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Abstract: This scoping review provides an overview of the published literature, identifies research
gaps, and summarises the current evidence of the association between elevated ambient temperature
exposure during pregnancy and adverse maternal, foetal, and neonatal outcomes. Following the
PRISMA extension for scoping reviews reporting guidelines, a systematic search was conducted on
CINAHL, PubMed, and Embase and included original articles published in the English language
from 2015 to 2020 with no geographical limitations. A total of seventy-five studies were included,
conducted across twenty-four countries, with a majority in the USA (n = 23) and China (n = 13).
Study designs, temperature metrics, and exposure windows varied considerably across studies. Of
the eighteen heat-associated adverse maternal, foetal, and neonatal outcomes identified, pre-term
birth was the most common outcome (n = 30), followed by low birth weight (n = 11), stillbirth
(n =9), and gestational diabetes mellitus (n = 8). Overall, papers reported an increased risk with
elevated temperature exposures. Less attention has been paid to relationships between heat and
the diverse range of other adverse outcomes such as congenital anomalies and neonatal mortality.
Further research on these less-reported outcomes is needed to improve understanding and the
effect size of these relationships with elevated temperatures, which we know will be exacerbated by
climate change.

Keywords: elevated ambient temperature; maternal foetal and neonatal outcomes; exposure windows;
temperature metrices; environmental risk factor; scoping review

1. Introduction

Climate change is the most significant global threat we face in the 21st century, and
its health impacts are growing [1,2]. A changing climate is a key factor in increasing the
intensity, duration, and frequency of extremes of heat and the associated exacerbation of
existing health challenges for all populations, especially vulnerable population groups,
such as the elderly, people with chronic disabilities, young children, newborn babies, and
pregnant women [3-7].

There is evidence of heat stress as a risk for pregnant women due to (i) increased
body weight, and body-fat-triggered increased core body temperature and heat production;
(ii) decreased ratio of surface area to body mass associated with pregnancy, reducing the
heat-loss capacity of sweating, and (iii) foetal metabolic rate increasing the maternal core
body temperature [8,9]. When environmental temperature exceeds the maternal core body
temperature, it causes cutaneous vasodilation and sweat secretion, and decreases uterine
and umbilical cord blood flow [10]. If heat-loss mechanisms are inadequate to dissipate
heat effectively, the body becomes dehydrated [11,12]. In such conditions, the endocrine
system activates and releases the antidiuretic hormone and oxytocin, further decreasing
uterine blood flow to the foetus and triggering labour, often prematurely [12]. Heat expo-
sure can cause acute heat stress and release heat-shock protein [13]. Heat-shock protein
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damages placental cells and reduces placental efficiency, decreasing adequate oxygen and
nutrition supply to the developing foetus, leading to low birth weight [13]. In addition,
heat stress can interrupt the typical sequence of gene activity during organogenesis, leading
to congenital anomalies, particularly during early stages of gestation or stillbirths at the
later stages [14,15]. In addition, extreme heat exposure during pregnancy affects glucose
metabolism and increases insulin resistance, leading to gestational diabetes [16-18]. More-
over, some evidence indicates that elevated temperature causes maternal hypertension,
especially pre-eclampsia, one of the main risk factors for global maternal mortality [19].

These pregnancy-related physiological and anatomical changes associated with altered
thermoregulation mechanisms not only make pregnant women vulnerable to increased
temperatures at all stages of pregnancy but also are linked to adverse maternal, foetal, and
neonatal outcomes including but not limited to preterm birth (PTB), low birth weight (LBW),
stillbirth, congenital anomalies, gestation diabetes mellitus (GDM), hypertension disorders,
and maternal stress [6,8,15,16,20-24].In particular, heat-associated adverse neonatal out-
comes such as PTB, LBW, and stillbirth have been widely reported in the literature [9,20,21].

PTB, defined as a baby being born before 37 weeks of gestation, is a global epidemic
with approximately 15 million global incidences every year [22-24]. PTB is a leading
cause of childhood mortality and morbidity under five years and the direct cause of
neonatal mortality (death within 28 days of births) [23]. In addition, LBW (live births
under 2500g) is associated with prenatal mortality and morbidity and increases the risk
of non-communicable diseases later in life [25]. Stillbirth is a birth following foetal death
before labour or during labour, accounting for 2.0 million deaths globally in 2019 [26].

Despite research demonstrating the effect of elevated ambient temperature on specific
adverse outcomes such as PTB, LBW, and stillbirth [9,21,27-29], the effect of elevated
ambient temperature on other possible maternal, foetal, and neonatal adverse outcomes
have often been neglected in current literature. Therefore, the magnitude and the trends
of published literature on this topic to date are unclear. Furthermore, little attention
has been paid to exploring susceptible windows and elevated temperature exposures.
Therefore, this scoping review aims to describe the characteristics of the published literature,
identify research gaps, and summarise the current evidence of the association between
elevated ambienttemperature exposure during pregnancy and a range of adverse maternal,
foetal, and neonatal outcomes. Specific research questions addressed in this scoping
review include:

(1) What are the magnitude, characteristics, and trends of research on elevated ambient
temperature and maternal, foetal, and neonatal outcomes?

(2) What adverse maternal, foetal, and neonatal outcomes are being explored by research
for their relationships with elevated ambient temperature; what are the findings?

(3) What gestational periods are particularly susceptible to elevated ambient temperatures
during pregnancy?

In addition, the review will identify the common limitations and gaps of published
literature to inform recommendations for future studies.

This scoping review examined the elevated ambient temperature exposure (e.g., expo-
sure to various high ambient temperatures, heatwave, and extreme temperature events)
and adverse maternal, foetal, and neonatal outcomes regardless of the typical weather
patterns to which pregnant women were exposed during their pregnancy. However, the
review did not examine how the pregnant body would acclimate to higher temperatures.

2. Materials and Methods
2.1. Search Strategies

This study followed the PRISMA extension (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) for scoping review reporting guidelines. The initial systematic
search was conducted on CINAHL, PubMed, and Embase from 2005 to 2020. The key-
words were developed referring to keywords from published original articles and previous
systematic reviews with the assistance of a professional librarian at Griffith University.
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A broad range of relevant key words were included based on (i) heat-related extreme
events (search terms included: “heat wave” OR “extreme heat” OR “extreme temperature”
OR “high temperature” OR “excessive temperature” OR “hot temperature” OR “heat
exposure” OR “ambient temperature” OR “environmental temperature” OR “extreme
weather” OR “hot weather” OR “warm weather” AND (ii) adverse maternal, foetal, and
neonatal outcomes associated with heat (search terms included: “pregnan*” OR “foet*”
OR “fetal” OR “fetus” OR “expectant mothers” OR “maternal health” OR “maternal
morbidity” OR “gestational age*” OR “antenatal” OR “prenatal” OR “birth outcome” OR
“pregnancy outcome” OR “stillbirth” OR “preterm” OR “premature” OR “prematurity” OR
“birth weight” OR “eclampsia” OR “miscarriage” OR “abortion” OR “pre-eclampsia” OR
“gestational hypertension” OR “placental abruption” OR “foetal death” OR “fetal death”
OR “neonat*” OR “newborn”.

