Appendices
Appendix 1 | Search strategy
	NAME OF DATABASE (interface): MEDLINE (via the PubMed interface) 

	Concept  
	Line number 
	Search strategy i 

	Concept 1: heat 
	1 
	("Hot Temperature"[Mesh] OR "Extreme Heat"[Mesh] OR “heat” [TIAB] OR “hot temperature*” [TIAB] OR “high temperature*” [TIAB] OR “hot climate*” [TIAB] OR “heatwave*” [TIAB]) 

	Concept 2: neonatal health outcomes
	2 
	("Infant, Newborn"[Mesh] OR "Perinatal Mortality"[Mesh] OR “neonate*” [TIAB] OR “neonatal” [TIAB] OR “neonatal mortality” [TIAB] OR “newborn*” [TIAB] OR “preterm birth*” [TIAB] OR “low birth weight*” [TIAB] OR “birth asphyxia*” [TIAB] OR “neonatal infection*” [TIAB] OR “congenital infection*”) 

	Combination of concepts 
	3
	1 AND 2 
= 4.523 results on 16/07/2025  

	NAME OF DATABASE (interface): Embase

	Concept  
	Line number 
	Search strategy ii 

	Concept 1: heat 
	1 
	('heat'/exp OR 'high temperature'/exp OR 'heat wave'/exp OR 'extreme hot weather'/exp OR heat:ti,ab OR 'hot temperature*':ti,ab OR 'high temperature*':ti,ab OR 'hot climate*':ti,ab OR heatwave*:ti,ab) 

	Concept 2:
neonatal health outcomes
	2 
	('newborn'/exp OR ‘newborn mortality'/exp OR neonate*:ti,ab OR neonatal:ti,ab OR 'neonatal mortality':ti,ab OR newborn*:ti,ab OR 'preterm birth*':ti,ab OR 'low birth weight*':ti,ab OR 'birth asphyxia*':ti,ab OR 'neonatal infection*':ti,ab OR 'congenital infection*':ti,ab) 

	Combination of concepts 
	3
	1 AND 2 
= 5.553 results on 16/07/2025  



	NAME OF DATABASE (interface): Scopus

	Concept  
	Line number 
	Search strategy iii 

	Concept 1: heat
	1 
	(TITLE-ABS-KEY("heat") OR TITLE-ABS-KEY("hot temperature*") OR TITLE-ABS-KEY("high temperature*") OR TITLE-ABS-KEY("hot climate*") OR TITLE-ABS-KEY("heatwave*") OR TITLE-ABS-KEY("heat wave") OR TITLE-ABS-KEY("extreme hot weather")) 

	Concept 2:
neonatal health outcomes
	2 
	(TITLE-ABS-KEY("neonate*") OR TITLE-ABS-KEY("neonatal") OR TITLE-ABS-KEY("neonatal mortality") OR TITLE-ABS-KEY("newborn*") OR TITLE-ABS-KEY("newborn mortality") OR TITLE-ABS-KEY("preterm birth*") OR TITLE-ABS-KEY("low birth weight*") OR TITLE-ABS-KEY("birth asphyxia*") OR TITLE-ABS-KEY("neonatal infection*") OR TITLE-ABS-KEY("congenital infection*")) 

	Combination of concepts 
	3
	1 AND 2 
= 8.263 results on 16/07/2025 


 


Appendix 2 | Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist
	SECTION
	ITEM
	PRISMA-ScR CHECKLIST ITEM
	REPORTED ON PAGE #

	TITLE

	Title
	1
	Identify the report as a scoping review.
	1
	ABSTRACT

	Structured summary
	2
	Provide a structured summary that includes (as applicable): background, objectives, eligibility criteria, sources of evidence, charting methods, results, and conclusions that relate to the review questions and objectives.
	1
	INTRODUCTION

	Rationale
	3
	Describe the rationale for the review in the context of what is already known. Explain why the review questions/objectives lend themselves to a scoping review approach.
	1
	Objectives
	4
	Provide an explicit statement of the questions and objectives being addressed with reference to their key elements (e.g., population or participants, concepts, and context) or other relevant key elements used to conceptualize the review questions and/or objectives.
	2
	METHODS

	Protocol and registration
	5
	Indicate whether a review protocol exists; state if and where it can be accessed (e.g., a Web address); and if available, provide registration information, including the registration number.
	2
	Eligibility criteria
	6
	Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered, language, and publication status), and provide a rationale.
	2
	Information sources*
	7
	Describe all information sources in the search (e.g., databases with dates of coverage and contact with authors to identify additional sources), as well as the date the most recent search was executed.
	2
	Search
	8
	Present the full electronic search strategy for at least 1 database, including any limits used, such that it could be repeated.
	2
	Selection of sources of evidence†
	9
	State the process for selecting sources of evidence (i.e., screening and eligibility) included in the scoping review.
	2
	Data charting process‡
	10
	Describe the methods of charting data from the included sources of evidence (e.g., calibrated forms or forms that have been tested by the team before their use, and whether data charting was done independently or in duplicate) and any processes for obtaining and confirming data from investigators.
	2
	Data items
	11
	List and define all variables for which data were sought and any assumptions and simplifications made.
	2
	Critical appraisal of individual sources of evidence§
	12
	If done, provide a rationale for conducting a critical appraisal of included sources of evidence; describe the methods used and how this information was used in any data synthesis (if appropriate).
	2
	Synthesis of results
	13
	Describe the methods of handling and summarizing the data that were charted.
	2
	RESULTS

	Selection of sources of evidence
	14
	Give numbers of sources of evidence screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally using a flow diagram.
	2
	Characteristics of sources of evidence
	15
	For each source of evidence, present characteristics for which data were charted and provide the citations.
	2-3
	Critical appraisal within sources of evidence
	16
	If done, present data on critical appraisal of included sources of evidence (see item 12).
	3-5
	Results of individual sources of evidence
	17
	For each included source of evidence, present the relevant data that were charted that relate to the review questions and objectives.
	3-5
	Synthesis of results
	18
	Summarize and/or present the charting results as they relate to the review questions and objectives.
	3-5
	DISCUSSION

	Summary of evidence
	19
	Summarize the main results (including an overview of concepts, themes, and types of evidence available), link to the review questions and objectives, and consider the relevance to key groups.
	5-8
	Limitations
	20
	Discuss the limitations of the scoping review process.
	8
	Conclusions
	21
	Provide a general interpretation of the results with respect to the review questions and objectives, as well as potential implications and/or next steps.
	5-8
	FUNDING

	Funding
	22
	Describe sources of funding for the included sources of evidence, as well as sources of funding for the scoping review. Describe the role of the funders of the scoping review.
	8
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Appendix 3 | Extraction Table
	Study Characteristics
	Study Design
	Study Population
	Exposure
	Outcomes
	
	Key findings
	Confounders/Adjustments

	Title
	Authors
	Journal
	Year
	Country
	Design
	Sample Size
	Setting
	Inclusion/exclusion criteria
	Characteristics
	Exposure metric
	Operational definition
	Window (duration and timing)
	Assessed outcomes
	Definition outcomes
	
	

	Adverse Birth Outcomes Associated with Heat Stress and Wildfire Smoke Exposure During Preconception and Pregnancy
	Khalili R et al.
	Environmental Science & Technology
	2025
	United States
	Prospective cohort
	n = 713
	Clinic
	>18 years, <30 weeks’ gestation, English/Spanish, receiving prenatal care at participating clinics; excluded HIV-positive, multiple gestation, current incarceration, inability to consent.
	Preconception and trimester-specific heat and wildfire smoke exposures; neighborhood climate vulnerability as an effect modifier.
	Wet Bulb Globe Temperature + Daily Maximum Heat Index 
	Modeled as continuous variable (per °C or SD increase) 
	Preconception and trimester-specific windows.
	Small for gestational age; low birth weight; growth-for-gestational-age z-score
	SGA per Fenton charts; LBW <2,500 g; Fenton growth z-score.
	Per 1 SD higher daily max heat index: SGA odds preconception OR 1.37 (95% CI 1.00–1.89); first trimester OR 1.43 (95% CI 1.03–1.99). In high climate‑vulnerability neighborhoods, preconception wet‑bulb globe temperature OR 2.32 (95% CI 1.62–3.03) for SGA. LBW decreased with third‑trimester wet‑bulb globe temperature (OR 0.63, 95% CI 0.40–0.99).
	Hispanic ethnicity, smoking history, parity, air‑conditioner use; diabetes (SGA models); gestational age (LBW models).

	Country-level impact of climate change on maternal and newborn health: Associations between temperature, precipitation, maternal mortality, stillbirth, and neonatal mortality in the Democratic Republic of the Congo
	Ngongo CJ et al.
	Environment International
	2025
	Democratic Republic of the Congo
	Ecological spatiotemporal analysis (GAMMs)
	n ≈ 22,700,000
	National registry
	Health zones with available DHIS2 maternal/newborn indicators and climate linkage; excluded months/zones with missing or implausible data.
	Aggregated monthly outcomes by health zone; temperature and precipitation covariates.
	Land surface temperature (heat)
	Monthly mean LST; effects per +1 °C above 34 °C; anomalies above 95th percentile baseline.
	Monthly exposures and outcomes.
	Stillbirths, and neonatal mortality.
	Neonatal deaths per 1,000 live births.
	Per +1 °C above 34 °C: neonatal mortality increased by +0.6 per 1,000 live births. Also stillbirths +2.3 per 1,000 live births.
	Precipitation; seasonality; spatial and temporal random effects; health zone structure.

	Assessing the association between prenatal ambient temperature and extreme low birth weight in South Asia
	Ai S et al.
	International Journal of Hygiene and Environmental Health
	2025
	Bangladesh; India; Nepal; Pakistan
	Cross-sectional pooled analysis (DHS) with mixed-effects models
	n = 858,128
	Community
	DHS births with geolocation and recorded birth weight; excluded missing outcomes/covariates.
	Pooled four-country sample.
	Ambient temperature (annual mean)
	Modeled as continuous variable (per °C) 
	Entire pregnancy (annual mean assigned per birth’s gestational period).
	Extreme low birth weight; birth weight
	ELBW <1,000 g; birth weight in grams.
	+1 °C associated with +1.02% ELBW (95% CI 0.65–1.39) and −4.18 g birth weight (95% CI −5.75 to −2.61). Heat-attributable fraction for ELBW: 2.25% overall; India 3.01%.
	Maternal age, education, parity, wealth index, urban/rural, infant sex; country and year effects.

