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Abstract
Background: Extreme temperature events, including extreme cold, are becoming more frequent worldwide, which might be
harmful to pregnant women and cause adverse birth outcomes. We aimed to investigate the association between exposure to low
ambient temperature in pregnant women and adverse birth outcomes, such as preterm birth, low birth weight, and stillbirth, and to
summarize the evidence herein.
Methods: Relevant studies were searched in PubMed, Cochrane, and Embase electronic databases until November 2021. Studies
involving low ambient temperature, preterm birth, birth weight, and stillbirth were included. The guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-analyses were followed to conduct this study risk of bias and methods for data
synthesis.
Results: A total of 34 studies were included. First, pregnant women exposed to low ambient temperature had an increased risk of
preterm birth (risk ratio [RR] 1.08; 95% confidence interval [CI] 1.04–1.13). Subgroup analyses revealed that exposure during late
pregnancy was more likely to induce preterm birth. In addition, only pregnant women exposed to <1st percentile of the mean
temperature suffered increased risk of preterm birth.Moreover, pregnant women living inmedium or hot areas were more prone to
have preterm births than those in cold areas when exposed to low ambient temperatures. Asians and Blacks were more susceptible
to low ambient temperatures thanCaucasians. Second, pregnant women exposed to low ambient temperature had an increased risk
of low birth weight (RR 1.07; 95%CI 1.03–1.12). Third, pregnant women had an increased risk of stillbirth while exposed to low
ambient temperature during the entire pregnancy (RR 4.63; 95% CI 3.99–5.38).
Conclusions: Exposure to low ambient temperature during pregnancy increases the risk of adverse birth outcomes. Pregnant
women should avoid exposure to extremely low ambient temperature (<1st percentile of the mean temperature), especially in their
late pregnancy. This study could provide clues for preventing adverse outcomes from meteorological factors.
Registration: No. CRD42021259776 at PROSPERO (https://www.crd.york.ac.uk/PROSPERO/).
Keywords: Ambient temperature; Pregnancy; Preterm birth; Birth weight; Stillbirth
Introduction

Climate change is a challengingproblem in the 21st century.
Extreme weather events, including extremely high and low
ambient temperatures, have increased as a consequence of
climate change.[1-3] The frequentoccurrenceof temperature
extremes has raised concerns about the impact on public
health, particularly maternal and infant health.[4] Because
of poor thermoregulation, pregnant women are more
susceptible to the additional burden of temperature changes
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thatmight affect fetal development.[5,6] Several studies have
indicated that extreme ambient temperature exposure
could compromise thermoregulation and further lead to
increased levels of inflammatory cytokines.[7,8]Meanwhile,
the disturbance in thematernal endocrine system caused by
temperature changes might affect the maternal–fetal
transmission of hormones.[2,9]

In recent decades,many studies have investigated the effects
of ambient temperatures and birth outcomes. The hazards
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of high-temperature exposure on birth outcomes have been
evaluated in a systematic review and meta-analysis, which
showed that high ambient temperature exposure during
pregnancy is associated with a high risk for preterm birth,
low birth weight (LBW), and stillbirth.[6] However, the
effects of extremely low ambient temperature exposure
during pregnancy on the adverse birth outcomes have not
been explored by meta-analysis. It is generally considered
that global warming will reduce exposure to extremely low
ambient temperatures to some extent. However, the
frequency of extremely low ambient temperatures has also
increased in the last three decades according to a report
from US National Oceanic and Atmospheric Administra-
tion.[10] This increasing frequency is due to globalwarming,
which has destroyed temperature stability and caused
abnormal atmospheric circulation.[11] Several studies have
reported that low ambient temperature exposure could
jeopardize fetal development.[12-16] Animal studies found
that although the fetal temperature is kept constant inside
the uterus, cold-induced thermoregulation may increase
maternal blood viscosity and cause vasoconstriction.[17]

These responses may lead to reduced blood flow to the
placenta, thereby affecting fetal growth.[18] Furthermore,
extremely low ambient temperature elevated maternal
stress hormone levels, which led to pretermbirth after being
transmitted to the fetus.[12]