2.2. Inclusion/Exclusion Criteria and Identification of Relevant Studies
2.2.1. Inclusion Criteria

Studies that included pregnant women and/or neonates in the study population;
Studies that directly addressed the relationship between elevated ambient tempera-
tures (e.g., heatwave, extreme temperature, various high ambient temperatures), and
pregnancy and birth outcomes in any stage of pregnancy;

Studies that examined one or more maternal, foetal, or neonatal outcomes;

Original research studies published in the English language;

All types of study designs;

Articles published between January 2005-November 2020 (the initial collection of
articles generated using this time frame).

2.2.2. Exclusion Criteria

Studies that did not include pregnant women or neonates in the study population;
Studies that showed associations between other indicators of climate change or heat
sources such as hot baths, saunas, or experimental temperatures;

Studies that did not examine adverse maternal, foetal, or neonatal health outcomes;
Reviews and grey literature;

Articles published in languages other than English language;

Articles published before 2005.

All identified articles from the searches were transferred into EndNote, duplicates re-
moved, and uploaded to Rayyan, a web tool designed to help expedite the article screening
and selecting process [30]. Two reviewers (YD and JK) independently determined study
eligibility in two phases: (i) title and abstract screening and (ii) full-text review using the
inclusion/exclusion criteria mentioned above, and a third reviewer (DP) resolved conflicts.

2.3. Data Extraction

Eligible articles were extracted, tabulated, and checked for accuracy by the two review-
ers (YD and JK). The following data were recorded: first author, publication year, duration
of the study (start and end year), study title, study location, and sublocations, study ob-
jectives, study design type, study population (type, age range), number of participants,
exposure measurement, outcome measurement, covariates examined, exposure window,
study findings, a measure of effect, proposed mechanisms, limitations, and recommenda-
tions. Figure 1 describes the study selection process.
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Figure 1. Article selection process. (a) Flow chart of article selection process. (b) Number of
publications from 2005 to November 2020. The study initially searched articles published from
January 2005 to November 2020 (a). However, after analyzing preliminary data of selected articles,
the authors noticed a rapid increase in the number of publications after 2015 (b). Therefore, for this
scoping review, the authors decided to restrict the analysis to articles published between 2015 to
November 2020.

3. Results
3.1. The Magnitude, Characteristics, and Trends of Research on Elevated Ambient Temperature and
Maternal, Foetal, and Neonatal Outcomes

The initial search of the three databases identified 1549 articles (PubMed: 961, Embase:
473, CINAHL: 115), of which 374 were duplicates, leaving 1175 articles for the title and
abstract screening. Of these, 1046 were excluded, and 129 studies were selected for full-text
review. From these, 36 articles were excluded due to their full text being unavailable,
they were not in English, or they did not include any component of maternal exposure to
elevated temperatures. A total of 93 studies were subjected to preliminary data analysis,
and we observed a marked increase in the number of studies per year on this topic after
2015. As shown in Figure 1b, only eighteen studies were published before 2015 and 75
after that. Therefore, the 75 original articles published between 2015 to 2020 were selected
for this scoping review because authors believe that this time frame provides the most
up-to-date evidence.

The studies were performed across 24 countries globally, and most of them were
conducted in North America (n = 30), Asia (n = 25), and Europe (n = 14) (Figure 2). The
majority were single-country studies (n = 73), with two multi-country studies. As shown in
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Figure 2, a significant proportion of studies were conducted in the USA (n = 23) and China
(n=13).

M Asia W North America ™ South America Oceania W Europe W Africa

Figure 2. Geographic scope of all original articles reviewed.

Further analysis was conducted based on the income status of the countries. According
to the World Bank’s current income status classification, countries were classified into low
income, lower middle income, upper middle income, and high income [31]. The findings
revealed that most single-country studies were conducted in high-income and upper-
middle-income countries (95%), with only 5% in lower-middle-income countries and none
in low-income countries.

All articles reviewed were quantitative; the retrospective cohort was the most used
design to study the effect of heat exposure during pregnancy and adverse maternal, foetal,
and neonatal outcomes (40%). Ecological and case-crossover studies were the second most
common designs, accounting for nearly 16% each, while case-control and prospective
cohort design was employed in 9% and 13% of included studies respectively. Finally, a
cross-sectional design was the least common study design among reviewed studies.

Various temperature metrics were used to examine the influence of heat exposure
on pregnant women and newborn babies (Table 1). Daily temperature measurements
such as daily mean temperature (n = 35), daily maximum temperature (n = 26), and
daily minimum temperature (n = 16) were the most common temperature metrics used
among reviewed studies. Furthermore, studies calculated weekly, monthly, and trimester-
specific exposure temperatures based on daily temperature measurements. Nine studies
employed apparent temperature (combined effect of air temperature and relative humidity)
to identify the exposure effects on elevated ambient temperatures on pregnant women
and neonates [11,12,32-38]. Twelve studies examined the effects of heatwaves/extreme
heat events on maternal, foetal, and neonatal outcomes [6,32,38-47]. They used different
heatwave characteristics, i.e., length of exposure, threshold percentile (75th, 90th, 95th,
and 98th percentile to identify high temperatures), peak temperature, and a number of
heatwaves/heat events, to estimate the magnitude of the exposure effects [6,32,38-47].
No consistent definition for ‘heatwave’ or ‘extreme heat event’” was observed among
reviewed studies.
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Table 1. Temperature metrics used among reviewed studies.

Temperature Exposure

Temperature Metrics Number of Studies Reference

Daily temperature exposure

Maximum daily temperature 26 [10,13,14,18,32,38-43,45-59]
Minimum daily temperature 16 [10,13,18,39,41,43,50-59]
Mean daily temperature 35 [15,16,18,32,41,46,51-57,59-80]

Weekly temperature exposure

Maximumweekly temperature [14,48,81]

Mean weekly temperature 4 [15,19,82,83]
Matlmum ntmnthly 2 [84,85]
Monthly temperature exposure emperature
Mean monthly temperature 10 [17,51,52,84-90]
Hourly temperature exposure Hourly ambient temperature 3 [91-93]
Trimester-specific exposures Trimester-specific temperature 3 [75,76,94]
Apparent temperature index 1 [32]
Daily maximum apparent
temperature (MAT) 2 [11,33]
Apparent temperature exposure Mean apparent daily temperature 5 [12,34-37]
Mean apparent weekly temperature 1 [35]
Mean apparent monthly temperature 1 [35]
Universal apparent maximum 1 [38]
temperature (UATmax) -

Wet-bulb globe temperature (WBGT) 1 [95]

Dry temperature 2 [44,58]

Heatindex/Heatwave/
Extreme heatevents exposure Wet temperature ! [581
Mean heat index (HI) 1 [59]
Heatwave/extreme heat events 12 [6,32,38—-47]

Note: Some studies examined exposure effects using multiple temperature metrics.
Furthermore, more than 60% of studies reviewed focused on investigating the adverse
maternal, foetal, or neonatal outcomes in warmer months or the summer season. Only 23%

examined the exposure effects throughout the year (Table 2).

