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Short‑term effects of ambient temperature 
on the risk of preeclampsia in Nanjing, China: 
a time‑series analysis
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Abstract 

Objectives:  Previous studies on the association between temperature and preeclampsia mainly considered temper-
ature on a monthly or seasonal time scale. The objective of this study was to assess the preeclampsia risk associated 
with short-term temperature exposure using daily data.

Study design:  Daily preeclampsia hospitalization data, daily meteorological data and daily air pollutant data from 
Nanjing were collected from 2016 to 2017. Both the T test and distributed lag nonlinear model (DLNM) were applied 
to assess the short-term effect of temperature on preeclampsia risk. Three kinds of daily temperature, including the 
daily mean temperature, daily minimum temperature and daily maximum temperature, were analysed.

Results:  When the daily number of preeclampsia hospital admissions was divided into two subgroups based on 
temperature, it was significantly larger on cold days than on hot days. Regarding the mean temperature, a very low 
level of mean temperature (4.5 °C, lag = 0–20) and a low level of mean temperature (9.1 °C, lag = 0–20) increased the 
cumulative relative risk of preeclampsia by more than 60%. At the same time, a very high level of mean temperature 
(28.7 °C, lags = 0–10, 0–15, 0–20) and a high level of mean temperature (24.1 °C, lags = 0–10, 0–15) decreased the 
cumulative relative risk of preeclampsia by more than 35%. At a minimum temperature, a very low level of minimum 
temperature (0.9 °C, lag 0–5) and a low level of minimum temperature (5.6 °C, lag 0–5) increased the cumulative 
relative risk of preeclampsia by more than 55%. At the same time, a high level of mean temperature (20.9 °C, lags = 0, 
0–5) decreased the cumulative relative risk of preeclampsia by more than 20%. The maximum temperature result was 
similar to the mean temperature result.

Conclusions:  Both direct and lag effects of low temperature on preeclampsia were demonstrated to be significant 
risk factors. These results could be used to help pregnant women and the government reduce preeclampsia risk.
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Introduction
Preeclampsia is a pregnancy-specific syndrome that affects 
3–5% of pregnant women and is traditionally diagnosed 
when a pregnant woman presents with increased blood 

pressure and proteinuria [1, 2]. Recently, the association 
between temperature and preeclampsia risk was evalu-
ated. Most previous studies analysed seasonal or monthly 
temperature data [3–5]. They found that preeclampsia risk 
was increased in women who conceived during the warm 
months and delivered during the cold months [3–5]. There 
was only one paper that studied the association between 
maximum temperature and preeclampsia risk consider-
ing daily data [6]. Basu [7] pointed out that preeclampsia 
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risk should be explored considering both short-term and 
long-term temperature exposure windows. In the cur-
rent study, to assess the preeclampsia risk associated with 
short-term temperature exposure windows, daily tempera-
ture data and daily hospital preeclampsia admission data 
were analysed. To effectively assess the short-term effect, 
we estimated preeclampsia based on the daily number of 
preeclampsia hospital admissions, not conception time 
or delivery time. This was different from previous studies 
[3–5]. Basu [7] also pointed out that temperature metrics 
including the mean, minimum and maximum tempera-
tures should be considered. In this study, three kinds of 
daily temperature were studied to determine whether dif-
ferent kinds of daily temperature had different effects on 
preeclampsia risk.

Data and methods
Data collection
We obtained preeclampsia hospital admission data from 
the electronic medical records of Nanjing Maternity and 
Child Health Care Hospital from 2016–2017. We iden-
tified preeclampsia admissions using the International 
Classification of Diseases, 10th Revision (ICD-10) codes 
O13 and O14; O13 indicated mild preeclampsia and 
O14 indicated severe preeclampsia. The data used in 
this study were collected without any individual identifi-
ers. This study was approved by the Institutional Review 
Board of Nanjing Maternity and Child Health Care Hos-
pital, and the methods were carried out in accordance 
with the approved guidelines.

We obtained the daily mean temperature, daily mini-
mum temperature, daily maximum temperature and daily 
relative humidity in Nanjing during 2016–2017 from the 
Jiangsu Meteorological Bureau.

We obtained the daily SO2, NO2, CO, O3, PM10, and 
PM2.5 in Nanjing during 2016–2017 from the China 
National Environmental Monitoring Centre.

