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Presentation

• Review structure
• Key findings
• Framework of exposure-outcome pathways
• Framework of interventions



Causal 
pathways



Stage 1: Systematic 
mapping
Stage 2: systematic 
review
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searching  
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other sources 
(n=87) 

Records after duplicates removed  
(n=18,564) 

Records screened  
(n=18,564) 

Records excluded 
(n=14,335; 422 language, 12, 402 on 
animals, plants or not temperature 
exposure, 245 modelling study, 710 
review, 556 on sports medicine, the 

military or firefighting) 

Heat impact studies (n=2854) 

Subset of heat impact papers on maternal and 
newborn heath (n=152) 

-Preterm birth, Low birth weight, stillbirth (n=70) 
- Congenital anomalies (n=13) 
- Hypertensive disorders in pregnancy (n=17) 
- Antepartum or postpartum haemorrhage (n=4) 
- Gestational diabetes (n=3) 
- Hospital admissions (n=4) 
- Preterm prolonged rupture of membranes (n=4) 
- Group B streptococcus and other sepsis (n=4) 
- Perinatal mortality (n=4) 
- Long-term child and adult outcomes (n=16) 
- Other (n=33) 
 

Heat adaptation studies 
(n=1375) 

Subset of heat adaptation studies 
on maternal and newborn health 

(n=0) 

 





Heat exposure and preterm birth: meta-analysis, by 
temperature metric



A focus on high-risk groups 



Lag analyses, by trimester, month and days of the week
(example of stillbirth studies)  





Long-term outcomes of in utero heat exposure
1. Prenatal Temperature Shocks Reduce Cooperation: Evidence from Public Goods Games in Uganda
2. Effect of seasonal programming on fetal development and longevity: links with environmental 

temperature in Greece
3. Early-Life Environmental Exposures and Height, Hypertension, and Cardiovascular Risk Factors 

Among Older Adults in India
4. Too hot to handle: The effects of high temperatures during pregnancy on adult welfare outcomes 

(United States)
5. Relationship between season of birth, temperature exposure, and later life wellbeing (United States)
6. Early-life exposure to weather shocks and child height: Evidence from industrializing Japan
7. Stunted from the start: Early life weather conditions and child undernutrition in Ethiopia
8. Seasonality and ambient temperature at time of conception in term-born individuals - influences on 

cardiovascular disease and obesity in adult life (Finland)
9. Prenatal exposure to elevated maternal body temperature and risk of epilepsy in childhood: a 

population-based pregnancy cohort study (Denmark)
10. Influence of environmental temperatures during restation and at birth on eating characteristics in 

adolescence (United States)
11. Environmental temperature during gestation and body mass index in adolescence: new etiologic 

clues? (United States)
12. Early-Life Environmental Exposures and Blood Pressure in Children (sub-Saharan Africa)



Long-term impacts of in utero heat exposure



Methodological challenges

Methodological diversity and bias
• Diversity in exposure measurement (temperature metrics & lag structures)
• Biases (publication bias, multiple testing, low quality studies)
• Reproductive health epidemiology is complex

Statistical heterogeneity
• Physiological acclimatisation
• Progressive adaptation, especially air conditioning ‘nulls’ impacts



Prof. Duncan Mitchell
Dr Robyn Hetem
Prof. Lois Harden
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Exposure-outcome pathways

Exposure to Extreme Heat Events
Heat impacts on physiology, health 

systems and infections
Labour and childbirth clinical 

outcomes
Maternal and newborn
morbidity and mortality

High-risk pregnant women:

High-risk pregnancies
Women with obesity, multiple 

pregnancies, 
outdoor occupations, chronic 

illnesses, advanced maternal age, 
adolescent pregnancies 

Home births

Vulnerable settings
Urban slums

Urban Heat Islands 
Low-income rural areas

Semi-desert or desert climates

Poorly constructed buildings
Housing and health facilities with low 

thermal resistance

Impacts on pregnant women
Dehydration and electrolyte 

imbalances

Abnormal glucose metabolism

Heightened stress hormones and heat 
shock proteins

Raised maternal core temperature

Compromised placental 
function

Impacts on health systems

Reduced access to services

Poor work performance of health 
workers, abuse and disrespect

Temperatures exceed safe drug 
storage and cold chain levels 

Impacts on infections

Increased replication and survival of 
pathogens (genital, and food-, water-

and vector-borne infections)