	The Association between Extreme Temperatures and Birth Weight in South Korea
	Jung D
	Weather, Climate, and Society
	2025
	South Korea
	Retrospective cohort (household panel linked to meteorology)
	n = 1,090 
	Community
	Korean Health Panel Study: births with complete birth weight and residence; exclusions for missing/implausible values.
	8000 representative households.
	Extreme heat days
	Count of days with maximum temperature >30 °C by trimester (district level).
	Trimester-specific counts; focus on second trimester.
	Birth weight; low birth weight
	Birth weight (g); LBW <2,500 g.
	Each additional day >30 °C in the second trimester was associated with ~0.8% lower birth weight (≈ −8.6 g) and ~0.8 percentage point higher probability of LBW (p < 0.05). Effects stronger in low‑income households. 
	Maternal age, education, mode of delivery, fertility history, marital status, parity; household income/assets; district×year and month fixed effects.

	Heat and humidity on early-life outcomes: Evidence from Mexico
	Hong Y
	Journal of Environmental Economics and Management
	2025
	Mexico
	Retrospective cohort (administrative records with fixed effects)
	n = 27,352,419
	National registry
	National administrative birth and stillbirth records; linked to gridded weather.
	Nationwide coverage; municipality-level linkage
	Wet-bulb temperature
	Days per month with wet-bulb temperature above 24 °C
	Gestational weeks/months during pregnancy
	Birthweight; Low birth weight; Preterm birth
	Birthweight (g); LBW <2,500 g; PTB <37 weeks
	Each additional day per month with wet-bulb >24 °C reduced birth weight, cumulating to ~1.21% lower birth weight across a full-term pregnancy; probabilities of LBW and PTB increased; combined heat+humidity effects exceeded heat alone.
	High-dimensional fixed effects (municipality, time); robustness checks; AC as effect moderator.

	Maternal occupational exposures during early stages of pregnancy and adverse birth outcomes in the NINFEA birth-cohort
	d’Errico A et al.
	PLOS ONE
	2025
	Italy
	Prospective cohort (birth cohort)
	n = 8,480
	Community
	Singleton pregnancies enrolled online; available occupational exposure and outcome data; exclusions: missing key variables.
	Self-reported occupational exposures during early pregnancy.
	Occupational heat exposure
	Self-reported exposure to strong heat at work in 1st trimester (yes/no).
	First trimester primary; sensitivity for later periods.
	Birthweight; Preterm birth; Small for gestational age
	Birthweight (g); Preterm <37 weeks; SGA <10th percentile; LBW <2,500 g.
	Exposure to heat was associated with a lower birthweight (𝛽= -160.1, 95% CI: -299.6 to -20.7) and an increased OR of preterm birth (OR 1.47 95%CI 0.44 to 3.72).
	As reported in paper (maternal socio-demographics/behaviors).

	Health disparities in the impact of prenatal temperature exposure on birth outcomes: A nationwide population-based study in the Netherlands
	Burgos-Ochoa L et al.
	Public Health
	2025
	Netherlands
	Nationwide population‑based cohort (registry linkage)
	n = 2,472,352
	National registry
	Live births in national registry with geotemporal temperature linkage; excluded records with missing covariates or linkage.
	Stratified by socioeconomic status and immigrant status.
	Ambient temperature
	Prenatal mean temperature and extreme heat metrics; disparities assessed as modifiers.
	Gestational averages and trimester‑specific windows.
	Birth weight; low birth weight; small for gestational age; preterm birth (as reported)
	Standard registry definitions (e.g., LBW ≤ 2500 g).
	Higher prenatal temperatures associated with adverse birth outcomes; effects stronger in socioeconomically disadvantaged and immigrant groups (stratified estimates reported).
	Maternal/infant covariates per registry; temporal/spatial controls; SES and immigrant status interactions.

	Impact of extreme ambient temperatures on low birth weight: Insights from empirical findings in Pakistan
	Hira Fatima S et al.
	Women’s Health
	2025
	Pakistan
	Space‑time‑series (DLNM on province‑month aggregates)
	n = 17077 
	Community
	MICS/PDHS births with birthweight/size; mothers 15–45; complete 2008–2017 records.
	Province‑level monthly aggregates; maternal education, wealth, rural residence adjusted.
	Thermal index (heat index)
	Monthly mean heat index with province‑specific 90th/99th percentile thresholds.
	Conception to delivery (lags 0–9 months); specific estimates at lag 0.
	Low birth weight
	Birth weight ≤ 2500 g (size at birth in sensitivity).
	LBW prevalence 26.02% (n = 4444). Conception‑month moderate heat (90th pct) RR 1.70 (95% CI 1.01–2.87); extreme heat (99th pct) RR 1.93 (95% CI 1.00–3.71). Heat‑attributable fractions 0.34–0.42 across provinces.
	Maternal education, wealth, rural residence; temporal controls; province effects.

	The influence of heat exposure on birth and neonatal outcomes in Mombasa, Kenya: A pooled time series analysis
	Brimicombe C et al.
	The Journal of Climate Change and Health
	2025
	Kenya (Mombasa)
	Pooled time‑series (monthly hospital data; DLNM)
	n = 650/year (average)
	Hospital
	Monthly aggregated births and outcomes from tertiary hospital dashboard (complete series for 2017–2022).
	Single tertiary hospital; ~650 births/year; limited individual‑level covariates.
	Thermal index; Ambient temperature
	UTCI (max/mean), max/mean temperature; WBGT evaluated.
	Lags 0–9 months before birth; non‑cumulative and cumulative effects.
	Low birth weight; stillbirth; preterm birth; low Apgar; caesarean section; assisted vaginal delivery; long hospital stay
	Hospital definitions (e.g., LBW < 2500 g; low Apgar < 7 at 5 min)
	Increased odds of caesarean section with higher heat at birth month (max UTCI 50th–95th vs median: RR 1.21, 95% CI 1.01–1.46; max temperature: RR 1.25, 95% CI 1.03–1.53). LBW risk increased with mean and max UTCI at lag 0; WBGT showed no significant responses.
	Seasonality and long‑term trend controls; model covariates as specified.

	Estimating the burden of temperature-related low birthweight attributable to anthropogenic climate change in low-income and middle-income countries: a retrospective, multicentre, epidemiological study
	Zhu Z. et al.
	The Lancet Planetary Health
	2024
	Multiple LMICs
	Retrospective multicountry cross‑sectional analysis (DHS/MICS)
	n = 511 449
	Community
	Births from nationally representative DHS/MICS with birthweight and geotemporal linkage to temperature.
	Women, 15-49 years
	Ambient temperature
	Non‑optimal temperatures (heat and cold exposure); anthropogenic fraction estimated via climate attribution datasets.
	Prenatal exposure aggregated by survey month and location.
	Low birth weight
	Birthweight ≤ 2500 g
	Attributable fraction of heat‑related LBW due to human‑induced climate change was high in several regions (e.g., ~59.2% in southern Asia; ~89.0% in western Africa).
	Survey design adjustments; regional controls (as per Methods).

	Not only cold but also heat: the effect of maternal exposure to high temperatures during gestation on neonatal mortality in pre-transitional Casalguidi, 1819–1859
	Matteo Manfredini
	Population and Environment
	2024
	Italy (Casalguidi parish, Tuscany)
	Retrospective cohort (historical parish registers)
	n = 3868
	Community
	All births in Casalguidi parish with linked records; very-early deaths appearing only in death register included; incomplete 1859 births excluded from core models.
	Rural parish; family socioeconomic proxies; meteorology from nearby Florence observatory (~25 km).
	Ambient temperature
	Modeled as continuous variable (per °C 
	Trimesters 1–3; month of birth.
	Neonatal mortality (overall; early 0–6 days; late 7–29 days)
	Death within 28 days of birth; early vs late neonatal as defined.
	Second‑trimester high temperature increased neonatal death risk (odds ratio 1.60; p=0.029); third‑trimester high temperature odds ratio 1.41 (ns). Each +1 °C in month of birth associated with lower neonatal death odds (odds ratio 0.95).
	Family and socioeconomic covariates; seasonality; year; infant sex (as per models).

	Temperature-related neonatal deaths attributable to climate change in 29 low- and middle-income countries
	Dimitrova A et al.
	Nature Communications
	2024
	29 LMICs (mainly sub-Saharan Africa and Asia)
	Time-stratified case-crossover 
	n = 40,073
	Demographic and Health Surveys pooled across 29 countries; temperature reanalysis datasets
	All DHS-recorded neonatal deaths with age at death; very early deaths defined as <24 h.
	Country-specific temperature percentiles to account for adaptation; multiple reanalysis datasets and counterfactual (no climate change) temperatures.
	Ambient temperature (percentile-standardized) with attribution to observed climate change
	Non-optimal temperatures vs location-specific optimum; separation of heat-related and cold-related burdens.
	Daily temperatures with distributed lags within neonatal period; pooled across 2001–2019.
	Neonatal death; very early neonatal death
	Death within first 28 days (neonatal) and on the day of birth (<24 h, very early), per DHS records.
	Across study countries, 4.3% of neonatal deaths associated with non-optimal temperatures. Climate change accounted for 32% (19–79%) of heat-related neonatal deaths and reduced cold-related burden by 30% (10–63%). Heat-related burden expected to rise with further warming.
	Large multi-country dataset.

	Exposure to acute ambient temperature extremes and neonatal intensive care unit admissions: A case-crossover study
	LaPointe S et al.
	Science of the Total Environment
	2024
	United States
	Time-stratified case-crossover
	n = 27,188
	19 hospitals across 12 clinical sites (ACOG regions) in the Consortium on Safe Labor
	Deliveries ≥23 weeks; linked to hospital referral regions; exposure periods defined by week before delivery.
	Adjusted for PM2.5 and relative humidity; site-specific extreme cold/heat percentiles used.
	Ambient temperature extremes (hot and cold)
	Weekly average temperatures above 90th/95th percentiles (heat) or below 10th/5th (cold); also evaluated 1°C changes during extreme weeks.
	Week before delivery (hazard week) vs referent weeks (−2 and +2 weeks).
	NICU admission
	Admission of newborn to neonatal intensive care unit after delivery (as captured in CSL records).
	No association with average weekly temperature across all sites, but extremes mattered: below 10th/5th percentiles, 1°C decrease → aHR 1.30 (1.28–1.31)/1.47 (1.45–1.50); above 90th/95th, 1°C increase → aHR 2.29 (2.17–2.42)/4.30 (3.68–5.03). Stronger for heat than cold.
	Multi-site US dataset; rigorous case-crossover; strong effect at extremes.

