


temperature  (°C)  and  relative  humidity  (%),  were
obtained  from  the  China  Meteorological  Data
Sharing  Service  System  (http://data.cma.cn/)  from
15  national  meteorological  stations  in  Henan
Province  (Supplementary  Figure  S1).  An  inverse
distance–weighted  (IDW)  model  was  used  to
evaluate  individual  daily  exposure  levels,  similar  to
previous  studies[4].  The  weekly  meteorological
exposure  level  of  each  pregnant  woman  was
calculated  according  to  their  daily  exposure  levels
(Supplementary  Table  S1,  available  in  www.
besjournal.com).  Then,  the  entire  pregnancy  was
divided  into  three  trimesters,  including  the  first
trimester  (1–12  gestational  weeks),  the  second
trimester  (13–27  gestational  weeks),  and  the  third
trimester (28 gestational weeks to delivery). Extreme
temperature  exposure  during  the  entire  pregnancy
and  each  trimester  was  defined  based  on  all
participants:   “extreme  cold ”  (<  10th  percentile),
“extreme  heat ”  (>  90th  percentile),  and  “moderate”
(10th to 90th percentile).

Pearson's chi-square tests were used to compare
the  demographic  characteristics  between  LBW  and
normal  birth  weight  groups.  The  association

between  mean  temperature  exposure  during
pregnancy  and  the  risk  of  LBW  was  first  examined
using  a  restricted  cubic  spline  (RCS)  model.  Then,  a
logistic  regression  model  was  used  to  calculate  the
odds  ratio  (OR)  and  95%  confidence  interval  (CI)  of
the  association  between  ambient  temperature
exposure  during  pregnancy  and  the  risk  of  LBW.
Finally,  interaction  analysis  (by  adding  interaction
terms  of  exposure  to  extreme  temperature  and
subgroups  of  demographic  characteristics  into  the
regression  model)  was  used  to  explore  whether
demographic  characteristics  could  modify  the
relationship  between  exposure  to  extreme
temperature  during  pregnancy  and the  risk  of  LBW.
The  statistical  analysis  was  conducted  in  R  3.6.2  (R,
Vienna,  Austria)  to  analyze  the  database  (MySQL).
The  significance  level  for  interaction  analysis  was
defined  as  0.10,  and  the  remaining  P-values  were
considered significant at 0.05.

In  this  study,  the  incidence  of  LBW  is  0.4%
(n  =  5,790)  (see  Table  1).  A  similar  retrospective
cohort  study  in  rural  China  reported  that  the
incidence of LBW was 4.54% during weeks 22–44 of
gestation[5].  However,  preterm  births  (less  than  37

Table 1. Demographic characteristics of the study sample

Variables Low birth weight, n (%) Normal birth weight, n (%) P

n 5,790 1,428,690

Mothers
　Age < 0.001
　　< 30 4,549 (78.6) 1,170,340 (81.9)
　　≥ 30 1,241 (21.4) 258,350 (18.1)
　Pre-pregnancy BMI (kg/m2) < 0.001
　　< 18.5 (lean) 622 (10.7) 122,238 (8.6)
　　18.5–23.9 (normal) 4,068 (70.3) 1,044,199 (73.0)
　　≥ 24 (overweight/obesity) 1,100 (19.0) 262,253 (18.4)
　Education 0.292
　　Middle school or below 4,184 (72.3) 1,041,226 (72.9)
　　High school or above 1,606 (27.7) 387,464 (27.1)
　Smoking < 0.001
　　Yes 396 (6.8) 83,145 (5.8)
　　No 5,394 (93.2) 1,345,545 (94.2)
　Alcohol consumption 0.584
　　Yes 36 (0.6) 8,235 (0.6)
　　No 5,754 (99.4) 1,420,455 (99.4)
　Parity 0.009
　　Primi-parity 3,587 (61.9) 863,529 (60.4)
　　Multi-parity 2,203 (38.1) 565,161 (39.6)
Newborns
　Sex < 0.001
　　Male 2,006 (34.7) 730,228 (51.1)
　　Female 3,784 (65.3) 698,462 (48.9)
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weeks  gestation)  are  often  accompanied  by  LBW,
but  the  prevention  and  treatment  are  different
compared  to  term  infants.  Therefore,  the  present
study sample was limited to term infants with more
than 36 weeks gestation. In addition, due to a shift in
national  policies,  the  living  standards  in  rural  areas
have improved significantly, excess nutrition in rural
areas  might  be  another  reason  for  the  low
proportion of LBW among term infants.

