
iron and vitamin A deficiencies were more common at 2 years (6.7%).

ID (adjusted RR [RRa] = 2.19; 95%CI: 1.84–2.60) and consumption of UPF (RRa = 1.56; 95% 
CI: 1.14–2.13) were associated with elevated risk of anemia at 1 year, after adjustment for 
maternal schooling in multiple regression analysis (Table 3). At the 2-year follow-up visit, 
maternal anemia at delivery (RRa = 1.67; 95%CI: 1.17–2.39), malaria in the first 2 years of 
life (RRa = 2.25; 95%CI: 1.30–3.87) and ID (RRa = 2.15; 95%CI: 1.47–3.15) were significantly 
associated with increased risk of anemia, after adjustment for child ś age and household’s 

Table 2. Nutritional characteristics of the participants from the MINA-Brazil cohort study (n = 1,224).

Variables

Child follow-up visits

Pregnant women Parturients 1 year 2 years 5 years

n = 557 Mean (SD) n = 1,224 Mean (SD) n = 774
Mean (SD) 

or %
n = 854

Mean (SD) 
or %

n = 682
Mean (SD) 

or %

Mean age (years or months)  
24.8y 
(6.5)

 
24.9y 
(6.6)

 
12.7m 
(0.7)

 
23.8m 
(1.4)

 
63.4m 
(2.7)

Female sex   -   - 404 52.2 427 50.0 336 49.3

Use of vitamin and/or mineral 
supplementation

n = 557 % n = 1,224 % n = 774 % n = 854 % n = 682 %

Iron   69.1   65.9   9.4   3.5   0.4

Multinutrients   38.1   42.6   32.7   26.4   27.1

Folic acid (5 mg)   70.7   66.4   -   -   -

Vitamin A   34.3   61.2   11,2   31.4   21.0

Prevalence of anemia and 
micronutrient  deficiencies

nb % 
(95%CI)

n
% 

(95%CI)
n

% 
(95%CI)

n
% 

(95%CI)
n

% 
(95%CI)

Anemiac 469
17.3 

(14.0–21.0)
1,156

37.7 
(35.0–40.5)

768
42.2 

(38.7–45.8)
846

12.8 
(10.6–15.2)

655
5.2 

(3.6–7.2)

Iron deficiencyd 463
42.6 

(38.0–47.2)
  - 646

38.4 
(34.6–42.3)

761
18.1 

(15.5–21.1)
  -

Iron deficiency anemia 462
8.7 

(6.3–11.6)
  - 646

26.3 
(23.0–29.9)

761
4.1 

(2.8–5.7)
  -

Vitamin A deficiencye 467
6.4 

(4.4–9.0)
  - 533

1.7 
(0.8–3.2)

703
24.8 

(21.6–28.1)
  -

Vitamin A insufficiencye 467
19.7 

(16.2–23.6)
  - 533

10.3 
(7.9–13.2)

703
41.7 

(38.0–45.4)
  -

Folic acid deficiencyf 464
0.7 

(0.1–1.9)
  - 484

1.0 
(0.3–2.4)

490
0.4 

(0.1–1.50)
   

Combined iron and vitamin A 
deficiencies

461
2.8 

(1.5–4.8)
  - 532

0.8 
(0.2–1.9)

699
6.7 

(5.0–8.8)
  -

C-reactive protein ≥ 5 mg/L 
(acute inflammation cut-off)

465
0.35 

(0.31–0.40)
    641

12.9 
(10.4– 15.8)

712
10.5 

(8.4–13.0)
  -

Biochemical parameters n
Median 
(IQR)

n
Median 
(IQR)

n
Median 
(IQR)

n
Median 
(IQR)

n
Median 
(IQR)

Hemoglobin (g/L) 469
119 

(112–125)
1,156

113 
(104–120)

768
112 

(104–119)
846

121 
(114–127)

655
128 

(122–133)