Understanding the effect of meteorological factors,
including extremely low ambient temperature, on neona-
tal outcomes could help in the development of health
promotion strategies. Therefore, we conducted a system-
atic review and meta-analysis to examine the association
between extremely low ambient temperature exposure in
pregnancy and adverse birth outcomes. Moreover,
subgroup analyses were performed to identify potential
factors such as susceptible time windows, different
exposure levels to low ambient temperature, and different
climate types and ethnicities.
Methods

Registration

This study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines and was prospectively regis-
tered in PROSPERO (No. CRD42021259776; https://
www.crd.york.ac.uk/PROSPERO/).
Information sources and search strategies

We performed systematic literature searches of PubMed,
Cochrane, and Embase electronic databases. The search
was performed until November 2021. A structured search
strategy was designed including the following Medical
SubjectHeadings (MeSH) search terms:“PrematureBirth”,
or text words “Premature Births”, “Preterm Birth”,
“Preterm Births”, “Premature Birth” OR MeSH term
“Birth Weight”, or text words “Birth Weights”, “Birth
weight” OR MeSH term “Stillbirth”, or text words
“Stillbirth”, “Fetal death”, AND MeSH term “Cold
Temperature”, or textwords “Cold”, “Cold temperature”,
“Ambient temperature”, “Season” AND MeSH term
2308
“Pregnancy”, or text words “Pregnancy”, “Pregnant”.
The search strategy was adapted for the other electronic
databasesused.Additionally,we searched the reference lists
of the included studies to identify eligible studies.

Eligibility criteria

The eligibility criteria were studies assessing the associa-
tion between exposure to low ambient temperature during
pregnancy and LBW (<2500 g), preterm birth (<37
gestational weeks), or stillbirth (death of fetus >20
gestational weeks). There were no restrictions on the date
of publication. Narrative reviews, animal research, case
reports, comments, or editorials were excluded. Eligible
studies were limited to English-language articles.
Study selection process

One investigator performed the database search and
screened for duplicates. After removing duplicates, two
investigators (Tiechao Ruan [TR] and Yan Yue [YY])
screened the titles and abstracts of all records and assessed
the full text of the eligible articles.

Data collection

Information on study design/methodology, name of the
author, year of publication, place of study, sample size,
exposure details (the degree and duration of low ambient
temperature in pregnancy), effect sizes of LBW, preterm
birth, stillbirth, and confounding variables were extracted
from the included studies. Data extraction was conducted
by two independent reviewers (TR and YY).

Study risk of bias assessment

Two reviewers (TR and YY) independently assessed the
risk of bias in all selected studies using the Newcastle–
Ottawa scale. Study quality was then classified into three
grades: low (0–3), moderate (4–6), and high (7–9).

Statistical analysis

Data from selected studies were extracted into Excel
(Microsoft, Washington, USA) and imported to Stata 12
software (StataCorp, College Station, TX, USA) and
Review Manager 5.3 (Cochrane Collaboration, Oxford,
UK) to conduct meta-analyses. We pooled the risk ratios
(RRs) to assess the association between low ambient
temperature exposure during pregnancy andLBW, preterm
birth, and stillbirth. The I2 statistic and Q test for each
analysis were used to quantify inconsistency across studies
and describe the percentage of variability in effect estimates
that may be caused by heterogeneity rather than sampling
error. A random-effects model was used to screen for
significant heterogeneity. Sensitivity analysis was con-
ducted to assess the robustness of the associations by
omitting one study each time. Publication bias was assessed
by performing a funnel plot as well as Egger’s and Begg’s
tests. Moreover, subgroup analyses were conducted by
stratifying different time windows of exposure, different
exposure levels to low temperature, climate types, and
ethnicities. According to the information in the original
studies, the time windows were categorized into eight
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subgroups: preconception (the month before conception),
first trimester (1–13 gestational weeks), second trimester
(14–26 gestational weeks), third trimester (27 gestational
weeks to delivery), the month before delivery, the week
before delivery, and the day of delivery. The exposure levels
were divided into four subgroups based on the original
studies: mean temperature <1st, <5th, <10th, and <25th
percentiles during pregnancy. The climate types were
divided into three subgroups: cold area, medium area, and
hot area based on the annual monthly average temperature
and maximum and minimum temperatures.[19,20] More-
over, different ethnicities were stratified, including Asians,
Caucasians, and Blacks. The definitions of extremely low
ambient temperature were divided into five subgroups,
including exposure level of daily mean temperature, daily
minimum temperature, daily maximum temperature, cold
spells, and 2 days/month increase in the number of days at
extremely cold, to find the source of heterogeneity.
Furthermore, the different methodological models were
also stratified to explore their influence on the association
between low temperature and birth outcomes.
Figure 1: PRISMA flowchart. PRISMA: Preferred Reporting Items for Systematic Reviews an
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Results

