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ABSTRACT
Introduction  Globally, recognition is growing of the 
harmful impacts of high ambient temperatures (heat) on 
health in pregnant women and children. There remain, 
however, major evidence gaps on the extent to which heat 
increases the risks for adverse health outcomes, and how 
this varies between settings. Evidence gaps are especially 
large in Africa. We will conduct an individual participant 
data (IPD) meta-analysis to quantify the impacts of heat 
on maternal and child health in sub-Saharan Africa. A 
detailed understanding and quantification of linkages 
between heat, and maternal and child health is essential 
for developing solutions to this critical research and policy 
area.
Methods and analysis  We will use IPD from existing, large, 
longitudinal trial and cohort studies, on pregnant women 
and children from sub-Saharan Africa. We will systematically 
identify eligible studies through a mapping review, searching 
data repositories, and suggestions from experts. IPD will be 
acquired from data repositories, or through collaboration 
with data providers. Existing satellite imagery, climate 
reanalysis data, and station-based weather observations 
will be used to quantify weather and environmental 
exposures. IPD will be recoded and harmonised before being 
linked with climate, environmental, and socioeconomic 
data by location and time. Adopting a one-stage and two-
stage meta-analysis method, analytical models such as 
time-to-event analysis, generalised additive models, and 
machine learning approaches will be employed to quantify 
associations between exposure to heat and adverse 
maternal and child health outcomes.
Ethics and dissemination  The study has been approved 
by ethics committees. There is minimal risk to study 
participants. Participant privacy is protected through the 
anonymisation of data for analysis, secure data transfer 
and restricted access. Findings will be disseminated 
through conferences, journal publications, related policy 
and research fora, and data may be shared in accordance 
with data sharing policies of the National Institutes of 
Health.

PROSPERO registration number  CRD42022346068.

INTRODUCTION
Background
Climate change is one of the greatest global 
health threats ever faced by humanity.1 2 
Increasing anthropogenic greenhouse emis-
sions have caused the mean temperature of 
the world to rise by more than 1°C, and by 
as much as 2°C in many parts of Africa.3–5 
Projected temperature increases in both 
average temperatures and extreme events, 
such as heat-waves, are especially concerning. 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Prospectively collected data from cohorts and trials 
provide high-quality longitudinal data and contain a 
large number of variables.

	⇒ Longitudinal data enable analysis of temporal re-
lationships between repeated exposure-outcomes 
data, and more detailed causal analysis modelling 
than data collected at a single time point.

	⇒ The large individual participant dataset will have 
statistical power to assess rare exposures and 
outcomes, explore high risk subgroups, and make 
risk comparison across different areas, regions, and 
countries, enhancing the study’s external power and 
generalisability.

	⇒ Our dataset may not be representative of the en-
tire continent as data availability reflects research 
capacity across countries and not necessarily size 
of population, or urban–rural make-up, for example.

	⇒ Missing data may occur due to reliance on the will-
ingness of investigators to share data; however, this 
bias may be non-differential as the included studies 
had assessed different exposure outcome relation-
ships than in our study.
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Some estimates indicate that half of the global popula-
tion will be exposed to more than 20 days of deadly heat 
per year by 2100,6 but recent heat extremes suggest these 
figures may be an underestimate.

The climate change crisis, and heat in particular, has a 
wide range of deleterious effects on health. The indirect 
impacts of rising temperatures are well documented, such 
as an expanding geographical range of malaria vectors7–9 
and increased soil drying leading to food insecurity 
and malnutrition. Heat also indirectly affects health by 
fomenting wildfires, which destroy ecosystems and infra-
structure.10 11

The direct impacts on human health due to expo-
sure to high ambient temperatures (referred hereafter 
as heat) are increasingly recognised and affect a range 
of vulnerable populations.2 Heat-waves cause increased 
rates of emergency room visits and hospitalisations, 
with an accompanying escalation in healthcare costs,12 
and result in substantial excess mortality. Moreover, the 
mental health sequelae of heat exposure are consider-
able, including generalised anxiety, depression, and eco-
anxiety.3 13

Heat exposure impacts on maternal and child health
Heat is hazardous for high-risk populations, including 
pregnant women and children (figure  1). The physio-
logical and anatomical changes in pregnancy, pregnancy-
related weight gain, heat generated by fetal metabolism, 
and exertion during labour, makes it challenging for 
pregnant women to maintain a normal temperature 
range when exposed to heat.14 15 Manifestations of heat 
exposure include adverse pregnancy and birth outcomes, 
such as preterm birth, low birth weight, stillbirths,13 gesta-
tional diabetes,16 17 and hypertension in pregnancy.18 
Proposed biological mechanisms underlying the impact 
of heat on preterm birth include a reduction in placental 
blood flow, dehydration, and inflammatory responses. 