	Associations between PM2.5, ambient heat exposure and congenital hydronephrosis in southeastern China
	Huang Z et al.
	Frontiers in Public Health
	2024
	China (southeastern)
	Hospital-based case–control
	n = 409 cases (CH) and n = 409 controls
	Delivery institutions in southern China; clinical diagnoses via imaging and ICD-10 coding
	Full-term healthy newborns without defects as controls; CH cases identified per national monitoring requirements; warm-season exposure inclusion (≥1 day within susceptibility window).
	Collected maternal (age, parity, pregnancy disease, history) and infant (GA, sex, birth time) variables.
	Ambient heat (daily maximum temperature, Tmax) with PM2.5 co-exposure
	Stratified by Tmax percentiles (10th–90th)
	Warm season (May–Oct); susceptibility windows around gestational weeks 5–7.
	Congenital hydronephrosis (CH)
	CH defined by imaging thresholds (e.g., AP diameter >4 mm in 2nd trimester or >7 mm in 3rd trimester) and clinical criteria; ICD-10 coded.
	Per 1°C increase in heat exposure: OR 1.21 (95% CI 1.04–1.41) at week 6 and OR 1.13 (1.02–1.24) at week 7; positive interaction between higher PM2.5 and heat (RERI>0 at 50th/75th/90th percentiles for weeks 5–6).
	Clear susceptibility window analysis; hospital-based case–control.

	Heat stress and adverse pregnancy outcome: Prospective cohort study
	Rekha S et al.
	BJOG: An International Journal of Obstetrics & Gynaecology
	2023
	India (Tamil Nadu)
	Prospective cohort
	n = 800
	Workplaces (informal/manual and formal/professional sectors) across six districts; (47.3% high occupational heat exposure)
	Pregnant women 8–14 weeks gestation, singleton, moderate–heavy work; excluded self-reported comorbidities or medication use.
	Measured HSIs (core body temperature, urine specific gravity) pre/post shift; symptoms via modified HOTHAPS; workload categorized (moderate/heavy).
	Occupational heat stress (WBGT)
	Heat-exposed defined as WBGT exceeding TLV for safe manual work (≈27.5°C heavy; 28.0°C moderate).
	Each trimester; multiple readings per hour across shifts; averaged for exposure attribution.
	Composite adverse pregnancy outcomes (APO); composite adverse outcomes at birth; miscarriage.
	APO included miscarriage, preterm birth, low birthweight, stillbirth, intrauterine growth restriction, and birth defects; adverse outcome at birth similarly composite; miscarriage as loss during pregnancy.
	High occupational heat associated with higher risks: miscarriage aOR 2.4 (95% CI 1.0–5.7); any APO aOR 2.3 (1.4–3.8); adverse outcome at birth aOR 2.0 (1.2–3.3). 17.4% had CBT rise; 29.6% moderate dehydration.
	Field measurements; prospective design; occupational focus.

	Identifying critical periods of susceptibility for maternal exposure to biothermal stress and the risks of stillbirth and spontaneous preterm birth in Western Australia.
	Nyadanu SD et al.
	American Journal of Epidemiology
	2025
	Australia (Western Australia)
	Population-based retrospective cohort
	n = 415,271
	Statewide birth registry (Midwives Notification System), population-based
	Singleton births at 22–42 gestational weeks; excluded multiple births; fixed-cohort bias mitigated by excluding conceptions <22 weeks before start and >42 weeks before end; incorrect/missing exposure areas.
	Adjusted for fetal sex, year/season of conception, maternal age, race/ethnicity, marital status, smoking, parity, remoteness, and area-level SES.
	Universal Thermal Climate Index (UTCI)
	Non-optimal UTCI defined using centiles: 90th–99th (heat) vs median (14.2°C)
	Daily UTCI assigned from 12 weeks preconception to birth; analyzed as weekly (−11 to 42 weeks) and monthly exposures; cumulative windows (trimesters, entire pregnancy, preconception).
	Stillbirth; spontaneous preterm birth (sPTB)
	Stillbirth ≥20 weeks’ gestation; sPTB <37 weeks with spontaneous labor and vaginal delivery.
	Extreme UTCI increased hazards of stillbirth and sPTB; critical susceptibility in mid–late gestation. At UTCI 1st centile: highest HR 1.14 (95% CI 1.03–1.27) for stillbirth at week 42; sPTB strongest at week 36 HR 1.09 (95% CI 1.06–1.12). 
	Robust exposure assessment; appropriate DLNM; large sample.

	Critical windows of susceptibility for the effects of prenatal exposure to heat and heat variability on gestational growth
	Jeffrey M et al.
	Environmental Research
	2022
	United States (Boston, Massachusetts)
	Clinic‑based cohort
	n = 4,442
	Boston Medical Center (pediatric ED‑linked cohort); survey + EHR; geocoded addresses
	Massachusetts residents; English/Spanish‑speaking caregiver; complete weekly exposure histories; primary analyses restricted to term births for birthweight outcomes.
	Diverse, lower‑income population.
	Weekly mean and variability (SD) of temperature and heat index (HI)
	HI derived from temperature and dew point; weekly mean and weekly SD computed at residential location.
	Weekly across gestation; critical windows identified (e.g., HI variability weeks ~9–29).
	Birthweight (term); small for gestational age (SGA); birthweight z‑score
	SGA <10th percentile of CDC references; BW z‑scores per CDC sex‑specific standards.
	HI variability was most strongly associated with decreased term birthweight and higher SGA odds. Cumulative effects: −287 g for BW (weeks 10–29) and OR 4.7 for SGA (weeks 9–26). Effects were stronger among mothers experiencing homelessness; sex‑specific windows observed.
	Fine‑scale exposure; DLNM; vulnerable urban cohort.

	The role of extreme heat exposure on premature rupture of membranes in Southern California: A study from a large pregnancy cohort
	Anqi Jiao et al.
	Environment International
	2023
	United States (Southern California)
	Retrospective cohort
	n = 190,767
	Integrated health system (KPSC) across 10 counties; geocoded residential addresses
	Warm‑season membrane ruptures (May–Sep); excluded non‑spontaneous PROM (iatrogenic) and missing data; singleton pregnancies with geocoded addresses.
	Individual‑level covariates (age, BMI, parity, smoking), neighborhood SES; examined effect modification by PM2.5/NO2, green space, AC penetration, sociodemographics.
	Heat index (HI)–based heatwaves; continuous daily max HI
	12 heatwave definitions combining daily max HI percentiles (75th/90th/95th/98th) and durations (≥2/3/4 consecutive days); exposure if any event occurred in the last 7 days of pregnancy.
	Primary: last gestational week (7 days); warm season only.
	PROM; term PROM (TPROM); preterm PROM (PPROM)
	PROM = spontaneous rupture of membranes before labor; PPROM <37 weeks; TPROM ≥37 weeks; diagnoses from KPSC clinical records.
	Less‑intense heatwaves were associated with 9–14% higher risk of PROM; similar positive associations for TPROM and PPROM. Risks were greater among younger mothers, lower SES, smokers, and those with higher PM2.5; consistently higher where green space/AC penetration were lower.
	Large EHR cohort; granular exposure; multiple heatwave definitions; strong sensitivity analyses.

	Socioeconomic disparities in climate vulnerability: neonatal mortality in northern Sweden, 1880–1950
	Lena Karlsson et al.
	Population and Environment
	2021
	Sweden (northern: Umeå, Skellefteå, inland parishes)
	Cross-sectional study
	n = 122,756 live births; 3,985 neonatal deaths
	Historical parish registers (Demographic Data Base, Umeå University)
	Live births with linked records (birth, migration, death); classified by father's occupation; excluded records with missing key variables; three subregions (coastal Umeå, coastal Skellefteå, inland).
	Social class categories (farmers, workers, middle class); industrialisation/urbanisation contrasts across subregions; day-specific temperature linked during neonatal period.
	Ambient temperature (daily mean); season of birth
	Daily mean temperature (°C) and seasonal indicators; temperature extremes explored by period.
	Daily temperature during neonatal period (0–28 days) as time‑varying exposure; season at birth.
	Neonatal mortality
	Death within 28 days of birth (from parish death registers).
	Temperature–mortality associations differed by era and class: by 1930–1950, high temperatures were particularly detrimental among workers; the season-of-birth gradient declined over time as overall neonatal mortality fell.
	Strong historical data linkage; exposure limited to station averages; potential confounding by living conditions.

	Temperature, climate change, and birth weight: evidence from Hungary
	Tamás Hajdu et al.
	Population and Environment
	2021
	Hungary (national)
	Retrospective cohort
	n = 1,532,661 
	National birth records linked to gridded temperature
	Singletons conceived 2000–2016; standard data cleaning.
	Models include county & year fixed effects, precipitation, seasonality.
	Ambient temperature (daily mean)
	Count of days in temperature bins (e.g., >25 °C) over gestation; trimester analyses.
	Entire pregnancy and trimesters; projections for 2040–2059 (RCP8.5).
	Birth weight (g); low birth weight (LBW <2500 g)
	Measured birth weight; LBW indicator.
	Each additional hot day (>25 °C) during gestation reduces birth weight by 0.46 g (vs 15–20 °C day). 20–25 °C day: −0.36 g. Projected climate change decreases mean birth weight by ~11–20 g and increases LBW by ~0.08–0.31 percentage points by 2040–2059.
	Large dataset; rigorous controls.

	Effect of air temperature on human births, preterm births and births associated with maternal hypertension
	Frédéric Blavier et al.
	Journal of Maternal‑Fetal & Neonatal Medicine
	2022
	Belgium (Brussels) & France (Réunion Island)
	Retrospective time‑series 
	Brussels n=12,269 births; Réunion n=25,880 births
	Single tertiary hospitals (Brussels; South Réunion Island)
	All deliveries with complete meteorology linkage; spontaneous vs induced examined.
	Lagged temperature and barometric pressure terms; limited covariates.
	Outdoor air temperature (daily mean)
	Per 1 °C increase; immediate and lagged effects (0–6 days).
	Day of delivery and preceding 6 days.
	Daily counts: all births; preterm births; hypertensive births
	Hospital records; PTB and hypertensive deliveries from charts.
	Brussels: per +1 °C at lag 4 → births +1.8%, PTB +2.6%, hypertensive births +5.7% (all p<0.05). Same‑day +1 °C → births +0.4% (p<0.05). Réunion: similar direction, not statistically significant (p≈0.08). (Article provides Exp(B) and 95% CIs in Table 1.)
	Limited confounder control; consistent lag pattern.