The study selection process is shown in Figure 1. A total of
2852 articles matched the search terms. After removing
542 duplicates, the titles and abstracts of 2310 articles
were screened for eligibility, and the full texts of 192
articles were reviewed. Finally, 34 studies were included in
the systematic review of adverse birth outcomes: 22 for
preterm birth,[12,13,15,20-38] including 13 studies for
LBW,[12,14,34,36,39-47] and five for stillbirth.[12,25,34,48,49]

Among the 34 studies, five reported more than one
outcome, 24 of which were included in the meta-analysis
with eligible data [Figure 1].
The main characteristics of the included studies are shown
in [Supplementary Table 1, http://links.lww.com/CM9/
B257]. These 34 studies were conducted in 16 countries,
including countries in Asia (16 studies), Europe (seven
studies), North America (seven studies), Australia (three
studies), and South America (one study). Among the 34
studies, 24 studies had highmethodological quality and 10
d Meta-Analyses.
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studies hadmoderate methodological quality [Supplemen-
tary Table 2, http://links.lww.com/CM9/B257].
Preterm birth

A total of 22 studies explored the association between
preterm birth and low ambient temperature exposure
during pregnancy [Supplementary Table 1, http://links.
lww.com/CM9/B257]. Most studies (16/22) found that
maternal exposure to low temperature increased the risk
of preterm birth.[12,13,15,21-26,28,29,32-35,37] However, four
studies documented that low ambient temperature was a
protective factor,[20,27,31,38] and two studies showed no
significant difference.[30,36] We conducted a meta-analysis
on 18 studies with eligible data. The overall RR of the
associations was 1.08 (95% confidence interval [CI] 1.04
to 1.13; I2= 93%, Supplementary Table 3, http://links.
lww.com/CM9/B257, Figure 2). Next, we evaluated
the possibility of publication bias. The funnel plot
resembles an asymmetrical distribution [Supplementary
Figure 1, http://links.lww.com/CM9/B257]. Egger’s test
(P= 0.024), but not Begg’s test (P= 0.472), showed
publication bias. Therefore, we used the trim and fill
method to evaluate the robustness of the results. The
trimming estimator found that three missing studies could
be attributed to publication bias. After filling the missed
studies, the pooled effect size was also significant with an
RR of 1.05 (95% CI 1.01–1.10), which suggested that the
potential publication bias did not influence the effect on
the pooled result [Supplementary Table 4, http://links.
lww.com/CM9/B257]. Moreover, a sensitivity analysis
was conducted to assess the robustness of the results,
which showed that the RR was still robust by removing a
single study each time [Supplementary Figure 2, http://
links.lww.com/CM9/B257].

Additionally, subgroup analysis was conducted to identify
the possible factors that influence the association between
Figure 2: Forest plot depicting the meta-analysis examining the association between low a
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low ambient temperature and preterm birth caused by
different time windows of exposure, exposure levels,
ethnicity, and climate patterns. First, pregnant women
exposed to low ambient temperature during the third
trimester, the birth week, and at birth had an increased
risk of preterm birth with RR of 1.16 (95% CI 1.12–1.20,
I2= 39%), 1.09 (95% CI 1.03–1.16, I2= 83%), and 1.34
(95% CI 1.15–1.57, I2= 95%), respectively [Table 1,
Supplementary Figure 3, http://links.lww.com/CM9/
B257]. However, no significant association was found
during other exposure periods [Table 1, Supplementary
Figure 3, http://links.lww.com/CM9/B257]. Second, with
respect to the different exposure levels to low ambient
temperatures, pregnant women with an exposure level
<1st percentile of the mean temperature resulted in a
significant RR of 1.14 (95%CI, 1.06–1.23; I2= 77%), but
this effect was not significant at other exposure levels
[Table 1, Supplementary Figure 4, http://links.lww.com/
CM9/B257]. As for the different climate types, exposure
to medium or hot areas was associated with an increased
risk for preterm birth with RR 1.15 (95% CI 1.02–1.30,
I2= 80%) and RR 1.09 (95% CI 1.00–1.18, I2= 97%),
respectively. However, no association was found in those
living in cold areas (RR 0.96, 95% CI 0.92–1.01;
I2= 77%) [Table 1, Supplementary Figure 5, http://
links.lww.com/CM9/B257]. Finally, as for ethnicities,
an increased risk of preterm birth was found in Asians and
Blacks with RR 1.13 (95% CI 1.06–1.20, I2= 90%) and
RR 1.37 (95% CI 1.02–1.83), respectively. However, no
significant difference was found in Caucasians with RR
1.02 (95% CI 0.96–1.08, I2= 60%) [Table 1, Supple-
mentary Figure 6, http://links.lww.com/CM9/B257].