Table 2. Percentage of reviewed articles by season.

Season Percentage

Studies conducted only in summer months or warm

34.67%
months, or hot months

Studies conducted in both warm and cold months 25.33%
Studies conducted in the summer and spring months 2.67%
Studies conducted in all four seasons 22.67%
Season not stated 14.67%

Reviewed studies covered 18 maternal, foetal, and neonatal outcomes related to
elevated temperatures. PTB was the most common adverse outcome observed (1 = 30)
followed by LBW (n = 11), stillbirth (n = 9), and GDM (n = 8). Congenital anomalies,
miscarriage, babies that are small for gestational age (SGA), neonatal morbidity, neonatal
mortality, newborn telomere length, international normalisedratio (INR) values of neonates,
maternal stress, bacteriuria, cardiovascular events, reduced placental weight and volume,
placental abruption, premature rupture of membrane (PROM), and hypertensive disorders
in pregnancy are the other reported adverse outcomes included in this review (Figure 3).
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INR values of neonates
Newhorn telomere length
Bacteriuria
Maternal stress
Placental abruption
Cardiovascular events at labour
Premature rupture of membrane
Hypertensive disorders
Gestational diabetes mellitus
Congenital anomalies
Neonatal morbidity
Neonatal mortality

Stillbirth

Maternal, foetal, and neonatal outcomes reviewed

Miscarriage
Reduced placental weight and volume
Small for gestational age

Low birth weight

Preterm birth

(=]
9]

10 15 20 25 30 35

Number of original articles

Figure 3. Maternal, foetal, and neonatal outcomes examined in this review. Note: Some studies
examined multiple outcomes.

We observed that approximately 83% of included articles added a discussion of a
proposed biological mechanism to explain their findings. Most of the included stud-
ies indicated that heat stress increases the risk of PTB, LBW, SGA, stillbirth, congenital
anomalies, PROM, and GDM through various biological mechanisms [11,13,14,18,33,74].
For instance, heat-stress-associated hormonal changes induce labour and increase PTB
occurrence [11,13,33,50,56,68,83]. Heat stress also releases heat-shock proteins, which
damage placental cells, interrupts the typical sequence of gene activity during organogene-
sis, and inhibits cellular proliferation leading to stillbirths, miscarriages, and congenital
anomalies [14,15,48,74]. In addition, heat-stress increases beta-cell dysfunction and insulin
resistance; and reduces glucose uptake by insulin target tissues, leading to GDM [18]. In
addition, several studies claimed a heat-associated maternal dehydration and impaired
thermoregulation link to PTB, LBW, SGA, stillbirth, maternal hypertension disorders, pla-
cental abruption, and GDM [11,12,50,61,65,68,70,71,73,78,81,89]. In addition, a few studies
argued that maternal exposure to prolonged sunlight promotes slower foetal growth [77],
and that changes in sleeping patterns may be linked to maternal psychological stress [53].
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3.2. Relationships between Elevated Ambient Temperature and Maternal, Foetal, and Neonatal Outcomes
3.2.1. Elevated Ambient Temperature-Associated Adverse Neonatal Outcomes
Preterm Birth (PTB)

Among the 75 studies examined, PTB was the most common adverse outcome (1 = 30)
observed in this review. Among these, 23 studies reported that elevated temperatures
significantly correlate with an increased risk or rate of preterm birth [11-13,32,33,39,43,44,
46,50,52,56,58,59,61,63,65,69,77,79,80,92,93]. For instance, a time-series study conducted in
Iran reported a significant increase in PTB risk from heatwave days (mean daily temper-
ature > 90th percentile > 2 consecutive days) compared to non-heatwave days (RR 1.21;
95%CI 1.08: 1.37) [32]. In addition, Smithand Hardeman [44] also reported a higher relative
risk for PTB (RR 1.14; 95% CI 1.0:1.3) in women exposed to heatwaves (>37 °C) for a seven-
day period of their pregnancy than those not exposed to a heatwave. Furthermore, a study
conducted in Guangzhou, China, indicated that exposure to extreme heat (31.9 °C, the
99th percentile) increased the PTB risk by 10.0% [65]. Similarly, Ha et al. [63] reported that
prenatal exposure to extreme heat during the first seven weeks of pregnancy increased the
PTB risk by 11%, and that the entire pregnancy period increased PTB risk by 6%—21%. The
study further indicated that exposure to a 5 °F (around 2.8 °C) increase in temperature dur-
ing the last week of pregnancy increases the PTB risk by 12% to 16% in warm months [63].
However, a study conducted in Shenzhen, China, found a negative association between
elevated temperature and premature birth, arguing that high ambient temperature might
be a protective factor of PTB (RR 0.69 (at temperatures of 29.9 °C) and 0.62 (at temperatures
of 30.7 °C)) [68]. One study found mixed effects of ambient temperature (>32 °C) on PTB,
with temperature generally a protective factor or having no direct effect on PTB [90].

Low Birth Weight (LBW)

Eleven studies examined the relationship between maternal heat exposure and low
birth weight at the time of delivery [10,13,35,41,55,71,77,78,88,92,94]. Of those studies, five
found that elevated temperatures significantly reduce birth weight [10,35,41,77,78]. For
instance, Poeran et al. [10] found that maternal exposure to summer temperatures (>37 °C)
significantly reduced birth weight by 16-19 g. Likewise, Weng et al. [77] foundthat the
incidence rate of LBW was highest in high temperatures (6.09% at 29.5 °C to around
30.8 °C) than in low temperatures (5.84% at 13.4 °C to around 15.4 °C). In addition,
Lawrence et al. [41] reported that compared with pregnant women not exposed to ex-
treme heat events(temperature >97th percentile of the maximum temperature (32.2 °C) for
two consecutive days), those exposed were more likely to have a LBW baby. In addition,
Molina and Saldarriaga [88] found that exposure to an increased temperature reduces birth
weight by 20 g and increases the probability of a baby being born with low birth weight
by 0.7%. Furthermore, Ngo and Horton [55] reported that exposure to an extra one day of
average temperature greater than 85 °F (29.4 °C) in trimesters 1 and 2 reduces birth weight
by 1.1 g (p < 0.10), where the cumulative impact during the entire pregnancy is associated
with a reduction in birth weight of 1.7 g. However, Son et al. [92] found no statistically
significant effect of ambient temperature on low birth weight.

