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Abstract 

Background: Preterm birth (PTB) is the leading cause of global neonatal mortality, with rates 

steadily rising in Canada. Previous evidence suggests an association between prenatal ambient 

temperature exposure and PTB, however, this relationship remains poorly understood. As global 

climate change may exacerbate extreme temperature fluctuations, there is a need to clarify the 

relationship between temperature exposure and PTB risk. A scoping review was conducted to 

examine the current state of literature regarding prenatal ambient temperature exposure and PTB 

risk. Methods : A scoping review was conducted and 10 published articles were analyzed using 

the Arksey and O’Malley methodological framework and the Garrard Matrix Method. 

Systematic searches were conducted using CINAHL, MEDLINE, and Web of Science databases.  

Findings : Significant associations were reported between high ambient temperature exposure 

and PTB risk during all three trimesters, with the second trimester as the most commonly 

identified period of vulnerability. The relationship between low ambient temperature exposure 

and PTB risk remained inconclusive, with negative and positive associations observed during 

different gestational trimesters. Conclusion: The review of the literature suggested that prenatal 

ambient temperature exposure is a significant risk factor for PTB. Based on the findings, 

nursing-led initiatives are recommended to develop appropriate client education, risk mitigation 

policies, and climate-based nursing curriculum. Future research is recommended to address gaps 

within the literature, specifically the consideration of demographic factors, rural populations, and 

colder/ dry climate regions to further clarify the relationship between ambient temperature 

exposure and PTB risk. 
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Lay Summary 

 Preterm birth is the leading cause of newborn death around the world, with rates steadily 

increasing in Canada. Previous research has shown that exposure to extreme heat is related to 

preterm birth. Global temperature changes due to climate change heighten concerns about 

extreme temperature effects on maternal health. The goal of this study was to explore the 

relationship between exposure to high and low temperature during pregnancy and risk of preterm 

birth. The findings from this study suggest that heat exposure during pregnancy is related to 

higher risk of preterm birth, especially when exposed during the second trimester. Based on the 

findings of this study, it is recommended for nurses to provide prenatal education about avoiding 

heat exposure during pregnancy, and to include content about the maternal health effects of 

climate change into nursing education programs. Future research is needed to explore the effects 

of temperature exposure on pregnant women living in colder climates and lower resource 

settings. 
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Chapter 1: Introduction  

1.1 Background 

Preterm birth (PTB), or prematurity, is defined as delivery before 37 weeks of gestation, 

and is considered a major global health concern due to its associated morbidity and mortality 

(Harrison & Goldenberg, 2016; Vogel et al., 2018). Prematurity is the leading cause of neonatal 

mortality, affecting about 11% of deliveries worldwide (Harrison & Goldenberg, 2016; Vogel et 

al., 2018). Acute neonatal morbidities associated with PTB include sudden infant death 

syndrome (SIDS), respiratory distress syndrome (RDS), sepsis, neonatal hypoglycemia, 

necrotizing enterocolitis (NEC), feeding difficulties, visual and hearing impairments, and various 

neurological conditions such as cerebral palsy and hypoxic ischemic encephalopathy (Johnston 

et al., 2014; Vogel et al., 2018). Long-term childhood morbidities of PTB include 

neurodevelopmental impairments and behavioral, socio-emotional, and learning difficulties (El-

Mazahi et al., 2014; Johnston et al., 2014; Synnes et al., 2010; Synnes et al., 2017; Vogel al., 

2018). Maternal implications of preterm labour (PTL) and PTB include increased obstetrical 

interventions, caesarean delivery, and postpartum depression (Harrison & Goldenberg, 2016; 

Vogel et al., 2018).  

Prematurity also imposes significant economic burdens upon the Canadian health care 

system due to increased health care resource utilization, higher hospital admission rates, longer 

length of hospitalization, and increased workload demands upon the health care system 

(Johnston et al., 2014; Rios et al., 2021). The median inpatient cost of admission to a Canadian 

tertiary neonatal intensive care unit for preterm neonates exceeded $20,000 due to the 

combination of nursing labour, respiratory support, medication and procedural costs (Rios et al., 

2021). The rates of PTB have steadily increased in many higher income countries and have risen 
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from 6.4% to 8.2% from 1981 to 2017 within Canada (Joseph et al., 2007; Public Health Agency 

of Canada, 2017; Vogel et al., 2018).  

Climate change and extreme temperature fluctuations over the last decade have been 

linked to various negative health outcomes among vulnerable populations, including pregnant 

women (Giudice et al., 2021; Peters et al., 2020). Increased risks of cardiovascular disease, 

asthma, vector-borne illness, low birthweight, preterm birth and stillbirth have been linked to 

climate change hazards such as ambient air pollution and heat exposure (George et al., 2017; 

Giudice et al., 2021; Peters et al., 2020). As the global climate change crisis may further 

exacerbate extreme temperature fluctuations, there is a critical need to clarify the relationship 

between prenatal ambient temperature exposure and PTB in order to inform public intervention 

strategies, decision making, and education (Giudice et al., 2021; Sorensen et al., 2018; Zhang et 

al., 2017).  

Complex biomedical, socioeconomic, and environmental factors have been associated 

with spontaneous preterm birth, yet the underlying etiology of PTB remains poorly understood 

(British Columbia Reproductive Care Program, 2005; Frey & Klebanoff, 2016; Muglia & Katz, 

2010; Vogel et al., 2018). Zhang et al.’s (2017) findings suggested an association between 

ambient prenatal temperature and PTB and the authors called for further research to explore the 

relationship between ambient temperature and preterm birth, particularly in identifying 

gestational time periods of vulnerability (exposure windows) to the effects of ambient 

temperature exposure. Investigating the relationship between prenatal ambient temperature 

exposure and PTB is critical to better understanding the complex etiology of PTB and predicting 

its incidence, and may have significant implications for reducing maternal-child burden (Zhang 

et al., 2017). 
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1.2 Personal Significance of Issue 

Within my role as a perinatal nurse at Surrey Memorial Hospital’s Family Birthing Unit, 

I have observed increasing cases of PTB in the last five years, and especially so during heat 

waves and periods of rapid temperature fluctuations. According to the Public Health Agency of 

Canada (2017) and Perinatal Services British Columbia’s (2005) surveillance reports, the rates of 

PTB have increased in Canada and British Columbia in recent years. 

     I have cared for maternal patients presenting with preterm labour (PTL) throughout the 

perinatal continuum, and have witnessed the significant challenges associated with caring for 

premature newborns in the postpartum period. I often counsel my maternal patients on 

modifiable risk factors for PTL and PTB, however, recent temperature extremes due to climate 

change prompted my inquiry into the impacts of temperature exposure on risk of preterm labour 

and birth, and gestational periods of vulnerability. These unanswered questions incited me to 

further examine the impact of ambient temperature exposure on risk of preterm birth, in order to 

inform my practice in educating women on potential risk factors for preterm birth and relevant 

mitigating strategies. My aim is to conduct a scoping review in order to examine the recently 

published literature, summarize the current state of evidence, recommend future areas of 

research, promote awareness, and inform prevention strategies.  

1.3 Purpose of Project and Significance for Nursing Practice  

While additional studies have been conducted in recent years, not since 2016 has there 

been a comprehensive review summarizing the most recent body of evidence surrounding the 

topic of ambient temperature exposure and PTB. Reviewing the current literature base is 

essential in order to identify knowledge gaps and guide future research recommendations. The 

purpose of this Scholarly Practice Advancement Research (SPAR) project is to conduct a 
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scoping review of the literature to examine the association between prenatal ambient temperature 

exposure and the risk of PTB among healthy pregnant women, and to identify gestational periods 

of vulnerability to the effects of ambient temperature exposure. The overall aim of this proposed 

scoping review is to identify knowledge gaps and guide future recommendations for research and 

clinical practice, and to disseminate the findings of this project to perinatal care providers, 

educators, and stakeholders in order to enhance awareness and discourse surrounding the impacts 

of climate change on perinatal outcomes. 

As this project is a scoping review, summarizing and disseminating the findings may 

promote awareness among perinatal nurses and educators regarding the impacts of temperature 

exposure on PTB (Arksey & O’Malley, 2005). The nursing profession is well posited to advocate 

for policies to mitigate climate change, and thus nurses may utilize the findings of this scoping 

review to champion health promotion initiatives to address the perinatal health impacts of 

climate change and extreme temperature exposure (Kalogirou et al., 2020; Nicholas & Breakey, 

2017). By reviewing and summarizing the current state of evidence, this scoping review may 

support public health nurses and antepartum nurses in providing adequate counselling and 

education to pregnant women, in order to mitigate the risk of PTB in relation to temperature 

variations. Additional insights gleaned from this scoping review may potentially support the 

development of environmental health nursing curriculum in nursing education programs, which 

has been mandated as a priority area for nursing curriculum by the Canadian Nurses Association, 

the Canadian Association of Nurses for the Environment and various nursing leaders (Canadian 

Nurses Association, 2017; Kalogirou et al., 2020; Leffers et al., 2017). Furthermore, this scoping 

review may guide recommendations for future areas of research by identifying conflicting 

evidence and potential gaps in the literature. 
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1.4 Research Questions 

The main and secondary research questions developed for the purpose of this review are: 

1. Does exposure to extreme ambient temperature in the prenatal period affect risk of 

preterm birth? 

2. At what gestational time period (exposure window) are pregnant women most 

vulnerable to the effects of extreme ambient temperature exposure on their risk of 

preterm birth? 

Extreme temperature is defined as temperature significantly above or below expected 

mean local temperature. 

1.5 Chapter Summary 

 PTB is the leading cause of neonatal mortality and is associated with various acute 

neonatal and long-term childhood morbidities (El-Mazahi et al., 2014; Harrison & Goldenberg, 

2016; Synnes et al., 2010; Synnes et al., 2017; Vogel et al., 2018). PTB also places significant 

economic burdens upon the Canadian and provincial health care systems due to health care 

resource utilization and workload demands (Jonhston et al., 2014; Rios et al., 2021). Given the 

current global climate change crisis, investigating the relationship between prenatal ambient 

temperature exposure and PTB is critical to understanding the complex etiology of PTB and may 

have significant implications for reducing maternal-child burden (Zhang et al., 2017). 
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Chapter 2: Methodology 

 This chapter describes the methodology utilized to conduct the systematic literature 

search and selection. I will explain the rationale for procedures used, main concepts of my main 

research question, as well as the search process. Figures are included in this chapter in order to 

illustrate search strategies and the article selection method. 