Different definitions used for analyzing low ambient
temperature exposure were reported in the included
studies, including daily mean temperature, daily minimum
temperature, daily maximum temperature, cold spells, and
2 days/month increase in extreme cold. We carried out a
mbient temperature and preterm birth. CI: Confidence interval; SE: Standard error.
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Table 1: Subgroup analysis for maternal extreme low ambient
temperature exposure and preterm birth.

Subgroup
N of
study

Pooled RR
(95% CI)

I2

(%)

Exposure period
Preconception 4 1.03 (0.89, 1.20) 83
First trimester 6 0.99 (0.95, 1.04) 89
Second trimester 6 0.98 (0.93, 1.03) 92
Third trimester 5 1.16 (1.12, 1.20) 39
Entire pregnancy 3 1.09 (0.99, 1.20) 77
Birth month 7 1.15 (1.00, 1.33) 89
Birth week 9 1.09 (1.03, 1.16) 83
At birth 5 1.34 (1.15, 1.57) 95

Temperature grade of
exposure (%)
<1st 9 1.14 (1.06, 1.23) 77
<5th 8 1.05 (0.99, 1.11) 95
<10th 3 1.13 (0.94, 1.36) 92
<25th 3 1.07 (0.77, 1.48) 86

Climate
Cold area 4 0.96 (0.92, 1.01) 77
Medium area 7 1.15 (1.02, 1.30) 80
Hot area 8 1.09 (1.00, 1.18) 97

Race
Asian 10 1.13 (1.06, 1.20) 90
Black 1 1.37 (1.02, 1.83) –

Caucasian 6 1.02 (0.96, 1.08) 60
Type of exposure
Exposure levels of Tmean 14 1.07 (1.02, 1.12) 94
Exposure levels of Tmin 2 1.13 (0.84, 1.53) 77
Exposure levels of Tmax 1 0.97 (0.86, 1.09) –

Cold spell 1 1.40 (1.17, 1.67) –

2 days/mouth increase of
extreme cold

1 1.15 (1.07, 1.25) –

Methodological model
Distributed lag non-linear
model

9 1.15 (1.03, 1.30) 91

Cox proportional hazard
regression

4 1.07 (1.03, 1.11) 62

Logistic regression model 2 1.06 (0.91, 1.24) 91
Generalized additive model 1 1.57 (1.14, 2.17) –

Chi-squared test 1 1.14 (1.10, 1.19) –

Poisson regression 1 0.96 (0.94, 0.99) –

CI: Confidence interval; RR: Risk ratio; Tmean: Daily mean temperature;
Tmin: Daily minimum temperature; Tmax: Daily maximum temperature;
�: Not available.
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subgroup analysis based on the five definitions. Studies
using a definition of daily mean temperature (14 studies),
cold spell (1 study), or 2 days/month increase in extreme
cold (1 study) had significant RRs of 1.07 (95% CI 1.02–
1.12, I2= 94%), 1.40 (95% CI 1.17–1.67), and 1.15
(95% CI 1.07–1.25), respectively [Supplementary Fig-
ure 7, http://links.lww.com/CM9/B257]. However, no
significant association was found in studies using daily
minimum temperature (two studies) or daily maximum
temperature (one study) with RRs of 1.13 (95% CI 0.84–
1.53) and 0.97 (95% CI 0.86–1.09), respectively
[Supplementary Figure 7, http://links.lww.com/CM9/
B257]. Moreover, different methodological models (six
models) were used in the included studies. The subgroup
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analysis found that studies using four of the models
showed an increased risk of preterm birth with pooled
RRs of 1.15 (95% CI 1.03–1.30), 1.07 (95% CI 1.03–
1.11), 1.57 (95% CI 1.14–2.17), and 1.14 (95% CI 1.10–
1.19), respectively. However, an increased risk was not
found in studies using logistic regression or Poisson
models [Supplementary Figure 8, http://links.lww.com/
CM9/B257].
Birth weight