Statistical analysis
The distributed lag nonlinear model (DLNM) is a model 
used to describe potentially nonlinear and delayed 
dependencies [8].

where Yt is the daily number of preeclampsia hospital 
admissions on day t; a is the intercept; and cb is the cross-
basis function. A natural cubic spline was used to model 

Log[E(Yt)] = a + cb(tempt) + ns(RH, 3)

+ ns(SO2, 3) + ns(NO2, 3)

+ ns(CO, 3) + ns(O3, 3)

+ ns(PM10, 3) + ns(PM2.5, 3)

the nonlinear association between temperature and the 
number of preeclampsia hospital admissions. Moreover, 
the natural cubic spline method was used to fit relative 
humidity (RH), SO2, NO2, CO, O3, PM10 and PM2.5.

The analyses were performed with the software R, ver-
sion 4.0.0. The package DLNM [9] was used to specify 
and interpret the results in this study.

In this study, we focused on the short term effects of 
ambient temperature on the risk of preeclampsia, so 
the lag effects on the day after 30 days were not consid-
ered. After calculation, the maximum lag of the mean 
temperature and maximum temperature was 30  days, 
and the maximum lag of the minimum temperature was 
6 days. The details are provided in Supplemental Mate-
rial A [10].

The degrees of freedom were 3 when using natural 
cubic spline method to fit relative humidity (RH), SO2, 
NO2, CO, O3, PM10 and PM2.5 based on BIC method in 
Table S3.

Sensitivity analysis
Sensitivity analysis was conducted by varying df (degrees 
of freedom) to examine the robustness of the results. 
There were no large differences between the different df 
values when using natural cubic spline method to fit rela-
tive humidity (RH), SO2, NO2, CO, O3, PM10 and PM2.5. 
The details are shown in Table S4 and Table S5.

Results
During 2016 and 2017, there were a total of 1213 
recorded preeclampsia hospital admissions at Nanjing 
Maternity and Child Health Care Hospital. Table 1 sum-
marizes the distributions of daily preeclampsia hospital 
admissions according to different temperature ranges. 
For the daily mean temperature, when the mean tem-
perature was between 0 and 9.9  °C, the daily number of 
preeclampsia hospital admissions was the highest, with a 
value of 1.81; when the temperature was higher than or 
equal to 30 °C, the daily number of preeclampsia hospi-
tal admissions was the lowest, with a value of 1.39. For 
the daily minimum temperature, when the minimum 
temperature was between 0 and 9.9  °C, the daily num-
ber of preeclampsia hospital admissions was the highest, 
with a value of 1.90. There was only one day in which the 
minimum temperature was higher than or equal to 30 °C; 
the daily minimum temperature on this day was 30.3 °C. 
When the minimum temperature was between 20  °C 
and 29.9  °C, the daily number of preeclampsia hospital 
admissions was the second lowest, with a value of 1.47. 
For the daily maximum temperature, when the maximum 
temperature was between 10 °C and 19.9 °C, the number 
of daily preeclampsia hospital admissions was the high-
est, with a value of 1.87. There was only one day in which 
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the maximum temperature was less than 0  °C; the daily 
maximum temperature on this day was -3.0 °C. When the 
maximum temperature was higher than or equal to 30 °C, 
the daily number of preeclampsia hospitalizations was 
the second lowest, with a value of 1.50.

As shown in Table 2, the preeclampsia hospital admis-
sion records were divided into two subgroups, and the 
median was used as the grouping threshold. The daily 
mean temperature threshold was 17.2 °C, the daily mini-
mum temperature threshold was 14.4  °C, and the daily 
maximum temperature threshold was 21.6  °C. The daily 
number of preeclampsia hospital admissions was signifi-
cantly higher in the subgroup with a daily mean tempera-
ture less than 17.2  °C than in the subgroup with a daily 
mean temperature higher than or equal to17.2  °C (1.82 
vs. 1.48, P = 0.002). Similarly, the daily number of preec-
lampsia hospital admissions was significantly higher in 
the subgroup with a daily minimum temperature less 
than 14.4 °C than in the subgroup with a daily minimum 
temperature higher than or equal to 14.4 °C (1.82 vs. 1.50, 
P = 0.004). Moreover, the daily number of preeclamp-
sia hospital admissions was significantly higher in the 
subgroup with a daily maximum temperature less than 
21.6 °C than in the subgroup with a daily maximum tem-
perature higher than or equal to 21.6  °C (1.82 vs. 1.50, 
P = 0.003). Considering 17.2  °C, 14.4  °C, and 21.6  °C as 
temperature thresholds corresponding to the daily mean 
temperature, daily minimum temperature and daily max-
imum temperature, there were significant differences 
between the subgroups of preeclampsia hospital admis-
sion numbers.