2.1 Scoping Review Methodology 

 This SPAR project was completed by conducting a scoping review of the current 

literature, exploring the relationship between extreme ambient temperature exposure and risk of 

preterm delivery, to identify gestational time period of vulnerability. A scoping review aims to 

analyze the range of evidence base surrounding a topic (Arksey & O’Malley, 2005; Hanneke et 

al., 2017; Polit & Beck, 2020). Scoping reviews focus on mapping information about complex 

topics in order to inform future areas of investigation (Arksey & O’Malley, 2005; Munn et al., 

2018). Scoping reviews highlight significant research gaps and offer an intellectual overview of 

what is currently known about a topic (Munn et al., 2018). While scoping reviews entail 

conducting a systematic search and critical review of the literature, they omit certain elements of 

the systematic reviews (such as meta-analyses) in order to ensure timely responses for guiding 

stakeholders regarding urgent issues (Arksey & O’Malley, 2005; Munn et al., 2018).  Given the 

complex interplay of environmental, biological, and socioeconomic factors within this SPAR 

topic, and the urgency of the climate crisis, a scoping review was conducted in order to map 

current evidence and identify research gaps regarding the impacts of ambient temperature 

variation on risk of PTB. 

 This scoping review followed the Arksey and O’Malley Framework (Arksey & 

O’Malley, 2005). This methodological framework consists of five stages: identifying the 
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research question, identifying relevant studies, study selection, charting data, collating, 

summarizing, and reporting results, and optional consultation (Arksey & O’Malley, 2005). This 

scoping review also followed the Preferred Reporting Items for Systematic Review and Meta-

Analysis extension for Scoping Reviews (PRISMA-ScR) checklist, as discussed by Tricco et al. 

(2018). This checklist was developed by an expert panel following published guidance from the 

Enhancing the Quality and Transparency of Health Research (EQUATOR) Network and is based 

upon the Arksey & O’Malley Framework (Tricco et al., 2018). The Garrard Matrix Method 

(Garrard, 2017) was also utilized in order to organize and synthesize data extracted from each 

article, in order to promote a structured and rigorous review of the current literature.  

2.2 Systematic Search Process  

2.2.1 Main Concepts of Research Question 

In the context of this SPAR project, the population of “pregnant women” considered cis-

gender women from conception to delivery. The concept of “preterm birth” was defined as 

delivery before 37 completed weeks of gestation. The concept of “ambient temperature 

exposure” was defined as outside air temperature in the geographical region of maternal 

residence. The main concepts are presented in Table 1. 

Table 1 

Main Concepts of Research Question 

Population Pregnant women 

Concept 1 Preterm birth 

Concept 2 Ambient temperature exposure 
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2.2.2 Information Sources 

 In order to find relevant articles addressing my main research question, I searched several 

databases. I consulted with the University of British Columbia nursing librarian team throughout 

the research process. In order to maximize relevant articles and minimize redundancy, keyword 

searches were conducted using the Cumulative Index to Nursing and Allied Health Literature 

(CINAHL), MEDLINE(Ovid), and Web of Science databases. Searches on all databases were 

conducted between September and October 2021. 

2.2.3 Search Strategies 

 The same search terms were used in both the CINAHL, MEDLINE, and Web of Science 

databases, utilizing MeSH headings (MH) and keywords, to be found in the titles (TI/ti), 

abstracts (AB/ab), or bodies of relevant articles. Search terms included: “temperature exposure”, 

“ambient temperature”, “heat wave”. Truncated and inclusive search terms “prematur*”, 

“pregnan*”, “antenatal”, “maternal”, “perinatal”, “birth*”, and “deliver*” were used in order to 

cover aspects of the main research question. Boolean operators (ie. AND, OR, and NOT) were 

utilized in order to combine keywords and MeSH headings. Tables 2 to 4 specify the 

combination of search terms and the number of relevant articles each search strategy yielded in 

the three databases. 
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Table 2 

CINAHL Search 

Search # Search term(s) # articles found # relevant articles 

12 Limiters: 2016, English 34 4 

 11 S7 AND S10 74  

10 S8 OR S9 20,402  

9 "temperature exposure" OR "ambient 

temperature" OR "heat wave" 

1,174  

8 (MH “Temperature+”) 19,868  

7 S3 AND S6 25,205  

6 S4 OR S5 36,313  

5 ( "prematur*" OR "preterm" ) AND ( "birth*" 

OR "deliver*" ) 

34,010  

4 (MH “Childbirth, Premature”) 11,568  

3 S1 OR S2 333,159  

2 "pregnan*” OR "prenatal" OR "antenatal" OR 

"perinatal" OR "maternal"   

327,807  

1 (MH "Pregnancy+") 228, 554  
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Table 3 

MEDLINE (Ovid) Search 

Search # Search term(s) # articles found # relevant articles 

14 Limiters: English and 2016 publication 81 8 

13 9 AND 12 169  

12 10 OR 11 444,366  

11 ("temperature exposure" or "ambient 

temperature" or "heat wave").mp 

20,066  

10 exp Temperature/ 432,331  

9 6 AND 8 62,261  

8 4 OR 7 96,476  

7 5 AND 6 96,476  

6 ("birth*" or "deliver*").mp 1,182,673  

5 ("prematur*" or "preterm").mp. 250,578  

4 exp Premature Birth/ 16,280  

3 1 OR 2 1,227,280  

2 ("pregnan*" or "prenatal" or "antenatal" or 

"perinatal" or "maternal").mp 

1,214,129  

1 exp Pregnancy/ 934,485  
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Table 4 

Web of Science Search 

Search # Search term(s) # articles found # relevant articles 

3 3 and 2021 or 2020 or 2019 or 2018 or 2017 or 

2016 (Publication years) 

150 10 

2  1 AND Pregnancy or Humans or Temperature 

or Premature birth or Maternal Exposure 

(MeSH Headings) 

466  

1 (((TS=("pregnan*" OR "prenatal" OR 

"antenatal" OR "perinatal" OR "maternal"))) 

AND TS=(("preterm" OR "prematur*") AND 

("birth*" OR "deliver*"))) AND 

TS=("temperature" OR "temperature exposure" 

OR "ambient temperature" OR "heatwave") 

509  

 

2.3 Literature Selection Process 

2.3.1 Inclusion and Exclusion Criteria 

 Articles were included in this scoping review if they were published from 2016 and 

onwards, in order to capture the most recent body of evidence. Further inclusion criteria were 

articles that included ambient temperature variation as a predictor variable, and PTB as an 

outcome variable. Articles were included if they were quantitative studies, including systematic 

review and meta-analyzes. Articles which were duplicates, included non-human subjects, not 

available in English, and not available in full-text were excluded. To answer the secondary 
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question, further exclusion criteria included studies that did not measure and report gestational 

weeks at delivery and studies that did not investigate windows of exposure throughout the 

pregnancy. 

2.3.2 Study Selection, Categorization, and Data Extraction 

 The process recommended by the Joanna Briggs Institute (JBI) was applied when 

selecting studies to include within this scoping review (Peters et al., 2020). Combinations of 

search terms in the form of keywords and MeSH headings were applied in order to identify 

relevant literature, as seen in Tables 2-4. Relevant articles were then screened based upon their 

title and abstracts; articles were excluded if they did not meet inclusion criteria and if they were 

duplicates from other searches (Peters et al., 2020). The remaining articles were independently 

read and reviewed in their full-text, and the final literature included in this scoping review was 

determined by which articles met inclusion and exclusion criteria as described in Section 2.3.1. 

A flow chart of the review process was generated, outlining the number of relevant papers from 

each database, screening and elimination of duplicates, and the final 10 articles which met 

eligibility criteria and were included in this review (see Figure 1). The flow chart was created 

based on the PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of 

Studies (Tricco et al., 2018).  

Selected articles were categorized using a tabular format, as per the Garrard Matrix 

Method (2017). Relevant data was extracted and analyzed in order to answer the research 

questions guiding this scoping review. A table was created including the following information: 

author(s), year of publication, country of origin, study/ article design, details of the relationship 

between ambient temperature exposure and PTB risk, and gestational time periods of 

vulnerability to ambient temperature exposure (see Table 5, found in Chapter 3). 
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Figure 1 

Flow Chart of Article Selection 

 

2.4 Chapter Summary 

 In this chapter, I have described the methodology used to conduct the literature search 

and article selection for this scoping review. Various strategies and the main concepts being 

searched were described. The literature selection process was specified, including tables to 

outline the search strategies and a figure to display the flow of article elimination and selection, 

resulting in the final 10 articles retained and reviewed for this scoping review. The following 

chapter provides a comprehensive review of the data extracted from these selected articles, as 

they pertain to the purpose of this SPAR project. 
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Chapter 3: Findings 

 In this chapter, I describe and discuss the results in regard to the 10 articles included in 

this scoping review. The data collected and deemed relevant to the purpose of this SPAR project 

have been outlined in a table and are also comprehensively examined throughout the chapter. 

3.1 Table of Analysis of Findings Included in Scoping Review 

 The following tables incorporated the Garrard Matrix Method (2017) recommendations 

for data organization and extraction. Table 5 is organized by article number, author(s) and year 

of publication, country of origin, study/article design (including number of participants), 

population demographics, operational definitions of temperature exposure, details of the 

relationship between ambient temperature exposure and PTB risk, and gestational time periods 

of susceptibility to ambient temperature exposure. Operational definitions of temperature are 

reported in degrees Celsius (°C). Associations between PTB and ambient temperature exposure 

are reported in Hazard Ratios (HR), Odds Ratios (OR), and 95% confidence intervals (CI).  

