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ABSTRACT

Purpose Maternal and Child Health and Nutrition in
Acre, Brazil (MINA-Brazil) is a longitudinal, prospective
population-based birth cohort, set-up to understand the
effects of early environmental exposures and maternal
lifestyle choices on growth and development of the
Amazonian children.

Participants Mother—baby pairs (n=1246) were enrolled
at delivery from July 2015 to June 2016 in Cruzeiro do Sul,
Acre, Brazil. Mothers of 43.7% of the cohort were recruited
in the study during pregnancy from February 2015 to
January 2016. Study visits took place during pregnancy,
delivery, at 1 month, 6 months, 1year and 2 years after
delivery. In addition to clinical and epidemiological data,
samples collected by the MINA-Brazil study include
plasma, serum and extracted DNA from blood and faeces,
which are stored in a biobank.

Findings to date Key baseline reports found a high
prevalence of gestational night blindness (11.5%; 95%

C1 9.97% to 13.25%) and maternal anaemia (39.4%;
95% Cl 36.84% to 41.95%) at delivery. Antenatal malaria
episodes (74.6% of Plasmodium vivax) were diagnosed in
8.0% of the women and were associated with an average
reduction in birth weight z-scores of 0.35 (95% CI 0.14 to
0.57) and in birth length z-scores of 0.31 (95% CI 0.08 to
0.54), compared with malaria-free pregnancies. At 2-year
follow-up, data collection strategies combined telephone
calls, WhatsApp, social media community and home visits
to minimise losses of follow-up (retention rate of 79.5%).
Future plans A 5-year follow-up visit is planned in 2021
with similar interviews and biospecimens collection. The
findings from this prospective cohort will provide novel
insights into the roles of prenatal and postnatal factors in
determining early childhood development in an Amazonian
population.

INTRODUCTION

In 2010, Brazil ranked as the 10th country
in number of preterm births,' with marked
regional differences.” Although Brazil has
intensified actions towards pregnant women’s
health, and has a comprehensive protocol for
antenatal care, the coverage and quality at
the primary care level remain as concerns.’
The Maternal and Child Health and Nutri-
tion in Acre, Brazil (MINA-Brazil) study,

Strengths and limitations of this study

» The Maternal and Child Health and Nutrition in Acre,
Brazil birth cohort is the first population-based study
with longitudinally collected biospecimens (plasma,
serum and extracted DNA from blood and faeces)
and measurements carried out in the Amazon.

» Mother—baby pairs (n=1246) were enrolled at preg-
nancy between February 2015 and January 2016
(44%) or at delivery from July 2015 to June 2016 in
Cruzeiro do Sul, Acre, Brazil.

» Repeated assessments and health outcomes took
place during pregnancy, at 1month, 6 months,
1year and 2 years after delivery.

» Potential limitation includes generalisability of the
study results since the cohort population was limited
to suburban and urban area residents due to difficult
access to Amazonian rural areas.

is the first population-based birth cohort
followed in the Amazon. Cruzeiro do Sul, the
study site, is a municipality with 82000 inhab-
itants (2017 estimate) located in Jurua Valley,
the main malaria hotspot of Brazil. The local
female population is highly vulnerable as in
the Amazonian region the odds of a preterm
delivery are among the highest in Brazil, with
poor antenatal care indicators (eg, in 2010,
22% of the women did not attend to any
antenatal care visit, and 23% attended only
1-3 wvisits) and significant social and health
inequalities.”

Previous studies among Amazonian chil-
dren found that ever-use of a feeding bottle,
having a single mother and belonging to the
low economic status were associated with
a shorter breast feeding duration,” higher
exposure to infections, anaemia, micronu-
trient deficiencies and an increased risk
of being overweight.*® Early exposures—
both biological and social—are known to
influence trajectories of health and well-
being throughout life, including the double
burden of disease seen in low-income and
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middle-income countries.” ® International longitudinal
studies on health and nutrition status are relevant to facil-
itate cross-cohort comparisons’ and plan evidence-based
interventions aimed at improving maternal and child
health.

