Protocol for the individual participant data project: Malaria, Malnutrition, and Birth Weight: A Meta-Analysis Using Individual Participant Data

Review question(s)
Low birthweight (LBW) may be the result of fetal growth restriction (FGR) and/or preterm birth (< 37 weeks gestation), and is associated with increased infant mortality rates and health problems in adulthood [1, 2]. In developing countries both malaria and macronutrient (protein-energy) malnutrition (underweight and overweight) are common in pregnancy and represent important risk factors for LBW [3-5]. In the case of malaria, placental infection, in particular when associated with inflammation, is known to interfere with processes involved in securing optimal fetal growth such as transplacental nutrient transport [6-8]. Although exact figures are unavailable and malaria prevalence has (temporarily) fallen in some countries, it is likely that the number of pregnancies simultaneously at risk of malnutrition and malaria is significant [9]. Nutrition and infection are closely interlinked and one can lead to another [10, 11]. Effects of malnutrition on infection may be synergistic or antagonistic [12]. 

Findings of a small number of clinical pregnancy studies conducted in malaria-endemic countries suggest that the deleterious impact of malaria on fetal growth and birthweight depends on women’s macronutrient nutritional status. In a Congolese cohort peripheral parasitaemia (Plasmodium falciparum) was associated with measuring small-for-gestational age (SGA, < 10th centile; used as a indicator of FGR) only amongst undernourished women [13]. Here, undernutrition was classified according to mid-upper arm circumference (MUAC < 23 cm) or body mass index (< 19.8 kg/m2) at first antenatal visit, both of which were independently associated with SGA in the cohort. In a sub-analysis of the same cohort early pregnancy malaria was also associated with abnormal utero-placental flow, but only amongst women with macronutrient undernutrition [14]. Peripheral malaria was associated with reduced birth weight in undernourished women in Kenya (defined here as BMI for gestational age at first antenatal visit < 10th centile) [15]. However, both cohorts were comparatively small: this demands further evaluation of potential effect measure modification of the malaria-fetal size relationship by macronutrient nutritional status in larger studies [16]. In cohort of pregnant women in Papua New Guinea (~2,000 women), macronutrient undernutrition exerted effect measure modification of the placental malaria-LBW relationship (Rogerson/Unger, manuscript in preparation): here, the risk of LBW associated with PM was highest in women with a normal MUAC, whereas PM did not further increase the risk of LBW in women who were undernourished. When using BMI as an indicator of undernutrition instead of MUAC effect measure modification was also observed, but in the opposite direction: the risk of LBW due to placental malaria was increased amongst women who were underweight. Taken together, these results suggest that maternal macronutrient status modifies the risk of FGR and LBW due to placental malaria, but the directionality and size of effect remains unclear, and may depend on the measures used to assess women’s nutritional status and to define malaria. 

MUAC increases with gestational age, but only slightly and mostly in third trimester [17]. This makes it a useful tool to identify pregnant women with macronutrient deficiency when a reliable gestational age is unknown [18, 19]: late presentation to ANC, lack of pre-pregnancy weight information, gestational weight gain and fluid retention have the potential to confound the nutrition and PM relationship when BMI is used. MUAC correlates strongly with BMI in non-pregnant adults, in particular at lower BMI ranges, and an MUAC < 23 cm is used by intensive care units in industrialised countries to detect macronutrient undernutrition in critically-ill patients for whom weight measurements are impractical [20]. A low MUAC in pregnancy is associated with important adverse pregnancy outcomes including LBW and was deemed the most useful measure of nutritional status in pregnant women in the context of humanitarian emergencies and routine antenatal care in LMICs [18, 19, 21-23]. 

Antenatal care can integrate interventions to address maternal malnutrition with malaria prevention such as intermittent preventive treatment in pregnancy (IPTp). Confirming effect measure modification of the malaria-LBW relationship by nutrition, assessed using MUAC or BMI, and understanding its directionality (synergism/antagonism) and size by evaluating a number of similar data sets together (weighted pooled analysis – meta analysis) may provide incentives to develop interventions to adequately address the likely twin burden of malaria and malnutrition as well as provide data that supports further research into the interplay between nutrition, infection and its impact on fetal growth.

Types of study to be included
We propose to pool data sets from pregnancy studies (cohort studies and randomized control trials) conducted in malaria-endemic areas (Africa, Asia and Oceania, South and Central America) to evaluate the interaction between maternal nutritional status and placental malaria in causing adverse pregnancy outcomes (LBW, reduced mean birthweight, and SGA, PTD in data sets with reliable estimates of gestation). 