The  dose-response  relationships  between  LBW
and  ambient  temperature  during  pregnancy  are
shown  in  Figure  1A.  After  adjusting  for  the
confounding  factors,  a  U-shaped  association
between  mean  ambient  temperature  during  the
entire pregnancy and LBW was observed (Pnon-linear <
0.001). As a potential mechanism, elevated ambient
temperature may reduce a pregnant woman’s ability
to  dissipate  body  heat,  resulting  in  increased  core
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Figure 1. The  dose-response  relationships  between  the  risk  of  LBW  and  mean  ambient  temperature
during  pregnancy  (A).  The  association  between  the  risk  of  LBW and  exposure  to  ambient  temperature
during  pregnancy  (B).  Models  were  adjusted  for  relative  humidity,  maternal  age,  pre-pregnancy  BMI,
education level, smoking status, alcohol consumption, parity, and the sex of the newborn.
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body  temperature,  which  may  cause  shunting  of
blood to the body surface and also lead to placental
hypoperfusion[6].  Then,  impaired  nutrient  and
oxygen  supply  leads  to  disorders  of  placental
function, thus affecting the growth and development
of the fetus.  For the effects of  exposure to extreme
cold on LBW risk, a few studies have suggested that
low  ambient  temperature  was  associated  with
peripheral  vasoconstriction  and  increased  blood
viscosity,  which  might  reduce  placental  perfusion
and  result  in  adverse  effects  on  the  developing
fetus[7].

A logistic regression model was used to evaluate
the  effects  of  ambient  temperature  on  the  risk  of
LBW. The risk of LBW was positively associated with
each  standard  deviation  unit  increment  in  mean
ambient  temperature  during  the  entire  pregnancy
(OR = 1.054,  95% CI:  1.016–1.094),  especially  during
the  second  trimester  (OR = 1.089,  95%  CI:  1.048–
1.133; Figure 1B), which was consistent with several
previous  studies.  Exposure  to  mean  temperature
during  the  second  trimester  was  negatively
associated with placental weight and volume, which
indicates that the second trimester may be a critical
period  for  heat  stress  to  have  adverse  effects  on
placental  transport  efficiency,  resulting  in  the
occurrence of LBW infants[6]. Compared to moderate
ambient  temperature  exposures,  exposure  to
extreme heat resulted in a 25.3% increased LBW risk,

while  exposure  to  extreme  cold  increased  LBW risk
by  12.1%  (Figure  1B).  Furthermore,  exposure  to
extreme heat  in  the  second trimester  increased the
risk  of  LBW  (OR = 1.190,  95%  CI:  1.080–1.312;
Figure 1B). Pregnant women in rural areas generally
took  measures  to  keep  warm  in  cold  environments
(e.g., burning fuels and donning additional clothing),
which might partly reduce the risk of LBW caused by
exposure to extreme cold. Notably, the utilization of
air  conditioners  is  relatively  low  in  rural  areas
(http://www.stats.gov.cn/tjsj/ndsj/),  as  traditional
practices  in  most  rural  areas  prohibit  pregnant
women  from  using  air-conditioning  for  cooling.
Therefore,  most  pregnant  women in  rural  areas  are
helpless  when  exposed  to  high  temperature,  which
may  cause  intrauterine  growth  retardation  through
heat stress or other means.