However, further research is required to describe these 
biological mechanisms.15

Children, and particularly infants, have physiological, 
anatomic, and social factors that increase their vulnera-
bility to heat, such as increased body surface to volume 
ratio, higher metabolic rate, and reliance on a care-
giver.19–21 Multiple studies have demonstrated a detri-
mental effect of heat on mortality,19 22–26 kidney disease,27 
asthma and other respiratory disease,28 and infectious 
diseases.29 30 A modelling paper reported that under a 
high-emission scenario, heat-related child mortality in 
Africa may exceed 38 000 deaths per year in 2049.31

Several studies have shown that exposure to heat in 
utero negatively affects health throughout the life course, 
such as increased risks of stunting.32 The consequences 
also extend to the larger health systems by increasing 
the burden on already stretched health resources due to 
increased rates of caesarean sections,33 hospitalisation,34 
emergency department visits,35 36 and outpatient and 
inpatient health facility visits.37–39

Research gaps
Research on heat and health has been mostly restricted 
to stand-alone individual studies with relatively small 
sample sizes, poor-quality data from household surveys 
or healthcare facilities, considerable variation in research 
methodology, and limited geographical and temporal 
coverage.13 19 Most studies have insufficient power to 
answer questions about which specific aspects of heat 
exposures (eg, timing and duration), which temperature 
patterns/thresholds (eg, night-time or day-time, or aver-
ages) are most harmful for different clinical conditions, 
and in which climate zones, settings, and subgroups.

Although some of the world’s largest clinical trials have 
been conducted in Africa,40 very little work has focused 
on heat impacts in key African population groups, such 
as pregnant women and children. Given the unique 

Figure 1  Indirect and direct heat and heat-wave effects on maternal and child health.
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demographic profile, disease spectrum, built environ-
ment, and resource constraints in Africa, the most at-risk 
groups will likely differ from those in the Global North.

Rationale for the individual participant data meta-analysis
We will conduct an individual participant data (IPD) 
meta-analysis using data collected from longitudinal 
cohorts and clinical trials on maternal and child health 
across sub-Saharan Africa. Utilising the IPD, we will quan-
tify the current and future impacts of heat on maternal 
and child health in sub-Saharan Africa. Individual-level 
information enables more flexible and robust analyses 
than is possible in systematic reviews using aggregate study 
results from published data (figure 2).41 42 The advantages 
of the IPD methodology are especially apparent in heat-
health research, where larger sample sizes are required 
to detect relatively small exposure effects, and effects on 
rare outcomes.

Public health relevance of the study findings
The study aims to better understand heat-health associ-
ations among pregnant women and children and results 
will inform monitoring of the heat-health burden, such 
as through indicators that could be used in a District 
Health Information System. Understanding the histor-
ical patterns of heat-health impacts is an important step 
towards monitoring changes in disease burden over 
time and projecting future burdens under different 
climate change scenarios and adaptation responses. By 
performing adequately powered and high-quality ‘impact’ 
studies, we will generate the information required to 
calculate the burden of disease from climate change. 
This, in turn, strengthens arguments for allocating suffi-
cient resources to address climate-related impacts, and 

for hastening societal changes required to avert further 
climate breakdown.

The study forms part of the Data Science Initiative 
Africa (DS-I Africa)43 which aims to make optimum use 
of existing data resources across Africa to address the 
most pressing health concerns on the continent. The 
study constitutes one of two research projects within 
the HEat and HEalth African Transdisciplinary Center 
(HE2AT Center)44 project funded through the DS-I Africa 
Program.

Study objectives
The study’s overall objective is to use innovative data 
science approaches to quantify the current and future 
impacts of heat exposure on maternal and child health in 
sub-Saharan Africa.