The MINA-Brazil cohort was set-up to better under-
stand the effects of early environmental exposures and
maternal lifestyle choices on growth and development of
the Amazonian children. It was conducted with a focus on
the first 1000-day window of vulnerability and opportuni-
ties for the child’s cognitive and physical development.
It integrated clinical and epidemiological research on
health conditions and nutrition in an endemic malaria
region. The MINA-Brazil study aimed to investigate risk
factors during the prenatal-early childhood period for
the nutritional status and developmental trajectories of
children. The cohort was established to cover measure-
ments over the first 2 years of life, with planned follow-up
assessments as long as possible during childhood.

COHORT DESCRIPTION

Recruitment

The recruitment of participants took place at two
moments: (1) during pregnancy and (2) after delivery.
Pregnant women with up to 20 gestational weeks were
recruited while booking an appointment for antenatal
care in each of the 13 primary healthcare units, covering
the entire urban area of Cruzeiro do Sul, from February
2015 to January 2016. Contact information was recorded
in a standardised form by the research team. Afterwards,
the research protocol was explained to the woman or
caregiver (in case of teenage pregnancy), and their
participation invited through phone calls. Women were
eligible for the study if they intended to give birth at the
only maternity hospital in Cruzeiro do Sul. On accep-
tance of the invitation, a home visit was scheduled to
obtain written consent and collect initial socioeconomic
and health data. This antenatal visit enrolled 545 partici-
pants, corresponding to 43.7% of the total mothers who
subsequently delivered babies included in the MINA-
Brazil birth cohort (n=1246).

After delivery, baseline data collection for the entire
birth cohort included 1881 children who were born from
July 2015 to June 2016 at the Women’s and Children’s
Hospital of Jurua Valley, where 96% of all deliveries of
the municipality take place (figure 1).'° Of them, 16 were
stillbirths, 112 abortions, 184 mothers refused further
participation and 18 births were not captured by the study
researchers despite daily visits to the hospital. In the next
step, 1551 mothers with live babies were contacted. In this
group, 305 living in remote rural areas were excluded
due to difficult access. The remaining 1246 participants
were eligible for follow-up.

Data collection
The first research assessment of pregnant women was
scheduled between 16 and 20 weeks of pregnancy to

collect clinical data, blood samples and additional health
and lifestyle information. Ultrasound examinations were
carried out to confirm gestational age (GA) and measure
foetal growth (figure 2). These assessments took place
between March 2015 and March 2016 and were sched-
uled based on the last menstrual period. The ultrasound
examination at the first assessment was used to esti-
mate GA during the follow-up. A second assessment was
held from May 2015 to May 2016, at about 28 weeks of
pregnancy.

In the delivery phase, all live and stillbirths of women
living in Cruzeiro do Sul occurring in the Women’s
and Children’s Hospital of Jurua Valley were identified
through daily visits. The research team visited mothers
within the first 12hours after delivery, before hospital
discharge, to explain the cohort study protocol and invite
them to participate. On acceptance, an interview was
held to collect data on socioeconomic, environmental
and gestational characteristics and obstetric history.
Tablets programmed with CSPro (US Census Bureau,
ICF International) were used for data entry. Maternal
blood samples (~90% of participants) and umbilical cord
blood samples of neonates (~50% of participants) were
collected.

During follow-up, phone interviews on morbidities
and feeding practices were carried out within 30-45 days
and at 3 months after delivery, between August 2015
and September 2016. At 6 months (from January to
December 2016), 1year (from August 2016 to July 2017)
and 2 years of age (from August 2017 to July 2018), the
anthropometric evaluation of infants and their mothers
was measured during follow-up visits. A structured ques-
tionnaire was administered to children’s mothers or
guardians to update mother and child’s socioeconomic
and demographic characteristics, birth-related variables,
infant feeding practices and other behaviours. Blood and
faecal samples of children were collected at 1 and 2 years.
Oral health examination was done by two research paedi-
atric dentists at 2-year follow-up.