Plasma ferritin (µg/L) 463
17.0 

(10.0–27.0)
  - 639

21.0 
(12.0–33.0)

725
31.0 

(21.0–43.0)
  -

Serum retinol (µmol/L) 467
1.9 

(1.2–2.7)
  - 533

1.9 
(1.4–2.8)

703
1.2 

(0.7–1.7)
  -

Serum folic acid (ng/mL) 464
9.6 

(7.1–13.4)
  - 484

14.0 
(11.0–18.2)

490
14.3 

(11.3–18.8)
  -

95%CI: 95% confidence interval; SD: standard deviation; IQR: interquartile ranges.
a Pre-gestational BMI classified as obesity: n = 101 (9.3%).
b Blood samples in the third gestational trimester (mean gestational age: 27.8, SD: 1.6, ranging from 24 to 34 weeks).
c WHO classification criteria for anemia (2011): hemoglobin concentrations < 110 g/L for pregnant women and children under 5 years, and < 115g/L for 
children ≥ 5 years. 
d Iron deficiency: pregnant women, ferritin < 15 ug/L; children: ferritin < 12 ug/L and soluble transferrin receptor > 8.3 mg/L.
e Vitamin A deficiency < 0.7 µmol/L, vitamin A insufficiency < 1.05 µmol/L. 
f Folic acid cut-off: pregnant women < 3.0 ng/mL; children < 4.0 ng/mL.
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Table 3. Multiple adjusted relative risk (RRa) for childhood anemia and adjusted regression coefficients (aβ) for predictors of hemoglobin 
values (Hb, g/L) in the MINA-Brazil cohort study.

Exposures

Anemia risk at the 1-y 
follow-up

(anemics/total = 324/768)

Anemia risk at yhe 2-y follow-up (n = 846)
Anemia risk at the 5-y 

follow-up
(anemics/total = 34/655)a

All children with anemia 
n = 108

Children with persistent 
anemia  from 1 year to  

2 years (n = 53)

RRa (95%CI) p-value RRa (95%CI) p-value RRa (95%CI) p-value RRa (95%CI) p-value

Wealth index (tertiles)

Lowest - - 1   - - - -

Second - -
0.61 

(0.39 to 0.95)
0.030 - - - -

highest - -
0.96 

(0.39 to 2.36)
0.029 - - - -

Maternal schooling (years)

≤ 9 1   - - - - - -

10–12
0.83 

(0.71 to 0.99)
0.034 - - - - - -

> 12
0.70 

(0.53 to 0.91)
0.008 - - - - - -

Child’s age (months) - -
1.18 

(1.06 to 1.32)
0.002 - - - -

Male child’s sex - - - -
1.87 

(1.05 to 3.31)
0.047 - -

Maternal anemia at delivery - -
1.67 

(1.17 to 2.39)
0.005 - -

2.32 
(1.11 to 4.84)

0.025

Prolonged breastfeeding (≥ 365 days) - - - -
2.48 

(1.11 to 5.51)
0.001

0.45 
(0.22 to 0.94)

0.032

UPF intake at 1 year
1.56 

(1.14 to 2.13)
0.005 - - - - - -

Dietary intake of meats - - - -
0.52 

(0.29 to 0.95)
0.026    

Malaria in the first 2 years - -
2.25 

(1.30 to 3.87)
0.003

4.38 
(2.33 to 7.94)

<0.001 - -

Iron deficiency
2.19 

(1.84 to 2.60)
< 0.001

2.15 
(1.47 to 3.15)

< 0.001 - - - -

Vitamin A insufficiency - - - -
2.03 

(1.16 to 3.54)
0.013 - -

Hb predictors at 1-y 
follow-up

Hb predictors at 2-y 
follow-up

Hb predictors at 5-y 
follow-up

(R2 = 0.200) (R2 = 0.095) (R2 = 0.061)

aβ 
(95%CI)

p-value aβ 
(95%CI)

p-value aβ 
(95%CI)

p-value

Wealth index (tertiles)