As shown in Fig.  1, the Pearson correlation coeffi-
cients among the three kinds of daily temperature were 
high, at 0.93 or higher (P < 0.001 for all). Moreover, the 
daily number of preeclampsia hospital admissions time 
series also indicated a weak correlation with the three 
daily temperature time series. The Pearson correlation 
coefficient between the daily number of preeclamp-
sia hospital admissions time series and the daily mean 
temperature time series was -0.103 (P = 0.005); the 
Pearson correlation coefficient between the daily num-
ber of preeclampsia hospital admission time series and 

the daily minimum temperature time series was -0.106 
(P = 0.004); and the Pearson correlation coefficient 
between the daily number of preeclampsia hospital 
admissions time series and the daily maximum temper-
ature time series was -0.096 (P = 0.01).

To study the short-term effects of daily temperature 
on the number of preeclampsia admissions, the DLNM 
model was used. The median daily temperature was set 
as the reference temperature.

In Fig.  2, the overall cumulative exposure–response 
association between the daily number of preeclampsia 
hospital admissions and the daily mean temperature 
across a 30-day lag was shown. The reference tempera-
ture was 17.2  °C (median of the mean temperature). 
When the mean temperature was lower than the refer-
ence temperature, the relative risk was lowest, at 0.52 
(95%CI: 0.14–1.90), when the daily mean temperature 
was -6.7 °C; then, the relative risk curve increased from 
a value less than 1.0 to a value higher than 1.0. When 
the daily mean temperature was 10.1  °C, the relative 
risk peaked at 1.21 (95%CI: 0.99–1.47); when the mean 
temperature was higher than 10.1  °C, the relative risk 
decreased to 1.0 with the mean temperature as the ref-
erence temperature. At the same time, when the mean 
temperature was higher than the reference tempera-
ture, the relative risk curve decreased, and when the 
daily mean temperature was 24.4  °C, the relative risk 
was the local minimum at 0.83 (95%CI: 0.69–1.00); the 
relative risk curve increased slowly thereafter. When 
the mean temperature was higher than or equal to 
32.5 °C, the relative risk curve was more than 1.0.

The single and cumulative lag effects of the mean tem-
perature on the number of preeclampsia hospital admis-
sions, with 17.2 °C as reference, were shown in Table 3. 
We defined 4.5 °C (the 10th percentile of mean tempera-
ture) as very low level of mean temperature; 9.1 °C (the 
25th percentile of mean temperature) as low level of 
mean temperature; 24.1 °C (the 75th percentile of mean 
temperature) as high level of mean temperature; and 
28.7  °C (the 90th percentile of mean temperature) as 
very high level of mean temperature. There were no sig-
nificant single effects for most of the mean temperature, 

Table 2  Difference between the two subgroups according to temperature threshold (the daily mean temperature threshold was 
17.2 °C, the daily minimum temperature threshold was 14.4 °C, and the daily maximum temperature threshold was 21.6 °C)

Mean 
temperature 
(days)

Preeclampsia admissions 
per day (95% confidence 
interval)

Minimum 
temperature 
(days)

Preeclampsia admissions per 
day(95% confidence interval)

Maximum 
temperature 
(days)

Preeclampsia admissions per 
day(95% confidence interval)

>  = 17.2 (365) 1.48 (1.34–1.63) >  = 14.4 (364) 1.50 (1.36–1.64) >  = 21.6(365) 1.50 (1.36–1.64)

< 17.2(366) 1.82 (1.66–1.99) < 14.4(367) 1.82 (1.65–1.98) < 21.6(366) 1.82 (1.66–1.99)

t -3.11 t -2.87 t -2.96

p 0.002 p 0.004 p 0.003
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only a single effect on a lag of 5 days (RR = 0.97, 95%CI: 
0.93–1.00) on a high level of mean temperature was sig-
nificant. At a very low level of mean temperature, only 
the cumulative effect on a lag of 0–20 days (RR = 1.73, 
95%CI: 1.06–2.83) was significant. At a low level of 
mean temperature, the cumulative effect changed the 
risk of preeclampsia from a lag of 0–10 days (RR = 1.49, 
95%CI: 1.07–2.09) and lasted until a lag of 0–25  days 
(RR = 1.54, 95%CI: 1.09–2.18). The greatest cumulative 