The specific objectives are:
1.	 To systematically identify, acquire, collate, and inte-

grate prospectively collected data from cohort studies 
and clinical trials on maternal and child health in sub-
Saharan Africa.

2.	 To link maternal and child health outcome data spa-
tially and temporally with weather and other environ-
mental data, as well as socioeconomic and other data.

3.	 To use classic statistical and novel machine learning 
approaches to understand and quantify the impact of 
heat exposure on maternal and child health.

4.	 To document variations in the relationship between 
heat exposure and maternal and child health out-
comes across different climate zones, settings, and 
population subgroups.

5.	 To develop innovative data science solutions for district-
level surveillance of the impacts of heat on health.

Figure 2  The differences between traditional and individual participant data analysis approach to heat-health research in sub-
Saharan Africa.
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METHODS AND ANALYSES
Study design and protocol registration
The IPD-MA will follow the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) IPD 
extension guidelines.45 The study began in June 2022, 
and we plan to conclude in June 2026. We completed the 
mapping review, started contacting data providers, and 
received 18 datasets. No analyses have been conducted. 
The protocol has been registered in PROSPERO (regis-
tration number: CRD42022346068).

Study population
The study population are women in sub-Saharan Africa in 
pregnancy, childbirth and up to 2 years post partum, and 
their children up to 2 years of age, exposed to heat.

Eligibility criteria
Eligibility is determined at the study and individual levels. 
Study-level inclusion criteria are:
1.	 Enrolment of at least 1000 pregnant women in 1 or 

more study sites, in 1 or more countries in sub-Saharan 
Africa.

2.	 Identified through published literature (published be-
tween January 2012 and June 2022) from the system-
atic mapping, clinical trial registry, data repository, or 
from study investigators and experts.

3.	 Randomised or non-randomised clinical trial, or an 
observational or interventional cohort with prospec-
tively collected data.

4.	 At least two of the ‘key’ maternal and/or child health 
outcome variables (key maternal and child health out-
comes have been selected based on evidence of heat-
health impacts, an in alignment with the top causes of 
maternal and child mortality in sub-Saharan Africa.) 
have been collected as part of the study (online sup-
plemental file 1).

5.	 Relevant local ethics approvals received, and 
documented.

At the individual level, the following inclusion criteria 
apply:
1.	 Enrolment into an eligible study, during pregnancy, or 

intrapartum.
2.	 IPD is available on the newborn’s date of birth, date of 

diagnosis/occurrence of an adverse health outcome, 
or date of the end of pregnancy in cases of maternal 
deaths or abortion.

3.	 IPD is available on location of birth, or study follow-up.

Rationale for eligibility criteria
Longitudinal data from clinical trials and cohort studies 
allow for the assessment of temporal trends and may 
avoid exposure biases as women are followed up over 
time, whereas in birth registries, for example, the women 
may have given birth in a place that is some distance away 
from where she spent much of her pregnancy.

The study only includes cohorts/trials that enrolled more 
than 1000 participants given that the large amount of time 
and resources required for data acquisition, preparation, 

harmonisation and analysis of each individual study make 
it difficult to justify the inclusion of smaller studies. Addi-
tionally, a large sample size is required for adequately 
powered studies for heat-health effect estimates that can 
be small. We selected recent studies published between 
2012 and 2022 to ensure data availability, quality and rele-
vance. Earlier studies may have used outdated clinical 
definitions and diagnostic criteria for adverse outcomes, 
which could complicate data harmonisation. Limiting the 
time frame improves our ability to identify data providers 
and their datasets, while also enhancing the quality of 
available environmental exposure data.

We are including studies where women are enrolled 
during pregnancy and intrapartum and including child 
data to the age of 2 years, if they are followed up as part of 
the study. Our primary focus is on heat exposure during 
pregnancy and intrapartum, and how that affects the 
pregnant mother and their child. Additionally, enrolling 
women in pregnancy may increase the likelihood of 
acquiring more accurate gestational age data, to explore 
windows of susceptibility.