Tropical climates are defined as regions where the lowest monthly temperature is ≥ 18 °C (Chen 

& Chen, 2013). Humid subtropical climates are defined as regions in which the coldest month 

temperature is between -3°C and 18°C, and in which the warmest month temperature is ≥ 22 °C 

(Chen & Chen, 2013).  Tables 6 -7 include a summary of the associations reported in each 

article, with identified gestational periods of vulnerability.  
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Table 5 

Analysis of Findings Included in Scoping Review 

Authors Country of 
Origin (Climate 

Zones) 

Design (n) Demographics  Operational Definitions of Temperature Exposure and 
Outcome Assessment 

He et al., 
2016 

China: 
-Humid 

-Subtropical  
-Urban 

Retrospective case 
control 

N=838,146 

Population:  
- Singleton 

- Vaginal births 
- Average maternal age 26.3 years  
 

 
  

Operational definitions of temperature exposure: 
-Weekly average temperature measurements for each 

gestational week  
-Daily temperature data collected by meteorological station 
-Temperature definitions based on percentile of local 

temperature distribution (01/2001-12/2011)  
 

Outcome Assessments: 
-Median temperature: 24.4 °C 
-Extreme cold, moderate cold, moderate heat, and extreme 

heat over 11-year period: 7.6, 11.2, 31.9, 30.7 °C 

Key Findings 

● Moderate cold (HR = 1.129, 95% CI 1.07, 1.19, p < 0.05), moderate heat (HR = 1.08, 95% CI 1.02, 1.13, p < 0.05), extreme cold (HR = 1.18, 95% CI 
1.10, 1.26, p < 0.05) and extreme heat exposure (HR = 1.11, 95% CI 1.03, 1.18, p < 0.05) were positively associated with PTB risk, with the strongest 
association occurring during the four weeks before delivery. 

● Extreme cold temperature was significantly associated with risk of PTB during the following exposure windows: one week before  delivery (HR = 1.14, 
95% CI 1.09, 1.20, p < 0.05), four weeks before delivery (HR = 1.18, 95% CI 1.10- 1.26, p < 0.05), late pregnancy (HR = 1.12, 95% CI 1.05, 1.21, p < 
0.05), and cumulative pregnancy exposure (HR = 1.12, 95% CI 1.0, 1.21, p < 0.05). 

● Extreme heat was significantly associated with PTB risk during the following exposure windows: four weeks before delivery (HR = 1.10, 95% CI 1.03, 
1.18, p < 0.05), late pregnancy exposure (HR = 1.10, 95% CI 1.03 - 1.18, p < 0.05), and cumulative pregnancy exposure (HR =1.10, 95% CI 1.02, 1.18, p 

< 0.05) 
● A stronger association between extreme heat and PTB was observed during 20-31 weeks (HR = 1.45, 95% CI 1.15, 1.83, p < 0.05) and 32-34 weeks (HR 

=1.29, 95% CI 1.08, 1.54, p < 0.05) gestation. 
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Guo et 
al., 2018 

China: 
-Humid 

-Tropical, 
subtropical 
-Rural 

Retrospective case 
control 

N=1,020,0471 

Population:  
-Singleton  

-Live vaginal births 
-Maternal age 15-49 years; 83% were 
20-29 years 

-93.6% urban, 6.4% rural inhabitants 
 
 

Operational Definitions: 
-Temperature defined as cold, moderate, and hot based on 

percentiles of average temperature distribution  (01/2010-
12/2013)  
-Study regions categorized as cold (<5th percentile), medium 

(5-95th percentile), and hot (>95th percentile) areas based on 
local average temperature by cluster analysis  

Key Findings 
● In hot regions, hot temperature exposure during the four months before pregnancy was associated with a 22.9% greater PTB risk (95% CI: 16.6%, 

29.5%, p < 0.05). Hot temperature exposure throughout the pregnancy was also associated with an increased risk of PTB at gestational weeks 24, 26 to 
28, 33, and 35 to 36. 

● In hot regions, hot temperature exposure was associated with increased PTB risk compared to moderate temperature exposure, du ring the following 

exposure periods: gestational weeks 1-7 (OR 1.11, 95 % CI 1.05, 1.17, p < .001), weeks 8-14 (OR = 1.15, 95% CI 1.09, 1.21, p < .001), weeks 15-21 (OR 
= 1.12, 95 % CI 1.05, 1.17, p <.001), and one week before delivery (OR = 1.12, 95% CI 1.01, 1.13, p = .022). 

●  In hot regions, cold exposure was associated with lower PTB risk compared to moderate temperature exposure during the following exposure periods: 
gestational week 1-7 (OR = .85, 95% CI .80, .91, p < .001), weeks 8-14 (OR = .79, 95% CI: .74, .84, p < .001), weeks 15-21 (OR = .81, 95% CI .84, .95, 
p < .001), and four weeks before delivery (OR = .87, 95% CI .82, .92, p < .001). Specifically, cold exposure during gestational week 8-14 was associated 

with a 21.2% (95% CI: 16.2, 25.9%) lower risk of PTB. 
● In medium regions, hot temperature exposure during the four weeks before delivery was associated with increased PTB risk (OR = 1.16, 95 % CI: 1.09, 

1.22, p < .001). In medium temperature regions, cold exposure during gestational weeks 8-14 and 15-21 was associated with a 14.4% (OR = .86, 95% CI: 

.81, .91, p < 0.001) and 7.7% (OR = .92, 95% CI: .874, .98, p = .004) reduced risk of PTB, respectively.  
● In cold regions, exposure to cold temperature during gestational weeks 15-21 was associated with a lower PTB risk (OR = .90, 95% CI .82, .98, p = .017) 

compared to exposure to moderate temperatures. 

Li et al., 
2018 

Australia 
-Humid  

-Subtropical 
-Urban  

Retrospective case 
control  

N=289,351 

Population:  
-Single and multiple births  

-Maternal age: 77.9% were < 35 years  
-Live births 

 

Operational Definitions: 
- Daily temperature data collected from meteorological station 

- Reference temperature was defined as the ambient 
temperature with minimum-prevalence of PTB 

- Temperature definitions based on percentile of local 
temperature distribution (1994-2013) 
 

Outcome Assessments: 
- Temperatures: 14.6 °C for 1st trimester (1-12 weeks), 18.6 
°C for 2nd trimester (13-28 weeks), and 19.5 °C for 3rd 

trimester (≥29 weeks) 
- Daily mean, minimum, median, maximum temperature over 

19 years period: 20.7, 7.4, 21.0, 31.5°C 
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-Daily mean temperature low, moderate low, moderate high, 
high: 5th, 25th (17.5°), 75th (23.9°C), 95th percentile  

 
 

Key Findings 

• Significant association between mean ambient temperature exposure during the 3rd trimester and risk of PTB showed a U-shaped curve.  

• Exposure to low (5th percentile) temperature during the 3rd trimester of pregnancy (> 29th gestational week) was significantly associated with increased 
risk of PTB (HR = 1.21, 95% CI 1.16, 1.27, p < .05). 

• Exposure to high (95th percentile) mean temperature during the third trimester of pregnancy was significantly associated with  increased risk of PTB (HR 
= 1.21, 95% CI 1.16, 1.26, p < .05). 

• The magnitude of the effects of mean daily temperature on the risk of PTB changed from 1994 to 2013. The association between third trimester low 

temperature exposure and PTB increased from 1994 (HR = 1.20, 95% CI 1.14, 1.25, p < .05) to 2013 (HR = 1.56, 95% CI 1.46, 1.66, p < .05). In 
contrast, the association between third trimester high temperature exposure and PTB decreased from 1994 (HR = 1.53, 95% CI 1.44, 1.63, p < .05) to 
2013 (HR = 1.19, 95% CI 1.13, 1.25, p < 0.05). 

Zheng et 
al., 2018 

China 
-Humid  

-Subtropical 
-Urban 

Retrospective case 
control  

N=3,604 

Population:  
-Live births 

-Maternal age: 70% < 30 years old 
 
 

 
 

Operational Definitions: 
-Temperature data collected from meteorological station 

(2004-2010)  
-Case exposures to outdoor ambient temperature during the 
conception month, 1st trimester, 2nd trimester, 3rd trimester, 

birth month, and entire pregnancy calculated based on 
monthly mean temperature.  

-Trimesters undefined 
-Extreme heat day: daily temperature > 90th percentile of 
temperature distribution 

-Extreme cold day: daily temperature < 10th percentile of 
temperature distribution 
-Low temperature (<50th percentile) and high temperature (> 

50th percentile) during each gestational period. 
 

Outcome Assessments: 
-Mean reference temperature:11-17 °C. 
-Total 35.5 extreme heat days (>30°C) 

-Total 31.7 extreme cold days (<6°C) 
-Median temperature for conception month, 1st month, 1st 
trimester, 2nd trimester, 3rd trimester, birth month, entire 

pregnancy: 19.8, 18.0, 18.9, 19.5, 19.9, and 18.2 °C  
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Key Findings 

• Increased PTB risk was significantly associated with low ambient temperature exposure during the following exposure periods: conception month (OR = 

1.06, 95% CI: 1.02, 1.12, p ≤  0.01), 3rd trimester (OR = 1.09, 95% CI: 1.03, 1.16, p ≤ 0.01), and entire pregnancy (OR = 2.39, 95% CI: 1.93, 2.95, p ≤ 
0.001). 

• Increased PTB risk was significantly associated with high ambient temperature exposure during the following exposure periods: conception month (High 

OR = 1.14, 95% CI 1.04, 1.24, p ≤ 0.01), 1st trimester (OR = 1.24, 95% CI: 1.12, 1.35, p ≤ 0.001), 3rd trimester (OR = 1.22, 95% CI: 1.10, 1.35, p ≤ 
0.001), and entire pregnancy (OR = 2.57, 95% CI: 1.98, 3.33, p ≤ 0.001). 

• High ambient temperature exposure during 2nd trimester was significantly associated with lower PTB risk (OR = 0.86, 95% CI: 0.80, 0.93, p ≤ 0.001). 

There was no significant association between low ambient temperature exposure during the 2nd trimester and PTB risk. 

• Increased PTB risk was associated with exposure to extreme cold days (OR = 1.42, 95% CI: 1.01 - 2.00, p ≤ 0.05) and extreme heat days (OR = 1.51, 
95% CI: 1.05 - 2.18; p ≤ 0.05) in the entire pregnancy by a two-day increase of extreme heat or cold days.  

• Exposure to extreme heat days during the 3rd trimester was significantly associated with increased PTB risk ( OR = 1.14, 95% CI: 1.04, 1.25; p ≤ 0.01). 
Exposure to extreme cold days during the 3rd trimester was significantly associated with increased PTB risk (OR = 1.09, 95% CI: 1.01, 1.18, p ≤ 0.05) . 

• Exposure to extreme cold days during the 2nd trimester was significantly associated with higher PTB risk (OR = 1.37, 95% CI: 1.15, 1.62, p ≤ 0.001), 
whereas exposure to extreme heat days was significantly associated with lower PTB risk (OR = 0.59, 95% CI: 0.49, 0.70, p ≤ .001). 