Lowest - - Ref.     -   -

Second - -
1.86 

(0.13 to 3.60)
0.036   - - -

Highest - -
2.68 

(0.95 to 4.41)
0.002   - - -

Maternal schooling (years)

≤ 9 Ref.   - -     - -

10–12
2.82 

( 0.74 to 4.91)
0.008 - -   - - -

> 12
3.84 

(1.13 to 6.55)
0.006 - -   - - -

Primiparous mother - -
1.92 

(0.50 to 3.33)
0.008   - - -

Maternal anemia at delivery - -
-3.12 

(-4.54 to -1.71)
< 0.001   -

-3.16 
(-4.80 to -1.52)

< 0.001

Continue
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was positively associated with male sex (RRa = 1.87; 95%CI: 1.05–3.31), malaria during the 
first two years of life (RRa = 4.30; 95%CI: 2.33–7.94), prolonged breastfeeding (RRa = 2.48; 
95%CI: 1.11–5.51), and vitamin A insufficiency (RRa = 2.03; 95%CI: 1.16–3.54); consumption 
of meat emerged as a protective factor (RRa = 0.52; 95%CI: 0.29– 0.95). At 5 years, only 
maternal anemia at delivery was positively associated with anemia risk (RRa = 2.32; 
95%CI: 1.11– 4.84), while prolonged breastfeeding was inversely associated with anemia 
risk (RRa = 0.45; 95%CI: 0.22– 0.94). 

Predictors of Hb concentrations during childhood have also been explored (Table 3). At 1 
year, maternal schooling was positively associated with Hb concentration, while ID and 
VAI were negatively associated. At 2 years of age, children of families in the highest wealth 
stratum, born to primiparous mothers, and those who consumed beans had higher Hb 
concentrations, while maternal anemia at delivery, malaria in the first 2 years, and iron 
deficiency were negatively associated with Hb concentration. At 5 years of age, prolonged 
breastfeeding was positively associated with Hb concentration; conversely, maternal 
anemia, consumption of UPF at 1 year, and malaria in the first 2 years of life showed a 
negative association. 

DISCUSSION

Here we address some of the most likely causes of childhood anemia in the Amazon. 
We show that ID continues to be very common, affecting 43% of local pregnant women and 
38% of children at the age of 1 year, but its contribution to anemia appears to vary with 
age. Accordingly, we diagnosed ID in 51% of pregnant women and 62% of the 1-year old 
children who were found to be anemic, but in only 32% of the anemic children at the age of 
2 years. VAD and VAI were also common during pregnancy (6% and 20%, respectively) and 
in children aged 2 years (25% and 42%, respectively), but substantially less frequent at the 
age of 1 year (2% and 10%, respectively), when childhood anemia is most prevalent. Evidence 
that VAI or VAD contributes to anemia in our population is twofold: we found a significant 
association between VAI and elevated risk of persistent anemia in early childhood, as well 
as a negative impact of VAI on Hb levels at the age of 1 year. 

Children born to mothers who were anemic at the delivery were more likely to be 
anemic at the age of 2 and 5 years, after adjusting for potential confounders. Although 
this association is likely to be causal, residual confounding must also be considered as 
mother-child pairs sharing the same household are similarly exposed to poverty, food 
insecurity, and other key contributors to nutritional deficiencies and anemia. Importantly, 

Table 3. Multiple adjusted relative risk (RRa) for childhood anemia and adjusted regression coefficients (aβ) for predictors of hemoglobin 
values (Hb, g/L) in the MINA-Brazil cohort study. Continuation

Prolonged breastfeeding (≥ 365 days) - - - -   -
2.16 

(0.39 to 3.93)
0.017

Malaria in the first 2 years - -
-4.15 

(-7.25 to -1.05)
0.009   -

-9.26 
(-13.56 to 4.97)