Stillbirth

Nine studies examined the impact of maternal exposure to elevated temperature and
stillbirth, and overall, papers reported an increased risk for stillbirth with elevated tem-
peratures [15,36,37,45,49,52,77,91,95]. Weng et al. [77] found that the incidence of stillbirths
is significantly associated with summer temperatures (>23.4 °C), and the incidence of
stillbirths was highest at 29.4 °C. Li et al. [52] reported a significant increase in stillbirth
risk related to the second trimester of pregnancy temperature levels (21.4 °C) (Hazard
ratio 1.47, 95%CI: 1.24, 1.74). Two studies [15,91] reported that a 1 °C increase in ambient
temperature during the last week of pregnancy was associated with a 6% and 7% increase
in risk for stillbirth, respectively. Lastly, Basu et al. [36] and Rammah et al. [37] reported that
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a 10 °F (5.6 °C) increase in apparent temperature in the last week of pregnancy increased
the stillbirth risk by 10.4% and 45%, respectively.

Neonatal Mortality

This review included six studies examining the association between elevated tempera-
ture and neonatal mortality [34,66,67,77,84,86].Two studies found an association between
elevated temperatures and an increased risk of neonatal mortality [34].For instance, a US
study of 9070 neonates found that increased apparent temperature was associated with a
4.6% increased risk for all-cause mortality and a 27% increased risk for respiratory mortality
among neonates [34]. In addition, a Swedish study indicated that temperature increases
from 14.5 °C to 20 °C were associated with a 25% increase in neonatal mortality [67]. Fur-
thermore, this association increased steeply with increased temperatures, resulting in an
almost 50% higher risk at temperature greater than 24 °C [67]. In contrast, two studies
found elevated temperature led to lower mortality in neonates [66,84]. For instance, a
study examining the risk of sudden infant death syndrome of neonates and post neonates
indicates that heat-related sudden infant death syndrome risk is lower among neonates
than postneonates [66]. Similarly, a study conducted in Bangladesh observed that hotter
temperatures (>40 °C) led to lower mortality in neonates [84]. However, two studies
reported that elevated temperature had no impact on neonatal mortality [77,86].

Neonatal Morbidity

The relationship between various neonatal morbidities and heatwaves was reported
only in one study [6].The study found that neonates exposed to heatwaves while in utero
are more likely to suffer from foetal distress, ventilator-assisted breathing for more than
30 min, and meconium aspiration syndrome [6]. However, no statistically significant results
were reported for the morbidities mentioned [6].

Small for Gestational Age (SGA)

Neonates that are small for gestational age are those that have lower than expected
weight (birth weightless than the 10th percentile of neonates with the same gestational age),
length, and head circumference for gestational age [71,94]. SGA has been associated with an
increased risk for stillbirth and neonatal mortality [71,94]. However, to date, there is limited
research on this topic. This review identified only two studies that evaluated the high
temperature and SGA relationship, and their findings were inconsistent. For instance, one
study conducted using 29,597,735 term births across 403 US counties showed that exposure
to temperatures warmer than average temperatures(above the 90th percentile) during the
entire pregnancy was associated with an increased risk of term SGA (OR = 1.041) [71].
However, the other study, with 220,572 births across 12 US sites, found no association
between high temperatures (above 95th percentile) and SGA during the trimester-specific
windows of pregnancy (first and second trimesters) or during the entire pregnancy [94].

International Normalised Ratio (INR) of Neonates

One study investigated the seasonal variation and effects of elevated temperature on
blood coagulation in neonates [51]. The study observed significantly higher INR values in
summer (1.11 & 0.10)than in winter (1.06 & 0.09) in neonates [51]. Furthermore, the study
found a significant correlation between outdoor high ambient temperature and the INR
values suggesting that outdoor temperature was the most influential factor on the INR
values of neonates [51].

Newborn Telomere Length

Martens et al. [82] reported that higher temperature (>19.5 °C) was associated with
shorter cord blood telomere length. This parameter is essential for cellular function, aging,
and disease susceptibility over the lifespan. The study found that the association was
strongest with a 1 °C increase in temperature at week 36 of gestation, resulting in a 3.29%
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increase in shorter cord blood telomere length [82]. However, no significant association
was observed for postnatal heat exposures [82].

3.2.2. Elevated Ambient Temperature-Associated Adverse Foetal Outcomes
Congenital Anomalies

Out of 75 studies, 6 reported congenital anomalies and prenatal temperature exposure
relationships, but the findings were inconsistent [14,38,42,47,48,85]. Three studies evaluated
the association between high temperatures and congenital heart defects (CHD) [42,47,48].
For instance, a study conducted in Quebec, Canada, found that maternal exposure to a
maximum daily temperature of >30 °C was significantly associated with an increased
risk of multiple and noncritical congenital heart defects, particularly atrial septal defects
(RR 1.37, 95%CI: 1.10,1.70) [48]. The study further reveals that the risk for noncritical
CHD further increased with extreme summer heat exposures [48]. However, the other
two studies found an increase in specific CHD subtypes during spring. For instance,
Zhang et al. [47] reported a 34.0% increase in conotruncal CHD and a 38.6% increase in an
atrial septal defect during spring. In addition, Lin et al. [42] reported extreme heat events
in spring significantly associated with conotruncal defects and ventricular septal defects
(ORs 1.23-1.78). Studies further highlighted that these associations increased steadily
with more days exposed to elevated ambient temperature [42,47]. The other three studies
examined the maternal temperature exposure risk on neural tube defects, hypospadias, and
orofacial clefts (OFCs) [14,38,85]. However, only neural tube defects show a weak positive
association with high temperatures (>30 °C), suggesting that elevated temperature may be
a risk factor for neural tube defects [14].

Reduced Placental Weight and Volume

The placenta plays an essential role in ensuring the normal growth of the foetus [96].
Reduced placental weight and volume are associated with adverse neonatal and maternal
outcomes such as LBW and preeclampsia [96]. One study examined in this review reported
a negative association between high temperatures and placental weight and volume and
a positive association with placental efficiency [75].The study observed that maternal
exposure to elevated temperature (29 °C) during late pregnancy reduces placental weight
by 6.03 g, placental volume by 16.15 cm?, and increases placental efficiency by 0.26 [75].

Miscarriage

Only two included studies examined the effect of elevated temperature on miscar-
riage [74,95]. A study conducted in Guangdong, China, found that exposure to moderately
high temperatures (23.1 °C) during the last two months before hospitalisation increased
the risk of miscarriage (OR 1.243) before 28 weeks gestation [74]. The findings of the other
study also suggested a possible association between elevated temperature and miscarriages,
but the results were not statistically significant [95].