Zhong et 
al., 2018 

China 
-Humid  

-Subtropical 
-Urban 

Retrospective case 
control 

N=3,509 

Population:  
-Live births 2006-2007 

 
 

Operational Definitions: 
-Temperature definitions based on percentiles of average 

temperature distribution (2006-2007) 
-Temperature data collected from meteorological station 
-The amount of time each case was exposed to the ambient 

temperature during 24h/day, daytime, night time, an extreme 
heat day in a whole year, and different seasons during 

different trimesters and entire pregnancy were respectively 
assessed in accordance with average temperature of 24h/day. 
-Seasons: (March-May), Summer (June-August), Autumn 

(September-November), and Winter (December-February). 
-Daytime temperature exposure: 08:00 - 19:00  
-Nighttime temperature exposure: 20:00 - 07:00 

-Extreme heat day: >90th percentile (30°C) 
-Temperature increase: 1°C increase in temperature  

-Trimesters: 1st (1-12 wks), 2nd (12-24 wks), 3rd (>28 wks) 
 
Outcome Assessments: 

-Mean temperature: 18.5°C 
-Max temperature: 28.°C 
-Min temperature: 6.8° 

-Number of extreme heat days: 35.6  
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Key Findings 

• OR (95% CI) was estimated for one day increase in extreme heat day (daily temperature ≥ 30 °C) during each time window. There was a significant 

positive association between PTB and exposure to extreme heat days during 2nd trimester (OR = 1.01, 95% CI = 1.00, 1.02, p < 0.05). There was a 
significant negative association between PTB and exposure to extreme heat days during 3rd trimester (OR = 0.99, 95% CI = 0.96, 0.99, p < 0.01). 

• ORs were estimated for 1°C increase in temperature during each time window. PTB was significantly related to the total temperature throughout entire 

pregnancy, with an OR (95% CI) = 1.31 (1.11, 1.62, p < 0.05) for increase of 1°C in temperature exposure. Exposure to temperature increase during 2nd  
trimester (OR = 1.51, 95% CI = 1.31. 1.74, p < 0.001) and 3rd trimester (OR = 1.44, 95% CI = 1.17, 1.76, p < 0.001) during the spring were positively 
associated with PTB. 

• During summer, exposure to temperature increase was positively associated with PTB in 1st trimester (OR = 1.93, 95% CI = 1.32, 2.82, p < 0.001) and 
2nd trimester (OR = 1.77, 95% CI = 1.32, 2.37, p < 0.001) time windows. 

Wang et 

al., 2019 

Australia 

-Humid 
-Subtropical  

-Urban/rural 

Retrospective case 

control  
N=277,133 

Population:  

-Singleton births (2000-2010)  
 

 

Operational Definitions: 

-Daily maximum temperature recorded by the meteorological 
stations (1999-2010) 

-Heat wave definitions (HWD) from November-March: 
HWD2, and HWD 3 were respectively defined as daily 
maximum temperature >90th percentile lasting 2, 3, or 4 days.  

-HWD4, HWD5, and HWD6 were respectively defined as 
daily maximum temperature  >95th percentile lasting 2, 3, or 4 
days.  

 
Outcome Assessments: 

-Daily max temperatures: 20.4 - 40.2 °C in warm months 
(November-March), and 13.58 - 36.67 °C in other seasons 
(December-February).  

-Median value of max temperatures was 29.08 °C during 
warm months, and 22.05 °C in other months.  

Key Findings 

• Heat wave exposure was significantly associated with PTB risk during all gestational months of exposure for all six heat wave  definitions. 
The strongest associations were found during 2nd gestational month for HWD1 (HR = 1.42, 95% CI = 1.29, 1.56, p < 0.05) and HWD2 (HR = 1.44, 95% CI = 
1.31, 1.59, p < 0.05) and HWD6 (HR = 1.29, 95% CI = 1.15 - 1.42, p < 0.05), 4th gestational month for HWD3 (HR = 1.53, 95% CI = 1.39, 1.68, p < 0.05) 

and HWD4 (HR = 1.31, 95% CI = 1.20, 1.42, p < 0.05), and 6th gestational month for HWD6 (HR = 1.50, 95% CI = 1.35, 1.63, p < 0.05). 
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Liu et al., 
2020 

China 
-Humid  

-Subtropical 
-Urban 

Prospective cohort 
N=4,101 

Population:  
-Singletons 

-Healthy women with no chronic 
conditions (hypothyroidism, heart 
disease, chronic kidney disease, 

mental illness) 
-Average maternal age: 32.4 years  
-59.9% with normal BMI (18.5-24) 

 

Operational Definitions: 
-Measured daily mean temperatures from meteorological 

monitoring stations (01/2014-12/2017). 
-Daily temperature used estimate weekly temperature 
exposure during each participant’s pregnancy via participant’s 

residential address. 
 
Outcome Assessments: 

-Mean reference temperature: 23 °C. 
-Daily mean temperatures at 5th, 25th, 75th, and 95thpercentiles 

of temperature distribution over 3 year period: 14, 18, 28, and 
30 °C. 

Key Findings 

• Compared with mean temperature (23 °C), maternal temperature exposure to 28 °C (75th percentile) and 30 °C (95th percentile) was significantly 
associated with PTB risk. 

• The strongest positive associations between PTB and exposure to 28 °C (75th percentile) were found in the 6th (HR = 1.52, 95% CI = 1.24, 1.87, p <  
0.05) and 24th gestational weeks (HR = 1.54, 95% CI = 1.26, 1.88, p < 0.05). 

• The strongest positive associations between PTB and exposure to 30 °C (95th percentile) were during the 4th to 8th gestational weeks (HR = 1.79, 95% CI 
= 1.26, 2.54, p < 0.05) and the 22nd to 27th gestational weeks (HR = 1.83, 95% CI = 1.26, 2.62, p < 0.05). 

• Compared to mean temperature (23 °C), maternal temperature exposure to 14 °C (5th percentile) was negatively associated with risk of PTB during 2nd to 
10th, and during the 20th to 26th gestational weeks. The strongest negative associations occurred at the 4th (HR = 0.43, 95% CI = 0.26, 0.72, p < 0.05) and 
23rd (HR = 0.59, 95% CI = 0.43, 0.83, p < 0.05) gestational week. 

• Maternal exposure to 18 °C (the 25th percentile) during the 1st to 9thand 20th to 29th gestational weeks was negatively associated with PTB risk, with the 
strongest negative association found during 4th (HR = 0.62, 95% CI = 0.46, 0.83, p < 0.05) and 23rd (HR = 0.69, 95% CI = 0.56, 0.86, p < 0.05) 
gestational week. 

• Stronger temperature effects were observed among multiparous participants than among the primiparous participants. The peak positive effect was 
observed among multiparous participants for maternal exposure to 28 °C compared to 23 °C (HR = 1.66, 95% CI = 1.25, 2.21, p < 0.05) during the 3rd 
and 9th gestational weeks; among primiparous participants, significant effects were only observed during the 5 th week (HR = 1.44, 95% CI = 1.02, 1.94, p 

< 0.05).  

• Exposure effects to 30 °C among multiparous participants was observed during the 6th gestational week (HR = 2.13, 95% CI = 1.31, 3.47, p < 0.05), 
however no significant effect was observed among nulliparous participants. 
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Wang et 
al., 2020 

China 
-Humid  

-Tropical 
-Subtropical 
-Mostly rural 

Retrospective case 
control  

N=1,281,859 

Population: 
-Nulliparous/singleton deliveries  

(12/2013 - 11/2014) 
-Healthy pregnancy/medical history 
-Exclusion criteria: ethnic minority, 

history of PTB, multiple-gestation, 
pre-pregnancy disease, migration 
during pregnancy  

-94.2% rural; 5.8% urban 
-Delivery: 70% vaginal, 29.9% 

caesarean 
 

Operational Definitions 
-Daily temperature records from meteorological stations 

-Trimesters: 1st (1-13 wks), 2nd (14-26 wks), 3rd (6 wks before 
delivery). 
-Reference temperature (12 °C) based on temperature with the 

min hazard ratio of PTB. 
 
Outcome Assessments: 

- 1st trimester average temperatures: 0 °C (threshold), 2.2 °C 
(5th percentile), 9.5 °C (25th percentile), 24.4 °C (74th 

percentile), and 28.2 °C (95th percentile) during 1st trimester.  
- 2nd trimester average temperatures: 0.2 °C (reference), 2.2 
°C (5th percentile), 9.5 °C (25th percentile), 23.6 (75th 

percentile), and 27.9 °C (95th percentile) 
-3rd trimester average temperatures: 21.3 °C (reference), 1.2 
°C (5th percentile), 8.9 °C (25th percentile), 24.0 °C (75th 

percentile), and 27.6 °C (95th percentile). 



 
 

22 
 

Key Findings 

• Exposure to low or high ambient temperature was associated with increased PTB risk. 1st  and 2nd trimester were the most susceptible periods to high 

temperature effects, whereas 3rd trimester was the most susceptible period to low temperature effects, which were all significant.  

• The association between ambient temperature exposure and risk of PTB demonstrated a significant U-shaped curve during the entire pregnancy.  

• Compared to the reference temperature (12 °C), exposure to 5th percentile temperature (HR = 1.03, 95% CI = 1.02, 1.04, p < 0.05) and 95th percentile 
temperature (HR = 1.55, 95% CI = 1.48, 1.61, p < 0.05) was positively associated with PTB risk. 

• High temperature exposure during 1st trimester was positively associated with PTB risk in comparison to the reference temperature, with an HR of 1.75 
(95% CI = 1.68, 1.87, p < 0.05) for 75th percentile temperature, and an HR of 1.95 (95% CI = 1.85, 2.08, p < 0.05) for the 95th percentile temperature. 

• High temperature exposure during 2nd trimester was positively associated with PTB risk, with HR of 1.41 (95% CI = 1.34, 1.46, p < 0.05) for the 75th 

percentile, and HR of 1.30 (95% CI = 1.24, 1.38, p < 0.05) for the 95th percentile. 

• Low temperature exposure during 3rd trimester was significantly associated with increased PTB risk, with HR of 1.16 (95% CI = 1.13, 1.20, p < 0.05) for 
the 25th percentile, and HR of 1.17 (95% CI = 1.12, 1.22, p < 0.05) for 5th percentile. 