Questionnaires and measures

At the maternity hospital, research assistants interviewed
each mother before discharge using a semistructured
electronic questionnaire. Data were collected on: (1)
socio-demographic status: maternal age, self-reported
skin colour defined by the Demographic Census of the
Brazilian Institute of Geography and Statistics (white,
mulatto, black, yellow and indigenous), years of schooling,
living with a partner, receiving assistance from the Bolsa
Familia conditional cash transfer programme, maternal
occupation and ownership of household assets; (2) envi-
ronmental variables: household water supply, sanitation
facilities, number of people living in the house and type
and number of rooms in the house; (3) clinical and
obstetric history: menarche age, previous foetal losses,
parity, self-reported morbidity such as diabetes, chronic
or gestational hypertension and antenatal urinary tract
infections, antenatal micronutrient supplementation
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Response rate: n = 69.9%

Figure 1
Brazil, Maternal and Child Health and Nutrition in Acre, Brazil.

(none, iron—folic acid or multiple micronutrients),
number of antenatal care visits and maternal smoking
and alcohol consumption.

Furthermore, participants consented to the linkage
of their MINA-Brazil study data to hospital data. From
the hospital records, data were gathered on the total
number of antenatal care visits, history of malaria during
pregnancy, GA at delivery, type of delivery (vaginal or
caesarean) and the child’s sex, birth weight and length.
All maternity staff involved in newborn care received
training from the research investigators on newborn
anthropometric measurements.'' The newborn birth
weight was measured to the nearest 0.005kg using a
Toledo Junior portable scale (Sao Bernardo do Campo,
Brazil) with 15kg capacity. Length and head circumfer-
ence were measured with an inextensible measuring tape
(SECA, model 218).

Information on household assets was used to calculate
a wealth index from principal component analysis, which

*Moved to another city (n = 65)
*Moved to rural area (n=17)

*Not attended the evaluation (n = 94)
» Maternal death (n = 01)

Flowchart of the MINA-Brazil cohort participation. A total of 20 of the 1246 participating children were twins. MINA-

was divided into quintiles, as a proxy of socioeconomic
status for each household.'” Total gestational weight gain
was calculated by subtracting the reported prepregnancy
weight from the prebirth weight and further categorised
according to the prepregnancy body mass index (BMI)
as insufficient, adequate or excessive based on Institute
of Medicine protocol.l?’ Regarding GA, an ultrasound-
confirmed antenatal estimate taken by our research team
was available for 34% of the mothers, with an acceptable
mean difference in comparison with hospital records
(0.43week; 95%CI 0.32 to 0.53, according to Bland-
Altman analysis).'” Z-scores for birth weight, length and
head circumference were obtained using the Intergrowth-
21st Project references for GA and sex.'

Table 1 summarises the information collected by
questionnaires, physical measurements and estimates
of biological samples from mothers and children of the
MINA-Brazil birth cohort study. Field nurses and research
assistants were trained by study investigators to carry out
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Figure 2 Schematic representation of the MINA-Brazil cohort design and measures. MINA-Brazil, Maternal and Child Health

and Nutrition in Acre, Brazil

interviews, anthropometric measurements and biological
samples collection and processing. Supervisors routinely
checked all information and gave feedback to research
team members to correct inconsistencies whenever
necessary. In addition to clinical and epidemiological
data, samples collected by the MINA-Brazil study include
plasma, serum, and extracted DNA from blood and
faeces, which are stored in a biobank.

Study visits during pregnancy

During pregnancy, two clinical, anthropometric and labo-
ratory assessments were conducted, including collecting
obstetric history, personal and family history of disease,
height, weight, blood pressure and blood tests. The Self-
Reporting Questionnaire-20 for assessment of common
mental disorders among pregnant women'” '® was applied
by trained research assistants. We assessed maternal
anthropometry, biochemical measurements (haemo-
globin concentrations and blood count, fasting plasma

glucose, insulin, Creactive protein, alpha-l-acid glyco-
protein (AGP) and serum retinol, vitamin D, B-carotene
and ferritin) and conducted ultrasound exams. Maternal
height was measured to the nearest 0.1 cm, and the pre-
pregnancy BMI (kg/m?) was calculated following the
WHO recommendations.'”