Figure  2  shows  the  interaction  effects  between
exposure  to  extreme temperature  during  the  entire
pregnancy  and  demographic  characteristics  on  the
risk  of  LBW.  The  association  between  exposure  to
extreme  heat  and  the  risk  of  LBW  was  stronger
among newborns who were delivered by overweight
mothers  (Pinteraction  =  0.005).  Previous  research  has
reported that, due to increased fat deposition and a
decreased surface area to body mass ratio, the core
temperature  of  overweight  pregnant  women
increases  and  leads  to  a  reduction  in  the  capacity
for  heat  dissipation  by  sweating[3].  Therefore,
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Figure 2. The interaction effects between exposure to extreme temperature during the entire pregnancy
and  demographic  characteristics  on  the  risk  of  LBW.  Models  were  adjusted  for  relative  humidity,
maternal age, pre-pregnancy BMI, education level, smoking status, alcohol consumption, parity, and the
sex of the newborn.
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overweight pregnant women have a poor ability  for
heat dissipation and are more likely to be affected by
exposure  to  extreme  heat,  thereby  increasing  the
risk  of  giving  birth  to  LBW  infants.  The  risk  of  LBW
induced  by  exposure  to  extreme cold  was  higher  in
infants  who  were  female  or  who  were  born  from a
multi-parity  woman  (Pinteraction  =  0.040,  Pinteraction  =
0.088,  respectively).  Previous  studies  have  found
that  multi-parity  mothers  are  generally  older,  lower
education  levels,  higher  pre-pregnancy  BMI,  higher
incidence of  gestational  diabetes  and other  adverse
events  during  pregnancy,  which  make  them  more
likely  to  have  adverse  pregnancy  outcomes[8].  It  has
been  reported  that  placenta  undergoes  fine-tuning
to  ensure  optimal  fetal  survival  and  growth  in
response  to  adverse  environmental  exposure.
Maintaining  growth  under  adverse  environmental
exposure  may  be  a  risky  approach  that  could  result
in  higher  embryonic  lethality[9].  The  female  fetus
appears  to  follow  a  conservative  approach,
generating a smaller placenta to ensure the survival
of  the  offspring.  However,  the  small  placenta  may
lead to the insufficient nutrition and oxygen supply,
resulting  in  the  occurrence  of  LBW[9].  This  could
explain  why  the  effects  of  extreme  temperature  on
the risk of LBW was stronger among female infants.
Our findings implicated that feasible measure should
be  provided  to  protect  vulnerable  pregnant  women
from  exposure  to  extreme  temperature  to  reduce
the health burden of LBW.

In  acknowledgement  of  the  limitations  of  this
study, the housing conditions or indoor environment
were  not  included  as  confounding  factors  of  the
association  between  ambient  temperature  and  the
risk  of  LBW,  as  the  data  were  unavailable[10].  More
information will be obtained in future studies.

In  conclusion,  we observed that  the  risk  of  LBW
was  increased  by  prenatal  exposure  to  extreme
temperature, especially during the second trimester.
Our  findings  suggest  that  it  is  necessary  for
vulnerable  mothers  to  implement  prevention  and
treatment  strategies  to  reduce  the  effects  of
temperature change on LBW.
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Supplementary Table S1. Characteristics of mean temperature (°C) and relative humidity (%) during
pregnancy by exposure period

Item x s Min 10th M 90th Max

Mean temperature (°C)

　Trimester 1 16.44 7.88 2.09 4.51 17.84 25.96 28.46

　Trimester 2 15.98 7.88 2.98 4.97 16.88 25.33 27.55

　Trimester 3 14.31 8.00 1.63 4.12 13.98 25.38 28.41

　Entire pregnancy 15.58 2.61 10.93 12.17 15.51 19.01 20.87

Relative humidity (%)

　Trimester 1 66.63 7.07 49.97 57.18 66.40 75.81 79.66

　Trimester 2 67.29 6.65 53.42 57.82 68.35 75.20 78.81

　Trimester 3 66.38 7.25 48.53 56.17 66.57 75.45 80.70

　Entire pregnancy 66.79 2.47 60.71 63.49 66.42 70.66 72.52
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1,539,117 women conceived from January 1, 2013
to December 31, 2017

27,963 urban inhabitants were excluded

1,511,154 women with complete information in rural areas

37,980 births with multiparity infant
and stillbirth were excluded

1,473,174 women with singleton live birth

38,694 births with gestational age
< 37 or > 44 weeks were excluded

1,434,480 women were included in the subsequent study

Supplementary Figure S1. Spatial distribution of the study area and national meteorological stations (A),
and a flow chart of the inclusion and exclusion criteria for the final study population (B).
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