effect was observed on a lag of 0–20  days (RR = 1.62, 
95%CI: 1.14–2.29). At a high level of mean temperature, 
the cumulative effect changed the risk of preeclampsia 
from a lag of 0–5  days (RR = 0.69, 95%CI: 0.51–0.93) 
and lasted until a lag 0–30 of days (RR = 0.83, 95%CI: 
0.69–1.00). The lowest cumulative effect was observed 
on a lag of 0–10  days (RR = 0.64, 95%CI: 0.48–0.86). 
At a very high level of mean temperature, the cumula-
tive effect changed the risk of preeclampsia from a lag 
of 0–10  days (RR = 0.60, 95%CI: 0.39–0.90) and lasted 
until a lag of 0–20  days (RR = 0.64, 95%CI: 0.43–0.97). 
The lowest cumulative effect was observed on a lag of 
0–15 days (RR = 0.59, 95%CI: 0.39–0.89).

In Fig.  3, the overall cumulative exposure–response 
association between the daily number of preeclampsia 
hospital admissions and daily minimum temperature 
across a 6-day lag was shown. The reference temperature 
was 14.4 °C. The relative risk curve in Fig. 3 was similar 
to the curve in Fig.  2. The relative risk was highest, at 
1.26 (95%CI: 1.00–1.60), when the daily minimum tem-
perature was 4.1 °C. The relative risk was lowest, at 0.88 
(95%CI: 0.76–1.01), when the daily minimum tempera-
ture was 21.0 °C.

With the reference of 14.4 °C, the single and cumulative 
lag effects of the minimum temperature on the number of 
preeclampsia hospital admissions were shown in Table 4. 
We defined 0.9  °C (the 10th percentile of minimum 

Fig. 1  Daily temperature and the daily number of preeclampsia hospital admissions time series (from top to bottom: the daily mean temperature, 
daily minimum temperature, daily maximum temperature and daily number of preeclampsia hospital admissions)

Fig. 2  Cumulative exposure–response associations of the daily mean 
temperature and number of preeclampsia hospital admissions in 
Nanjing, China, 2016–2017
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temperature) as very low level of minimum tempera-
ture; 5.6  °C (the 25th percentile of minimum tempera-
ture) as low level of minimum temperature; 20.9 °C (the 
75th percentile of minimum temperature) as high level 
of minimum temperature; 25.7 °C (the 90th percentile of 
minimum temperature) as very high level of minimum 
temperature. At a very low level of minimum tempera-
ture, there was a single effect on a lag of 4 days (RR = 1.27, 
95%CI: 1.01–1.59) and a cumulative effect on a lag of 
0–5  days (RR = 1.65, 95%CI: 1.07–2.54). At a low level 
of minimum temperature, the single effect decreased 
the risk of preeclampsia from a lag of 4 days (RR = 1.21, 
95%CI: 1.00–1.46) to a lag of 5  days (RR = 1.18, 95%CI: 

1.00–1.40), and the cumulative effect decreased the risk 
of preeclampsia from a lag of 0–5 days (RR = 1.55, 95%CI: 
1.10–2.19) to a lag of 0–6 days (RR = 1.26, 95%CI: 1.01–
1.56). At a high level of minimum temperature, the single 
effect on lags of 0 days (RR = 0.76, 95%CI: 0.59–0.98) and 
5 days (RR = 0.87, 95%CI: 0.76–0.99) was statistically sig-
nificance, while the cumulative effect on a lag of 0–5 days 
(RR = 0.76, 95%CI: 0.58–0.99) was statistically signifi-
cance. At a very high level of minimum temperature, 
there were no significant single or cumulative effects.

In Fig.  4, the overall cumulative exposure–response 
association between the daily number of preeclampsia 
admissions and the daily maximum temperature across 
a 7-day lag was shown. The reference temperature was 
21.6  °C. The relative risk curve in Fig.  4 was also simi-
lar to the curve in Fig. 2. The relative risk was lowest, at 
0.59 (95%CI: 0.17–2.07), when the daily maximum tem-
perature was -3.0 °C. The relative risk was highest, at 1.28 
(95%CI: 0.69–2.38), when the daily maximum tempera-
ture was 40.0 °C.