Data sources
First, we draw on studies identified through a systematic 
mapping. The search was conducted in 2020 in Medline 
(PubMed) and updated in 2022, using controlled vocab-
ulary and free-text terms. Search terms for maternal 
health, for World Bank defined sub-Saharan African 
countries, and for filters to locate cohorts and clinical 
trials were included (online supplemental file 2).46 The 
search strategy replicates those used in the study titled 
Multilateral Association for Studying health inequalities 
and enhancing north-south and south-south COoper-
aTions (MASCOT-1), which mapped global maternal 
health literature from 2000 to 2012.40 47–50

Using EPPI-Reviewer software,51 screening of titles 
and abstracts was done independently, in duplicate, with 
differences between reviewers reconciled through discus-
sion, or by a third reviewer. The full text was screened 
if eligibility could not be ascertained from the title or 
abstract. We extracted the following variables:

	► Population: country, number enrolled.
	► Methods: study design, topic.
	► Identifiers: name, acronym, clinical registration 

number, authors, funders.
The second way we identify studies is through data 

repositories, such as the Bill and Melinda Gates Founda-
tion Knowledge Integration platform, National Institutes 
of Health repositories, and ​ClinicalTrials.​gov. Lastly, we 
will seek additional studies, published and unpublished, 
through direct contact with data providers and other 
experts.

Risk-of-bias assessment
The quality of the studies will be evaluated using the 
Cochrane risk-of-bias tool for randomised trials (RoB 2), 
and the risk of bias in non-randomised studies of inter-
vention for cohorts or non-randomised trials. Each study 

 on O
ctober 7, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-077768 on 23 January 2024. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2023-077768
https://dx.doi.org/10.1136/bmjopen-2023-077768
https://dx.doi.org/10.1136/bmjopen-2023-077768
http://bmjopen.bmj.com/


5Lakhoo DP, et al. BMJ Open 2024;14:e077768. doi:10.1136/bmjopen-2023-077768

Open access

and outcome will have an overall grading, which will be 
considered in meta-analyses and sensitivity analyses.

Data collection
Acquisition of IPD
Data will be acquired either through data access platforms 
such as Worldwide Antimalarial Resistance Network,52 
or directly from data providers. We will make at least 
five attempts to contact study investigators, including 
through contacting first, last, and other authors, and 
funders, through multiple communication platforms 
such as email, phone calls, and LinkedIn. Reasons for 
unattainable IPD will be included in a flow chart, such as 
the inability to contact data providers, unwillingness to 
share data, or the destruction of data. Data providers who 
agree to join the collaboration will sign a data sharing 
agreement that sets out the terms of data sharing, data 
security, and authorship. Opportunities for authorship, 
networking, and collaboration in study activities will be 
outlined and continually communicated. Collaborators 
will supply meta-data and key documentation, which 
will be used to confirm eligibility and for data manage-
ment. Key documentation will include the study protocol, 
informed consent forms, codebook, and ethics approval 
confirmation.

Acquisition of environmental exposure data
Weather data include observational-based datasets 
(weather station, or satellite remote sensing which is 
data from satellite sensors, mainly optical imagery (eg, 
satellite images of urban centres)), that provides infor-
mation about physical attributes such as land surface 
temperature, vegetation characteristics, and land use) 
and processed or gridded observations. Climate-related 
data will mostly involve accessing open data repositories 

such as Copernicus Climate Data Store or Earth System 
Grid Federation data systems.

Air pollution data will be obtained from proxy satellite-
derived air quality data such as Aerosol Optical Depth, in 
combination with land cover use, to overcome the chal-
lenge of gaps in the coverage of ground-based stations 
(figure 3). Where available, we will use data on pollutant 
concentrations, namely PM10, PM2.5, NO2, SO2, and CO 
for developing indices of air quality as well as leveraging 
global databases of air quality indicators such as the World 
Air Quality Index53 and OpenAQ.54

Data management and analysis
Database development
In figure  4, we outline the steps that will result in the 
comprehensive database formation. In the first phase, the 
focus is on collecting IPD and metadata, and data quality 
and integrity. Once a data transfer agreement has been 
signed, IPD will be transferred to a password-protected 
platform using a secure data transfer.

Data from multiple studies will be characterised by 
differences in quality and this will be addressed before 
the synthesis phase of the meta-analysis, using Processing, 
Replication, Imputation, Merging, and Evaluation: 
PRIME-IPD55 (table 1).