• The magnitude of effects of temperature exposure during the entire pregnancy on risk of PTB varied among different subgroups based on employme nt 
and BMI. Reference temperature of pregnant participants working as farmers (11.6 °C) was lower than those working as office workers (18.3 °C). The 
HRs for 5th percentile and 95th percentile temperature on risk of PTB were 1.02 (95% CI = 1.00, 1.03, p < 0.05) and 1.90 (95% CI = 1.80, 1.99, p < 0.05) 

among participants working as farmers. In contrast, the HRs for 5th and 95th percentile temperature were lower among participants working as office 
workers, with respective HRs of 1.35 (95% CI = 1.23, 1.48, p < 0.05) and 1.05 (95% CI = 1.00, 1.10, p < 0.05). 

• The effects of temperature on participants who were overweight (BMI ≥ 24.0) were higher for 5th percentile (HR = 1.11, 95% CI = 1.06, 1.16, p < 0.05) 
and 95th percentile (HR = 1.84, 95% CI = 1.6, 2.04, p < 0.05) compared to participants with BMI range of 18.5 - 23.9 (5th percentile HR = 1.02, 95% CI = 
1.01, 1.04, p < 0.05; 95th percentile: 1.57, 95% CI = 1.49, 1.66, p < 0.05). 

Kwag et 
al., 2021 

Korea 
-Humid  

-Subtropical 
-Urban 

Retrospective case 
control 

N=1,329,991 

Population:  
-Singleton births (01/2010 - 12/2016) 

-Average maternal age: 31.8 years 
 
 

Operational Definitions: 
-Data regarding temperature and heat wave warnings obtained 

from the national meteorological association. 

-Heat wave: maximum temperature of 33 °C/day lasting two 
or more days.  

-Heat wave exposure was assessed by summing the total 
exposure time to heat waves during each trimester, using the 
start and end times of the heat wave warning.  

-Trimesters undefined. 
 

Outcome Assessments: 
-Sum of heat exposure time during 1st trimester: 0 h (≤ 70th 
percentile), 12-57.85 h (71-80th percentile), 58-201 h (81-90th 

percentile) and 202.2-2,095 h (> 90th percentile). 
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-The sum of heat exposure during 2nd trimester: 0 h ( ≤ 67th 
percentile), 12-62 h (68-78th percentile), 62.50-314 h (79-88th 

percentile) and 315 - 2,431 h (>88th percentile). 

Key Findings 

• Exposure time to heat waves was significantly associated with higher PTB risk, after adjusting for residential area, birth ye ar, season at birth, parity, 

education level of the participant, and fetal sex.  

• Compared with 0h of heat wave exposure, 58-201 h of heat wave exposure in 1st trimester was positively associated with PTB (OR = 1.05, 95% CI = 
1.01, 1.18, p < 0.01) and > 202.50 h of heat wave exposure in 1st trimester was positively associated with PTB (OR = 1.05, 95% CI = 1.01, 1.09, p < 

0.001). 

• In 2nd trimester, 62.50 - 314 h of heat wave exposure was positively associated with PTB (OR = 1.04, 95% CI = 1.01, 1.07, p < 0.05), and >315 h of heat 
wave exposure was positively associated with PTB (OR = 1.17, 95% CI = 1.13, 1.22, p < 0.001). 

Li et al., 
2021 

China 
-Humid 
-Subtropical 

-Urban 

Retrospective case 
control  
N=1,388,994 

Population:  
-All live singleton births from birth 
registry database (01/2003-12/2012)   

-Maternal age 13-50 years  
-Excluded cases: medically induced 

PTB, hysterrhexis, severe eclampsia 
 

Operational Definitions: 
-Measured daily mean, min, max temperature during each 
trimester (2003-2012)  

-Intra- and inter- temperature variation (TV) measured for 
each gestational week and averaged for each exposure 

window. 
-Intra-day temperature variation: max diurnal temperature 
range (DTR), measured as daily max temperature minus daily 

min temperature.  
-Inter-day temperature variation: max difference of daily 
mean temperature in day t and day t-1 for each gestational 

week (between two days). 
-Positive temperature variation defined as increase in daily 

mean temperature between days t and t-1; negative 
temperature variation defined as decrease in daily mean 
temperature between days t and t-1. 

 
Outcome Assessments: 
-Daily Mean Temperature: 6-34°C 

-Max DTR range: 0-17°C 
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Key Findings 

• Positive temperature variation during 1st trimester was significantly associated with PTB risk (HR = 1.08, 95% CI = 1.05, 1.12, p < 0.05). 

• Max DTR exposure during the 2nd trimester was positively associated with PTB (HR = 1.05, 95% CI = 1.03, 1.08, p < 0.05). Higher PTB risk was 
associated with exposure to positive temperature variation (HR = 1.24, 95% CI = 1.19, 1.28, p < 0.05) and to negative temperature variation (HR = 1.04, 
95% CI = 1.02, 1.07, p < 0.05) during 2nd trimester. 

• Max DTR exposure during the 4 weeks before delivery was negatively associated with PTB (HR = 0.96, 95% CI = 0.95, 0.97, p < 0.05). Positive 
temperature variation during the 4 weeks before delivery was positively associated with PTB (HR = 1.012, 95% CI = 1.00, 1.37, p < 0.05), while 
negative temperature variation was negatively associated with PTB (HR = 0.99, 95% CI = 0.97, 0.99, p < 0.05). 

• Max DTR exposure during the week before delivery was also negatively associated with PTB (HR = 0.99, 95% CI = 0.98, 0.99, p < 0.05). Negative 
temperature variation during the week before delivery was negatively associated with PTB risk (HR = 0.99, 95% CI = 0.98, 0.99, p < 0.05). 

• Temperature variation-related PTB risk was modified by season of exposure. Greater max DTR was positively associated with PTB risk in both warm 
(HR = 1.09, 95% CI = 1.06, 1.14, p <0.001) and cold seasons (HR = 1.13, 95% CI = 1.08, 1.19, p < 0.001). Positive temperature variation was positively 

associated with PTB risk during the warm season (HR = 1.44, 95% CI = 1.38, 1.51, p < 0.001), and negatively associated with PTB risk during the cold 
season (HR = 0.80, 95% CI = 0.74, 0.86, p < 0.001). Negative temperature variation was positively associated with PTB risk during the warm season (HR 

= 1.14, 95% CI = 1.09, 1.18, p < 0.001), and negatively associated with PTB risk during the cold season (HR = 0.98, 95% CI = 0.92, 1.03, p < 0.001). 

• Association between DTR and PTB did not vary by maternal age, parity and fetal sex. No differences were found according to early pre term, middle 
preterm, and late preterm outcomes. PTB risk varied according to maternal education, with the strongest association occurring between Max DTR and 

PTB among participants with less than high school education (HR = 1.05, 95% CI = 1.04, 1.12, p < 0.001). A significant protective effect was found for 
women with postgraduate education (HR = 0.80, 95% CI = 0.66, 0.97, p < 0.001). A higher significant effect was observed between negative temperature 
variation and PTB risk among participants with chronic conditions (HR = 1.89, 95% CI = 1.32, 2.69, p < 0.001), compared to those without chronic 

conditions (HR = 1.04, 95% CI = 1.02, 1.07, p < 0.001). 
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Table 6 

Associations Between High Ambient Temperature and PTB 

Authors Positive Association Negative Association 
 

 1st Trimester 2nd Trimester 3rd Trimester 1ST Trimester 2nd Trimester 3rd Trimester 

He et al., 2016  X X    

Guo et al., 2018 X X X    

Li et al., 2018  X X    

Zheng et al., 2018 X  X  X  

Zhong et al., 2018 X X    X 

Wang et al., 2019 X X     

Liu et al., 2020 X X     

Wang et al., 2020 X X     

Kwag et al., 2021 X X     

Li et al., 2021 X X     

Note. Presence of significant association between high ambient temperature and PTB risk is noted with X.  
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Table 7 

Associations Between Low Ambient Temperature and PTB 

Authors Positive Association Negative Association 
 

 1st Trimester 2nd Trimester 3rd Trimester 1ST Trimester 2nd Trimester 3rd Trimester 

He et al., 2016  X X    

Guo et al., 2018    X X  

Li et al., 2018   X    

Zheng et al., 2018  X X    

Liu et al., 2020    X X  

Wang et al., 2020   X    

Li et al., 2021  X    X 

Note. Presence of significant association between low ambient temperature and PTB risk is noted with X. 
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3.2 Findings  

 The purpose of this scoping review was to determine the effects of ambient temperature 

exposure on risk of PTB among pregnant women, and to identify gestational periods of 

vulnerability to the effects of ambient temperature exposure. The studies reviewed were 

published between 2016 and 2021. As the incidence of PTB is increasing globally, articles 

included in this review originated from different countries, as presented in Figure 2 (Vogel et al., 

2019). Seven studies originated from China (n = 7) (He et al. 2016; Guo et al., 2018; Zheng et 

al., 2018; Zhong et al., 2018; Liu et al., 2020; Wang et al., 2020; Li et al., 2021), two from 

Australia (Li et al., 2018; Wang et al., 2019), and one from Korea (Kwag et al., 2021). No 

literature based out of North America, South America, or Europe met the inclusion criteria to be 

reviewed. All of the studies examined data from humid subtropical climate zones, with a 

minority also examining data from tropical zones (Guo et al., 2016; Wang et al., 2016) (see 

Figure 3). No studies conducted in cold climate zones (coldest month temperature is ≤ -3°C 

(Chen & Chen, 2013)) met the inclusion criteria to be reviewed.  

All of the studies relied on data collection from health service databases and 

meteorological monitoring stations. The number of cases in each study ranged from 3,604 to 

1,388,994. Seven of the selected studies examined the effects of low and high temperature 

exposure on risk of PTB, whereas three studies assessed only the effect of high temperature 

exposure on risk of PTB. While exact temperature ranges varied within each study, a majority of 

the operational definitions of temperature exposure were based on percentile ranges of 

temperature distributions for the specific study region and time period, collected from local 

meteorological monitoring stations (see Table 5). Information regarding participant 

demographics is presented in Table 5. Majority of the studies (n = 6) included cases of singleton 
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healthy pregnant women living in urban settings (Guo et al., 2018; He et al., 2016; Kwag et al., 

2021; Liu et al., 2020; Wang et al., 2019; Wang et al., 2020). Analysis was adjusted for maternal 

age, fetal sex, and parity in all of the studies.  