With the reference of 21.6  °C, the single and cumula-
tive lag effects of the maximum temperature on the num-
ber of preeclampsia hospital admissions were shown 
in Table  5. We defined 8.8  °C (the 10th percentile of 
maximum temperature) as very low level of maximum 
temperature; 14.2  °C (the 25th percentile of maximum 
temperature) as low level of maximum temperature; 
29.0  °C (the 75th percentile of maximum temperature) 
as high level of maximum temperature; 33.2 °C (the 90th 
percentile of maximum temperature) as very high level of 

Table 3  The single and cumulative effects estimated for different mean temperatures at different lag days with the reference of 
17.2 °C (median)

* p<0.05

Single 
lag 
days

4.5 °C 
(the 10th 
percentile)
RR (95% 
confidence 
interval)

9.1 °C 
(the 25th 
percentile)
RR (95% 
confidence 
interval)

24.1 °C 
(the 75th 
percentile)
RR (95% 
confidence 
interval)

28.7 °C 
(the 90th 
percentile)
RR (95% 
confidence 
interval)

Multiple 
lag days

4.5 °C 
(the 10th 
percentile)
RR (95% 
confidence 
interval)

9.1 °C 
(the 25th 
percentile)
RR (95% 
confidence 
interval)

24.1 °C 
(the 75th 
percentile)
RR (95% 
confidence 
interval)

28.7 °C 
(the 90th 
percentile)
RR (95% 
confidence 
interval)

0 1.02
(0.88–1.18)

1.08
(0.96–1.20)

0.91
(0.82–1.01)

0.92
(0.78–1.07)

0 1.02
(0.88–1.18)

1.08
(0.96–1.20)

0.91
(0.82–1.01)

0.92
(0.78–1.07)

5 1.03
(0.98–1.08)

1.03
(0.99–1.07)

0.97
(0.93–1.00)*

0.96
(0.91–1.00)

0–5 1.15
(0.73–1.79)

1.35
(0.98–1.86)

0.69
(0.51–0.93)*

0.68
(0.44–1.05)

10 1.03
(0.98–1.10)

1.01
(0.97–1.06)

0.99
(0.95–1.04)

0.99
(0.93–1.05)

0–10 1.34
(0.82–2.18)

1.49
(1.07–2.09)*

0.64
(0.48–0.86)*

0.60
(0.39–0.90)*

15 1.03
(0.98–1.08)

1.01
(0.97–1.05)

1.01
(0.97–1.04)

1.01
(0.96–1.06)

0–15 1.58
(0.95–2.60)

1.57
(1.11–2.23)*

0.65
(0.48–0.87)*

0.59
(0.39–0.89)*

20 1.01
(0.95–1.07)

1.00
(0.96–1.05)

1.01
(0.97–1.05)

1.02
(0.96–1.09)

0–20 1.73
(1.06–2.83)*

1.62
(1.14–2.29)*

0.68
(0.50–0.91)*

0.64
(0.43–0.97)*

25 0.96
(0.92–1.01)

0.98
(0.95–1.01)

1.02
(0.99–1.05)

1.03
(0.99–1.08)

0–25 1.60
(0.99–2.58)

1.54
(1.09–2.18)*

0.72
(0.53–0.99)*

0.74
(0.48–1.15)

30 0.89
(0.78–1.02)

0.93
(0.83–1.04)

1.04
(0.94–1.15)

1.04
(0.89–1.20)

0–30 1.07
(0.76–1.50)

1.20
(0.97–1.48)

0.83
(0.69–1.00)*

0.88
(0.69–1.13)

Fig. 3  Cumulative exposure–response associations of the daily 
minimum temperature and number of preeclampsia hospital 
admissions in Nanjing, China, 2016–2017
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maximum temperature. At a very low level of maximum 
temperature, the cumulative effect changed the risk of 
preeclampsia from a lag of 0–15 days (RR = 1.62, 95%CI: 
1.04–2.51) and lasted until a lag of 0–25 days (RR = 1.58, 
95%CI: 1.02–2.45). The greatest cumulative effect was 
observed on a lag of 0–20 days (RR = 1.72, 95%CI: 1.10–
2.67). At a low level of maximum temperature, the single 
effect on a lag of 5 days (RR = 1.04, 95%CI: 1.01–1.07) was 
significant, and the cumulative effect changed the risk of 
preeclampsia from a lag of 0–5  days (RR = 1.32, 95%CI: 
1.00–1.74) and lasted until a lag of 0–30 days (RR = 1.26, 
95%CI: 1.01–1.57). The greatest cumulative effect on lag 
0–20 days (RR = 1.63, 95%CI: 1.19–2.22). At a high level 