Data harmonisation
We expect that the number of covariates for each study 
will be large and variable across studies. The harmoni-
sation step will identify these discrepancies and formu-
late a strategy, mainly the creation of proxy covariates. 
The health covariates will be defined using published, 
reputable sources such as WHO, the Global Align-
ment of Immunization safety Assessment in pregnancy 

Figure 3  Real-time air quality index for PM2.5 globally. The map shows the coverage of the monitoring network in Africa.53
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terminology,56 standard ontologies, and local obstetric 
and paediatric guidelines.

The second phase of database formation, which runs 
parallel to the first, will consist of preprocessing climate, 
socioeconomic, and environmental data, to derive vari-
ables that will be included in the harmonised health 
database. The climate data are linked to time (eg, date 
of birth, date of health event) and location. Where we 
have high-resolution location information (GPS coor-
dinates, home addresses), we will aggregate up to the 
appropriate administrative level that will minimise expo-
sure mischaracterisation while protecting the privacy of 
individual participants. Once climate data are merged 
with health data, indirectly identifiable information such 
as date of birth and location will be removed from the 
integrated dataset to further protect participant confi-
dentiality. To produce higher resolution daily tempera-
ture estimates, we will additionally combine satellite data, 
ERA5 land daily temperatures, and weather station data. 
In this context, further advances based on the exploita-
tion of recent developments in geospatial artificial intel-
ligence will be used. Some of the approaches that the 
team will implement include natural gradient boosting 
algorithms,57 and quantile random forest spatial inter-
polations,58 with implementation of maximum covari-
ance analysis59 to detect the structure of the covariance 
between these various forms of spatiotemporal datasets.

These two phases will result in an individual partici-
pant database consisting of health outcome variables, 

demographic covariates, and climate and environmental 
covariates. The integrated datasets will be made available 
to HE2AT Center partners for analysis through an access 
controlled, Jupyter Hub platform that is managed by the 
HE2AT Center data management and analysis core.

Statistical analysis
The baseline characteristics of participants from each 
of the cohorts or trials will be described using R or 
Python.60 61 A two-stage analysis approach will be used 
primarily, whereby, in the first stage, each study is anal-
ysed individually. In the second stage, the data from the 
individual studies will be aggregated to provide an overall 
pooled estimate of effect. We will explore analysing each 
study independently, and in combination with other 
studies through pooled analyses. We will evaluate hetero-
geneity of effects and precision of effect estimates to 
inform our approach.

Statistical method for the first stage of the meta-analysis
The core modelling method for this study is linear and 
non-linear distributed lag models.62 These models are 
specifically relevant where the outcome variable is a time 
series, typical with counts of adverse events such as preterm 
births. The most valuable characteristics of advanced 
forms of these models, such as the semiparametric gener-
alised additive model (GAM) following a quasi-Poisson 
distribution with a distributed lag non-linear model, is the 
ability to account for non-linear, short-term, and lagged 

Figure 4  Two phases of development of the database.
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effects of environmental exposures on health outcomes.57 
In general, the GAM framework provides the flexibility 
to account for non-linearity and overdispersions in the 
temporal dimension and clustering in the spatial dimen-
sion. The additive modelling framework may be expanded 
further to account for multiple health outcomes, associ-
ated uncertainties,58 spatial effects, and interactions.59 63 
Therefore, large geospatial (and spatiotemporal) climate 
data from satellites and sensor networks can be leveraged. 
Further, depending on the type of outcome and duration 
of exposure, we will use additional statistical methodol-
ogies such as case-crossover, time-to-event, and longitu-
dinal random forest methodologies. The case-crossover 
study design, commonly used to assess short-term envi-
ronmental exposures and health outcomes, adjusts for all 
observed and unobserved individual level confounders as 
each case serves as its own control. Time-to-event anal-
yses increases statistical power as all participants at risk 
are included, there is control of temporal trends (eg, 

gestational age), and it can be used to investigate windows 
of susceptibility.64 Longitudinal random forests are a 
machine learning approach that can be used to identify 
longitudinal exposure-related predictors of health.65 In 
addition, the attributable risk of heat to adverse outcomes 
will be calculated as per the described methodologies by 
the Intergovernmental Panel on Climate Change.