3.2.3. Elevated Ambient Temperature-Associated Adverse Maternal Outcomes
Gestational Diabetes Mellitus (GDM)

Gestational diabetes mellitus is the most observed adverse maternal outcome among
pregnant women among the reviewed studies. Eight studies evaluated the association
between temperature variables and GDM [16-18,54,60,70,73,89].Despite variations in geo-
graphical location and seasonal definitions, all studies consistently reported an increased
prevalence of GDM, the likelihood of GDM diagnosis, and serum glucose levels with
elevated temperatures, especially in the summer season [16-18,54,60,70,73,89].

For instance, a Canadian cohort study that observed 555,911 births among 396,828 preg-
nant women over 12 years found a direct relationship between mean 30-day outdoor air
temperature(>24 °C) before the routine GDM screening at 27 weeks of gestation and the
likelihood of being diagnosed with GDM [60]. The study further revealed that each 10 °C
increase in mean 30-day temperature was associated with a 6-9% relative increase in the
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risk of GDM [60]. Furthermore, a study conducted in Taiwan detected a rapid increase in
GDM prevalence with temperatures greater than 28 °C [73].

In addition, a few studies reported higher serum glucose levels on the day of the oral
glucose tolerance test (OGTT—the most used method of GDM screening) in summer [16,17].
For instance, a study conducted in Italy (n = 5473) observed that blood glucose levels at
one hour and two hours after administrating 75 g OGTT were significantly higher in
summer than in spring, autumn, and winter [16]. Similarly, a Sweden cohort (1 = 11,538)
observed a mean two-hour blood glucose level increase by 0.009 mmol/L for a 1 °C
rise in temperature [17]. Vasileiou et al. [89] reported significantly higher three-hour
OGTT glucose levels in summer among pregnant women in Greece. Molina-Vega et al.
reported the association between the higher mean ambient temperature on the day of OGTT
and 14-28 days before the OGTT increased the risk of GDM among pregnant women in
Spain [54]. The remaining studies reported increased odds or risk of GDM with various
elevated ambient temperature variables [18,70].

Hypertensive Disorders

Two studies examined the association between elevated temperature and hypertensive
disorders during pregnancy [6,19].Both studies consistently reported that maternal expo-
sure to heatwaves [6] and high average temperature [19] increased the risk of preeclampsia,
eclampsia, and gestational hypertension.

Premature Rupture of Membrane (PROM)

PROM occurs due to the natural weakening of the foetal membrane, which triggers
the foetal membrane’s rupture without labour onset [64,72]. Two studies examined the
association between ambient temperatures and PROM [64,72]. Both showed that elevated
temperatures are associated with a higher risk of PROM [64,72]. For instance, a US study
(n = 15,381 singleton pregnancies) reported that each 1 °C increase in ambient temperature
during the seven days before the delivery was associated with a 5% and 4% increase in
preterm PROM risk and term PROM risk, respectively [64]. Similarly, the Chinese study
that observed 3255 PROM cases among 29,608 single births found that exposure to extreme
temperature (32 °C, 99th percentile) was significantly associated with a 2.161 times relative
risk of PROM at a lag of 0-2 days [72].

Placental Abruption

Two studies reported a high risk for placental abruption associated with high-temperature
exposures during the pregnancy period [37,81]. For instance, research conducted in Canada
reported that elevated temperature (>30 °C) in warm seasons increases the risk of pla-
cental abruption by 7%, particularly for women who were at the end of gestation [81].
Furthermore, a study conducted in the USA highlighted the role of placental abruption
in the association between elevated temperature and stillbirth; reporting a higher risk of
stillbirths that occurred in warm months among pregnant women with placental abruption
than those without placental abruption [37].

Maternal Stress

Lin et al. [53] reported that extreme temperature increases maternal stress during
pregnancy, and this association may vary with the duration of sunlight exposure and
pregnancy complications.

Cardiovascular Risk at Labour

A case crossover study conducted by Ha et al. [62] indicated that exposure to 1 °C
increases in temperature during the last week of pregnancy increases the cardiovascular
risk by 7% and that the risk was more evident on days closer to delivery.
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Bacteriuria

A retrospective observational study conducted at a tertiary hospital in Doha, Qatar
demonstrated increased maternal risk with significant bacteriuria, with high ambient monthly
temperature (r = +0.677, n = 17, p = 0.003), and doubling rates noted in warm and drier months
where the ambient temperature is 35 °C or greater (11.3% (at temperatures > 35 °C) vs. 3.6%
(at temperatures < 35 °C; p < 0.0001 [87].

3.3. Elevated Temperature Exposure and Suceptible Gestational Periods

The authors synthesisedthe temperature variables and gestational exposure windows
reported in 75 studies to identify whether any gestational period/s had been found to
be particularly susceptible to high temperatures during pregnancy. Table A1 shows the
various exposure windows examined in this scoping review.

Most of the studies examined multiple gestational windows. For example, some stud-
ies measured the effect of temperature over the entire gestation period (n = 19), while others
examined short time frames. Most studies examined specific trimesters; first trimester
(n =22), second trimester (n = 23), and third trimester (n = 21). In addition, some studies
focused on the last week of pregnancy (n = 21) or the last month of pregnancy (n = 16).
Several studies also examined lag windows, and among them, 18 studies investigated
the acute effect of heat exposure by examining the temperature on the day of delivery. In
addition, 16 studies examined the effect of elevated ambient temperature during the first
few weeks of pregnancy, while three investigated neonatal heat exposures from birth up to
28 days.

The exposure windows vary depending on the outcome being examined. Therefore, a
critical window period for susceptibility to high temperature for adverse maternal, foetal,
and neonatal outcomes could not be established. However, in general, findings indicate that
the last few weeks of pregnancy may be associated with increased PTB and stillbirth risks.
For instance, the most observed susceptible windows for PTB were acute exposures such
as the last week (n = 11) [13,39,40,44,46,50,59,61,63,65,92], and the last month of pregnancy
(n=9)[13,57,59,61,65,68,79,90,92]. On the other hand, the most observed exposure window
for stillbirths was the last week of pregnancy (n = 4) [15,36,49,91]. Outcomes such as PROM,
placental abruption, neonatal deaths, cardiovascular events at labor, and maternal stress
have a limited number of studies; therefore, susceptible window periods were not clear for
those outcomes. In contrast, most of the LBW studies reported that LBW risk was elevated
during the second and third trimester of pregnancy [35,55,78,94].

When examining congenital anomalies, five studies investigated maternal temperature
exposure during the first eight weeks of pregnancy, as early pregnancy is a critical period
of organogenesis [14,38,42,47,48]. For instance, heat exposure and neural tube defects were
examined in the third and fourth gestational weeks [14]. Orofacial clefts and CHD were
examined in the first eight weeks of gestation [38,42,47,48]. However, heat exposure and
risk of hypospadias were investigated during gestational weeks 8-14 [85].

