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Effects of ambient temperature on daily
emergency department visits for abdominal pain: a
distributed lag nonlinear time series analysis

in Wuhan

Manting Lin, Shaozhou Ni, Xiaoging Jin*

Abstract

Background: Ambient temperature has been shown to have a positive association with the increasing emergency department
burden. However, no studies have investigated the effects of ambient temperature on the number of emergency department
visits (EDVs) for abdominal pain. Therefore, we conducted this study to evaluate the relationship between the two, with the aim of
rationally allocating medical resources.

Methods: We collected daily numbers of EDVs for abdominal pain data from the Zhongnan Hospital of Wuhan University and daily
meteorological data from Wuhan from January 1, 2016, to December 31, 2018. We chose a generalized additive model combined
with a distributed lag nonlinear model to assess the short-term effects of ambient temperature on EDVs for abdominal pain. We
conducted stratification analyses according to sex, age, and the Chinese Emergency Triage Scale.

Results: A total of 16,318 visits for abdominal pain were identified during the study period. The significant effects of extremely low
temperature (—1°C) and moderately high temperature (26°C) were observed at Lag Oday and Lag 0—1 day models. In the Lag Oday
model, the relative risks for extremely low and moderately high temperatures were 0.83 (95% confidence interval [Cl]: 0.70-0.99;
P=0.038) and 1.15 (95% Cl: 1.06-1.25; P= 0.001), respectively. Younger people were more likely to be affected by temperature.
Cold and mildly hot weather were associated with the L2 and L3 levels, respectively. Moreover, low temperatures were negatively
correlated with the risk of urolithiasis and cholecystitis.

Conclusion: Low temperatures significantly reduced abdominal pain-related EDVs, whereas high temperatures had the opposite
effect.

Keywords: Abdominal pain, Ambient temperature, Chinese emergency triage scale, Distributed lag nonlinear model, Emergency
department visits, Time-series study

Introduction morbidity and mortality increases by 1.1% and 2.1%, respec-
tively, when the temperature rises by 1°C. Furthermore, this
phenomenon is more pronounced in urban areas of China.”!
The Intergovernmental Panel on Climate Change has warned us
about the risk of extreme temperatures.®! Wuhan has been called
the “oven city” because of its extremely hot and humid summer,
but it is also cold in winter without central heating.” Thus, it is
beneficial for us to figure out the potential correlations between
ambient temperature and some diseases.

Hospital emergency departments play an integral role in han-

Multiple systems of the human body are affected by ambient
temperature, such as the cardiovascular, respiratory, and urinary
systems.['3] Extreme temperatures have been shown to have a
positive association with the increasing mortality risk and loss
of health.*] Some meta-analyses have demonstrated a positive
correlation between heat exposure and an increase in disease-re-
lated morbidity and mortality.!®” The risk of disease-related
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would lead to a 1.07% increase in EDVs.["% In addition, a cor-
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Among all the EDVs, people whose chief complaint is abdom-
inal pain account for a large proportion.'*!51 Among all the
common diagnoses of highly frequent visitors to the emergency
department, abdominal pain accounts for 8.4%.1'9) Similarly,
abdominal pain is also a common complaint and the reason for
return visits to the pediatric emergency room.!'”>!$I Abdominal
pain is a nonspecific symptom, the etiology of which includes
but is not limited to acute myocardial infarction, gastrointestinal
infection, urinary calculi, and rupture bleeding of ectopic preg-
nancy, among others. Therefore, a timely diagnosis and treatment
are required. Some studies have indicated that ambient tempera-
ture affects diseases that manifest as abdominal pain, but others
have yielded conflicting results. For example, temperature has
been positively correlated with the risk of gastrointestinal infec-
tions, as seen not only in China, but also around the world.[**-2!!
However, a study has shown that lower temperatures may lead to
an increased risk of viral gastrointestinal infections.??! A positive
correlation between ambient temperature and hospitalization for
biliary tract disease and urolithiasis has also been reported.?*4l
However, studies on the potential correlations between ambient
temperature and specific symptoms such as abdominal pain in
EDVs are still lacking. Such studies will contribute to determin-
ing the characteristics of EDVs, allowing for precautions and
maintenance of order in hospitals.