Figure 2 

Number of Studies by Country of Origin 

 

Figure 3 

Number of Studies by Climate Zone 
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3.2.1 Effects of Ambient Temperature Exposure on Risk of Preterm Birth 

 Amongst the literature selected for this scoping review, various themes and discrepancies 

arose regarding the effects of ambient temperature exposure on risk of PTB. A U-shaped 

association was reported between ambient temperature exposure and risk of PTB, with exposure 

to relatively low and high temperatures during pregnancy significantly associated with higher 

risk of PTB compared to the reference temperature exposure (He et al., 2016; Li et al., 2018; 

Zheng et al., 2018). While Guo et al. (2018) also found high temperature exposure significantly 

increased the risk of PTB, they found that exposure to low temperatures reduced the risk of PTB 

among pregnant women. Zhong et al. (2018) found further contradicting information, reporting 

that exposure to extreme heat (daily temperature >90th percentile [30°C]) and higher 

temperatures in the second trimester increased risk of PTB, but lowered risk of PTB in the third 

trimester. Two other articles reported that prenatal exposure to extreme heat increased the risk of 

PTB (Wang et al., 2019; Kwag et al., 2021). Out of the 10 studies selected for review, only one 

study examined temperature variation and its effect on PTB (Li et al., 2021). Li et al. (2021) 

found that positive temperature variation (temperature increase of 1°C/day) increased PTB risk 

throughout the pregnancy, while negative temperature variations (temperature decrease of 

1°C/day) increased PTB risk during the second trimester. However, negative temperature 

variations were also found to be associated with decreased risk of PTB during the third trimester 

(Li et al., 2021). See Tables 5 – 7 for a more detailed summary of study findings. 

3.2.2 Gestational Periods of Susceptibility to High Temperature  

 Upon reviewing the selected articles, various gestational periods of susceptibility to 

ambient temperature exposure were identified (see Tables 5-7 for more details). He et al., (2016) 

reported that risk of PTB was stronger when exposure to extreme heat (≥ 30.7 °C) was during the 
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20th to 34th week of gestation compared to the 35th-36th weeks. In contrast, Liu et al. (2020) 

reported the strongest associations between high temperature exposure (mean temperature 28-

30°C) and PTB risk at the sixth and 25th gestational week, along with significant associations at 4 

to 8 weeks gestation and 22-27 weeks gestation. They further found stronger effects of 

temperature exposure on the first trimester among multiparous women compared to primiparous 

women (Liu et al., 2020). In contrast, Li et al. (2018) reported that gestational weeks 29 and 

onward were significant periods of vulnerability to the effects of high temperature (75th and 95th 

percentiles of temperature distribution from 1994 to 2013) exposure upon risk of PTB. Another 

study reported that the second trimester was a period of vulnerability for PTB risk in response to 

high temperature exposure (Zhong et al., 2018). Li et al. (2021) also identified the second 

trimester as a period of vulnerability to higher PTB risk from inter-daily temperature increase 

(temperature increase between days) and intra-daily temperature increase (temperature increase 

within a 24-hour period). Kwag et al. (2021) further identified that exposure to heat waves (≥ 33 

°C lasting two or more days) during the first and second trimester significantly increased the risk 

of PTB.  

3.2.3 Gestational Periods of Susceptibility to Low Temperature      

 Exposure to cold temperature was found to have a negative or positive significant 

association with PTB at different periods of gestation (see Table 5 for more details). Li et al. 

(2018) and Wang et al., (2020) found that the third trimester (gestational week 29 and onward) 

was susceptible to the effects of low temperature (5th and 25th percentiles of temperature) 

exposure on PTB risk, while Zheng et al. (2018) identified the second trimester as a period of 

vulnerability. Exposure to extreme cold days (<10th percentile of temperature distribution [6°C]). 

was also associated with an increased risk of PTB during the second and third trimester (Zheng 
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et al., 2021). In contrast, Liu et al. (2020) found the strongest negative association between cold 

temperature (<14°C) and PTB risk at gestational week 4 and 23. Li et al. (2021) found that 

negative temperature variation increased risk of PTB during the second trimester, however 

reduced PTB risk during late pregnancy (1-4 weeks preceding delivery) 

3.3 Summary of Findings  

 Ten articles were reviewed for the purpose of this SPAR project. All of the studies relied 

on data collection from meteorological monitoring stations. Seven of the selected studies 

examined the effects of low and high temperature exposure on risk of PTB, whereas three studies 

assessed only the effect of high temperature exposure on risk of PTB. The majority of the studies 

defined temperature exposure based on percentile of average temperature distribution, 

classifying relatively low or high temperature as falling below and above the 50th percentile of 

temperature distribution, respectively.  

 Common trends and associations were found when reviewing the articles. All of the 

studies found a positive association between high ambient temperature exposure and PTB risk. 

Of these, several studies reported a U-shaped association between ambient temperature exposure 

and PTB risk, with both high and low temperatures associated with higher PTB risk. However, 

some authors reported that exposure to lower ambient temperature was significantly associated 

with lower PTB risk.  

 The first trimester was reported as a significant period of vulnerability to the effects of 

high ambient temperature exposure on PTB risk. The strongest positive associations between 

high ambient temperature exposure and PTB risk were observed during the second trimester of 

pregnancy, with only one study reporting a negative association between ambient temperature 

exposure and PTB risk during the second trimester. Significant associations between low 
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temperature exposure and PTB risk were reported based on exposure during the second and third 

trimester. Conversely, protective effects of lower temperature on PTB risk were also reported 

based on exposure in the first, second, and third trimester. 

 The following chapter further discusses the results of this scoping review in relation to 

the purpose of this SPAR project. Implications for nursing practice and future research 

recommendations are also provided. 
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Chapter 4: Discussion 

 This chapter provides a detailed discussion of the key findings from this scoping review. 

Gaps in the literature and areas of potential future research are also outlined. Additionally, 

implications for nursing practice and limitations of the findings of this scoping review are 

discussed. 

4.1 Key Findings 

4.1.1 Ambient Temperature Exposure and Risk of PTB 

 Various themes and contradictions arose from the literature included in this scoping 

review. The majority of the studies reported a significant association between exposure to heat 

and PTB risk.  

Two studies reported that prenatal exposure to extreme heat during the first and second 

trimesters was associated with PTB (Wang et al., 2019; Kwag et al., 2021). Li et al. (2021) also 

reported a positive association between positive temperature variation (temperature increase of 

1°C/ day) and PTB risk throughout the pregnancy. Two studies reported a U-shaped association 

between ambient temperature exposure and risk of PTB, with exposure to low and high 

temperatures during the second and third trimesters associated with higher risk of PTB compared 

to average (moderate) temperature exposure (He et al., 2016; Li et al., 2018). This relationship 

was observed in the urban humid, subtropical regions of China and Australia. Zhong et al. (2018) 

reported contradicting findings, reporting exposure to extreme heat (daily temperature > 90th 

percentile) and higher temperatures in the second trimester was positively associated with risk of 

PTB, but inversely associated with PTB risk in the third trimester. Overall, findings from these 

studies suggest that exposure to high temperatures during pregnancy is associated with PTB risk, 

yet the association between PTB and low temperature is less clear. 
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Guo et al. (2018)’s study, also conducted in the urban humid subtropical regions of 

Australia, suggested that exposure to low temperature (< 5th percentile) during the first and 

second trimester was associated with lower PTB risk. Li et al. (2021) also found that negative 

temperature variation (temperature decrease of 1°C/ day) in the second trimester was associated 

with PTB risk during the warm season, but inversely associated with PTB risk during the cold 

season. Thus, perhaps the discrepancies between the various studies’ reported findings were due 

to unaccounted seasonal patterns (differing humidity and precipitation levels), as previous 

literature has shown that peak PTB prevalence occurs during summer and winter (Lee et al., 

2006; Woo et al., 2016) 

The varying risk pattern may further be explained by the different biological mechanisms 

for heat-related risk of PTB (Li et al., 2021). Heat stress could potentially trigger onset of 

preterm labour, as well as pregnancy complications. Rapid temperature change may precipitate a 

thermoregulatory response in the pregnant women which includes altered placental blood flow, 

cortisol release, and increased circulating inflammatory mediators (Kramer et al., 2013; Ferguson 

et al., 2014; Li et al., 2021). Prior research has also demonstrated an association between higher 

corticotropin-releasing hormone (CRH) levels in the second trimester and PTB, as CRH 

regulates cortisol release (Ferguson et al., 2014). Heat exposure may increase cytokines and 

oxytocin, thus inducing labour and increasing PTB risk (He et al., 2016).  

The association between cold temperature exposure and PTB risk may be attributed to 

various biological mechanisms (Li et al., 2021). Previous studies have demonstrated that cold 

temperatures could exacerbate other risk factors associated with PTB such as passive smoking, 

infectious agents, preeclampsia recurrence and pregnancy induced HTN (Goldenberg et al., 

2008; He et al., 2016; Li et al., 2021; Muglia & Katz, 2010). Additionally, cold stress could 
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potentially increase risk of PTB by resulting in increased blood viscosity and vascular 

constriction (Bruckner et al., 2014).  

The discrepancy between findings could also be attributed to socioeconomic differences 

in population susceptibility, as well as the variety of exposure windows and statistical methods 

used for analysis (He et al., 2016). Specifically, women residing in different climate regions may 

have different temperature adaptation abilities (Guo et al., 2018; Li et al., 2021). As well, Li et 

al.’s (2021) findings suggest that higher education levels may be related to greater adaptation to 

temperature exposure among pregnant women. However, additional studies are needed to clarify 

the pathways explaining the associations between temperature exposure, SES, education, and 

PTB. However, the underlying mechanisms explaining the association between ambient 

temperature exposure and PTB risk require further investigation to allow clearer characterization 

of their risks to pregnant women. Additional factors will be discussed in detail in the next section 

of this chapter. 

4.1.2 Gestational Periods of Vulnerability to Effects of High Temperature Exposure 

 Upon reviewing the selected articles, various gestational periods of susceptibility to high 

ambient temperature exposure were identified (See Tables 5-6 for more details). Based on the 

studies of this scoping review, the second trimester was the most commonly reported period of 

vulnerability to the effects of high temperature exposure. 