of maximum temperature, the single effect on a lag of 
5 days (RR = 0.96, 95%CI: 0.93–0.99) was significant, and 
the cumulative effect changed the risk of preeclampsia 
from a lag of 0–10  days (RR = 0.65, 95%CI: 0.48–0.87) 
and lasted until a lag of 0–25  days (RR = 0.72, 95%CI: 
0.54–0.97). The lowest cumulative effect was observed 
on a lag of 0–15 days (RR = 0.62, 95%CI: 0.45–0.83). At 
a very high level of maximum temperature, the single 
effect on a lag of 5  days (RR = 0.96, 95%CI: 0.92–1.00) 
was significant, and the cumulative effect changed the 
risk of preeclampsia from a lag of 0–10 days (RR = 0.64, 
95%CI: 0.43–0.95) and lasted until a lag of 0–20  days 
(RR = 0.64, 95%CI: 0.44–0.94). The lowest cumulative 
effect was observed on a lag of 0–15  days (RR = 0.60, 
95%CI: 0.41–0.88).

Discussion
It was reported that relative humidity had a significant 
inverse correlation with the prevalence of preeclampsia 
(p < 0.001) in Korea [11]. It was also reported that expo-
sure to PM2.5, PM10, NO2 and O3 were risk factors for 
preeclampsia in the first and second trimesters of preg-
nancy, while at high levels, SO2 and CO were risk factors 
for preeclampsia in the second trimester in Hebei Prov-
ince, China [12]. Therefore, the relative humidity and air 
pollution were considered in the DLNM model.

In the present study, a significant difference was found 
when the daily number of preeclampsia hospital admis-
sions was divided into two subgroups (one called the 

Table 4  The single and cumulative effects estimated for different minimum temperatures at different lag days with a reference of 
14.4 °C (median)

* p<0.05

Single 
lag 
days

0.9 °C 
(the 10th 
percentile)
RR(95% 
confidence 
interval)

5.6 °C 
(the 25th 
percentile)
RR (95% 
confidence 
interval)

20.9 °C 
(the 75th 
percentile)
RR (95% 
confidence 
interval)

25.7 °C 
(the 90th 
percentile)
RR (95% 
confidence 
interval)

Multiple 
lag days

0.9 °C 
(the 10th 
percentile)
RR (95% 
confidence 
interval)

5.6 °C 
(the 25th 
percentile)
RR (95% 
confidence 
interval)

20.9 °C 
(the 75th 
percentile)
RR (95% 
confidence 
interval)

25.7 °C 
(the 90th 
percentile)
RR (95% 
confidence 
interval)

0 1.34
(0.90–1.99)

1.31
(0.95–1.81)

0.76
(0.59–0.98)*

0.65
(0.39–1.08)

0 1.34
(0.90–1.99)

1.31
(0.95–1.81)

0.76
(0.59–0.98)*

0.65
(0.39–1.08)

1 0.87
(0.71–1.08)

0.90
(0.76–1.07)

1.11
(0.97–1.28)

1.22
(0.92–1.62)

0–1 1.17
(0.79–1.73)

1.19
(0.86–1.63)

0.85
(0.66–1.09)

0.79
(0.48–1.30)

2 0.87
(0.68–1.10)

0.89
(0.73–1.08)

1.16
(0.99–1.36)

1.32
(0.96–1.83)

0–2 1.01
(0.68–1.51)

1.05
(0.76–1.45)

0.99
(0.76–1.27)

1.05
(0.63–1.74)

3 1.05
(0.89–1.24)

1.04
(0.90–1.19)

1.02
(0.91–1.14)

1.07
(0.85–1.36)

0–3 1.07
(0.71–1.60)

1.09
(0.78–1.51)

1.00
(0.77–1.30)

1.13
(0.68–1.86)

4 1.27
(1.01–1.59)*

1.21
(1.00–1.46)*

0.87
(0.75–1.02)

0.84
(0.61–1.15)

0–4 1.35
(0.90–2.03)

1.32
(0.95–1.82)

0.88
(0.68–1.13)

0.94
(0.58–1.54)

5 1.22
(0.99–1.49)

1.18
(1.00–1.40)*

0.87
(0.76–0.99)*

0.80
(0.61–1.06)

0–5 1.65
(1.07–2.54)*

1.55
(1.10–2.19)*

0.76
(0.58–0.99)*

0.76
(0.46–1.26)

6 0.75
(0.53–1.06)