Therefore, we conducted this study to investigate the correla-
tion between ambient temperature and EDVs for abdominal pain
in the Zhongnan Hospital of Wuhan University using data from
January 1, 2016, to December 31, 2018. We also studied the cor-
relations between sex, age, and CETS grades to identify at-risk
populations. Our study may be beneficial for risk assessment,
reduction of health decline, and rational allocation of medical
resources.

Methods

Wuhan lies in central China (latitude 30°35’N and longitude
114°17°E) and is the capital of Hubei Province, with a popu-
lation size of over 10 million. It comprises 7 urban and 6 rural
districts, covering 8569.15km? in total. Wuhan has a humid
monsoon, subtropical climate (https://www.wuhan.gov.cn/). The
average daily temperature during the study period was 30°C in
July and 4°C in January.

Emergency department visits data

The majority of EDVs at Zhongnan Hospital were from the
Wuchang District of Wuhan, where the hospital is located. It is
a district that contains 10.9% of the population of the whole
urban area (https:/tjj.wuhan.gov.cn/). We acquired EDVs data
between January 1, 2016, and December 31, 2018, from the
Zhongnan Hospital of Wuhan University and specifically selected
patients with abdominal pain according to their chief complaint
(N=16,318) from the medical database. All visits were diagnosed
by doctors in the emergency department, according to the Tenth
version of the International Classification of Diseases (ICD-10).
Using the ICD-10, some common diseases with abdominal pain
as the main complaint were categorized as follows: urolithiasis,
N20.9; cholecystitis, K81.0; gastroenteritis, K52.9; appendici-
tis, K35; pancreatitis, K85; and ileus, K56. The study protocol
was approved by the Medical Ethics Committee of Zhongnan
Hospital (approval number: 2021018K).

To evaluate the distribution of the data, we calculated the dis-
persion parameter @ for the EDVs, obtaining a value of 3.91.
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Subsequently, we constructed a quasi-Poisson regression model,
which yielded an estimated ¢ of 3.70. This also supported the
fact that the data adhered to a quasi-Poisson distribution.

Patient and public involvement

Patients and the general public were not involved in the study.
Anonymization procedures were applied during the data
extraction process, and further deidentification measures were
taken prior to data analysis. Data analysis was performed at the
aggregate level. Therefore, this study did not necessitate consent
for participation nor publication.

Environmental and meteorological data

The mean daily temperature better summarizes the temperature
of an entire day. We acquired the data of average daily tem-
perature (°C) and relative humidity (%) from January 1, 2016,
to December 31, 2018, from the China Meteorological Data
Sharing Service System. The relative humidity data for August
2,2018, were missing (<0.01%), and we eliminated the hospital
data for that day.

The World Health Organization’s (WHO) definition of extreme
temperatures is not yet definite, and there is no global consensus
on specific values. Because of the different climatic conditions in
different regions, extreme temperature standards vary. According
to the China Meteorological Administration (https://www.cma.
gov.cn/), the criteria for extremely low and high temperatures
should be determined based on multiple factors such as local cli-
mate conditions, agriculture, production, and life. Based on pre-
vious studies, the 1st and 99th percentiles of temperature were
defined as extremely low and extremely high, respectively.!?>2¢!

Statistical analysis

First, we conducted Shapiro-Wilk and Kolmogorov-Smirnov
tests on the variables related to research duration and total num-
ber of participants, respectively. The results showed that the vari-
ables did not follow a normal distribution (P <0.001). Therefore,
we used the median and interquartile range (IQR) to represent
the overall data profile. Considering the lag effect and nonlinear
exposure-response dependencies of environmental stressors, we
selected the semiparametric generalized additive model (GAM)
with distributed lag nonlinear model (DLNM), to perform a
time-series analysis, to explore the acute effect of ambient tem-
perature on EDVs for abdominal pain. GAM was used to adjust
for confounders, whereas DLNM estimated temperature-related
risks. The DLNM is a method that can model the effect of factors,
showing both nonlinear dependencies and delayed effects simul-
taneously.*” Thus, it has been widely used to evaluate the lag-ex-
posure response in time-series effects. Covariates were included
in the main model. The core model is described as follows:

log [E (Yt)] = cb (temperature,df = 5,lag,df = 5)
+ns ( time, df = ﬁ) +ns (humidity,df =2)