Potentially eligible studies/date sets will be identified through a comprehensive literature search, and key authors will be contacted regarding data sharing.

Condition or domain being studied
Malaria infection during pregnancy, malnutrition, adverse pregnancy outcomes

Participants/ population
Studies will be eligible to contribute primary data to this meta-analysis if they fulfill the following criteria:
· Ethical approval allows for secondary analyses and data sharing
· Able to access data set through original study team or publically available data
· Nutritional status assessed (pre-pregnancy or first antenatal MUAC and/or weight and height [BMI]) 
· Malaria measures at enrolment (first antenatal visit) available (light microscopy or qPCR)
· Infant weighed within 24 hours postpartum, or within 7 days of birth if timing of weight measurement data available.
· Age available
· Gravidity status available
· Malaria prevention clinical trial or observational study

Participant exclusion criteria
· Multiple pregnancy
· Miscarriage or stillbirth
· Birthweight not measured
· Nutritional status not evaluated at enrolment (or pre-pregnancy)
· Malaria status not evaluated at delivery
· Unknown gravidity
· Unknown infant sex
· Unknown IPTp/ISTp status


Intervention(s), exposure(s)
Malaria status first antenatal visit, by LM (positivity and species) and mid-upper arm circumference and/or BMI (pre-conception or at first antenatal visit). Different measures of nutrition (MUAC, BMI) and cut-offs to define undernutrition will be evaluated.

Comparator(s)/ control
Lack of a positive malaria diagnostics and no anthropometric indication of malnutrition. 

Context
Studies conducted in malaria-endemic settings with medium to high transmission.

Outcome(s)
[bookmark: _Toc353464296]Primary outcomes
Delivery weight (used to define LBW=weight <2,500 grams)

Secondary outcomes
Preterm birth
Small-for-gestational age

Data extraction, (selection and coding)
The following variables will be selected for data abstraction by data managers using a standardized data transfer file:

Essential
· MUAC and/or BMI (pre-conception or at first antenatal visit)
· Gravidity (continuous variable)
· Age (continuous variable)
· Study type (malaria prevention or treatment) and details of regimens used.
· Birthweight, if measured > 24 hours, how long since birth?
· Infant sex
· Malaria status first antenatal visit, by LM (positivity and species) 
· Rural/urban residence

Optional
· Haemoglobin at first antenatal visit
· Gestational age at enrolment (specify method that was used to establish GA) 
· Fundal height
· Smoking
· Date of enrolment
· LLIN ownership
· GA at delivery (specify method used to establish GA) [Preterm birth]
· Neonatal anthropometric measures 
· Head circumference 
· Chest circumference
· Abdominal circumference
· Crown-heel length
· HIV status
· Malaria status first antenatal visit, by qPCR (positivity and species)
· Malaria status at delivery: One or more of the following 
· Peripheral parasitaemia, by LM 
· Placental infection, by LM
· Placental histology

Strategy for data synthesis
Data will be pooled using random effect meta-analysis (weighed for study site and sample size). Risk ratios for the respective relationships of malnutrition and placental malaria will be calculated. 

Risk ratios will be adjusted for a minimum set of potential confounders, namely includes ethnicity, malaria prevention (IPTp [type and number of treatment]/IST), haemoglobin at enrolment, gravidity, HIV infection and fetal sex. 

Interaction terms will be fitted in inverse-probability of treatment weighted models. The effect of PM on LBW/SGA/PTD will be further evaluated through stratification according to nutritional status (using different criteria, e.g. MUAC, BMI). Forest plots will be used to visualise heterogeneity (quantified as ) between studies in terms of effects of malnutrition or PM on outcomes. 

Analysis of subgroups or subsets
Subanalyses will be conducted for women with pre-pregnancy measures of nutrition. Sensitivity analyses will be performed e.g. by excluding studies that show strong high heterogeneity (quantified as ) in terms of effect of malnutrition or PM on birth outcomes as well as effect measurement modification. We will assess the influence of study characteristics on the heterogeneity of effect estimates using meta-regression. Specifically, we will evaluate the following study-level characteristics: time period of study (≤2007/2008-), study type (RCT/observational), and location (sub-Saharan Africa/ Oceania).
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