< 0.001

Consumption of UPF at 1 year - - - -   -
-2.47 

(-4.94 to -0.01)
0.050

Consumption of beans group at 2 years - -
1.90 

(0.51 to 3.30)
0.007   - - -

Iron deficiency
- 9.55 

(-11.44 to -7.67)
< 0.001

- 4.18 
(-5.96 to -2.40)

< 0.001   - - -

Vitamin A insufficiency
- 3.26 

(-6.25 to -0.27)
0.033 - -   - - -

UPF: ultraprocessed food.  
aOf the 34 children with anemia, persistent anemic cases from 1 to 5 year were n = 8. 
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recent evidence shows that anemia in pregnancy increases the risk of ID and anemia in 
infants and suggests that the benefits of preventing anemia in pregnancy might extend 
to the offspring by reducing anemia risk in early childhood23. Our results reinforce the 
argument for routine iron supplementation in pregnancy as advocated by WHO in areas 
with a prevalence > 40%16.

Folate deficiency was rare among MINA-Brazil cohort participants, most likely as a 
result of the folic acid fortification of wheat flour implemented in the country in 2004. 
Brazil has adopted the fortification of wheat and corn flours with 4.2 mg of iron and 
150 mg of folic acid added per 100 g. However, the effectiveness of iron fortification of 
flour in preventing anemia seems to be low among young children24. The transition to 
complementary foods as children begin to consume household diets is associated with 
insufficient iron intake, combined with low dietary intake of other micronutrients7. Thus, 
since 2011, the use of multiple micronutrients in powder (MNP) has been recommended 
by WHO as a home-based strategy to prevent and control childhood anemia. In 2014, the 
Ministry of Health of Brazil launched the NUTRISUS (“Multiple Micronutrient in Powder 
Fortification Strategy”) based on the results of a multicenter pragmatic trial following 
WHO guidelines in settings where the prevalence of anemia in young children is 20% 
or higher25. However, since 2016, Brazil’s political and economic crises have drastically 
reduced access to many primary health programs, which could have contributed to the 
high prevalence of anemia in young children reported in this study

Other important actions to prevent and control anemia in young children in Brazil 
include the promotion of exclusive breastfeeding during the first 6 months of life and of a 
healthy and timely introduction of complementary feeding, which should be encouraged 
in primary healthcare settings. Among children with persistent anemia from 1 to 2 years, 
our results reinforce the importance to promote continued breastfeeding with nutritious 
complementary diets and adequate treatment of childhood infections such as malaria. 
In a previous analysis of the MINA-Brazil cohort, children exposed to gestational malaria 
and breastfed for at least 12 months had a decreased risk for malaria infection during the 
first 2 years of life26. Breastfeeding protects young children from infections through the 
passive transfer of immunoglobulins and other bioactive substances26, which could be one 
possible explanation for the association of prolonged breastfeeding and decreased risk for 
anemia at age 5 observed in this study.

As far as we know, this is the first study to report the significant association between UPF 
consumption with anemia at 1 year of age. A recent systematic review described a higher 
participation of UPF in children’s diet associated with other maternal-child outcomes, 
such as an increase in weight gain, adiposity measures, overweight, early weaning, lower 
diet quality, metabolic alterations, diseases, and consumption of plastic originated from 
packaging27. As defined by the NOVA classification, UPF are industrial formulations of 
substances derived from foods with little or no whole food with added colorings, flavorings, 
emulsifiers, thickeners, and other cosmetic additives to make them palatable or even 
hyperpalatable28. In a previous study, the introduction of UPF in complementary feeding was 
inversely associated with the duration of continued breastfeeding29, providing additional 
evidence to avoid UPF consumption in childhood. 