 First Trimester. Eight studies identified the first trimester as a period of vulnerability to 

heat exposure (See Table 6). Liu et al. (2020) reported the strongest associations between high 

ambient temperature exposure (mean temperature 28-30°C) and PTB risk at the sixth gestational 

week, along with significant associations at 4 to 8 weeks gestation. They further found stronger 

effect of temperature exposure on the first trimester among multiparous women compared to 
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primiparous women (Liu et al., 2020). Kwag et al. (2021) further reported that exposure to heat 

waves (≥ 33°C lasting two or more days) during the first trimester was significantly associated 

with higher PTB risk. 

 Second Trimester. The second trimester was the most commonly reported period of 

vulnerability to the effects of high temperature exposure (See Table 6). Liu et al., (2020) reported 

the strongest association between high temperature exposure and PTB risk at the 25th gestational 

week, along with significant associations at 22-27 weeks gestation. Three other studies reported 

that the second trimester was a period of vulnerability for PTB risk in response to high 

temperature exposure (Li et al., 2018; Kwag et al., 2021; Zhong et al., 2018). Specifically, Kwag 

et al. (2021) reported that exposure to heat waves (≥ 33°C lasting two or more days) during the 

second trimester was significantly associated with higher PTB risk. Li et al. (2021) further 

identified the second trimester as a period of vulnerability to higher PTB risk from inter-daily 

temperature increase (temperature increase between days) and intra-daily temperature increase 

(temperature increase within a 24-hour period).  

Third Trimester. Four studies identified the third trimester as a period of susceptibility to 

effects of heat exposure on PTB risk (Guo et al., 2018; He et al., 2016; Li et al., 2018; Zheng et 

al., 2018). He et al., (2016) reported that risk of PTB was stronger when exposure to extreme 

heat (≥ 30.7 °C) was during the 20th to 34th week of gestation compared to the 35th-36th weeks. 

Li et al. (2018) reported that gestational weeks 29 and onward were significant periods of 

vulnerability to the effects of high temperature (75th and 95th percentiles of temperature 

distribution from 1994 to 2013) exposure upon risk of PTB. 

 Physiological Mechanisms. Various factors impact thermoregulation ability during 

pregnancy, including state of acclimatization and level of hydration (Olivier et al., 2020). 
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Previous studies indicate that the first and second trimester are potential periods of vulnerability 

to heat stress, as the developing placenta and fetus increase metabolic heat, thus increasing 

thermoregulation demands (Olivier et al., 2020). Increase in blood volume during pregnancy 

optimizes heat transfer and dissipation, supporting adaptability to heat exposure (Olivier et al., 

2020). Thus, these physiological adaptations during pregnancy may explain why pregnant 

women are more vulnerable to effects of heat exposure during this particular gestational window 

compared to the third trimester. However, additional studies are needed to investigate this 

possible mechanism explaining these periods of vulnerability. 

4.1.3 Gestational Periods of Vulnerability to Effects of Low Temperature Exposure 

 Exposure to cold temperature was found to have a negative or positive association with 

PTB risk depending on periods of gestation (see Tables 5 and 7 for more details). Liu et al. 

(2020) found the strongest negative association between cold temperature (<14°C) and PTB risk 

at gestational week 4 and 23. Zheng et al., (2018) and Li et al., (2020) also identified the second 

trimester as a period of vulnerability. Li et al. (2020) specifically reported that negative 

temperature variations during the second trimester were associated with increased PTB risk. 

Exposure to extreme cold days (<10th percentile of temperature distribution [6°C]) was also 

associated with an increased risk of PTB during the second trimester (Zheng et al., 2021). Only 

one study identified that exposure to extreme cold (<6°C) was associated with increased PTB 

risk during the third trimester (Zheng et al., 2021). In contrast, Li et al., (2021) found that 

negative temperature variations were associated with lower PTB risk during late pregnancy (1-4 

weeks preceding delivery), and Liu et al., (2018) found that lower ambient temperature was 

associated with lower PTB risk during the first and second trimester. An increase in pregnancy-

related fat deposition and decrease in body surface area to body weight ratio during pregnancy 
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may account for why women are less susceptible to cold temperatures during late pregnancy as 

opposed to earlier in the pregnancy, however, more research is needed to confirm this 

mechanism (Liu et al., 2020). 

4.2 Gaps in the Literature and Suggestions for Future Research 

 Several gaps were identified when reviewing the selected studies, including a lack of data 

regarding study location, level of urbanicity, and other potential covariates. Future research 

priorities are recommended in order to address this gap in the literature. 

4.2.1 Location 

 A majority of studies were conducted in China, with two in Australia and one in Korea. 

No literature based out of North America, South America, or Europe met the inclusion criteria to 

be reviewed. Additionally, all of the studies examined data from humid subtropical climate 

zones, with a minority examining data from tropical zones. No studies conducted in cold or dry 

climate zones met the inclusion criteria to be reviewed. 

 This gap potentially limits the generalizability and applicability of the findings to 

populations based in North America, South America, or Europe, or those living in cold or dry 

climate zones. Specifically, women residing in different climates may have different temperature 

adaptation abilities (Guo et al., 2018; Li et al., 2021). This has implications as it is unclear 

whether the associations observed between temperature exposure and PTB risk would occur in 

different climate zones, or whether the different climate zone would potentially moderate or 

mediate the effects. 

 Importantly, all of the studies were conducted in high-income developed countries. None 

of the studies were conducted in low- or middle-income countries, which account for a majority 

of the global PTB burden (Vogel et al., 2018). In addition to being disproportionately affected by 
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PTB mortality and morbidity, low- and middle- income countries are also vulnerable to the 

negative impacts of extreme heat due to insufficient resources to adapt to or mitigate the effects 

of climate-change on health (Nicholas & Breakey, 2017; Roos et al., 2021; Rylander et la., 

2013). Pregnant women in developing countries are also at higher risk of exposure to 

temperature extremes due to lack of air conditioning or central heating, and more physical 

working conditions (Beltran et al., 2013; He et al., 2016; Rylander et al., 2013). Thus, further 

research is warranted in low- and middle-income countries to identify whether current evidence 

can be replicated in these contexts. 

4.2.2 Urbanicity 

 The majority of the studies examined cases of singleton healthy pregnant women living 

in urban settings. While two of the studies included cases of rural pregnant women in China, 

their results were conflicting, with Guo et al., (2018) reporting an inverse association between 

cold temperature exposure and PTB risk, and Wang et al. (2020) reporting a U-shaped 

association between temperature exposure and PTB risk. In some countries, women living in 

rural areas are more vulnerable to PTB risk due to poor living conditions and inadequate access 

to medical facilities compared to those living in urban settings, thus these factors would need to 

be considered when evaluating the link between temperature exposure and risk of PTB (Li et al., 

2020; Luo & Wilkins, 2008). Conversely, urban women may be increasingly vulnerable to the 

effects of air pollution (particulate matter) on PTB risk (Li et al., 2020). However, women living 

in urban settings may have more access to air conditioners and prenatal services, potentially 

mediating the effects of ambient temperature exposure on PTB (Li et al., 2020; Luo & Wilkins, 

2008). The studies included in this scoping review do not compare or contrast participants from 

rural settings to those from urban settings. Thus, it is unclear whether the effects of ambient 
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temperature exposure on PTB would be stronger or weaker among rural populations. 

Furthermore, there are no data provided regarding the participants’ access or utilization of air 

conditioning or heating, which may potentially mitigate the effects of heat on PTB risk. Thus, 

further research is needed among rural populations to clarify the relationship between 

temperature exposure and PTB risk taking into account possible confounding factors such as 

living conditions.  

4.2.3 Potential Covariates and Subgroups  

Common covariates which were adjusted for in each study included parity, maternal age, 

and fetal sex However, there was inconsistency in the consideration of potential covariates such 

as education, socioeconomic status (SES), nutrition, body-mass index (BMI), and activity level, 

as well as the multicollinearity among these variables. 

Smoking. Exposure to smoking was adjusted for in a few studies included in this scoping 

review (Li et al., 2018; Liu et al., 2020; Wang et al., 2020). Maternal smoking and exposure to 

second-hand smoke during pregnancy are associated with increased PTB risk (Forray, 2016; 

Medley et la., 2018; Vogel et al., 2018). , However, the majority of the studies in this review did 

not include smoke exposure in their analyses.  

 Education. Additionally, only four studies included adjustment for the effects of 

maternal education (He et al., 2016; Kwag et al., 2021; Liu et al., 2020; Wang et al., 2020). 

Lower maternal education has been associated with increased PTB risk (Kumar et al., 2017; 

McHale et al., 2021; Ruiz et al., 2015; Vogel et al., 2018). Thus, it is unclear whether the 

findings of the remaining studies would be altered if taking maternal education status into 

account.  Li et al. (2021)’s findings also suggest that higher education levels may be related to 
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greater ability to adapt to temperature exposure among pregnant women, however, further 

research is needed to confirm this connection. 

Socioeconomic status. Education level and socioeconomic status are highly correlated 

variables; however, SES was only accounted for in three studies included in this scoping review 

by adjusting for household income level (Liu et al., 2020; Zheng et al., 2018; Zhong et al., 2018). 

Lower income is a well-known risk factor for PTB risk (Kumar et al, 2017; McHale et al., 2021; 

Vogel et al., 2018); however, it was not adjusted for in the remaining studies of the scoping 

review. Thus, further research is warranted to investigate whether socioeconomically 

disadvantaged populations are more vulnerable to the effects of ambient temperature exposure on 

PTB risk.  

Nutrition. Lui et al. (2020) adjusted for nutritional intake in their analysis, specifically 

adjusting for vitamin, vegetable, meat, and tea consumption. Maternal nutrition places a 

significant role in influencing risk of PTB, specifically as vitamin D insufficiency is associated 

with early and late preterm birth, and omega-3 fatty acid supplementation is associated with 

reduced PTB risk (Amegah et al., 2017; Bloomfield, 2011; de Seymour et al., 2019; Vogel et al., 

2018). The remaining studies did not include data regarding maternal nutrition status nor adjust 

for this variable in their analyses.  

Activity. Maternal activity level is another potential confounder that influences PTB risk, 

as leisure time physical activity is associated with reduced risk of PTB (Aune et al., 2018; Kahn 

et al., 2016; Raper et al., 2021). However, increased indoor and outdoor activities may result in 

increased vulnerability to the changes in external temperature, thus exacerbating PTB risk 

(Rylander et al., 2013). Yet, none of the studies in this scoping review collected data regarding 
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maternal activity or adjusted for it in their analysis. Thus, it is unclear how the effects of ambient 

temperature exposure on PTB risk may be influenced by the level of maternal activity.  