	Climate vulnerability of Swedish newborns: Gender differences and time trends of temperature-related neonatal mortality, 1880–1950
	Johan Junkka et al.
	Environmental Research
	2021
	Sweden (northern/coastal Västerbotten)
	Cross-sectional study
	n = 122,756
	Historical parish registers linked with station temperatures
	Linked birth–death records; exclusions for missing key variables.
	Sex‑stratified and period‑stratified models; sub‑Arctic context.
	Ambient temperature
	Daily mean temperature with minimum‑mortality threshold ~14.5 °C.
	Daily exposure during neonatal period; seasons & historical subperiods.
	Neonatal mortality (all‑cause)
	Death within 0–27/28 days of life.
	Cold vs optimum increased risk: −20 °C vs 14.5 °C OR 1.56 (95% CI 1.30–1.87). Heat also associated with higher risk: 20 °C vs 14.5 °C OR 1.25 (1.04–1.50). Stronger cold effect in boys: OR 1.94 (1.53–2.45).
	Careful temporal control; robust findings.

	Projected changes in maternal heat exposure during early pregnancy and the associated congenital heart defect burden in the united states
	Wangjian Zhang et al.
	Journal of the American Heart Association
	2019
	United States
	Cross-sectional study
	
	Multiple US regions (NBDPS sites)
	3–8 weeks post‑conception in spring/summer; region‑specific EHD (extreme hot days)/EHE (extreme heat events) metrics.
	Applied published season‑specific ORs to projected exposure changes.
	Extreme heat events (EHE/EHD)
	Regional Tmax > 90th/95th percentile; frequency & duration within 42‑day window.
	3–8 weeks post‑conception; spring and summer.
	Congenital heart defects (e.g., conotruncal, ASD) – projected burden.
	NBDPS case definitions by subtype.
	Projected increases in heat exposure and CHD burden. Examples: Spring conotruncal CHD +34.0% (95% CI 4.9–70.8) in the South; Spring ASD +38.6% (95% CI 9.9–75.1) in the Northeast. Summer EHD increases largest in Midwest (+3.42 days [95% CI 2.99–3.88] per pregnancy window).
	Transparent uncertainty; strong baseline evidence.

	Prenatal exposure to heat and humidity and infant birth size in Ghana
	Reddam A et al.
	Environmental Research
	2025
	Ghana
	Prospective cohort
	n = 1 173
	Community-based cohort
	Inclusion: singleton pregnancy ≤ 24 weeks by ultrasound; primary cook; non-smoker. Exclusion: delivery < 28 weeks; anthropometrics not measured ≤ 72 h; missing covariates (age, BMI, prenatal visits, placental malaria).
	Mean maternal age 28 ± 7.2 y; 83 % multiparous; 70 % ≥ 4 ANC visits; infant sex 50 % female
	daily maximum shaded Wet Bulb Globe Temperature (WBGTmax; primary) and Heat Index (HImax; sensitivity)
	trimester averages and DLNMs using percentile contrasts (25th ≈ 26 °C and 75th ≈ 29 °C vs median 27 °C). “Extreme heat events” also summarized as WBGTmax > 30 °C (ISO threshold)
	Trimester averages (T1 days 1–97; T2 98–188; T3 189–280) and entire pregnancy; DLNM from conception to 37 weeks (weekly lags).
	Birth weight (g); birth length (cm); head circumference (cm); LBW; SGA; PTB; gestational age.
	PTB < 37 weeks; LBW < 2500 g; SGA < 10th percentile (Ghana-specific growth curve); GA by ultrasound.
	Higher WBGTmax in T2 → lower BW (−36.5 g, 95 % CI −72.9 to −0.2) and shorter length (−0.32 cm, 95 % CI −0.61 to −0.02); higher PTB odds (OR ≈ 1.53, 95 % CI 1.00–2.35) per +1 °C. T1 and T3 → larger HC (+0.16 and +0.17 cm per +1 °C). DLNM showed cooler WBGT (26 °C vs 27 °C) early in pregnancy associated with higher BW/length; head circumference larger at higher WBGT (29 °C) during days 21–167 and 194–259; SGA and LBW odds lower at cooler temperatures in early/mid gestation. HImax results similar.
	Maternal age, BMI, parity, ethnicity, prenatal visit adequacy, infant sex, placental malaria, and season of birth. Sensitivity: exclude stillbirths; HImax models.

	A time-stratified, case–crossover study of heat exposure and perinatal mortality from 16 hospitals in sub-Saharan Africa
	Hanson C et al.
	Nature Medicine
	2024
	Benin; Malawi; Tanzania; Uganda
	Prospective cohort 
	n = 138 015
	Hospital-based cohort
	Included: all singleton mother–baby pairs admitted for childbirth in any of the 16 hospitals between 1 July 2021 and 31 December 2023. Excluded: women referred after giving birth; observations with missing outcome (n=85) or missing exposure temperature data (n=145). Stillbirth analysis restricted to fetuses with birth weight ≥1 000 g.
	Maternal age ≥35 y ranged ~8.8–15.9%; multiparity (≥2 pregnancies) ~54.6–72.4%. High proportions of referrals in some countries (e.g. Benin 53.8% referred in labor), indicating a high-risk hospital case-mix.
	Ambient air temperature at 2 m (°C)
	Continuous temperature exposures modelled with DLNM; extreme heat contrast defined as increase from the 75th to the 99th percentile of country-specific mean temperature during lag 0–6 days pre-birth.
	Primary window: week before birth (lag 0–6 days) for temperature exposure. Sensitivity: shorter lags (lag 0; 0–1; 0–2 days). Additional analysis: trimester-specific mean temperature in 1st, 2nd, 3rd trimester
	Stillbirths, and neonatal mortality.
	Stillbirth: fetal death before birth, birth weight ≥1 000 g, not resuscitated after birth. \nPerinatal death: stillbirth + neonatal death within 24 h of life
	Main association (lag 0–6 mean temperature, 99th vs 75th percentile): Perinatal mortality: OR 1.34 (95% CI 1.01–1.78).  All stillbirths: OR 1.29 (95% CI 0.95–1.77).  Antepartum stillbirths: OR 1.18 (95% CI 0.71–1.95).  Intrapartum stillbirths: OR 1.64 (95% CI 0.74–3.63). Associations were stronger during the six hottest consecutive months.
	Case-cross over design. Adjusted for relative humidity.

	Climate Change and Congenital Anomalies: A Population-Based Study of the Effect of Prolonged Extreme Heat Exposure on the Risk of Neural Tube Defects in France
	Bruckner TA et al.
	Birth Defects Research
	2024
	France
	Cross-sectional study
	n =1,272
	Paris Registry of Congenital Malformations
	Included all NTD cases (live births, stillbirths, TOPFA) among mothers residing in Greater Paris; excluded chromosomal anomalies and non-NTD codes
	Monthly mean NTD count 4.24; range 0–13
	Prolonged extreme heatwave defined as August 2003 temperatures (≥35°C for nine consecutive days)
	Binary exposure: conceptions in August 2003 = exposed to prolonged extreme heat in the periconceptional period
	Periconceptional period (month of conception)
	Neural tube defects
	NTDs coded using ICD-9 (1994–2000) and ICD-10 (2001–2018); includes anencephaly, spina bifida, encephalocele
	Exposure to the 2003 heatwave doubled NTD risk: RR 2.14 (95% CI: 1.46–3.13). Sensitivity analyses consistent: RR 1.93 (excluding July/Sept) and RR 4.02 (summer-only comparison).
	Models adjusted for month and year indicators; population offset (estimated conceptions via live births 9 months later)

	Associations between heat wave during pregnancy and term birth weight outcomes: The PARIS birth cohort
	Rancière F et al.
	Environment International
	2024
	France
	Retrospective cohort
	n = 3,359
	Hospital-based cohort
	Included: single-birth term newborns (37–42 weeks), normal birth, no malformations, mothers ≥19 years, received prenatal care, French-speaking. Excluded: low birth weight <2,500 g, maternal alcohol/drug addiction, no prenatal care, maternal age ≤18, mothers who moved during pregnancy.
	Median maternal age 31 years; ~66% living in Paris city; 4.3% term SGA (145/3,359); ~17% early-term, 65% full-term, 17% late-term; maternal smoking ~11%.
	Prolonged extreme heatwave defined as August 2003 temperatures (≥35°C for nine consecutive days)
	Binary exposure: conceptions in August 2003 = exposed to prolonged extreme heat in the periconceptional period
	Entire pregnancy and by trimester (1st, 2nd, 3rd).
	Birth weight, small for gestational age
	SGA: birth weight <10th percentile of French sex- and gestational-age–specific reference curves
	Any heat wave during pregnancy: lower term BW (−83 g; 95% CI −131, −35) and higher odds of term SGA (aOR 2.70; 95% CI 1.38, 5.28). Strongest when heat wave in 1st trimester: aOR for SGA 4.18 (95% CI 1.69, 10.35); BW −90 g (95% CI −150, −30). Second trimester: similar BW reduction (−126 g) but SGA association not significant; third trimester not clearly associated.
	Effects stronger in primiparous and older mothers, and in women with low/intermediate SES (particularly for first-trimester exposure)

	Impact of cash transfers on the association between prenatal exposures to high temperatures and low birthweight: Retrospective analysis from the LEAP 1000 study
	LaPointe S et al.
	BJOG
	2024
	Ghana
	Retrospective cohort
	n = 3,016
	Rural households
	Included liveborn infants aged 0–36 months at baseline and infants born by endline; excluded if missing key household data; birthweight imputed for 50% missingness (mainly home births)
	Mean BW 3.02 ± 0.37 kg; LBW 12%; 64% facility births; parity ~4; 50% female; sample highly disadvantaged (low PMT scores)
	Ambient temperature (weekly means)
	High temperature defined as weekly mean >30 °C (75th percentile); reference 28 °C (median). Exposure evaluated over 52 weeks before birth using DLNM.
	0–52 weeks before birth (lags 0–52
	Low birth weight
	LBW (<2.5 kg)
	High weekly temperatures (>30°C) associated with higher odds of LBW overall, strongest in 3 weeks before birth (OR 1.005–1.025). Among comparison infants: elevated LBW odds at many lags (0–23, 30–51). Among LEAP 1000 infants: no positive association; some lags showed lower LBW odds. Sensitivity analyses (complete cases) consistent with protective pattern for CT group.
	Adjusted for infant sex, parity, health facility birth, PMT score, year of birth, district; lag and exposure splines in DLNM; rainy season not directly adjusted beyond year/month.