+DOW + Holiday + intercept

where E(Yt) represents the count of EDVs for abdominal pain on
day t, cb is the cross-basis for daily mean temperature, df indi-
cates the degrees of freedom, ns is the natural cubic spline for
nonlinear variables, DOW is a dummy variable for the day of
the week, and Holiday is a binary variable for public holidays.
We chose a degree of freedom df="7/year in order to control for
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Summary of Daily Weather Conditions and EDVs for
Abdominal Pain

Variables Min P25 Median P75 Max
Temperature (°C) -4 10 19 26 35
Humidity (%) 36 65 76 86 100

Number of EDVs for abdominal pain 1 9 13 20 42
Male 0 4 6 10 25
Female 0 5 7 11 25
<45 0 5 8 12 31
>45 0 3 6 8 24
L1 0 0 0 0 3
L2 0 0 1 2 8
L3 0 4 8 15 36
L4 0 1 2 4 16

All variables were tested for normality using the Shapiro-Wilk test and Kolmogorov-Smirnov test.
None of the variables followed a normal distribution (P <0.001).

CETS, Chinese Emergency Triage Scale; EDVs, emergency department visits; Max, maximum; Min,
minimal; P25, 25th percentile; P75, 75th percentile.

the effects of seasons and long-term trends, as per previous stud-
ies.?®! In order to achieve the best balance among interpretation
bias, prediction accuracy, and model complexity, we chose the
“bs” function and set 5df for the temperature space, “ns” func-
tion and 5 df for its lag space, and 2 df for relative humidity, after
adjusting the parameters of multiple models (using GAM). This
model explained a variance of 63.3%, indicating moderate pre-
dictive capability. A generalized cross-validation value of 1.58 can
mitigate the risk of overfitting. The results of the hyperparameter
debugging are shown in Supplemental Table 1 (http:/links.lww.
com/ECCM/A97). To confirm the robustness of the results, we
conducted sensitivity analyses of single-day lag effects and cumu-
lative temperature effects on lags 0 to 14, 0 to 21, and 0 to 28 to
justify the 7-day maximum period. Furthermore, we selected 2
other models with better performance to draw the exposure-re-
sponse (E-R) curve and evaluated the robustness of this model.
The Q-Q plots of deviance residuals, deviance residuals versus
linear predictor, histogram of deviance residuals, and response val-
ues versus fitted values are drawn to verify the fitting effect of the
model (Supplemental Figure 1, http:/links.lww.com/ECCM/A9S).
The effects are shown as the relative risks (RRs) and 95%
confidence intervals (Cls) of the EDVs for abdominal pain at the
1st, 25th, 75th, and 99th percentiles of temperature relative to
median temperature (19°C). The E-R relationship curves between
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the temperature and EDVs for abdominal pain with different lags
are also plotted.

We conducted three stratification analyses, according to sex,
age (<45years old and >45years old), and CETS (L1, L2, L3,
L4), to explore the differing correlations among different groups
of people. We also subdivided the patients according to their
primary diagnoses to further explore the correlations between
ambient temperature and certain diseases.

All statistical models were run in R software (version 4.4.2;
supplier, The R Foundation for Statistical Computing, in Vienna,
Austria) using the “mgcv” and “dlnm” packages. Statistical tests
were 2-sided, with correlations of P<0.05 meaning statistically
significant.

Results

Data from 212,612 EDVs at Zhongnan Hospital (from January
1, 2016, to December 31, 2018) were obtained, among which
16,318 (7.68%) visits were for complaints of abdominal pain.
Males and middle-aged and elderly people (245 years) comprised
48.5% and 41.8% of the visits, respectively. The median rela-
tive humidity was 76% (ranging from 36% to 100%), and the
median temperature was 19°C (IQR: 10-26°C). The results are
summarized in Table 1. During the study period, the minimum
and maximum temperatures in Wuhan were -4°C and 35°C,
respectively. Depending on the threshold set (1st and 99th), the
cutoff values of extremely low temperature and extremely high
temperature were —1°C and 33°C, respectively. Extreme ambient
temperatures occurred on 25 days in Wuhan.