The present study has some limitations. First, MINA-Brazil cohort participants have not 
been screened for helminthic infections, inherited hemolytic disorders, and other non-
nutritional conditions that may be associated with anemia in tropical environments. 
Accordingly, 4–10% of Amazonian children under the age of 5 years tested in population-
based cross-sectional surveys harbor one or more soil-transmitted intestinal helminths 
that may cause or aggravate anemia22. However, their contribution to anemia among 
Amazonian children, although not negligible, appears to be much less pronounced than 
that in African or Asian populations22. Glucose-6-phosphate dehydrogenase (G6PD) 
deficiency, an X-linked recessive disorder, is the most common inherited cause of hemolytic 
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anemia in the Amazon. It affects 8.3% of the male population of Acre State30, who may 
develop mild to severe hemolysis when exposed to dietary triggers and some medicines, 
including the locally used antimalarial primaquine. Nevertheless, G6PD deficiency has not 
emerged as a significant predictor of Hb levels or risk of anemia in Amazonian children22. 
Second, the prevalence of ID and anemia may have been underestimated in MINA-Brazil 
cohort participants over time because children lost to follow-up were more likely to live 
in the poorest households, being more exposed to food insecurity, malaria, and other 
contributors to nutritional deficiencies and anemia. A range of other conditions (e.g., 
tropical infections, chronic inflammation, and inherited hemolytic disorders), some of 
them not addressed by this study, may have contributed to the high prevalence of anemia 
in Amazonian populations.

CONCLUSION

Although our study population has access to antenatal care, prompt malaria diagnosis 
and treatment, and iron and vitamin A supplementation, anemia in MINA-Brazil cohort 
participants remains common during pregnancy and early childhood, especially at the age 
of 1 year. At 1 year of age, ID and consumption of UPF were associated with elevated risk 
of anemia. As a multifactorial public health problem, different possible causes should be 
consider in all efforts and programs to achieve the SDGs targets in this region.

REFERENCES  

1.	 GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 
12 mental disorders in 204 countries and territories, 1990-2019: a systematic analysis 
for the Global Burden of Disease Study 2019. Lancet Psychiatry. 2022 Feb;9(2):137-50. 
https://doi.org/10.1016/S2215-0366(21)00395-3  

2.	 Woody CA, Ferrari AJ, Siskind DJ, Whiteford HA, Harris MG. A systematic review and  
meta-regression of the prevalence and incidence of perinatal depression. J Affect Disord.  
2017 Sep;219:86-92. https://doi.org/10.1016/j.jad.2017.05.003

3.	 Wang Z, Liu J, Shuai H, Cai Z, Fu X, Liu Y, et al. Mapping global prevalence of 
depression among postpartum women. Transl Psychiatry. 2021 Oct;11(1):543. 
https://doi.org/10.1038/s41398-021-01663-6

4.	 Gelaye B, Rondon MB, Araya R, Williams MA. Epidemiology of maternal depression, risk factors, 
and child outcomes in low-income and middle-income countries. Lancet Psychiatry.  
2016 Oct;3(10):973-82. https://doi.org/10.1016/S2215-0366(16)30284-X

5.	 Brummelte S, Galea LA. Postpartum depression: etiology, treatment and  
consequences for maternal care. Horm Behav. 2016 Jan;77:153-66. 
https://doi.org/10.1016/j.yhbeh.2015.08.008

6.	 Cooper PJ, Murray L. Postnatal depression. BMJ. 1998 Jun;316(7148):1884-6. 
https://doi.org/10.1136/bmj.316.7148.1884

7.	 Míguez MC, Vázquez MB. Risk factors for antenatal depression: A review. World J Psychiatry. 
2021 Jul;11(7):325-36. https://doi.org/10.5498/wjp.v11.i7.325

8.	 Slomian J, Honvo G, Emonts P, Reginster JY, Bruyère O. Consequences of maternal postpartum 
depression: A systematic review of maternal and infant outcomes. Womens Health (Lond Engl). 
2019;15:1745506519844044. https://doi.org/10.1177/1745506519844044