Sepsis and vector-borne 
infections

Group B streptococcal sepsis

Chorioamnionitis
Maternal sepsis

Malaria

Non-infectious outcomes

Maternal anxiety and distress

Preeclampsia, eclampsia

Prolonged labour 

Antepartum and postpartum 
haemorrhage

Increased obstetric emergencies 
and Caesarean section rates 

Foetal distress

Maternal outcomes

Maternal morbidity

Maternal mortality

Newborn and neonatal 
outcomes

Preterm birth

Low birth weight

Stillbirth

Neonatal cerebral injury 

Neonatal mortality 

Long-term child and adult 
outcomes

Reduced growth and 
neurodevelopment in childhood 

Adverse adult health and social 
outcomes

Framework based on evidence located in the systematic review led by WRHI (n=152 studies demonstrated adverse impacts of heat exposure on maternal and newborn health)
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Exposure-outcome pathways (main evidence gaps)

Exposure to Extreme Heat Events
Heat impacts on physiology, health 

systems and infections
Labour and childbirth clinical 

outcomes
Maternal and newborn
morbidity and mortality

High risk pregnant women:

High-risk pregnancies
Women with obesity, multiple 

pregnancies, 
outdoor occupations, chronic 

illnesses, advanced maternal age, 
adolescent pregnancies 

Home births

Vulnerable settings
Urban slums

Urban Heat Islands 
Low-income rural areas

Semi-desert or desert climates

Poorly constructed buildings
Housing and health facilities with low 

thermal resistance

Impacts on pregnant women
Dehydration and electrolyte 

imbalances

Abnormal glucose metabolism

Heightened stress hormones and heat 
shock proteins

Raised maternal core temperature

Compromised placental 
function

Impacts on health systems

Reduced access to services

Poor work performance of health 
workers, abuse and disrespect

Temperatures exceed safe drug 
storage and cold chain levels 

Impacts on infections

Increased replication and survival of 
pathogens (genital, and food-, water-

and vector-borne infections)

Sepsis and vector-borne 
infections

Group B streptococcal sepsis

Chorioamnionitis
Maternal sepsis

Malaria

Non-infectious outcomes

Maternal anxiety and distress

Preeclampsia, eclampsia

Prolonged labor

Antepartum and postpartum 
haemorrhage

Increased obstetric emergencies 
and Caesarean section rates

Foetal distress

Maternal outcomes

Maternal morbidity

Maternal mortality

Newborn and neonatal 
outcomes

Preterm birth

Low birth weight

Stillbirth

Neonatal cerebral injury 

Neonatal mortality 

Long-term child and adult 
outcomes

Reduced growth and 
neurodevelopment in childhood

Adverse adult health and social 
outcomes

Framework based on evidence located in the systematic review led by WRHI (n=152 studies demonstrated adverse impacts of heat exposure on maternal and newborn health)
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Interventions

Exposure to Extreme Heat Events
Heat impacts on physiology, health 

systems and infections
Labour and childbirth clinical 

outcomes
Maternal and newborn
morbidity and mortality

Reduce heat exposure for high-
risk pregnant women:

Early Warning Systems, access to 
‘’colling areas’’

Preparedness for heat waves

Building modifications

Nature-based cooling

Impacts on pregnant women
Hydration

Abnormal glucose metabolism

Impacts on health systems

Support access to services

Support cooling for health workers

Monitor temperatures for drug storage, 
cold chains 

Infection prevention

Sepsis and vector-borne 
infections

Increased screening for 
infections during labor

Non-infectious outcomes

Maternal anxiety and distress

Cooling interventions in labor
ward

Health information systems to 
monitor outcomes and 
evaluate interventions

Systematic reviews!

Framework based on evidence located in the systematic review led by WRHI (n=152 studies demonstrated adverse impacts of heat exposure on maternal and newborn health)
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