Thirteen studies explored the association between low
ambient temperature and birth weight [Supplementary
Table 1, http://links.lww.com/CM9/B257]. Eleven studies
documented that exposure of pregnant women to low
ambient temperaturewasassociatedwithLBW,[14,34,36,40-47]

while two studies showed no significant association.[12,39]

Among these 13 studies, five of them had eligible data for
conducting meta-analysis.[34,44-47] Two main outcomes,
including LBW (four studies)[34,44,45,47] and small for
gestational age (SGA) (three studies),[44-46] were docu-
mented in the original studies. The meta-analyses showed
a significant association between low ambient tempera-
ture exposure and LBW (RR 1.07, 95% CI 1.03–1.12,
I2 = 0%) [Figure 3, Supplementary Table 3, http://links.
lww.com/CM9/B257] but not SGA (RR 1.00, 95% CI
0.99–1.02, I2= 14%) [Figure 4, Supplementary Table 3,
http://links.lww.com/CM9/B257].

Subgroup analysis was performed by stratifying the
different time windows of exposure. As for LBW, only
exposure of pregnantwomen to low temperature during the
third trimester (RR 1.22, 95%CI 1.11–1.33, I2= 0%), the
weekbefore delivery (RR1.06, 95%CI1.01–1.11), and the
entire pregnancy (RR 1.67, 95% CI 1.07–2.60, I2= 97%),
but not for other time windows [Table 2, Supplementary
Figure 9, http://links.lww.com/CM9/B257], was associated
with LBW. As for SGA, there was no association between
low ambient temperature and SGA at any time window of
exposure [Table 2, Supplementary Figure 10, http://links.
lww.com/CM9/B257]. Moreover, four studies also
reported continuous data on birth weight [Supplementary
Table 5, http://links.lww.com/CM9/B257]. Three of them
with large sample sizes showed that low ambient tempera-
ture exposure significantly reduced birth weight,[39,46,47]

whereas just one of the four studies showed a non-
significant association.[36] In the study, the result showed a
large standard deviation, indicating the number of included
cases was rather limited, which may have caused the non-
significant result. Due to the limited number of studies and
high heterogeneity, the meta-analysis for continuous data
could not be conducted.
Stillbirth

Five studies investigated the association between
low ambient temperature and stillbirth [Supplementary
Table 1, http://links.lww.com/CM9/B257]. Four of them
showed an association between the exposure of pregnant
women to low ambient temperature and the risk of
stillbirth,[12,25,48,49] while the remaining one showed no
significant association.[34] Four of the five studies had
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Figure 3: Forest plot depicting the meta-analysis examining the association between low ambient temperature and low birth weight. CI: Confidence interval; SE: Standard error.

Figure 4: Forest plot depicting the meta-analysis examining the association between low ambient temperature and small for gestational age. CI: Confidence interval; SE: Standard error.

Table 2: Subgroup analysis of different exposure time and low birth
weight and small for gestational age.