9.	 Morales-Munoz I, Ashdown-Doel B, Beazley E, Carr C, Preece C, Marwaha S.  
Maternal postnatal depression and anxiety and the risk for mental health disorders  
in adolescent offspring: Findings from the Avon Longitudinal Study of 
Parents and Children cohort. Aust N Z J Psychiatry. 2023 Jan;57(1):82-92. 
https://doi.org/10.1177/00048674221082519

10.	 Santos H Jr, Tan X, Salomon R. Heterogeneity in perinatal depression: how far have 
we come? A systematic review. Arch Womens Ment Health. 2017 Feb;20(1):11-23. 
https://doi.org/10.1007/s00737-016-0691-8



14

Predictors of anemia in Amazonian children Cardoso MA et al.

https://doi.org/10.11606/s1518-8787.2023057005637

EM
 PR

ODUÇÃO

11.	 Cardoso MA, Matijasevich A, Malta MB, Lourenco BH, Gimeno SG, Ferreira MU, et al.; 
MINA-Brazil Study Group. Cohort profile: the maternal and child health and nutrition 
in Acre, Brazil, birth cohort study (MINA-Brazil). BMJ Open. 2020 Feb;10(2):e034513. 
https://doi.org/10.1136/bmjopen-2019-034513  

12.	 Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 
10-item Edinburgh Postnatal Depression Scale. Br J Psychiatry. 1987 Jun;150(6):782-6. 
https://doi.org/10.1192/bjp.150.6.782  

13.	 Santos IS, Matijasevich A, Tavares BF, Barros AJ, Botelho IP, Lapolli C, et al. Validation 
of the Edinburgh Postnatal Depression Scale (EPDS) in a sample of mothers from the 
2004 Pelotas Birth Cohort Study. Cad Saude Publica. 2007 Nov;23(11):2577-88. 
https://doi.org/10.1590/S0102-311X2007001100005  

14.	 Matijasevich A, Munhoz TN, Tavares BF, Barbosa AP, Silva DM, Abitante MS, et al. Validation 
of the Edinburgh Postnatal Depression Scale (EPDS) for screening of major depressive 
episode among adults from the general population. BMC Psychiatry. 2014 Oct;14(1):284. 
https://doi.org/10.1186/s12888-014-0284-x  

15.	 Fleitlich-Bilyk B, Goodman R. Prevalence of child and adolescent psychiatric disorders 
in southeast Brazil. J Am Acad Child Adolesc Psychiatry. 2004 Jun;43(6):727-34. 
https://doi.org/10.1097/01.chi.0000120021.14101.ca  

16.	 Youth in mind: Scoring the SDQ. 2022 Ago 16 [cited 2023 May 15]. Available from: 
https://sdqinfo.org/py/sdqinfo/c0.py

17.	 Nagin DS. Group-based modeling of development. Cambridge: Harvard University Press;  
2005. https://doi.org/10.4159/9780674041318

18.	 Nagin DS, Odgers CL. Group-based trajectory modeling in clinical research. Annu Rev Clin 
Psychol. 2010;6(1):109-38. https://doi.org/10.1146/annurev.clinpsy.121208.131413

19.	 Jones BL, Nagin DS. A Stata Plugin for estimating group-based trajectory models.  
2012 [cited 2023 Jan 10]. Available from: https://ssrc.indiana.edu/doc/wimdocs/2013-03-29_
nagin_trajectory_stata-plugin-info.pdf

20.	 Maldonado G, Greenland S. Simulation study of confounder-selection strategies. Am J 
Epidemiol. 1993 Dec;138(11):923-36. https://doi.org/10.1093/oxfordjournals.aje.a116813  

21.	 Najman JM, Plotnikova M, Williams GM, Alati R, Mamun AA, Scott J, et al. Trajectories of 
maternal depression: a 27-year population-based prospective study. Epidemiol Psychiatr Sci. 
2017 Feb;26(1):79-88. https://doi.org/10.1017/S2045796015001109  

