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Impact of human activities

https://ed-hawkins.github.io/climate-visuals/indicators.html

https://ed-hawkins.github.io/climate-visuals/indicators.html


Impact of human activities

Climate.gov



It is not the sun!

Climate.gov



Preterm birth

• Birth of a child before 37 completed weeks of gestation

• Leading cause of death and disability in children under 5 yr worldwide (11%)

• Short-term sequelae: Admission to Neonatal High Care and Intensive Units
• Respiratory Distress Syndrome, Neonatal Jaundice, Sepsis, Early Neonatal Death

• Long-term sequelae: Early development of adult-onset diseases
• Cancers, cardiovascular disease, insulin resistance and obesity, diabetes
• Neurological and social disability

Chikandiwa et al., Female, Reproductive and Child Health, 2024



Causes of preterm birth

Jain et al., Am J Reprod Immunol, 2022



Causes of  to preterm birth

Jain et al., Am J Reprod Immunol, 2022



Heat exposure to preterm birth

• Studies show  linkages between heat exposure and pregnancy outcomes

• Very few have investigated the underlying biological pathways in humans

• Plausible biological sequelae of heat exposure include:

• Epigenetic and immunological changes; 
• Sympathetic system activation and release of hormones that trigger labour;
• Dehydration, aberrant placental implantation and impaired placental flow;
• Altered fetal membrane integrity and microbiome; 

Samuels et al., International Journal of Biotechnology, 2022



Heat, genetics and preterm birth

Wadon et al., Ann Hum Genet, 2020



Heat, genetics and preterm birth

Wadon et al., Ann Hum Genet, 2020



Genetics of preterm birth

Genomic Transcriptomic Epigenomic

RAB31 RAB31 RAB31

RBPJ RBPJ RBPJ

Heat shock family Heat shock family TTN

Nuclear receptor genes Nuclear receptor genes

Immune signaling (IL-1, TLR4, NFKB1) Immune signaling (IL-1)

IGF signalling IGF signalling

EBF1, EEFSEC, AGTR2 SOD1

CR1

PAI-2

Jain et al., Am J Reprod Immunol, 2022



Genomics of  preterm birth

Genomic Transcriptomic Epigenomic

RAB31 RAB31 RAB31

RBPJ RBPJ RBPJ

Heat shock family Heat shock family TTN

Nuclear receptor genes Nuclear receptor genes

Immune signaling (IL-1, TLR4, NFKB1) Immune signaling (IL-1)

IGF signalling IGF signalling

EBF1, EEFSEC, AGTR2 SOD1

CR1

PAI-2

Jain et al., Am J Reprod Immunol, 2022



Heat and neonatal microbiome

Underwood et al., Nature, 2020



Heat and neonatal microbiome

Underwood et al., Nature, 2020
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Pathways to preterm birth



Overarching goal of 3 linked studies

Investigate biological mechanisms from heat stress to 
preterm birth



Heat In Pregnancy Study (HIPS):



Heat In Pregnancy Study (HIPS):

Micro-climate mapping by 

remote data monitoring: 

cover regions from where 

participants will be recruited 

for the duration of the study

Chronic Heat Prospective
Cohort study: Intensive follow-
up including wearable devices 
to measure personal heat, 
humidity and air pollution 
exposure

Placenta and microbiome work: 
fetal size, umbilical doppler 
assessments, placental hormones 
and rectal swabs for infant 
microbiota

Overall aim: to determine the physiological and biochemical changes that occur in 
pregnancy due to heat stress and how these impact maternal, fetal and newborn health 
and well-being. 



Extreme heat and preterm birth in
rural Zimbabwe

: 



Extreme heat and preterm birth in
rural Zimbabwe

: 



Extreme heat and preterm birth in 
rural Zimbabwe 

Two cohorts: evaluate 

association between 

extreme heat and preterm 

birth 

Nested sub-study: explore 
associations between extreme 
heat and inflammatory 
pathways underlying preterm 
birth

Human fetal chip model: to provide 

a cellular level understanding of the 

response of fetal membranes to 

environmental changes in heat.

Overall aim: define the biological mechanism linking extreme heat with preterm birth



Bio-HEAT study:
Investigating the Biological pathways from HEAT exposure to 
preterm birth and other adverse maternal and child health 
outcomes

Provisional analysis 7996 birth records in Jhb, Mean duration of labour with fitted natural cubic spline 

(df = 6). Median duration in summer=7.7 hours (IQR=1.8-13.8), winter=6.4 hours (IQR=1.3-12.4), 

spring=6.3 hours IQR=1.2-12.0) and autumn=6.2 hours (IQR=1.3-12.3. Wilcoxin signed rank test 

p<0.001. EMCS due to foetal distress=396 (21% of births) versus winter=292 (14% of births)



Bio-HEAT study:
Investigating the Biological pathways from HEAT exposure to 
preterm birth and other adverse maternal and child health 
outcomes

Pregnant women cohort: 

elucidate the biomarkers 

and other factors mediating 

preterm birth in extreme 

heat.

Intrapartum cohort: explore 
the impact of potential 
protective interventions 
(space cooling, hydration) on 
outcomes using a historical 
comparative analysis.

Breast feeding cohort: explore the 

breast-feeding frequency, breast milk 

composition and breastmilk volumes 

changes with ambient temperature

Overall aim: understand the causal relations between heat exposure and pregnancy, intrapartum and postpartum 
outcomes



Summary of the three studies

Study PTB Inflammatory  biomarkers Genetics and Epigenetics Innovative 
work

HIPS study
(The Gambia)

Yes Placental hormones: PAPP-A,PLGF, 
Immune markers: TNF- and IL-6

Placenta and Infant epigenetics Infant rectal 
microbiome 
and
Placental 
work

Extreme heat 
and preterm 
birth in rural 
Zimbabwe 

Yes Immune markers: CRP, IL-4-13, TNF, CCL3
Lipid profiles: Resolvins, eicosanoids
Intestinal barrier function: Neopterin

DAMPS and PAMPS: S100B, 
hsp70, hsp90

Human fetal 
chip model

Bio-Heat study 
(South Africa)

Yes Immune markers: IL-6 and other cytokines
Sympathetic system: cortisol and adrenaline

Epigenetics Intra-partum 
protective 
interventions 
and breast 
milk sub-
study



Anticipated outcomes

• Collectively, studies focus across rural & urban settings, in 2 African regions

• Evidence of complex interplay between heat, and maternal and infant health

• Synthesising findings from these & related studies fill major knowledge gaps

• Inform the development of targeted, evidence-based interventions.
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