	Ambient temperature and major structural anomalies: A retrospective study of over 2 million newborns
	Zhang Y et al.
	Science of the Total Environment
	2023
	USA
	Cross-sectional study
	n = 2,352,529
	National registry (birth certificate data)
	Included: live singleton births to US-resident mothers aged 20–50 y. Excluded: counties <100k pop., missing LMP/race/education/parity/prenatal care, multiple births, anomalies missing, and births whose critical window (3–12 weeks post-conception) did not fall in May–August.
	Mothers with anomalies more often older, smokers, alcohol use, lacking prenatal care.
	Ambient temperature
	“extreme heat” = 95th percentile, “moderate heat” = 85th percentile; compared to minimum morbidity temperature (MMT)
	Critical developmental window: 3–12 weeks post-conception
	Major structural anomalies
	Diagnoses reported on birth certificates; 6 broad systems and 15 categories; includes anencephaly, spina bifida, hydrocephalus, heart malformations, cleft lip/palate, renal agenesis, etc.
	Extreme heat (95th percentile) associated with: Total anomalies OR 1.05 (95% CI 1.00–1.11); CNS anomalies OR 1.17 (1.01–1.37); Other uncategorized anomalies OR 1.16 (1.04–1.29); Marginal associations: genitourinary (OR 1.14) and malformed genitalia (OR 1.22);  Stronger associations in multiple anomalies (OR 1.24) vs. single (OR 1.04); Effects more pronounced in high-poverty counties and with higher PM2.5.
	Maternal age, race/ethnicity, marital status, education, prenatal care, smoking, alcohol use, medical risk factors, parity, county poverty rate, census region. Sensitivity: +PM2.5 adjustment (stronger associations).

	Increased late preterm birth risk and altered uterine blood flow upon exposure to heat stress
	Yüzen D et al.
	eBioMedicine
	2023
	Germany
	Retrospective cohort
	n = 25,624
	University Medical Centre
	Included: singleton live births, GA known. Restricted to warm season (Mar–Sept). PRINCE: viable pregnancy at 12–14 wks; excluded infections, drug/alcohol abuse, multiples, ART pregnancies. Cesarean-coded births excluded in spontaneous-birth sensitivity analysis.
	Preterm birth 8.5% (late PTB 65% of PTBs). Majority of women lived ≤10 km from weather station. Ambient temp ~20°C (temperate climate).
	Daily maximum temperature; daily apparent temperature
	Heat events defined using 90th, 95th, 98th, 99th percentiles of temperature or apparent temperature, with 2, 3, 4, or 5 consecutive heat days.
	Week before delivery
	Preterm birth (GA <37 wks), altered uterine blood flow
	Preterm birth: <37 wks. Late/early/very early defined by GA ranges. Uterine/umbilical artery PI from Doppler ultrasound (vascular resistance).
	Heat exposure increased PTB risk: strongest for 98th percentile & ≥3 days (RR 1.59, 95% CI 1.01–2.43). Apparent temperature showed even higher risks (e.g., RR 1.45 for 99th percentile × 2 days). Critical window: GA 34–37 wks → late PTB significantly increased (e.g., RR 2.00 at 98th percentile × 3 days). Female fetuses more vulnerable (significant increases under apparent temperature thresholds). Effect driven by spontaneous preterm births, not medically induced. Heat exposure associated with lower uterine artery PI (higher placental perfusion)
	Modified Poisson regression adjusted for maternal age (<20 or >44), parity; no significant interactions.

	The relationship between extreme ambient temperature and small for gestational age: A cohort study of 1,436,480 singleton term births in China

	Li X et al.
	Environmental Research
	2023
	China
	Cross-sectional study
	n = 1,436,480 
	Provinical registry
	Included: term singletons with geocoded maternal residence, BW 1000–5500 g, maternal age 15–45. Excluded: multiples, preterm, missing address, extreme BW outliers.
	SGA prevalence 7.6%; eastern region largest (795k births). Mean BW ~3336 g. Maternal age mostly 25–29 yrs; >50% had <5 antenatal checks.
	Ambient temperature (daily mean)
	“Extreme cold” ≤5th percentile; “Extreme heat” >95th percentile of trimester-specific temperature distribution; reference = 5th–95th percentile (“mild”).
	First trimester (weeks 1–12); second (13–28); third (29–delivery); trimester-specific analyses
	SGA (term infants <10th percentile of cohort birthweight distribution)
	SGA defined within study-specific BW-for-GA distribution (term only)
	Eastern region: heat (OR 1.17, 95% CI 1.13–1.22) in third trimester ↑ SGA. Middle region: Only extreme heat in third trimester ↑ SGA (OR 1.29, 95% CI 1.21–1.37). Western region: No significant associations for heat. Across all regions, effects concentrated in third trimester; little evidence for 1st or 2nd trimester.
	Maternal age, infant sex, parity, education, frequency of antenatal checks, season of birth, district-level income, PM₂.₅ exposure; sub-district random effects; month fixed effects

	Ambient temperature during pregnancy and fetal growth in Eastern Massachusetts, USA.
	Leung M et al.
	International Journal of Epidemiology
	2023
	USA
	Retrospective cohort 
	n = 9,446
	Hospital-based cohort
	Included: singleton pregnancies ≥20 wks with ultrasounds at BIDMC and valid address at delivery. Excluded: multiples, out-of-state addresses, no ultrasonography, missing covariates, scans only after 23 weeks, outlier ultrasound values (>4 SD).
	Mean maternal age 31 yrs; 52%, nulliparous; 79% privately insured; mean ADI relatively low (more advantaged). Weekly mean temp ~10°C.
	Ambient temperature (weekly means)
	Continuous temperature (°C), modeled per 5°C increase
	Weekly exposures from conception to: ultrasound at 16–23 weeks; 24–31 weeks; ≥32 weeks; and to week 37 for BW
	Fetal growth
	Z-scores based on gestational age; BW z-score for term neonates; fetal growth measured via routine ultrasound
	Higher temperature associated with smaller fetal growth across parameters. Critical window: Weeks 1–20 for ultrasound measures (strongest for head size). BW sensitive to higher temperatures across entire pregnancy (−0.32 z-score per +5°C). Some evidence growth effects stronger in young mothers (<22 yrs), female fetuses, autumn conceptions.
	Maternal age, race, education, insurance, parity, smoking, fetal sex, conception year, day-of-year trend, ADI, humidity, PM₂.₅; random intercept per pregnancy

	Associations between ambient temperature and pregnancy outcomes from three south Asian sites of the Global Network Maternal Newborn Health Registry: A retrospective cohort study
	Shankar K et al.
	BJOG
	2023
	India, Pakistan
	Retrospective cohort 
	n = 126,273
	Community based cohort
	Included all pregnant women in MNHR clusters; GA estimated using standard algorithm; BW measured within 48h; excluded pregnancies with <3 days of temperature data for trimester averages
	91% maternal age 20–35; 32% BMI <18.5; anemia common (~80%); PTB 16.4%; LBW 22.2%; stillbirth 3%; hypertensive disorders 3%
	Temperature (daily maximum)
	Trimester heat exposure = mean Tmax over 90-day trimester window; exposure treated as continuous: risk per +5°C increase
	Trimester specific averages
	PTB (<37 wks), LBW (<2500 g), stillbirth (≥20 wks), gestational hypertension / severe pre-eclampsia
	Standard MNHR definitions; BW recorded within 48h or estimated if missing; hypertensive disorders per WHO criteria
	PTB: Increased with higher 2nd trimester temperature (RR 1.05; 95% CI 1.02–1.07). nLBW: Increased with heat in 1st (RR 1.02) and 2nd (RR 1.02) trimester in overall cohort; Thatta: 1st trimester effect; Nagpur: strong 2nd trimester effect (RR 1.07). Gestational hypertension / severe pre-eclampsia: Increased with 3rd trimester heat (RR 1.07; 95% CI 1.02–1.12); effect strongest in Nagpur (RR 1.13). Stillbirth: Elevated risk in 2nd–3rd trimester (RR ~1.06–1.07), but not statistically significant.
	Models included site and site×outcome interaction; modified Poisson with robust SEs; no adjustment for air pollution or humidity; no multiple environmental covariates

	Extreme Heat, Birth Outcomes, and Socioeconomic Heterogeneity
	Conte Keivabu R et al.
	Demography
	2022
	Spain
	Cross-sectional study
	n = 4,314,381
	Birth registry (urban settings)
	Included: singleton births in provincial capitals with gestational age. Excluded: births outside capital cities, missing SES info for stratified analyses.
	SES gradient evident; exposure to very hot days relatively rare (~0.3 days >32°C per pregnancy).
	Ambient temperature (daily mean)
	“Extreme heat” = days >32°C (89.6°F). Temperature aggregated by trimester (count of days in each bin). Reference = 5–25°C. Exposure modeled per additional hot day.
	Trimester specific averages
	Preterm birth, low birth eight, very low birth weight
	PTB <37 weeks; LBW <2500 g; VLBW <1500 g
	Full sample: No significant effect of extreme heat on PTB; small/non-significant increases for LBW/VLBW. SES gradients: Strong, consistent heat effects only among low-SES infants. Example: Each additional >32°C day → ↑ LBW by 0.026 PP and ↑ VLBW by 0.020 PP. Trimester sensitivity: Effects concentrated in 1st and 2nd trimester, especially for low SES (e.g., LBW +0.085 PP for 2nd trimester heat). High-SES infants showed protective patterns (slight LBW decreases), possibly due to behavioural adaptation (AC, avoiding exposure). Male infants were more vulnerable: VLBW increases only significant among low-SES male fetuses.
	No air pollution data (unavailable pre-2001); possible exposure misclassification using city-level grids

	Extreme temperatures during pregnancy and adverse birth outcomes: Evidence from 2009 to 2018 U.S. national birth data
	Cil G et al.
	Health Economics
	2022
	USA
	Cross-sectional study
	n = 34.7 million
	Birth registry 
	Included: singleton live births with valid gestational age, maternal county, and core covariates for 2009–2018. Excluded: multiple births and records with missing key data.
	Nationwide sample with broad racial/ethnic and regional diversity; separate analyses by maternal race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Other).
	Ambient temperature (mean daily)
	Relative temperature: days where mean temperature is >+2 SD or <−2 SD from county’s historic monthly mean
	Prenatal, whole gestational period.
	PTB, very PTB, extremely PTB; LBW, VLBW, PTB+LBW; NICU admission; assisted ventilation; gestational hypertension
	PTB <37 weeks; very PTB <32 weeks; extremely PTB <28 weeks. LBW <2500 g; VLBW <1500 g; PTB+LBW = both. Definitions based on ICD-10 and CDC NVSS standards.
	Absolute temperatures (whole pregnancy): Each additional day 80–90°F → +0.026 LBW cases per 1000 births (~0.1% increase). Days >90°F → ↑ extremely PTB (+0.014/1000) and ↑ NICU admissions (+0.153/1000).
	Models adjust for maternal demographic characteristics (e.g. race/ethnicity, education, marital status, age) and include mother’s county×birth-month fixed effects and state×birth-year fixed effects, plus weather controls (precipitation)