22.	 Mughal MK, Giallo R, Arshad M, Arnold PD, Bright K, Charrois EM, et al. Trajectories of 
maternal depressive symptoms from pregnancy to 11 years postpartum: findings from  
Avon Longitudinal Study of Parents and Children (ALSPAC) cohort. J Affect Disord.  
2023 May;328:191-9. https://doi.org/10.1016/j.jad.2023.02.023

23.	 Matijasevich A, Murray J, Cooper PJ, Anselmi L, Barros AJ, Barros FC, et al. Trajectories of 
maternal depression and offspring psychopathology at 6 years: 2004 Pelotas cohort study.  
J Affect Disord. 2015 Mar;174:424-31. https://doi.org/10.1016/j.jad.2014.12.012

24.	 Cents RA, Diamantopoulou S, Hudziak JJ, Jaddoe VW, Hofman A, Verhulst FC, et al. Trajectories 
of maternal depressive symptoms predict child problem behaviour: the Generation R study. 
Psychol Med. 2013 Jan;43(1):13-25. https://doi.org/10.1017/S0033291712000657  

25.	 Giallo R, Woolhouse H, Gartland D, Hiscock H, Brown S. The emotional-behavioural 
functioning of children exposed to maternal depressive symptoms across pregnancy and early 
childhood: a prospective Australian pregnancy cohort study. Eur Child Adolesc Psychiatry.  
2015 Oct;24(10):1233-44. https://doi.org/10.1007/s00787-014-0672-2  

26.	 Waerden J, Galéra C, Larroque B, Saurel-Cubizolles MJ, Sutter-Dallay AL, Melchior M. Maternal 
depression trajectories and children’s behavior at age 5 years. J Pediatr. 2015 Jun;166(6):1440-8.
e1. https://doi.org/10.1016/j.jpeds.2015.03.002  

27.	 Oh Y, Joung YS, Baek JH, Yoo N. Maternal depression trajectories and child executive function 
over 9 years. J Affect Disord. 2020 Nov;276:646-52. https://doi.org/10.1016/j.jad.2020.07.065

28.	 Chae HK, East P, Delva J, Lozoff B, Gahagan S. Maternal depression trajectories relate to youths’ 
psychosocial and cognitive functioning at adolescence and young adulthood. J Child Fam Stud. 
2020 Dec;29(12):3459-69. https://doi.org/10.1007/s10826-020-01849-4

29.	 Wolke D, Waylen A, Samara M, Steer C, Goodman R, Ford T, et al. Selective drop-out in 
longitudinal studies and non-biased prediction of behaviour disorders. Br J Psychiatry.  
2009 Sep;195(3):249-56. https://doi.org/10.1192/bjp.bp.108.053751



15

Predictors of anemia in Amazonian children Cardoso MA et al.

https://doi.org/10.11606/s1518-8787.2023057005637

EM
 PR

ODUÇÃO

30.	 Richters JE. Depressed mothers as informants about their children: a critical 
review of the evidence for distortion. Psychol Bull. 1992 Nov;112(3):485-99. 
https://doi.org/10.1037/0033-2909.112.3.485  

Funding: Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq – grant number 407255/2013-3 – 
special visiting scholar for MCC; grant numbers 303794/2021-6, 312746/2021 and 301011/2019-2 - senior research 
fellowship for MAC,  AM and MUF). Fundação Maria Cecília Souto Vidigal. Fundação de Amparo à Pesquisa do 
Estado de São Paulo (Fapesp - grant number 2016/00270-6). The funders had no role in the study design, data 
collection, interpretation, or the decision to submit the work for publication.

Authors’ Contribution: Study design and planning: MAC, MUF. Data collection, analysis and interpretation: 
MAC, BHL, AM, MCC, MUF. Manuscript drafting or review: MAC. Approval of the final version: MAC, BHL, AM, 
MCC, MUF. Public responsibility for the content of the article: MAC, BHL, AM, MCC, MUF.

Conflict of Interest: The authors declare no conflict of interest.