Machine learning informed covariate selection
We will consider traditional variable selection approaches 
for large data, as well as tree-based ensemble learning 
approaches, namely extreme gradient boosted trees or 
random forest algorithms. For both approaches, there is 
a split of the dataset into a training and testing set, the 
implementation of the tree algorithm, the evaluation of 
the variable importance ranking, and the possibility to 
use partial dependence plots to identify the functional 
form between pairwise or multiple covariates (including 
interactions) and the response variable. Both forms of 
tree algorithms can be used for binary, continuous, and 
time-to-event response variables. While autoencoding 
algorithms may be implemented for feature engineering 
from the geospatial or spatiotemporal climate datasets, 
ensemble tree algorithms may be used for automatic 
feature (covariate) selection, maintaining a level of 
explainability required when trying to understand the 
health effects of environmental exposures.66

Statistical methods for the second stage of meta-analysis
Using the statistical methods described above, the associ-
ation between health outcomes of interest and heat expo-
sure for each study will be performed and a summary 
statistic presented to describe the estimated effects. The 
summary statistic will differ depending on the outcome 
and the analysis method used.

In the second stage, a weighted average of the effects of 
heat on maternal and child outcomes will be calculated, if 
levels of statistical heterogeneity are acceptable, and illus-
trated in a forest plot.

Exploration of variation in effects across studies and subgroups
Exploration of variation in effects will be done involving 
stratified analyses within the following strata: study, 
geographical area, climate zone, time period, and 
income group of the country. Data will also be stratified 
on individual characteristics, such as maternal age, socio-
economic status, sex and health conditions such as HIV 
status. In these analyses, we generate estimates of impact 
(aggregate data) for each stratum separately and then 
combine these summary statistics using standard meta-
analysis methods, if appropriate.

Risk of bias across the IPD sources
Using the PRISMA-IPD flow chart, we will report the 
numbers of studies screened and included in the IPD, 
giving reasons for exclusions. We will describe the distri-
bution of studies and the characteristics of participants 
for variables like location and age. We will compare study-
level variables between the studies that we collected data 

Table 1  Checklist for PRIME-IPD tool58

PRIME Items

Processing Convert data into single format for statistical 
programme of choice
Compare the total number of participants in 
the acquired datasets to those reported in 
published articles
Verify the presence of the variables of interest 
in the acquired dataset
Standardise variable names across datasets
Identify and standardise the measurement 
scales used to report the variables of interest
Identify and standardise coding for missing 
values
Identify and correct any implausible values 
that may result from data conversion

Replication Recalculate reported descriptive and summary 
statistics using the acquired datasets
Calculate the standardised difference to 
quantitively assess the difference between the 
replicated and published results
If the standardised difference is >10%, 
investigate and address potential causes

Imputation Assess the appropriateness of conducting 
imputation of missing data using missing data 
theory
If multiple imputation is conducted, carefully 
consider the number of imputations to be run

Merging Ensure in processing step that variable order 
and codes are correct
Merge the imputed dataset into a single, 
pooled dataset, taking into consideration the 
number of imputed datasets, if appropriate

Evaluation Assess continuous variables for normality by 
residual analysis either visually or by statistical 
tests
If required, calculate new variables for 
standardised comparison of effects

 on O
ctober 7, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-077768 on 23 January 2024. D

ow
nloaded from

 

http://bmjopen.bmj.com/


8 Lakhoo DP, et al. BMJ Open 2024;14:e077768. doi:10.1136/bmjopen-2023-077768

Open access�

from, to those we could not. Drawing on this and factors 
such as the overall rate of participation in eligible studies, 
we will assess the potential risk of bias associated with 
non-availability of IPD from some studies.

Additional analyses
We will perform sensitivity analyses to assess the robust-
ness of results according to risk of bias, missing data, and 
quality of individual variables. For example, gestational 
age is prone to measurement bias and studies that had a 
poor methodological approach to measuring it may be 
excluded.

The expected outcomes of the study based on our 
primary and secondary hypotheses are summarised in 
online supplemental file 3.