	Ambient temperature and term birthweight in Latin American cities
	Bakhtsiyarava M et al.
	Environment International
	2022
	Brazil, Mexico, Chile
	Cross-sectional study
	n = 15 million
	Birth registry
	Included: term live births (38–41 weeks), complete BW, GA category, covariates. Excluded: missing BW, missing GA, missing covariates.
	Birthweight means: Brazil 3252 g, Mexico 3235 g, Chile 3435 g. Majority of mothers <30 years; large between-country differences in maternal education and partnership status.
	Ambient temperature (mean monthly)
	Average monthly ambient temperature (population-weighted) during each month of gestation
	Prenatal, whole gestational period.
	Birthweight
	Birthweight as recorded in vital statistics (term births only; GA category 38–41 weeks)
	Higher temperatures associated with lower term birthweight, strongest in months 7–9. Cumulative exposure: 95th percentile temperature vs 19°C → Brazil: −37 g; Mexico: −9 g; Chile: small, non-significant. Month-specific: −2 to −8 g per +5°C in months 6–9 (Brazil, Mexico). Chile showed mostly null effects (cooler climate). No sex differences. Maternal education modifies effects: low education → stronger negative associations (e.g., Brazil −32 g vs −23 g at 95th percentile).
	Newborn sex; maternal age; education; partnership status; parity; season of conception; birth year; climate zone; random intercept for sub-city

	The association of maternal exposure to ambient temperature with low birth weight in term pregnancies varies by location: In Brazil, positive associations may occur only in the Amazon region
	Requia WJ; Koutrakis P et al.
	Environmental Research
	2022
	Brazil
	Cross-sectional study
	n = 5,790,713
	National birth registry
	Included: term singleton births 37–41 weeks, BW 1000–6000 g, mothers aged 18–45 years. Excluded: preterm, BW outliers, missing key variables.
	Region sizes differ: North ~1.1M births, Northeast ~1.7M, Midwest ~0.86M, Southeast ~0.70M, South ~1.4M. Sex ratio ~50/50; majority White ~30%.
	Ambient temperature (daily mean)
	For each trimester (1–12 wks, 13–28 wks, 29–41 wks), mean maternal temperature was calculated.
	Trimester-specific means (1st, 2nd, 3rd trimester)
	Low birth weight
	LBW defined per ICD-10 (<2500 g) in term births only
	North (Amazon) was the only region with consistent positive associations across main and sensitivity analyses. Second trimester: strongest effect — +5.16% LBW per +1°C (95% CI 3.60, 6.74). Smaller positive effects also in 1st (+3%) and 3rd trimester (+3%) in North. Other regions showed no consistent or null/negative associations, except small effects in subgroups (e.g., Northeast White infants). Temperature–LBW associations stronger at higher ambient temp ranges (26–30°C).
	humidity, precipitation, PM₂.₅, NO₂, O₃, maternal age, race, marital status, education, sex of infant, year, month, season (sine/cosine), spline terms for continuous covariates

	Extreme heat, preterm birth, and stillbirth: A global analysis across 14 lower-middle income countries
	McElroy S; et al.
	Environment International
	2022
	USA
	Retrospective cohort
	n = 103,535
	Household-based cohorts
	Included: women 15–49 in DHS Phase 7 with complete birth histories, valid date of birth/death, and PSU coordinates. Excluded: missing temperature linkages; missing birth outcomes.
	PTB prevalence ranged 1% (Nigeria) – 10% (Malawi). Stillbirth proportion 0.6% (Tajikistan) – 3.5% (Ethiopia). Countries span tropical, arid, and temperate climates.
	Daily maximum temperature (Tmax); minimum temperature; diurnal temperature range (DTR = Tmax–Tmin)
	Extreme heat defined via continuous Tmax, with reference at 20°C. Examined temperature percentiles (1st, 5th, 95th, 99th). DTR <16°C considered “high humidity / warm night” exposure. Exposure classified for each day within 0–7 days before birth.
	Acute exposure: 7 days before birth. Outcome assumed to occur on day of death/birth in DHS.
	Preterm birth, stillbirth
	PTB (<9 months gestation by DHS self-report); Stillbirth (fetal death at birth)
	PTB: Risk ↑ at Tmax >20°C, rising steeply ≥30–35°C; strongest lag 0–1 days. Stillbirth: Risk ↑ at 20–30°C and especially ≥95th percentile; stronger lag 3–5 days. Diurnal temperature range <16°C strongly ↑ risk: PTB and stillbirth both elevated (RR 2.1 for stillbirth at DTR<16°C). Minimum temperature alone showed no association. Equity gradient: Women with low education, low wealth, and rural residence had markedly higher heat-related risks.
	Case-crossover inherently controls all time-invariant confounders (SES, maternal age, chronic health). Model adjusted for humidity and wind speed (time-varying). Random effects for PSU and country.

	Association between maximum temperature and PM2.5with pregnancy outcomes in Lima, Peru
	Tapia VL et al.
	Environmental Epidemiology
	2021
	Peru
	Retrospective cohort
	n = 123,034
	Hospital-based cohort
	Included: singleton live births 2012–2016 with residential district, GA, BW, and PM₂.₅ estimates. Excluded: multiples, malformations, stillbirths, outlier BW, mothers from other provinces, missing covariates or PM₂.₅ estimates.
	Mean BW 3355 g; PTB 7.2%; LBW 1.78% among term births; majority age 20–34; ~75% prenatal care.
	Ambient temperature (daily maximum)
	Tmax averaged over entire pregnancy and trimesters
	Prenatal, whole gestational period.
	Preterm birth, birth weight, small for gestational age
	BW (g); WAZ (INTERGROWTH); LBW (<2500 g, term only); PTB (<37 wks; Cox time-to-event).
	Birthweight: 3rd trimester Tmax: −23.7 g per IQR (95% CI −28.0, −19.5). 1st trimester Tmax: +16 g per IQR (95% CI +12, +20) positive association. WAZ decreased in 3rd trimester (−0.02) and increased in 1st trimester. Effects stronger in high PM₂.₅ areas (significant interaction). PTB: Increased risk in 1st trimester (HR 1.04; 95% CI 1.001, 1.07) and 2nd trimester (HR 1.04; 95% CI 1.005, 1.08). No association in 3rd trimester. 
	Maternal age, parity, prenatal care, poverty, preeclampsia, urinary infection (PTB model), gestational age (BW models), PM2.5

	Low and high ambient temperatures during pregnancy and birth weight among 624,940 singleton term births in israel (2010–2014): An investigation of potential windows of susceptibility
	Basagaña X et al.
	Environmental Health Perspectives
	2021
	Israel
	Cross-sectional study
	n = 624,940
	National birth registry
	Included: singleton term births (>36 weeks) with geocoded address and birthweight. Excluded: missing BW/address, preterm births, multiples.
	Mean tBW 3302 g; tLBW 2.7%; majority Jewish (78%); most in Mediterranean climate zone (90%); SES and urbanicity varied.
	Ambient temperature (daily mean)
	Temperature converted to percentiles within climate zone
	Prenatal, whole gestational period.
	(Low) birth weight, only term deliveries
	Term >36 weeks; tLBW <2500 g among term births
	Whole pregnancy: U-shaped pattern → both cold (≤10th percentile, −56 g) and heat (>90th percentile, −65 g) ↓ tBW; tLBW OR 1.35 for cold, 1.58 for heat. Trimester-specific: strongest associations in 3rd trimester (tBW −46 g for cold; −51 g for heat; tLBW OR 1.26 cold, 1.65 heat). GA-week-specific: heat associated with ↓ tBW during GA weeks 3–9 and 19–34 (strongest week 3: −3.8 g); cold associated with ↓ tBW mainly late gestation (peak week 36: −2.9 g). tLBW week-specific associations mostly null except a weak late-gestation heat signal.
	Newborn ethno-religious group; maternal age, education, occupation, origin, marital status; parity; area-level SES; LMP month & year; trimester models mutually adjusted for all trimesters
Quality flags 

	Impact of ambient temperature exposure on newborns with low Apgar scores in northwest China
	Tang Z et al.
	Environmental Science and Pollution Research
	2021
	China
	Retrospective cohort 
	n = 182,322
	Hospital-based cohort
	Included: singleton live births 28–42 weeks GA. Excluded: multiples, stillbirths, GA <28 or ≥42 weeks, BW ≤500 or ≥5000 g, unknown sex, Apgar 4–8 (only ≤3 vs ≥8 analyzed).
	0.86% low Apgar scores (1,575 cases); Hui ethnicity higher risk; higher prevalence among parity ≥3, teen mothers, high-risk pregnancies, and autumn births.
	Ambient temperature (daily mean) 
	For the 1–3 days, 1–4 weeks, and 1–3 months before delivery, exposure classified as: extreme cold <10th percentile, moderate 10–90th, extreme heat >90th percentile.
	Prenatal, whole gestational period.
	Low 5-min APGAR scores
	Apgar ≤3 vs normal (≥8)
	Extreme heat (>90th percentile) significantly ↑ risk of low Apgar across many windows: +13.9% to +47.0% increased odds. Dose-response: U-shaped or J-shaped curves—risk increases at high temperatures for most windows. Associations robust in sensitivity analyses excluding preterm, LBW, and high-risk pregnancies.
	Infant sex; maternal age; parity; race; high-risk pregnancy; gestational age; birthplace; birth season; humidity.