The ultrasound examination was performed by trained
physicians using a portable SonoSite Titan equipment
(SonoSite, Bothell, Washington, USA). An expert obste-
trician not involved with the fieldwork reviewed all
images. In each ultrasound examination, field physi-
cians were aware of participant’s last menstrual period
and ascertained foetal biometric parameters in cephalic
(biparietal diameter, occipitofrontal diameter and head
circumference), abdominal (transverse abdominal diam-
eter, anterior—posterior abdominal diameter and abdom-
inal circumference) and femoral (femoral length) planes,
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Table 1

Number of participants and information collected by questionnaires, physical measurements and biological samples
from mothers and children of the MINA-Brazil birth cohort study

Variables Pregnancy Delivery

Children’s follow-up
3090 Days 6Months 1 Year 2 Years

Number of participants 545 1246

General characteristics, \ N
lifestyle and morbidity
questionnaires

Maternal blood pressure, \ \
prepregnancy weight,
gestational weight gain

Maternal screening N
depression questionnaire

Fetal growth measures \

Length, weight and head \V
circumference

Breast feeding and \
complementary feeding
practices

MOS questions

The Edinburgh Postnatal
Depression Scale (mothers)

Denver Il Screening Test
for neuropsychomotor
development

Oral health screening

Dietary intakes and lifestyle
(mothers)

100% ~90%
v v

Blood collection (mothers)

DNA samples and
biochemical indicators
Blood collection (children) - ~50%

DNA samples and N
biochemical indicators

Retal swab for microbiome
analysis

964 795 784 868
\ \ \ v

~70% ~80%

MINA-Brazil, Maternal and Child Health and Nutrition in Acre, Brazil ; MOS, Medical Outcomes Study.

following standardised procedures,18 using a self-scoring
system for quality criteria for image acquisition.'?

Childhood follow-up

Information including the mother’s history of disease,
socioeconomic and lifestyle factors and illicit drug use
was updated during childhood follow-up assessments.
The Medical Outcomes Study questions,QO which have
been validated in Brazil,*' were applied to register moth-
er’s perception of social support during the puerperium
follow-up. The Edinburgh Postnatal Depression Scale,*
a set of 10 questions previously validated in Brazil,” was
used in the 3month, 6 month, 1year and 2-year follow-up
assessments for screening mother’s depression symptoms.
Maternal habitual diets were assessed only at two visits

(during pregnancy and at 2-y follow-up) to avoid infor-
mation overload.

During childhood follow-up (figure 2), trained field-
workers updated socioeconomic and demographic infor-
mation, assessed infant feeding practices (including
bottle and pacifier use) and recorded the occurrence
of morbidities since birth. Anthropometric measure-
ments were acquired in duplicate from children and
their mothers, using standardised procedures and cali-
brated equipment.'” Participants were barefoot and
wearing light clothes for all measurements; diapers were
removed from children. Child’s recumbent length was
measured to the nearest millimetre on a horizontal infant
measuring board laid on a flat and firm surface. Maternal
height and weight were measured, respectively, with a
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portable stadiometer with 0.1 mm precision and a digital
electronic scale with 150kg capacity and 100g precision
(UMO061, Tanita Corporation). Then, a combined weight
of mother and child was obtained; child’s weight was
calculated from the difference between the combined
weight measure and maternal weight. The head circum-
ference was measured in duplicate with an inextensible
tape (SECA, model 218), passed through the widest part
of the child’s head reaching to the top of the eyebrow.**
Between duplicates, maximum differences of 0.2mm
and 100g were allowed for length/height/head circum-
ference and weight measurements, respectively, and
the mean values were calculated. Child anthropometric
indexes in z-scores were calculated according to age and
sex with the WHO Child Growth Standards.” At 1-year
and 2-year follow-up assessments, neuropsychomotor
develogment was evaluated using the Denver II screening
test,”**” adapted to the Brazilian population.®®

Blood samples were collected for biochemical measure-
ments (haemoglobin concentrations and blood count,
plasma C-reactive protein and AGP and serum retinol,
vitamin D, folate and ferritin) and blood DNA extraction
at both l-year and 2-year follow-up assessments. We also
collected stool samples from children’s anal swabs during
clinic study visits at l-year and 2-year follow-ups for gut
microbiota analyses (table 1). The DNA extraction from
stool samples was performed using the ZymoBiomics™™
DNA Miniprep Kit (Zymo Research Corp, Irvine, Cali-
fornia, USA) following the kit instructions. The DNA
quality control and library preparation, and sequencing
of the V4 region of the 16S ribosomal RNA gene on a
MiSeq sequence (Illumine Inc) were performed using
standard procedures in a blinded fashion by Macrogen
Inc (Macrogen Korea, Seoul, Republic of Korea).