Subgroup analysis
N of
study

Pooled RR
(95% CI) I2 (%)

Low birth weight
Preconception 1 0.96 (0.83, 1.11) –

First trimester 2 0.99 (0.91, 1.08) 0
Second trimester 2 1.09 (0.96, 1.23) 50
Third trimester 2 1.22 (1.11, 1.33) 0
Entire pregnancy 2 1.67 (1.07, 2.60) 97
A week before delivery 1 1.06 (1.01, 1.11) –

Small for gestational age
Preconception 1 0.98 (0.92, 1.04) –

First trimester 3 1.01 (0.97, 1.05) 53
Second trimester 3 1.01 (1.00, 1.03) 0
Third trimester 3 1.01 (0.92, 1.12) 89
Entire pregnancy 3 1.04 (0.96, 1.12) 87

CI: Confidence interval; RR: Risk ratio.
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eligible data for conducting meta-analysis and showed no
significant difference (RR 1.12, 95% CI 0.93–1.36,
I2= 59%) [Supplementary Table 3, http://links.lww.
com/CM9/B257, Figure 5].[25,34,48,49] After conducting
a subgroup analysis based on the different exposure
windows, we found that low ambient temperature
exposure during the entire pregnancy was associated with
stillbirth (RR 4.63, 95% CI 3.99–5.38, I2= 0%), but the
association was not noted for other exposure time
windows [Table 3, Supplementary Figure 11, http://
links.lww.com/CM9/B257].
Discussion

This systematic review and meta-analysis explored the
association between exposure of pregnant women to low
2312
ambient temperatures and adverse birth outcomes. A total
of 34 studies involving >79 million births were included.
We found that exposure of pregnant women to low
ambient temperature was associated with an increased
risk of adverse birth outcomes, including preterm birth,
LBW, and stillbirth.

Subgroup analyses for low ambient temperature and
preterm births identified several influencing factors.
Regarding different exposure levels, exposure to temper-
ature <1st percentile of the mean was associated with
preterm birth. An exposure level<5th percentile was non-
significant but was very close to having a significant
difference (RR 1.05, 95% CI 0.99–1.11). Therefore, a
sensitivity analysis was performed to test the robustness of
exposure level for <5th, which showed a significant
difference by excluding the study of Liu et al[27]. This
suggested that the non-significant result was not robust,
and an exposure level <5th could also be a risk factor for
preterm birth. Additionally, the original studies reported
that the risk of adverse birth outcomes rose as ambient
temperature fell,[12,40,42,43] similar to the finding that the
hazard for preterm birth was increased when the
temperature rose.[6] Therefore, the risk of ambient
temperature exposure during preterm birth may present
as a V-like shape. As for the different climate types, the
association between low ambient temperature and
preterm birth was significant in hot and medium areas,
but not in cold areas. This may be due to the weaker
adaptability of pregnant women in hot and medium areas
than in cold areas. As for different exposure time
windows, preterm birth was more likely to occur when
pregnant women were exposed to low ambient temper-
atures during late pregnancy. This might be because both
the mother and fetus are more susceptible to extremely
low ambient temperature during that period.[6] Recent
studies in mice have shown that low-temperature expo-
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Figure 5: Forest plot depicting the meta-analysis examining the association between low ambient temperature and stillbirth. CI: Confidence interval; SE: Standard error.

Table 3: Subgroup analysis of different exposure time windows and
stillbirth.

Subgroup
No.
study

Pooled RR
(95% CI) I2 (%)

Preconception 1 1.21 (0.97, 1.50) –

First trimester 2 1.02 (0.80, 1.29) 40
Second trimester 2 1.08 (0.80, 1.46) 70
Third trimester 1 1.53 (0.83, 2.82) –

A week before delivery 2 1.05 (0.98, 1.12) 49
Entire pregnancy 2 4.63 (3.99, 5.38) 0

CI: Confidence interval; RR: Risk ratio.
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sure during late pregnancy-induced placental apoptosis by
activating nuclear factor kappa-B signaling pathway,
which jeopardized placenta growth.[50] Furthermore, low-
temperature exposure during the last trimester elevated
maternal stress hormone levels such as corticotropin-
releasing hormone and induced stress-related anxiety in
pregnant women.[51] In addition, stress-related anxiety
during the third trimester was more likely to induce
preterm births than in the other trimesters.[52] Hence, it
appears that the late pregnancy is a period of susceptibility
to preterm birth due to low temperature. Therefore, it is
important for pregnant women to avoid extremely low
ambient temperature exposure, especially late in their
pregnancy. Among the different ethnic groups, Asian
pregnant women were more susceptible to extremely low
ambient temperature than Caucasians. In addition, Black
pregnant women had the possibility of a higher risk of
preterm birth. However, the reasons are not clear. More
studies are needed to confirm this possibility since only one
original study was included. This is similar to previous
findings that Asian and Black pregnant women were more
likely to have adverse birth outcomes when exposed to
high ambient temperature.[53,54]