DISCUSSION
This is the first IPD-MA to investigate the impacts 
of heat exposure on maternal and child health. The 
IPD-MA will allow us to explore powered and flexible 
analyses on different aspects of heat exposure, in many 
maternal and child health outcomes, across diverse 
settings, climate zones, and subgroups in sub-Saharan 
Africa. The study results will inform monitoring efforts 
focused on the effects of heat on maternal and child 
health, that could be used to track changes in burden 
of disease over time and for assessing adaptation 
responses.

We acknowledge the potential limitations in the study 
design. Our IPD-MA may not be geographically repre-
sentative due to differing research capacity across sub-
Saharan African countries. We may not encounter the 
typical publication bias which occur with meta-analyses 
of published data as we draw on databases regardless 
of whether the exposure outcome of interest has been 
reported or if information is available on the presence 
or size of the association.41Nonetheless, we recognise 
the potential for published studies to be impacted by 
publication bias in the outcomes that the study had 
evaluated.

Further, we are limited to IPD shared by willing 
investigators from historical studies. We cannot avoid 
potential biases of the study characteristics (eg, selec-
tion bias by age of study) and of the quality of data 
collected, which may potentially vary by country, and 
thus climate zones. Lastly, our study may be at risk of 
exposure misclassification, common in heat-health 
research. Individual heat exposure will not have been 
collected and we assume women remain in one location 
throughout the study. To mitigate this risk, we employ 
longitudinal studies ensuring prolonged participant 
follow-up, leverage appropriate spatiotemporal scales 
for environmental data, use heat indices to represent 
heat strain, and potentially include housing type in 
analysis, where information is available.

ETHICS AND DISSEMINATION
Ethical consideration and protection of human subjects
The study has been approved by the Wits Human Research 
Ethics Committee, Johannesburg (220605) and the 
National Ethics Committee for Life and Health Sciences, 
Cote d’Ivoire (176-22/MSHPCMU/CNESVS-kp). This 
study follows key guidelines such as the Declaration of 
Helsinki, South Africa Protection of Personal Informa-
tion Act, South African Department of Health’s Ethics in 
Health Research, US Department of Health and Human 
Services regulations 45 CFR 46, and other country-
specific data protection legislation and ethics guidelines. 
The key ethical and legal considerations are (1) use of 
secondary data for research purposes, (2) risks associated 
with potential indirectly identifiable information and (3) 
cross-border data sharing in accordance with country-
specific data protection legislation.

Firstly, the use of anonymised secondary data for 
research purposes in the HE2AT Center, without the 
requirement of further informed consent procedures, 
meets the standards outlined in the guidelines described 
above.

Secondly, data may contain indirectly identifiable 
information like date of birth and location. We will take 
steps to minimise the risk of a privacy breach. We will not 
collect names of participants or other directly identifiable 
information, and no identifiable data will be published. 
The data will be safeguarded in a password-protected 
server with limited access. Lastly, where relevant, we will 
further anonymise data through geographical aggrega-
tion, jittering of home addresses, and removal of date of 
birth once climate variables have been linked.

Lastly, the use of health data requires consideration 
of country-specific ethical guidelines, legislation on the 
use of personal data, and the cross-border transfer of 
such datasets. Data providers will be required to provide 
contractual assurance in a data sharing agreement that 
consent for sharing is provided, that the required ethical 
procedures were followed, and that sharing of the data 
follows applicable data protection legislation.

Dissemination
We will promote the project and its findings, guided by 
good participatory practice guidelines, among commu-
nities where the research was conducted, and among 
maternal and child healthcare practitioners to promote 
awareness of heat-health risks. Dissemination tools such 
as newsletters, project posters, community advisory board 
discussions, and media will be used.

Project results will be disseminated to local, provincial 
and national authorities to provide technical support, 
and potentially inform policies. Many HE2AT IPD inves-
tigators are active members of the Climate-Health Africa 
Network for Collaboration and Engagement, which facil-
itates communication among policy makers in Africa, 
and aims to enhance coherence in climate change and 
health policy across countries in Africa, which will be 
used for engagement. Our engagement plan includes 
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publications in open-access journals and presentations at 
conferences/meetings.

Lastly, anonymised data collected from this study may 
be made available through open-source platforms, with 
the permission of data providers, and approval from a 
HE2AT Center data access committee, to promote future 
research activities.
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