GDM studies examined multiple gestational-exposure windows, including the day
of the OGTT, seven days before the OGTT, 14 days before the OGTT, 21 days before the
OGTT, 28 days before the OGTT; 30 days before the OGTT; 35 days before the OGTT;
and 56 days before the OGTT; with the OGTT at the 28th week of gestation [18,54,70].
For instance, a Spanish study reported a positive association between the mean ambient
temperature on the day of the OGTT and 2—4 weeks before the routine gestational diabetes
screening [54].A similar association was observed in the UK cohort, where a higher mean
ambient temperature on the day of the OGTT showed an increased risk of being diagnosed
with GDM [70]. In addition, Retnakaran et al. [18] revealed that maternal exposure to
increasing ambient temperatures 3—4 weeks before the OGTT is associated with decreased
beta-cell function and increased risk of GDM. Overall, reviewed literature shows great
variation in susceptible windows among outcomes assessed.
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4. Discussion

To our knowledge, this is the first scoping review addressing the relationship between
maternal exposure to elevated ambient temperature and adverse maternal, foetal, and
neonatal outcomes. Previous systematic reviews have summed up the evidence for associa-
tions between exposure to high temperatures and adverse birth outcomes, mainly focusing
on three adverse birth outcomes: PTB, LBW, and stillbirth [9,20,21,27,29]. We update those
reviews, providing an overview of the available literature on this topic, covering eighteen
adverse maternal, foetal, and neonatal outcomes.

4.1. Principal Findings

This scoping review employed a PRISMA extension for its scoping review method
and identified 75 studies published between 2015 and 2020 that examined the impact of
maternal exposure to elevated temperatures on maternal, foetal, and neonatal outcomes.
Studies were conducted across 24 countries worldwide, but more than 70% were from North
America and Asia. Temperature metrics and exposure windows varied considerably across
studies and outcomes assessed. Diverse study designs were used, including retrospective,
prospective, case-control, case-crossover, cross-sectional, and ecological, to assess the
impact of elevated ambient temperature on:

(i) Eight types of adverse neonatal outcomes (PTB, LBW, stillbirth, neonatal mortality,
neonatal morbidity, SGA, newborn telomere length, and newborn INR levels).

(ii) Three types of adverse foetal outcomes (congenital anomalies, reduced placental
weight and volume and miscarriages), and

(iii) Seven types of adverse maternal outcomes (GDM, hypertensive disorders in preg-
nancy, placental abruption, PROM, cardiovascular events at labour, bacteriuria, and
maternal stress).

PTB (n = 30) was the most common adverse outcome observed among reviewed
studies. Other frequently reported heat-associated adverse outcomes are LBW and still-
birth. However, the relationship between elevated temperature and PTB appears stronger
and more consistent than the other outcomes: more than 75% of the PTB studies (23
out of 30) reported a significant increase in PTB risk when pregnant women were ex-
posed to elevated ambient temperatures. Moreover, over 40% of PTB studies reported
that acute high temperature exposures (with a lag of 0-7 days) increased preterm deliv-
ery [12,39,40,44,50,52,59,61,63,65,76,77,92].

Similarly, studies that investigated the connection between high temperature and
stillbirths also reported that the last week of pregnancy might increase the stillbirth
risk [15,36,49,91]. However, most of the LBW studies (n = 9) examined longer exposure
periods such as trimester-specific susceptible windows or the entire pregnancy period
and found mixed results [10,35,41,55,71,78,88,92,94]. These findings are consistent with
Chersich et al. [20], who conducted a systematic review and a meta-analysis to evaluate the
impact of high temperatures on PTB, LBW, and stillbirth: reporting that heat associations
with PTB and stillbirth appear strong, especially when pregnant mothers are exposed to
elevated temperatures during their final weeks of pregnancy.

GDM is the most common adverse maternal outcome examined among reviewed stud-
ies. Studies consistently reported a positive association between elevated ambient tempera-
tures and an increased risk for GDM, especially in summer [16-18,54,60,70,73,89]. This find-
ing supports evidence from the previous systematic review conducted by Preston et al. [97],
who reported a high prevalence of GDM and high pregnancy glucose levels in the summer
months. In addition, our scoping review further investigated susceptible exposure win-
dows for GDM as reported in the reviewed literature. We observed multiple susceptible
windows, predominantly around the timing of OGTT. Also, we noted various diagnostic
criteria for screening GDM, making it even harder to compare and conclude any particularly
susceptible gestational period for heat-associated GDM.

Relatively few studies examined the heat-associated adverse foetal outcomes but
among them, six reported the relationship between elevated temperature and congenital
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anomalies, namely: congenital heart defects, neural tube defects, hypospadias, and orofacial
clefts [14,38,42,47,48,85]. Available evidence suggests that elevated temperature increases
some types of congenital anomalies, such as congenital heart defects and neural tube
defects [14,42,47,48]. Consistent with the recent systematic review findings on the effects
of high temperatures on congenital anomalies [98], our scoping review also observed
that the evidence was strongest for congenital heart defects. However, the susceptible
exposure window period for congenital anomalies was less clear. Still, most studies (5 out
of 6 studies) investigated the impact of heat on the first few weeks of pregnancy because
the first trimester of pregnancy was considered the critical period of organogenesis [98].
However, due to the methodological diversity and the limited number of studies on each
type of congenital anomaly, further research is required to conclude exposure relationships
and susceptible windows for heat-associated congenital anomalies.

Mixed results were observed for heat-associated neonatal mortality, SGA, hypertensive
disorders in pregnancy, miscarriages, placental abruption, and PROM. Further limited
synthesis capability of evidence for some adverse outcomes, namely: reduced placental
weight and volume, cardiovascular events at labour, bacteriuria, maternal stress, newborn
telomere length, and newborn INR levels, means that it is too early to reach conclusions
about these exposure relationships or susceptible window periods.

Lastly, all included studies reported potential confounding covariates, which may
influence estimated associations between elevated ambient temperatures and maternal,
foetal, and neonatal outcomes. The most commonly reported covariates include maternal
demographic factors (maternal age, race/ethnicity, and marital status), maternal medical
information (prepregnancy BMI, parity, conception season, pregnancy complications, and
chronic comorbidity), lifestyle factors (maternal smoking and alcohol consumption), socioe-
conomic factors (maternal education, job, insurance status, and household income), infant
sex, season, and air pollution [11,12,44,53,68,69,75,76].

4.2. Gaps and Recommendations for Future Research

One of the gaps identified from the scoping review findings is that, unlike PTB, LBW,
and stillbirth, the evidence of heat-exposure associations on the other reported maternal,
foetal, and neonatal outcomes were limited in global literature. These outcomes include
congenital anomalies, neonatal mortality, neonatal morbidity, babies that are small for
gestational age, reduced placental weight and volume, newborn telomere length, newborn
INR levels, GDM, hypertensive disorders, miscarriages, placental abruption, premature
rupture of membrane, cardiovascular events at labour, bacteriuria, and maternal stress.
Among them, except for GDM, congenital anomalies, and neonatal mortality, all the other
outcomes we reviewed had only one or two published articles examining the exposure
relationship with high temperature. Due to this small number of studies, findings are
inconsistent. Furthermore, the accuracy of the findings, i.e., estimates of effect size and
exposure relationships for each outcome, may differ from the true accuracy, leading to bias.
Therefore, we recommend more research on the less-reported outcomes identified from
this scoping review to improve the consistency and accuracy of the exposure relationships
and size of such effects towards better establishing the strength and coherence of evidence
for this important area of environmental exposure.