Our meta-analyses showed that extremely low ambient
temperature exposure could increase the risk of LBW. A
significant association was found in the subgroup of
extremely low ambient temperature exposure during
late pregnancy, but not in the subgroups of the first and
second trimesters. This is similar to other studies which
reported environmental factors such as air pollution
exposure during the late pregnancy is more likely to
cause LBW compared with other trimesters.[55] This
may be due to fact that the last trimester is a period of
2313
accelerated fetal and placental growth.[56,57] Different
from the increased risk of LBW, we found that the risk
of SGA was not increased when exposed to extremely
low ambient temperature. This may be because LBW,
but not SGA, is closely related to preterm birth.
Therefore, the increased risk of LBW could be
associated with the increased risk of preterm birth.
The non-significant association found in SGA suggested
that the impact of extremely low ambient temperature
exposure on birth weight might be indirect. The major
causes of SGA are maternal health status, placental
insufficiency, and fetal genetic factors. There are no
studies identified the exact mechanism by which low
ambient temperature during pregnancy causes SGA.
However, because the number of included studies on
SGA is still limited to determine a robust conclusion,
further studies with large samples are still needed.

Regarding the risk of stillbirth, we found that pregnant
women exposed to extremely low temperatures through-
out pregnancy were associated with a high risk for
stillbirth (RR 4.63, 95% CI 3.99–5.38, I2= 0%).
Although only two studies were included in the analysis,
the number of participants was >33,000, which provided
good reliability for the results. Because stillbirth is the
most serious outcome among the adverse birth outcomes,
the potential danger should raise concerns. Regarding the
association between temperature exposure and stillbirth,
it is not clear why extremely low-temperature exposure
could lead to stillbirth. It has been reported that extremely
low ambient temperature exposure during pregnancy
could induce structural and organic anomalies in fetal
mice,[57] which may suggest a risk of stillbirth.

This systematic review and meta-analysis has several
merits. First, the eligible studies were searched from three
main databases to reduce the loss of inclusion. Second,
information on extremely low ambient temperature
exposure was collected from meteorological data. In
contrast, maternal information and birth outcomes were
collected from electronic medical records. These data
collection methods reduced recall bias to a large extent.
Third, the information on the included participants was
obtained from national databases, which provided a
representative population sample and a large sample size.
Finally, most of the included studies (24/33) had high
methodological quality, and some of them (9/33) had
moderate, which produced high reliability for conducting
the meta-analysis.
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This study has a few limitations. First, themeta-analysis for
preterm births showed high heterogeneity. Although we
performed sensitivity and subgroup analyses to identify the
possible sources of heterogeneity, it seemed it was not
because of the different time windows, exposure levels,
ethnicities, climate patterns, the definition of extremely low
ambient temperature, or different methodological models.
The variations in population characteristics, such as
maternal demographic characteristics, economic level,
and heating equipment used could be responsible for the
heterogeneity. However, because lack of sufficient infor-
mation to stratify these variations, it was difficult to trace
the sources of heterogeneity. Secondly, different definitions
of extremely low ambient temperature and different
methodological models were used in the included studies.
The differences may result in different exposure levels and
durations of extremely low temperatures among studies.
Although the subgroup analysis showed that the results did
not differ greatly among different subgroups, it would be
better to standardize the methodological difference in
future studies so as to reduce potential heterogeneity.
Finally, the number of original studies on LBW (four
studies) and stillbirth (four studies) were relatively limited,
although these studies each included large sample sizes of
2.3 million and 330,000, respectively. Further studies are
required to confirm these findings.

In conclusion, pregnant women exposed to extremely low
ambient temperature, especially in late pregnancy, have an
increased risk of adverse birth outcomes. Pregnant women
living in medium and hot areas, especially Asians and
Blacks, might be more sensitive to low-temperature
exposure. Stillbirth, the most serious adverse birth
outcome, was significantly associated with extremely
low ambient temperature exposure throughout pregnan-
cy, which should be of great concern. These findings help
in identifying environmental risk factors for birth out-
comes and call attention to the need to avoid low-
temperature exposure during pregnancy.
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