At 2-year follow-up, two research paediatric dentists
performed oral health examinations. Dental caries was
diagnosed according to the WHO criteria® and calcu-
lated in terms of decayed deciduous teeth, extracted due
to caries or sealed. Defects of enamel on primary teeth
were classified according to the modified index proposed
by the International Dental Federation.™

Malaria status

Information about the number of malaria episodes expe-
rienced by mothers during pregnancy and by infants over
their first years of life was retrieved from the electronic
malaria) notification system of the Ministry of Health of
Brazil."

Communication strategies

The following strategies were implemented to estab-

lish project identity, promote high participation and

retain participants in all study waves to minimise loss to

follow-up:

1. Information folders were distributed in all health fa-
cilities, cohort member cards (with the project’s logo)
were provided for each mother and child and all

personnel working on the project wore t-shirts with the
project’s logo.

2. Trained interviewers made telephone calls to reach
the participants or their relatives on different time and
days of the week, including weekends and holidays, for
scheduling the assessments. Text messaging was sent to
the participants 1day before the scheduled clinic visit
as a reminder.

3. The research team provided personalised feedback
about the child’s nutritional evaluations to each moth-
er or caregiver. Children with anaemia, overweight,
underweight, stunting and/or suspected neurodevel-
opmental delay were scheduled for additional appoint-
ments with research clinicians for treatment or com-
plementary healthcare in partnership with the local
community health workers.

4. At 2-year follow-up, a social media community was cre-
ated on Facebook to strengthen interactions with and
between the study participants (n=450).

5. Research assistants were trained to keep regular com-
munication with the families and promptly respond to
any questions. For the families we could not reach by
telephone calls/WhatsApp or Facebook, a local post
office worker was trained by the research team to vis-
it reported addresses and schedule home visits with
the participant’s family or their relatives and friends.
These combined strategies (telephone and home vis-
its) implemented at 2-year follow-up improved the re-
sponse rate from 63.1% to 69.9%.

6. During l-year and 2-year follow-ups, children who pro-
vided biological samples received laboratory results by
regular mail, WhatsApp or Facebook messages.

Patient and public involvement

The patients had no role in the design, recruitment and
conduct of the study. Participants (children’s mothers or
guardians) have being informed on the project’s main
results by flyers, WhatsApp or Facebook messages.

FINDINGS TO DATE

Baseline characteristics

Table 2 shows the characteristics of the MINA-Brazil study
participants: mothers and their children at prenatal and
early childhood assessments. At birth, the mean maternal
age was 24.8 years (19% were adolescents, aged from 13 to
19 years old), with an average of 10.4 years of schooling.
Compared with participants at birth, the proportion
(95% CI) of participants from poorest families declined
from 24.9% (22.5 to 27.4) at birth to 19.3% (16.8 to 22.1)
at 2 years; however, average years of maternal schooling,
proportion of primiparous mothers, type of delivery,
child’s sex, low birth weight, and preterm birth were similar
among participants who remained in the study and those
lost to follow-up at each survey wave. Maternal working
status was updated over time, increasing the proportion
(95% CI) of paid job from 30.2% (27.7 to 32.9) at birth
to 40.5% (37.2 to 43.8) at 2 years. At baseline, 78% of the
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mothers were living with a partner; of them, 54% had less
than 9 years of schooling. Based on information updated
during follow-up, maternal education also improved, with
the mean years of schooling increasing from 10.4 (10.2
to 10.6) at birth to 11.8 (11.6 to 12.1) at 2-year follow-up
(data not shown in table).