Another gap identified from the reviewed studies is the lack of a clear definition of a
heatwave; we found that heatwave definitions were inconsistent across studies. Studies
used various heatwave definitions using the following characteristics: (i) temperature met-
rics (maximum temperature or mean temperature in most cases) [32,39,43,45] (ii) intensities
(75th, 90th, 95th, or 98th percentile of mean temperature) [40,46], (iii) duration (2,3,4 days),
and (iv) the number of heatwaves [32,40-43,46]. Studies adopted a combination of those
four aspects to define heatwave or extreme temperature events. However, the key problem
of using various definitions in exposure assessments is that the effect size may vary with the
definition. Thus, it is not appropriate to compare the findings of different studies assessing
the adverse maternal, foetal, and neonatal outcomes of heatwaves if they use different
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heatwave definitions. Therefore, future studies should consider conducting multicounty
large studies and recommending a standardised use of the terms to enable more evidence
synthesis of this important research area.

An identified gap of included studies is the small sample size for some outcomes. A
small sample size was observed mainly in studies examining congenital anomalies [38,42,85],
GDM [16,18,54,89], miscarriages [74,95], cardiovascular events [62], maternal stress [53],
placental abruption [37], PROM [72], bacteriuria [87], reduced placental weight and vol-
ume [75], newborn INR values [51], and newborn telomere lengths [82]. Caution must be
applied when interpreting findings from studies with a small sample size, as the findings
might not be reliable or precise [99]. Therefore, future studies should be designed and
conducted to employ sufficiently large sample sizes in order to have the power to obtain
strong evidence of exposure relationships with those outcomes.

In addition, we observed a great inconsistency in study designs, temperature metrics,
and exposure windows among the included studies, limiting the ability to compare the
exposure effects between studies. This is consistent with discussion provided in previous
reviews [20,21,27,29,100] conducted using epidemiological studies worldwide. However, to
date, there is no general agreement regarding which temperature metrics would be applied
for exposure assessments or which period of pregnancy would be more vulnerable to
adverse outcomes. Therefore, future research should focus on sophisticated study designs
and statistical methodologies for exposure assessments, as well as conducting more research
on standardising temperature metrics and exploring susceptible exposure windows.

Furthermore, recent findings indicate that pregnant women start experiencing an
increased risk of adverse birth outcomes when exposed to temperatures greater than
20 °C [101]. As temperature rises further, pregnant women are more susceptible to adverse
birth outcomes, and the risk is more prominent after 30 °C [101]. Studies have reported that
pregnant women are susceptible to sharp, sudden fluctuations in temperature; for instance,
a few studies examined acute effects of temperature variability (i.e., temperature differ-
ences between the maximum and minimum temperatures) on adverse maternal, foetal,
and neonatal outcomes [8,32,53,93,102-104]. Among them, extreme temperature variability
associated with elevated risk for PTB was the most common adverse birth outcome exam-
ined [32,93,102,104]. For instance, a recent study conducted in Shenzhen, China, reported
that maternal exposure to extreme temperature variations over a short period increases
PTB risk [102]. The study further revealed that the greatest temperature variability related
to PTB risk arose in the second trimester of pregnancy, with 5.4% and 23.7% increased risk
of PTB associated with 1 °C increase in intra-day temperature variability (i.e., tempera-
ture differences between the maximum and minimum daily temperatures), and inter-day
temperature variability (i.e., the maximum increase in daily mean temperature between
two neighboring days) respectively [102]. In addition, several studies reported that the
association between acute exposure to extreme temperature variations was more robust to
PTB; nevertheless, windows of susceptibility differ among studies [32,93,104]. However,
the association between temperature variability and other maternal, foetal, and neonatal
outcomes is still limited. For instance, Lin et al. [53] reported that increased temperature
differences (daily maximum temperature—-daily minimum temperature) were significantly
associated with a higher level of emotional stress at a lag of 0-1 day and a lag of 0-2 days,
and at lag day 0 and lag day 1. Yackerson et al. [103] reported that temperature variability is
a risk factor for preterm premature rupture of membrane. However, Molina-Vega et al. [54]
reported no impact of temperature variability on the glucose levels on the day of the OGTT
or the preceding 14 and 28 days. These findings indicated that the current literature is
insufficient to conclude the overalleffect of acute temperature variability and associated
adverse maternal, foetal, and neonatal outcomes. Therefore, continued research focusing on
temperature variability at multiple timescales may be crucial in understanding the impact
of sudden temperature fluctuations on maternal, foetal, and neonatal health.

In addition, heat acclimatisation in pregnant women and the foetus may vary based on
the diverse meteorological characteristics of the climate zones the pregnant women live in,
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but the evidence is limited. For instance, a study conducted in Israel reported that maternal
exposure to extreme heat days during the cold season increases some types of congenital
anomalies, such as atrial septal defects [8]. In contrast, a study conducted in Quebec, Canada
reported that exposure to summer heatwaves (maximum daily temperatures > 30 °C) was
associated with an elevated risk of atrial septal defects [48]. The diversity in meteorological
characters in climate zones may be the reason for this variation. For example, the Canadian
study may have demonstrated an increased risk of congenital anomalies in warm months
because pregnant women in temperate climate may not be acclimated to heat; thus, they
are highly susceptible to heatwaves [48]. In contrast, Israel has a hot climate; therefore,
pregnant women may be resilient to heat but less adapted to cold; thus, sudden temperature
increases may affect pregnant women more during the cold season than the hot season [8].
Therefore, there is a possibility that pregnant women who consistently live in a hot climate
may be more resilient to heat, while pregnant women in temperate climates are highly
vulnerable to heat during the warm season. However, the underlying biological mechanism
is not clear. Therefore, current evidence is insufficient to generate a conclusion; however, we
recommend more research to address heat acclimatisation in pregnant women in different
climate zones.

The lack of systematic reviews and meta-analyses for most of the outcomes assessed
further restricts the ability to obtain more robust evidence on the impact of ambient
temperature exposures on mothers, developing foetuses, and newborn babies. To date,
only one meta-analysis was conducted on this topic, focusing on the high-temperature
associations on PTB, LBW, and stillbirth, and found that evidence was most consistent
and effect size largest for PTB and stillbirths [20]. In addition, two systematic reviews
were conducted on GDM [97] and congenital anomalies [98] recently.Consistently with
our scoping review, both of these systematic reviews highlighted that the low number
of studies, statistical heterogeneity, and methodological diversity limits the possibility
of conducting a meta-analysis to quantify the connection between temperature and the
outcomes examined. Similarly, pooling the results of other outcomes mentioned in this
scoping review is not feasible due to the considerable variation in study designs, sample
size, temperature metrics, exposure windows, and heatwave definitions used to estimate
the effect size: another gap identified in this review.