Occupation. Maternal occupational status is a relevant confounder which was also 

adjusted for in two studies within this scoping review (Zhong et al., 2018; Wang et al., 2020). 

Wang et al. (2020) reported stronger effects of ambient temperature on PTB risk among 

participants who were farmers compared to office workers. The farmers were perhaps more 

vulnerable to the effects of ambient temperature exposure and particulate matter pollution from 

prolonged outdoor exposure, compared to the office workers (Rylander et al., 2013; Vogel et al., 

2018; Wang et al., 2020). However, no data were provided regarding hours worked or 

daytime/nighttime shiftwork among participants. Shift work and working long hours (>40 

hours/week) compared to standard hours (40 hours/week) has been found to increase PTB risk 

(Cai et al., 2019). Occupation-related stress was also not accounted for in any of the studies. 

Further studies are warranted to investigate whether shift workers or certain occupational groups 

are more vulnerable to the risks of ambient temperature exposure on risk of PTB  

Body Mass Index. Pre-pregnant body mass index (BMI) was adjusted for in only three 

studies within this scoping review (Guo et al., 2018, Liu et al., 2020, Wang et al., 2020). Wang et 

al., (2020) reported a higher effect of low and high ambient temperature exposure on PTB risk 

among women who were overweight (BMI range ≥ 24.0) compared to those with normal weight 

(BMI = 18.5 – 23.9). Thus, these findings suggest that overweight women may be more 

vulnerable to the effects of ambient temperature exposure on PTB risk. However, high BMI is 

related to various adverse pregnancy complications such as gestational diabetes, preeclampsia, 

and pregnancy-induced hypertension, which are known risk factors for PTB (Pigatti Silva et al., 

2019).  Because the remaining studies in the scoping review did not include BMI in their data 
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collection, no conclusion can be made at this point. Further research is needed to investigate this 

relationship and account for potential confounders associated with high BMI.  

Medical and Obstetrical History. Only a few studies included information regarding 

maternal medical/obstetrical history within the analyses (Li et al., 2018; Liu et al., 2020; Li et al., 

2021). High risk obstetrical conditions such as preeclampsia, gestational hypertension, and 

gestational diabetes increase the risk of PTB (Vogel et al. 2018). Previous research suggests that 

cold temperatures could increase occurrence of preeclampsia and pregnancy induced HTN via 

increased vasoconstriction, thus potentially exacerbating the risk of PTB (Goldenberg et al., 

2008; Muglia & Katz, 2010). The majority of the studies in this scoping review included only 

healthy pregnant women. Further research is needed to investigate in at-risk pregnancies the 

relationship between ambient temperature exposure and PTB risk.  

4.3 Implications for Nursing Practice in British Columbia 

4.3.1 Implications for Perinatal Nursing Practice and Risk Communication 

 Although the articles in this scoping review did not detail the role of nurses, there are 

various implications from these study findings that can be applied to nursing practice at various 

levels. Specific nursing implications are relevant for direct care, client/community education and 

risk communication, nursing education, and health policy development (Neal-Boylan et al., 

2019; Nicholas & Breakey, 2017).  

Increasing awareness about the effects of climate change on maternal health outcomes 

has been prioritized among professional health organizations (Adebayo et al., 2020). Despite 

this, many women lack knowledge regarding the perinatal risks of temperature exposure and 

appropriate protective behaviors to mitigate these risks (Adebayo et la., 2020). The results of this 

scoping review may support public health and antepartum nurses in providing adequate 
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counselling and education to pregnant women to mitigate the risk of PTB in relation to 

temperature exposure. Client education should include education on risks and strategies to 

mitigate heat stress (McDermott-Levy et al., 2019; Roos et al., 2021).  Nurses can educate clients 

on strategies to adjust to higher ambient temperature such as seeking shade, indoor shelter, 

taking frequent breaks, use of air conditioning/fans, and staying hydrated (Rylander et al., 2013). 

Education materials and pamphlets about harms of heat exposure during the prenatal period can 

increase client knowledge and self-efficacy in ability to perform self-protective actions (Adebayo 

et al., 2020). Nurses can play a key role in reducing client vulnerability to risks by educating 

pregnant women to reduce outdoor activities during extreme temperatures (McDermott-Levy et 

al., 2019). Relevant health promotion and risk reduction initiatives can be delivered by perinatal 

and public health nurses in various settings, including community prenatal classes, and outpatient 

and inpatient discharge teaching sessions. Client education would particularly be targeted at 

clients in their second trimester as these were identified as potential periods of vulnerability 

within this scoping review. Thus, nurses are well posited to serve as knowledge sources for 

clients and communities in order to promote climate mitigation, adaptation, and resilience 

strategies (Leffers et al., 2017). 

4.3.2 Role of Advocacy and Policy Development 

 The nursing profession is also well positioned to advocate for policies to mitigate climate 

change. Nurses may utilize the findings of this scoping review in order to champion health 

promotion initiatives to address the perinatal health impacts of extreme temperature exposure 

related to climate change (Kalogriou et al., 2020; Nicholas & Breakey, 2017). Efforts are 

required to raise awareness among policy makers regarding consequences of climate change on 

perinatal health, and efficient heat mitigation interventions and head adaptation planning to the 
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most affected and least resilient settings and populations (Roos et al., 2021; Rylander et al., 

2013). The nursing profession can play a key role in disseminating papers and position 

statements about nursing’s health policy work related to climate change  (Hanley et al., 2016; 

Nicholas & Breakey, 2017). Nurses can advocate on behalf of populations vulnerable to the 

effects of climate change related temperature effects, such as pregnant women. Future research is 

recommended in order to investigate the effectiveness of nursing interventions aimed at 

mitigating and adapting to the perinatal health effects of temperature exposure (Nicholas & 

Breakey, 2017).  

4.3.3 Implications for Nursing Education/Curriculum 

 The insights gleaned from this scoping review may support the development of 

environmental health nursing curriculum in nursing education programs, which has been 

mandated as priority areas for nursing curriculum by the Canadian Nurses Association, the 

Canadian Association of Nurses for the Environment and various nursing leaders and scholars 

(Canadian Nurses Association, 2017; Kalogirou et la., 2020; Leffers et al., 2017). Effective 

training should prepare nursing graduates to implement the principles of mitigation, adaptation, 

and resilience to address climate-related temperature effects on human health (McDermott-Levy 

et al., 2019; Neal-Bolan et al., 2019; Sullivan-Marx & McCauley, 2017). In order to embed 

climate-change related education in all levels of nursing education, theoretical frameworks must 

be integrated into the curriculum  to guide nursing approaches to mitigating effects of climate 

change on health (Sullivan- Marx & McCauley, 2017). Based on the findings of this scoping 

review, it is recommended to include content regarding the relationship between ambient 

temperature risk and PTB risk, and potential mitigating strategies within BSN and specialty 

perinatal training programs  

4.4 Limitations 
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 Some limitations were identified while completing this SPAR project. There was a 

limited number of articles that met the inclusion criteria. The majority of the articles originated 

from Asia, with no articles from North America, South America, Europe, or Southeast Asia. 

None of the articles that met the selection criteria were Canadian-based; no national data 

examining the relationship between ambient temperature exposure and PTB risk. Although 

sample sizes were substantial in many studies, important covariates and known PTB risk factors 

were not accounted for within the analyses. Thus, the findings of these studies should be 

interpreted with consideration to these limitations. There were also limitations in the level of 

evidence amongst the studies included in this scoping review. No systematic reviews met 

inclusion criteria. As this project is a narrative review of the evidence, there is a potential for 

subjectivity when selecting and analyzing studies, however, specific inclusion/ exclusion criteria 

and systematic search strategies were utilized to reduce the risk for bias. Additionally, only 

articles that were available or published in English were included in this scoping review, which 

may have eliminated non-English articles that could have contributed to answering the research 

questions of this project. 

4.5 Conclusions 

 The literature in this scoping review investigated the association between ambient 

temperature exposure during different gestational periods on risk of PTB, and identified potential 

gestational periods of vulnerability. The articles reviewed were all quantitative studies, including 

retrospective case control studies and prospective cohort studies. Various associations were 

reported but similar themes could be identified amongst the gestational periods of vulnerability. 

The overall findings suggest that exposure to high ambient temperature during the first and 

second trimester is associated with an increased risk of PTB. Exposure to low ambient 
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temperature during different trimesters was found to be associated with lower and higher risk of 

PTB, and warrants further investigation.  

 PTB rates were higher among those that were of higher BMI, lower maternal education 

levels, and farm workers, irrespective of temperature exposure. Thus, it is important to consider 

these risk factors, as well as the potentially moderating/mediating effects that women’s 

educational background and pre-pregnancy BMI may play in their vulnerability to the effects of 

temperature exposure on PTB risk. There were gaps in the current literature and areas requiring 

further research, particularly regarding lack of data regarding potential confounders and maternal 

characteristics. The majority of participants were those with healthy singleton pregnancies, living 

in urban settings in developed countries. Populations living in rural or remote regions, with lower 

SES and at-risk medical/obstetrical conditions remain understudied within this area of research.  

 The findings of this scoping review have various implications for nursing practice, as it is 

within a perinatal nurse’ scope to educate, support, and counsel pregnant women regarding risk 

factors for preterm birth (British Columbia College of Nurses and Midwives [BCCNM], 2021). 

Registered nurses are particularly well situated to provide effective client education regarding 

risks of temperature exposure and mitigating strategies to perinatal clients via community 

prenatal classes, and individualized client counselling during outpatient and inpatient care 

settings. The nursing profession is also well positioned to advocate for policies to address the 

health effects of ambient temperature exposure on pregnant women, and to advocate for cost-

effective mitigating strategies for vulnerable populations. In order to ensure nurses are 

adequately trained to educate and advocate for clients, it is imperative for nurse educators to 

educate nursing students on the impacts of climate change on perinatal health, and to develop 

specific curriculum to support these learning objectives. Specifically, the relationship between 
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ambient temperature exposure and PTB risk can be included as an educational example of the 

effects of climate change on vulnerable or at-risk populations. Future nursing research is 

recommended to investigate the effectiveness of nursing lead initiatives to mitigate the effects of 

ambient temperature exposure on PTB risk. 
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