0.81
(0.61–1.08)

1.15
(0.91–1.46)

1.22
(0.76–1.98)

0–6 1.24
(0.93–1.65)

1.26
(1.01–1.56)*

0.88
(0.76–1.01)

0.92
(0.73–1.17)

Fig. 4  Cumulative exposure–response associations of the daily 
maximum temperature and the number of preeclampsia hospital 
admissions in Nanjing, China, 2016–2017
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cold-day subgroup, and the other called the hot-day sub-
group based on the median of temperature). The daily 
number of preeclampsia hospital admissions was signifi-
cantly larger on cold days than on hot days. At the same 
time, the temperature lag effects on the daily number of 
preeclampsia hospital admissions were studied using the 
DLNM model when considering the short-term effects. 
The curves of the relative risk on the daily number of 
preeclampsia hospital admissions were similar based on 
all three kinds of temperature (the daily mean tempera-
ture, daily minimum temperature and daily maximum 
temperature). The curves increased from a relative risk 
less than 1.0 to the peak, and then decreased from the 
peak to 1.0, when the temperature was lower than the 
reference temperature. At the same time, when the tem-
perature was higher than the reference temperature, the 
relative risk decreased from 1.0 to the bottom, and then 
increased from the bottom to the peak.

To our knowledge, the association between the daily 
temperature and daily number of preeclampsia hospi-
tal admissions had rarely been studied. Most previous 
studies used seasonal or monthly temperature data, and 
focused on the long-term effects. Only one study used 
the daily maximum temperature, however there was no 
significant direct correlation between the number of 
preeclampsia cases and the daily maximum tempera-
ture in semiarid area [6]. In contrast to most previous 
studies, in this study, preeclampsia risk was considered 
based on the daily number of preeclampsia hospital 
admissions. In this way, it was more conducive to study 

the daily temperature effect on preeclampsia in the 
short-term.

We found that there was a significant difference 
between the daily number of preeclampsia hospital 
admissions in the low-temperature subgroup and the 
high-temperature subgroup using the median of tem-
perature as threshold. Most previous studies found that 
preeclampsia risk was increased in women who con-
ceived during the warm months and delivered during the 
cold months [3–5]. Preeclampsia occurred 20 weeks after 
conception, and this period was closer to the delivery 
period. This might partly explain why the daily number 
of preeclampsia hospital admissions at low temperatures 
was larger than that at high temperatures.

The daily number of preeclampsia hospital admis-
sions time series indicated a weak correlation with the 
three daily temperature time series. Compared with the 
median temperature, a high temperature was a protec-
tive factor. There might be two reasons. One reason was 
that high temperature in Nanjing was not too extreme; 
another reason was that people reduced their outdoor 
activities on high-temperature days.

The curves of the relative risk on the daily number of 
preeclampsia hospital admissions were similar based 
on all three kinds of temperature (the daily mean tem-
perature, daily minimum temperature and daily maxi-
mum temperature). First, the curves increased from 
the relative risk less than 1.0 to the peak. It was diffi-
cult to physiologically explain why the daily tempera-
ture was proportional to the preeclampsia relative risk 

Table 5  The single and cumulative effects estimated for different maximum temperatures at different lag days with the reference of 
21.6 °C (median)

* p<0.05

Single 
lag 
days

8.8 °C 
(the 10th 
percentile)
RR (95% 
confidence 
interval)

14.2 °C 
(the 25th 
percentile)
RR (95% 
confidence 
interval)

29.0 °C 
(the 75th 
percentile)
RR (95% 
confidence 
interval)

33.2 °C 
(the 90th 
percentile)
RR (95% 
confidence 
interval)

Multiple 
lag days

8.8 °C 
(the 10th 
percentile)
RR (95% 
confidence 
interval)

14.2 °C 
(the 25th 
percentile)
RR (95% 
confidence 
interval)

29.0 °C 
(the 75th 
percentile)
RR (95% 
confidence 
interval)

33.2 °C 
(the 90th 
percentile)
RR (95% 
confidence 
interval)

0 1.03
(0.91–1.16)

1.06
(0.96–1.16)

0.95
(0.86–1.05)

0.96
(0.84–1.11)

0 1.03
(0.91–1.16)

1.06
(0.96–1.16)

0.95
(0.86–1.05)

0.96
(0.84–1.11)

5 1.03
(0.99–1.08)

1.04
(1.01–1.07)*

0.96
(0.93–0.99)*

0.96
(0.92–1.00)*

0–5 1.20
(0.83–1.75)