	A population-based case-control study of the association between weather-related extreme heat events and low birthweight
	Lawrence WR et al.
	Journal of Developmental Origins of Health and Disease
	2021
	USA
	Cross-sectional study
	n = 22,615 tLBW cases; 139,168 controls
	National birth registry
	Included: singleton term births (38–42 wks), non-malformed, ≥1 day of gestation overlapping summer. Excluded: inconsistent BW–GA, missing confounders, NYC births (data unavailable).
Characteristics 
	Cases more likely female; more often mothers <20 or ≥35 yrs; lower education; higher smoking; slightly higher PM₂.₅ exposure.
	Extreme Heat Events (EHE)
	EHE90 = ≥3 consecutive days with Tmax ≥32.2°C (90°F). EHE97 = ≥2 consecutive days with Tmax ≥97th percentile (season & region specific)
	Prenatal, whole gestational period.
	term Low birth weight
	Term = 38–42 weeks; LBW <2500 g among term infants
	Main associations: EHE97 overall: OR 1.05 (95% CI 1.02–1.09). First trimester consistently strongest: EHE97 (1 event): OR 1.11 (1.06–1.16). EHE97 ≥3 days: OR 1.13 (1.03–1.24). Birthweight reductions: One EHE90 in 1st trimester: −20.95 g. EHE97 ≥3 days in 1st trimester: −34.19 g. Percentile effects: strongest around 40th–60th percentiles. No meaningful associations in 2nd or 3rd trimester.
	Maternal age, race, ethnicity, education, smoking, alcohol, prenatal care adequacy, atmospheric pressure, humidity, PM₂.₅, ozone, weather region, birth year

	Exposure to heat wave during pregnancy and adverse birth outcomes: An exploration of susceptible windows
	Wang J et al. 
	Epidemiology
	2019
	Australia
	Cross-sectional study
	n = 277,133
	Brisbane birth registry
	Included: singleton births ≥19 weeks or ≥400 g. PTB analysis: spontaneous live births only. Excluded: missing GA (n=16).
	Warm-season births (Nov–Mar) examined for acute effects; 7,691 PTB and 705 stillbirths during warm months.
	Heat waves (6 definitions)
	HWD1–3: Tmax >90th percentile for 2, 3, 4 days. HWD4–6: Tmax >95th percentile for 2, 3, 4 days. Binary exposure (yes/no) per gestational month.
	Prenatal, whole gestational period.
	Preterm birth, stilbirth
	PTB (<37 weeks; spontaneous); Stillbirth (≥20 weeks or ≥400 g)
	PTB: Heat waves increased PTB in all gestational months, HRs 1.08–1.53 across definitions; no single highly susceptible month identified. Stillbirth: Strongest associations in early pregnancy (months 1–6): HRs 1.54–1.75 (e.g., HWD2). Risk declines after month 6, slight bump at month 8 with HWD6 but not consistent across definitions. Results robust to air pollution adjustment and seasonal controls.
	Maternal age, marital status, Indigenous status, parity, fetal sex, SES disadvantage; air pollutants (PM10, NO₂, O₃, CO, SO₂); cold days; year & month dummy variables.

	Impacts of high temperature on adverse birth outcomes in Seoul, Korea: Disparities by individual- and community-level characteristics
	Son J-Y et al.
	Environmental Research
	2019
	South Korea
	Cross-sectional study
	n = 813,820
	National birth registry
	Included singleton births with complete GA, BW, maternal age & education. Excluded missing covariates.
	PTB 4.0% (32,908); tLBW 1.6% (12,298). Mothers mostly aged 25–34; 72% >12 years education. Community-level SES and greenness varied by gu.
	Heat index
	function of temperature & relative humidity
	Whole pregnancy; 4 weeks before birth; 1 week before birth (not used for tLBW due to plausibility).
	Preterm birth, (term) low birth weight
	PTB <37 weeks; tLBW (<2500 g among term births)
	PTB: Whole pregnancy: OR 1.033 (95% CI 1.005–1.061; NO₂-adjusted). 4 weeks before delivery: OR 1.013 (1.005–1.022). 1 week before delivery: OR 1.012 (1.004–1.020). 
tLBW: No significant associations for any exposure window. 
Effect modification: Higher PTB risk in infants of: very young (<25) or older (30–34 or ≥35) mothers, low maternal education (individual-level SES), low community-level SES, combined low individual + low community SES showed the strongest association (OR 1.10; 1.03–1.17).
	Infant sex; maternal age; maternal education; month & year of birth; air pollutants (NO₂, PM₁₀, O₃; each separately); stratified community-level SES & greenness.

	Temperature and Term Low Birth Weight in California
	Basu R et al.
	American Journal of Epidemiology
	2018
	USA
	Cross-sectional study
	n = 2,076,230
	Statewide birth registry
	Included: singleton births 37–44 weeks with BW, GA, sex, maternal age, race/ethnicity, education. Excluded: missing covariates; births lacking complete meteorological exposure; mothers >10 km from weather monitor
	tLBW more frequent in female infants, younger mothers (11–24 yrs), Black mothers, coastal areas; 51% warm-season births.
	Apparent temperature
	Combining ambient temperature and relative humidity
	Prenatal, whole gestational period.
	Term low birthweight
	tLBW defined by BW <2500 g among term births
	Full gestation: +13.0% higher odds per +10°F (≥55°F). Third trimester: strongest effect: +15.8% per +10°F (≥65°F). Second trimester: small positive effect (+1.7%). First trimester: negative association (−7.4%; cooler temps associated with higher tLBW). First month: null; last month/2 weeks: small increases (+2.6–2.7%). Effect modifiers: highest risks for Black mothers, older mothers, highly educated mothers, underweight mothers, warm-season births, and male infants. Air pollutants: none confounded associations; ozone modified heat effect.
	Maternal age, race/ethnicity, education; infant sex; season & year of birth; evaluated modification by BMI, WIC enrollment, smoking; pollutant adjustment (CO, NO₂, SO₂, O₃, PM₂.₅)

	Exploring associations of maternal exposure to ambient temperature with duration of gestation and birth weight: A prospective study
	Li S et al.
	BMC Pregnancy and Childbirth
	2018
	Australia
	Cross-sectional study
	n = 237,585
	Perinatal Data Collection Unit
	Included: singleton live births ≥20 weeks GA or ≥400 g BW. Excluded: LMP before Jan 2001 (n=38,003), stillbirths (n=1,445), missing BW/GA (n=116).
	Mean GA 38.94 ± 1.87 wks; mean BW 3.42 ± 0.56 kg; 75% of mothers aged 20–35; 2% Indigenous; 42% primiparous.
	Ambient temperature (Max and min)
	Temperature categorized for analysis: Maximum temperature: >30°C, 25–30°C, 20–25°C, ≤20°C.  Minimum temperature: >20°C, 15–20°C, 10–15°C, ≤10°C. Exposure assessed in first vs. last gestational week, and first 4 vs. last 4 weeks.
	Early pregnancy: first week & first 4 gestational weeks. + Late pregnancy: last week & last 4 gestational weeks.
	Duration of gestation (weeks); Birthweight (kg)
	GA based on LMP; BW measured at birth
	Gestational duration: Minimum temperature >20°C at conception → longer gestation (+0.029 weeks). Minimum temperature >20°C at delivery → shorter gestation (−0.042 weeks). Minimum ≤10°C at delivery → −0.018 weeks. Effect present in cumulative 4-week windows; maximum temperature not associated with GA. 
Birthweight: Maximum temperature at delivery: compared to >30°C: 20–25°C: +11 g; <20°C: +18 g; Minimum temperature not associated with BW after full adjustment. BW sensitive mainly in late pregnancy; early-pregnancy exposures showed inconsistent/null effects.
	Maternal age, Indigenous status, marital status, parity, fetal sex, duration of gestation (in BW models), RH, air pressure, PM10, SO₂, NO₂, O₃, calendar month at delivery; mutual adjustment for max/min temperatures.

	Temporal change in the impacts of ambient temperature on preterm birth and stillbirth: Brisbane, 1994–2013
	Li S et al. 
	Science of the Total Environment
	2018
	Australia
	Cross-sectional study
	n = 289,351
	Perinatal Data Collection Unit
	Included births ≥20 weeks GA or ≥400 g. Excluded: GA <20 wks, BW <400 g, missing key variables.
	PTB 7.9%, stillbirth 0.6%. Many mothers <35 yrs (~75%). Smoking data missing for years <2005.
	Ambient temperature, relative humidity
	Low = 5th percentile, High = 95th percentile, reference = minimum-prevalence temperature.
	Prenatal, whole gestational period.
	Preterm birth, stillbirth
	PTB (<37 weeks, live births); stillbirth (≥20 weeks or ≥400 g)
	Preterm birth: 3rd trimester: ↑ PTB risk at both low and high temperatures → U-shaped curve. Low temp (5th percentile): HR 1.21 (1.16, 1.27). High temp (95th percentile): HR 1.21 (1.16, 1.26). 
Stillbirth: 2nd trimester: ↑ stillbirth risk at low and high temperatures. Low temp: HR 1.23 (1.04, 1.45). High temp: HR 1.47 (1.24, 1.74). 
Temporal changes (1994→2013): Low-temperature effects strengthened over time (e.g., PTB: HR from 1.20 → 1.56). High-temperature effects weakened for PTB (e.g., HR from 1.53 → 1.19). For stillbirth, high-temperature effects stayed similar; low-temperature effects increased.
	Baby’s sex; parity; maternal age (<35/≥35); previous pregnancy; maternal medical conditions; smoking (available years only). Humidity also included. Air pollution (PM10, SO₂) tested in sensitivity analyses.

	Potential Climate Change Health Risks from Increases in Heat Waves: Abnormal Birth Outcomes and Adverse Maternal Health Conditions
	Cil G et al.
	Risk Analysis
	2017
	USA
	Cross-sectional study
	n ≈ 5 million
	Birth registry
	Included all singleton births with valid county-month data; excluded multiple births; excluded counties lacking heat-wave data; newborn abnormal-condition data unavailable 2005–2008 (removed for those outcomes).
	Fetal distress 4.5% of births; ventilation >30 min 1%; meconium aspiration 0.25%; maternal hypertension 4.4%; uterine bleeding, eclampsia, incompetent cervix each <1%.
	Heat waves
	Defined by SHELDUS: events with ≥ $50k damages or ≥1 fatality; heat index above state-regional advisory thresholds
	Prenatal, whole gestational period.
	Fetal distress; ventilator >30 min; Meconium aspiration; “any abnormal condition.”
	Based on birth-certificate medical data (NCHS definitions)
	Newborn abnormal conditions: \3rd trimester heat waves → +2.1 per 1,000 fetal distress. 2nd & 3rd trimester heat waves → ↑ meconium aspiration (~+0.37–0.41 per 1,000). “Any abnormal condition”: ↑ 2.3–3.0 per 1,000 births for heat waves in trimesters 1–3.
	County fixed effects; month fixed effects; state×year fixed effects; sociodemographic composition of births (maternal age, race, education, marital status, prenatal care, average prenatal visits, infant sex).