Furthermore, this scoping review found that the current knowledge of temperature-
related adverse maternal, foetal, and neonatal effects is dominated by findings from the
USA, China, Canada, and some European countries. Additionally, consistent with other
systematic reviews [98,100], minimal studies were conducted in lower-middle-income
countries and low-income countries. Therefore, we do not know the effect of heat on
adverse pregnancy and birth outcomes in low-income countries. Furthermore, the findings
are insufficient to provide an overall picture of the global research trends in this area and
hinder the overall impact of heat on adverse maternal, foetal, and neonatal outcomes and
associated regional differences. Moreover, heatwaves have become increasingly common
due to climate change and are projected to increase in tropical regions, where most low- and
middle-income countries are located. For instance, a review by Mora et al. [105] reported
that countries in tropical areas such as parts ofSouth America, Africa, South Asia, Southeast
Asia, and Northern Australia would be more exposed to deadly heatwave conditions
in the coming decades. Similarly, a global review conducted by McElroy et al. [101]
indicated increased risks of adverse birth outcomes across 14 low and middle-income
countries in coming decades due to heat exposure. Corresponding to these findings, many
of the countries in these areas have poor general health infrastructure and are also highly
vulnerable to negative heat impacts, and research conducted in such settings is needed to
provide useful insights to identify cost-effective strategies to mitigate the adverse pregnancy
and birth effects of climate change.

Another gap identified is a lack of understanding of biological mechanisms potentially
linking temperature with adverse outcomes. However, preliminary analysis of our scoping
review shows that over 80% of reviewed studies proposed or added a discussion of a
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potential biological mechanism to explain their findings. Many studies argued that heat-
stress-associated hormonal changes, heat-shock proteins, maternal dehydration, and altered
thermoregulation mechanisms were responsible for adverse maternal, foetal, and neonatal
outcomes [11,12,14,33,50,56,74]. However, none found an exact biological mechanism
or experimented to understand the biological mechanisms of heat-associated adverse
outcomes. Therefore, understanding the biological mechanism that links heat and adverse
maternal, foetal, and neonatal outcomes remains an important research goal. The previous
systematic review conducted by Sexton et al. [29] also emphasises the importance of
understanding the biological mechanism and the contributing factors to fully recognise the
effects or the dose-response relationship of maternal exposure to ambient temperature and
stillbirths. We also recommend that future research is designed to explore the underlying
biological mechanisms associated with adverse maternal, foetal, and neonatal outcomes
mentioned in this scoping review. Furthermore, understanding these associations is critical
to designing interventions to minimise heat-associated adverse outcomes among pregnant
women and newborn babies.

4.3. Limitations of the Scoping Review

Several limitations must be highlighted. Firstly, we limited our search to the published
articles from 2015-2020; we may have missed some studies before 2015 and after 2020.
However, we noted that there is a dramatic increase in number of publications after 2015;
thus, we provided the most up-to-date information on this topic. Secondly, we did not
include hand-searched articles or grey literaturesuch as government reports, conference
papers/proceedings, blogs, interviews, dissertations, and thesis; thus, we may have missed
some studies that did not appear with our keyword search. Also, publication language was
restricted to English only, as the authors could not access translation services. Thirdly, for
this scoping review, we did not perform a quality appraisal for the included articles; thus,
we are unable to comment on the quality of the studies and their findings; this may impact
the interpretation of the findings of this review. Lastly, we did not examine the impact of
cold temperatures on adverse maternal, foetal, and neonatal outcomes or effect modifiers
such as air pollution, which were examined in some previous systematic reviews [21,106].

5. Conclusions

This review highlights the adverse impacts of heat on pregnant mothers, developing
foetuses, and newborn babies, which is vital in developing appropriate public health
interventions to reduce the burden of heat-related adverse maternal, foetal, and neonatal
outcomes. It confirms the findings of existing reviews and adds to the existing knowledge
by identifying gaps in outcomes, issues of inconsistent use of exposure metrics, gestational
exposure windows and heatwave definitions. Current literature generally reported an
increased risk of maternal exposure to heat for most outcomes examined. Our scoping
review also identifies several gaps in the literature and provides recommendations for
future research. In addition, our review has significant implications for public health
and research in the future. The findings of this scoping review will update the overall
knowledge of heat-associated adverse maternal, foetal, and neonatal impacts for pregnant
women, health care professionals, and the community. Furthermore, for researchers, this
scoping review guides the direction and design of future research studies and calls for
more uniformity in exposure measures and designs, perhaps via purposefully designed
multicountry large studies, to allow for improved analysis of this critical and emerging
area of environmental exposure and birth and maternal outcomes.

Author Contributions: Conceptualization: Y.D., ] K., S.R. and D.P; Designed the search strategy:
Y.D., J K., S.R. and D.P,; Title/ Abstract and full-text review: Y.D. and ].K.; Resolved conflicts during
the article selection process: D.P.; Data Extraction, charting and checking: Y.D. and J.K.; Data analysis:
Y.D.; Original draft preparation: Y.D.; review and editing: Y.D., ] K., H.P, S.R. and D.P. All authors
have read and agreed to the published version of the manuscript.



Int. |. Environ. Res. Public Health 2022, 19, 1771 18 of 22

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: The authors thank the Griffith University library for their assistance in the
developing search strategy for this scoping review.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table Al. Various exposure windows examined by reviewed articles.

Exposure Window Number of Studies
Same day (Lag 0) 18
1 day before the case (Lag 0-1) 12
2 days before the case (Lag 0-2) 14
3 days before the case (Lag 0-3) 11
4 days before the case (Lag 0—4) 11
5 days before the case (Lag 0-5) 10
6days before the case (Lag 0-6) 10
Last week of pregnancy (Lag 0-7) 21
2 weeks before delivery (Lag 0-14) 4
3 weeks before delivery (0-21) 3
Last month of pregnancy (lag 0-28) 16
1st trimester 22
2nd trimester 23
3rd trimester 21
Entire pregnancy 19
Pre—conception(3 months prior to LMP) 8

1month prior to LMP

Conception date
0-8 weeks of pregnancy
Week 1 (0-7days) of gestation
Weeks 2-8
Weeks 3—4
Weeks 3-8
Weeks 8-14
1st month of gestation
2nd month of gestation
3rd month of gestation
Gestation week 20 to birth
0-36 weeks
Gestation week 22-26
Gestation week 27-29
Gestation week 30-32
Gestation week 33-35
Gestation week 36
Gestation week 37-38
Gestation week 39-43
0-28days after birth
Not stated

Note: Some studies examined more than one exposure window. LMP: last menstrual period.
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