1.32
(1.00–1.74)*

0.75
(0.56–1.00)

0.77
(0.52–1.16)

10 1.03
(0.98–1.08)

1.02
(0.98–1.06)

0.98
(0.94–1.02)

0.97
(0.92–1.02)

0–10 1.41
(0.93–2.15)

1.52
(1.12–2.05)*

0.65
(0.48–0.87)*

0.64
(0.43–0.95)*

15 1.02
(0.98–1.06)

1.01
(0.98–1.04)

1.00
(0.97–1.03)

1.00
(0.96–1.04)

0–15 1.62
(1.04–2.51)*

1.62
(1.18–2.23)*

0.62
(0.45–0.83)*

0.60
(0.41–0.88)*

20 1.00
(0.96–1.05)

0.99
(0.96–1.03)

1.02
(0.98–1.06)

1.02
(0.97–1.08)

0–20 1.72
(1.10–2.67)*

1.63
(1.19–2.22)*

0.64
(0.48–0.87)*

0.64
(0.44–0.94)*

25 0.97
(0.93–1.00)

0.98
(0.95–1.01)

1.03
(1.00–1.06)

1.04
(1.00–1.08)

0–25 1.58
(1.02–2.45)*

1.51
(1.11–2.04)*

0.72
(0.54–0.97)*

0.76
(0.51–1.13)

30 0.92
(0.82–1.03)

0.96
(0.88–1.04)

1.03
(0.94–1.12)

1.03
(0.91–1.17)

0–30 1.15
(0.83–1.60)

1.26
(1.01–1.57)*

0.83
(0.68–1.01)

0.91
(0.71–1.18)
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when the daily temperature was very low. One possi-
ble explanation was human activity; when the weather 
was extremely cold, pregnant women reduced their 
outdoor time and remained in doors to keep warm. 
Then the relative risk curves decreased from the peak 
to 1.0 when the temperature was lower than the ref-
erence temperature. Although the mechanisms of the 
association between temperature and preeclampsia 
risk are not clear, some hypotheses have been pro-
posed to explain the association between cold tem-
peratures and preeclampsia risk. Kimura et  al. [13] 
found that the pulsatility index of uterine artery blood 
flow significantly increased with cold exposure from 
1.14 to 1.52 in patients with preeclampsia, whereas 
it increased from 0.95 to 1.25 in normal controls. 
Woisetschlager et  al. [14] found that during the cold 
pressor test, systolic and diastolic blood pressure 
increased significantly and were more pronounced in 
women developing preeclampsia than in healthy preg-
nant women. At the same time, when the tempera-
ture was higher than the reference temperature, the 
relative risk first decreased and then increased with 
increasing of temperature. This result suggested that a 
high temperature was a protective factor preeclampsia 
risk; however, extremely high temperatures still led to 
a high relative risk.

When the temperature is low, it is recommended that 
pregnant women take measures to stay warm, pay atten-
tion to their blood pressure in the next 20 days, and go 
to the hospital when their blood pressure rises. At the 
same time, the government should increase publicity 
on the impact of low temperatures on preeclampsia, 
especially the lag effect of low temperatures on preec-
lampsia. All of the above could be used to help pregnant 
women and the government reduce the preeclamp-
sia risk in Nanjing or other cities with similar climate 
conditions.

Our study had two strengths. First, the exposure–
response association between temperature and preec-
lampsia risk was not studied on the short-term in 
previous studies. In this study, we first showed the expo-
sure–response association between temperature and 
preeclampsia risk in a short-period of time. Second, the 
mean daily temperature, minimum temperature and 
maximum temperature were all studied, and all three 
kinds of temperature showed consistency.

Our study also had two limitations. First, we used 
ambient temperature, and when extreme hot or cold 
weather occurred, pregnant women usually remained 
in their houses; therefore, indoor temperature should 
be considered. Second, due to patient privacy, socioeco-
nomic status and medical condition were not considered 
in this study.

Conclusion
Our results showed that the daily number of preeclamp-
sia hospital admissions was significantly larger at low 
daily temperatures than in high daily temperatures. The 
daily number of preeclampsia hospital admissions and 
daily ambient temperatures had a weak negative corre-
lation in significant. The lag effect of low temperatures 
on preeclampsia was demonstrated to be a significant 
risk factor. These results could be used to help pregnant 
women and the government reduce preeclampsia risk. 
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