	Elevated outdoor temperatures and risk of stillbirth
	Auger N et al.
	International Journal of Epidemiology
	2017
	Canada
	Cross-sectional study
	n = 5,047
	Birth registry
	Included: singleton stillbirths ≥500 g from April–September. Excluded: pregnancy terminations (n=268), multiple gestations.
	33.5% term stillbirths (≥37 wks). Causes: placenta/cord/membranes 33%; undetermined 24%; congenital anomalies 14%; maternal complications 5%.
	Ambient temperature (daily max)
	Continuous temperature modeled with cubic splines; categorical analyses used: <15°C, 15–19.9°C, 20–27.9°C, ≥28°C. Exposure defined as temperature on estimated day of death (2 days before delivery) and on each previous day up to 7 days. Reference = 20°C.
	Acute exposure: 1–7 days before death, strongest focus on day before death (3 days before delivery); warm months only
	Stillbirth
	Stillbirth: ≥500 g. Term: ≥37 weeks. Preterm: ≤36 weeks. Cause of death classified via ICD-9/ICD-10 into 6 categories.
	Term stillbirth: significantly associated with elevated temperatures the day before death. 28°C vs. 20°C → OR 1.16 (95% CI 1.02–1.33).  30°C → OR 1.22 (1.02–1.46). 32°C → OR 1.28 (1.03–1.60). 
Preterm stillbirth: no association; cooler temperatures slightly protective. By cause: Undetermined: 28°C → OR 1.19 (1.02–1.40); 32°C → OR 1.35 (1.03–1.77)
	Adjusted for relative humidity

	Does maternal exposure during pregnancy to higher ambient temperature increase the risk of hypospadias?
	Kilinc MF et al.
	Journal of Pediatric Urology
	2016
	Turkey
	Cross-sectional study
	n = 1,709 cases; n = 4,946 controls
	Registry referral centers in Ankara and Istanbul
	Included: boys whose 8–14 gestational weeks occurred in Ankara/Istanbul, treated for hypospadias or other urologic conditions. Excluded: LBW (<2500 g), prematurity (<38 wks), maternal age <18 or >35, consanguinity, multiple pregnancy, congenital diseases, births outside study regions.
	Cases and controls similar in maternal age (~25 yrs), parity, economic status, BW (~3.1 kg), GA (~39 wks). Higher proportion of cases had 8–14 gestational weeks during summer.
	Ambient temperature (Monthly maximum and average)
	Exposure classified by season (summer vs. other), and continuous max/mean temperature during 8–14 wks.
	8–14 gestational weeks (urethral development period)
	Hypospadias
	Hypospadias requiring repair; controls = children undergoing other urologic procedures with no hypospadias
	Higher maximum and mean temperatures at 8–14 weeks were significantly associated with hypospadias (p=0.01). Summer conceptions (8–14 wks falling in July–August) had higher hypospadias odds (OR 1.32, 95% CI 1.08–1.52 for average temp; OR 1.22, 95% CI 0.99–1.54 for max temp). Temperature differences ~10°C higher in cases than controls during this developmental window.
	Maternal age, parity, economic status, gestational age, birthweight.

	Association between high ambient temperature and risk of stillbirth in California
	Basu R et al.
	American Journal of Epidemiology
	2016
	USA
	Cross-sectional study
	n = 8,510
	State death registry
	Included: singleton stillbirths ≥20 wks; warm-season births; maternal ZIP code ≤10 km from monitor. Excluded: pregnancy terminations; multiples; missing gestational age or exposure data.
	52% Hispanic; 46% maternal age 25–34; 63% high-school education or less; 52% male fetuses.
	Apparent temperature
	Continuous AT (°F). Effects expressed as percent change in stillbirth per +10°F (5.6°C). Lags: 2–6 days prior to fetal death; cumulative averages (lags 2–3, 2–4, 2–5, 2–6). Reference ~20°C.
	2–6 days before fetal death (estimated death ~2 days before delivery).
	Stillbirth
	Stillbirth defined as fetal death ≥20 weeks gestation (California Code of Regulations)
	Overall: +10.4% stillbirth risk per +10°F AT (95% CI 4.4, 16.8), cumulative lags 2–6. Critical windows: strongest risks at gestational weeks 20–25 and 31–33. Subgroups: Higher risk for younger mothers (<25 yrs: +11.8%), less educated mothers (+10.6%), Hispanic mothers, and male fetuses (+13.3%). No association during cold season. Effects independent of gaseous air pollutants (CO, NO₂, O₃, SO₂). Strongest associations when residence ≤10 km from monitor.
	models adjusted for humidity; air pollutants tested individually (no confounding found)

	The Impact of Extremes in Outdoor Temperature and Sunshine Exposure on Birth Weight
	Poeran J et al.
	Journal of Environmental Health
	2016
	The Netherlands
	Cross-sectional study
	n = 1,460,401
	Netherlands Perinatal Registry
	Included: singleton term births (≥37 wks). Excluded: multiples, preterm <37 wks or unknown GA, missing parity or sex, missing or erroneous ZIP code.
	Mean BW = 3522 g; SGA highest in teenage mothers (14.1%), non-Western mothers (13.5%), low SES (12.2%), congenital anomaly cases (16.1%).
	Ambient temperature (Daily minimum and maximum) + Sunshine exposure
	Not specified
	Periconceptual + full gestation period
	Birth weight
	Birthweight measured at delivery (g)
	Summer births had ~20 g lower birthweight compared with January. Maximum temperature → consistently lower BW across all windows (E1–E5). Strongest effects in E2–E4 (≈ −2.0 g per °C). Minimum temperature → mixed effects: 1st trimester min temp: lower BW (−0.6 g per °C). 2nd & 3rd trimester min temp: higher BW (+0.6 to +1.5 g per °C). Sunshine exposure (cumulative): higher BW (+0.023 to +0.052 g per hour depending on trimester). Regional BW differences −11 to +25 g attributable purely to climatological factors, lowest BW in inland, highest in coastal regions.
	Maternal parity, ethnicity, maternal age², SES, gestational age (categorical), congenital anomalies, infant sex, day-of-birth trend, month of birth; no air pollution included

	Climate change and fetal health: The impacts of exposure to extreme temperatures in New York City
	Ngo NS; Horton RM
	Environmental Research
	2016
	USA
	Cross-sectional study
	n ≈ 1 million births
	NYC Vital Statistics registry
	Included: all singleton live births in Manhattan with non-missing BW/GA and temperature exposure. Excluded: missing weather data, missing outcomes.
	Mean BW ~3233 g; mean GA 39 wks; detailed SES, ethnicity, smoking, maternal characteristics collected.
	Ambient temperature (average daily)
	Temperature exposure defined as number of days in each bin, separately for trimesters
	Full gestational period
	(Low) birth weight, gestational age
	Standard definitions; LBW <2500 g; GA from birth certificates
	Birthweight: Extreme heat (>85°F): cumulative −1.7 g per extreme-heat day (p≈0.10). Impacts strongest in trimester 2 (heat). LBW: each extra day >85°F → small increased probability of LBW (~0.03–0.05 percentage points). Gestational age: minimal effects; small reduction (−0.004 weeks) for extreme heat in Trimester 1 only, not cumulative. SES differences: teen mothers and low-education mothers most affected by heat; cold effects similar across SES groups; White and high-education mothers showed no heat effect. Climate projections: By 2070–2099, birthweight projected to fall ~4.6 g under business-as-usual (RCP8.5).
	Infant sex; detailed maternal age, education, ethnicity, marital status; smoking & #cigarettes; previous births; AFDC participation; birth month fixed effects; birth year fixed effects. Pollution (SO₂, CO, PM₁₀, NO₂) tested in sensitivity models.

	Neonates in Ahmedabad, India, during the 2010 Heat Wave: A climate change adaptation study
	Kakkad K et al.
	Journal of Environmental and Public Health
	2014
	India
	Retrospective cohort
	n = 2,025
	Hospital- based cohort
	Included: all NICU admissions aged 0–28 days with heat-related symptoms; included deliveries in-hospital and out-of-hospital transfers. Excluded: cases with evidence of sepsis, gastroenteritis, or CNS infection.
	Heat-related NICU admissions: 8 in 2009, 24 in 2010 (heat wave), 4 in 2011; all full-term; 30–75% with >10% weight loss; many transferred from maternity ward.
	Heat wave
	2010 heat wave in Ahmedabad
	Acute exposure during the same day; analyses included all days from April–June across 2009–2011
	NICU admissions
	Heat-related NICU admission = neonatal hyperthermia case meeting clinical criteria without infection
	Major increase in heat-related NICU admissions during May 2010 heat wave: 24 cases vs 8 (2009) and 4 (2011). Heat threshold: strongest rise in admissions above 42°C. Per +1°C above 42°C: +43% increase in heat-related NICU admissions (95% CI 9–88%). Ward relocation effect: moving maternity ward from top floor to ground floor resulted in 64% reduction in heat-related admissions (95% CI 3–89%). Non-heat NICU admissions and daily births showed similar but non-significant patterns.
	Number of births (past 3 days); ward floor (top vs ground); segmented temperature function; humidity excluded (no effect).

	A population-based case-control study of extreme summertemperature and birth defects
	Van Zutphen AR et al.
	Environmental Health Perspectives
	2012
	USA
	Cross-sectional study
	n = 6,422 cases; 59,328 controls
	NY State Congenital Malformations Registry linked to state birth certificates
	Included: live births with ≥1 week of critical period (weeks 3–8 post-conception) falling in summer. Excluded: non-geocodable addresses (~6%); birth defects outside 28 preselected categories.
	Controls: 75% maternal age 20–34; 85% White; 14.5% <12 years education; 15.7% smokers. Cases had more LBW and preterm births.
	Universal Apparent Temperature (UAT) (min, mean, max); heat waves; number of heat waves; days >90th percentile
	Heat wave = ≥3 consecutive days with mean UAT >90th percentile for that weather region. Exposure expressed both as continuous (per +5°F UAT) and categorical (heat wave metrics).
	Weeks 3–8 post-conception
	Birth defects
	28 major birth defect categories across 6 systems (CNS, eye, cardiac, craniofacial, genitourinary, musculoskeletal). Diagnoses from the NY Congenital Malformations Registry (ICD-9-CM), captured up to age 2 years
	Congenital cataracts: strong, consistent positive associations: \+5°F minimum UAT → aOR 1.51 (95% CI: 1.14, 1.99). Heat wave → aOR 1.97 (1.17, 3.32).  heat waves → aOR 1.45 (1.04, 2.02). Days >90th percentile → aOR 1.09 (1.02, 1.17). Critical window strongest at weeks 4, 6, 7. Renal agenesis/hypoplasia: small positive association (aOR 1.17; 1.00–1.37 for +5°F min UAT). Anophthalmia/microphthalmia: inverse association (aOR 0.71; 0.54–0.94). Gastroschisis: inverse for heat waves (aOR 0.48; 0.28–0.81). No associations for CNS, cardiac, craniofacial, or limb defects.
	Maternal age; race; ethnicity; education; prenatal care (Kessner Index); smoking; weather region; year of birth.