The MINA-Brazil study is ongoing. To date, we have
published few papers on baseline data.'” ' *'7* Key
reports included poor serum retinol status observed
throughout pregnancy’' found to be negatively associated
with maternal haemoglobin (B -3.30g/L; 95% CI -6.4 to
-0.20) and newborn birth weight (B -0.10kg; 95% CI
-0.20 to -0.00)."" According to WHO, 7.8% and 41.8%
of all pregnancies worldwide are affected by gestational
night blindness and anaemia, respectively.” *® In the
MINA-Brazil study, a high prevalence of gestational night
blindness (11.5%;95% C19.97% to 13.25%) and maternal
anaemia (39.4%; 95% CI 36.84% to 41.95%) was found at
delivery.” Maternal anaemia was associated with maternal
age <19 years (adjusted prevalence ratio 1.18;95% CI 1.01
to 1.38), not taking micronutrient supplements during
pregnancy (1.27; 95% CI 1.01 to 1.62), attending <6 ante-
natal care visits (1.40; 95% CI 1.15 to 1.70) and gestational
malaria (1.22; 95% CI 1.01 to 1.49).* Antenatal malaria
episodes (74.6% of Plasmodium vivax) were diagnosed in
8.0% of the women and were associated with an average
reduction in birth weight zscores of 0.35 (95% CI 0.14
to 0.57) and in birth length z-scores of 0.31 (95% CI 0.08
to 0.54), compared with malaria-free pregnancies.'” At 30
days of age, 36.7% of the studied children (95% CI 33.6%
to 39.8%) were exclusively breastfed, with a median dura-
tion of 16 days. The use of a pacifier and the occurrence
of wheezing were associated with a reduced time ratio
(TR) for exclusive breast feeding duration by 33% (TR
0.67;95% CI 0.58 to 0.77) and 19% (TR 0.80; 95% CI 0.70
to 0.93), respectively.” At 1year of age, 2.2% of children
were stunted and 6.6% overweight. Maternal height and
BMI were positively associated with infant linear growth
(p for trend <0.001). Children with at least one reported
malaria episode within the first year of life were 0.58 (95%
CI 1.05 to 0.11) z-score shorter. Other reports are under
review or in preparation.

Future plans

Similar  interviews, anthropometric measurements
and biospecimens collection are planned at the 5-year
follow-up visit in 2021. Based on the retention rate of
the first 2 years of follow-up (79.5%) and our previous
research experience in the Amazon region, we expect to
achieve an average retention rate around 70%.

Given the dataset available, the MINA-Brazil cohort
study aims at continuing the use of a life-cycle approach
to recognise the importance of nutrition from early stages
of life. A major challenge for current scientific knowledge
and evaluation of actions in child health is the investi-
gation of early determinants (exposures in pregnancy
and in the first 2 years of life) for promoting adequate
growth and development without excessive weight gain

throughout childhood. The findings may provide new
insights into biological mechanisms linking the prenatal
and postnatal risk factors for childhood development.
Collaboration with other independent birth cohorts
from different regions and ethnicities will provide an
innovative effort to validate the results and increase their
generaliability.

Strengths and limitations

The MINA-Brazil cohort is the first population-based
delivery sampling frame with longitudinally collected
biological samples and measurements carried out in the
Amazon. At delivery, women living in rural settings were
enrolled in the study allowing prevalence estimates of
important maternal and child health indicators. However,
at follow-up visits, the cohort population was limited to
suburban and urban area residents due to difficult access
to Amazonian rural areas. Nevertheless, scheduling
follow-up assessments was challenging for all participants
due to the local context (ie, poor internet connection,
lack of street labels for many addresses and intermittent
mobile signal). Additionally, loss to follow-up was more
likely among poorer families. This may be attributable
to the fact that poor families move more often than
wealthier families. At 2-year follow-up, data collection
strategies combining telephone calls, WhatsApp, social
media community and home visits minimised losses of
follow-up.

COLLABORATION

The MINA-Brazil data are not yet openly available. A
repository database is being organised at the Univer-
sity of Sao Paulo where future published papers will be
made available (https://uspdigital.usp.br/repositorio/).
Researchers who are interested in potential collaboration
should contact the principal investigator Marly A Cardoso
(marlyac@usp.br) to complete a research plan for evalua-
tion by the MINA-Brazil study steering committee.

Correction notice This article has been corrected since it was published. Figure 2
and author name, Marly A Cardoso have been updated.
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