We used GAM to control for confounders and DLNM to esti-
mate the temperature-lag associations. The DLNM results from
DLNM were presented unless otherwise noted. Table 2 shows
that the RR of EDVs for abdominal pain correlated with daily
mean temperature at the 1st, 25th, 75th, and 99th percentiles
of temperature relative to the median temperature over differ-
ent lag days (0, 0-1, 0-2, 0-3, 0-4, 0-5, 0-6, and 0-7day). At
Lag 0day, moderately high temperature (75th percentile, 26°C)
significantly increased the risk (RR: 1.15; 95% CI: 1.06-1.25;
P=0.001), whereas extremely low temperature (1st percentile,
-1°C) reduced the risk (RR: 0.83; 95% CI: 0.70-0.99; P=0.038).
At Lag 0-1day, the positive association remained significant at
moderately high temperature with RR of 1.11 (95% CI: 1.01-
1.20; P=0.017).

Fig. 1 presents the E-R curves of the daily mean temperature
and the RR of EDVs for abdominal pain on different lag days.

Relative Risks of EDVs for Abdominal Pain Correlated with Daily Temperature

Lag Effects RR (95% Cl) of 1st* RR (95% Cl) of 25th* RR (95% Cl) of 75th* RR (95% Cl) of 99th*
Lag Oday 0.83 (0.70-0.99)t 0.93(0.85-1.02) 1.15(1.06-1.25)% 1.07 (0.90-1.27)
Lag 0—1 day 0.87 (0.73-1.03) 0.97 (0.89-1.06) 111 (1.01-1.20)t 1.04 (0.87-1.22)
Lag 0-2day 0.89 (0.73-1.08) 1.00 (0.91-1.11) 1.06 (0.96-1.16) 0.95 (0.80-1.11)
Lag 0-3day 0.90 (0.80-1.13) 1.04 (0.94-1.16) 1.00 (0.90-1.10) 0.98 (0.82-1.18)
Lag 0-4day 0.92 (0.74-1.15) 1.06 (0.94-1.19) 0.98 (0.88-1.10) 0.99 (0.81-1.20)
Lag 0-5day 0.93(0.73-1.18) 1.07 (0.94-1.21) 1.00 (0.89-1.13) 0.97 (0.79-1.20)
Lag 0-6day 0.97 (0.75—1.24) 1.05 (0.95-1.26) 0.95 (0.84-1.08) 0.89 (0.71-1.11)
Lag 0-7 day 1.00 (0.76-1.30) 1.11 (0.96-1.29) 1.94 (0.82-1.08) 0.88 (0.69-1.11)
* Median temperature, 19°C.

1 P<0.05.

1 P<0.01.

Cl, confidence interval; EDVs, emergency department visits; RR, relative risk.
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Figure 1. The E-R curves of daily mean temperature and RR of EDVs for abdominal pain at different lag days. Daily mean temperatures are shown on
the abscissa, and the RRs of the EDVs for abdominal pain are shown on the ordinate. The red lines represent the RRs, and the gray areas repre-

sent the 95% Cls for the risk estimates. (A)—(H) The E-R curves of Lag 0day, Lag 0-1day, Lag 0-2day, Lag 0-3day, Lag 0-4 day, Lag 0-5day, Lag
0-6day, and Lag 0-7 day, respectively. Cl, confidence interval; EDVs, emergency department visits; E-R, exposure-response; RR, relative risk;

This association remained marginally significant at Lag 0-1day
but disappears with longer lag periods (Lag 0-2 day and beyond).
In the Lag 0day model, increasing temperature was associated
with an elevated risk of EDVs, within the temperature range of
18.8°C to 34.8°C. This risk reached a peak at 29.0°C, with an
RR of 1.18 (Supplemental Figure 2, http://links.lww.com/ECCM/
A99). The overall trend of the Lag 0-1day model was similar
to that of the Lag 0day model. These results suggested that
the influence of temperature on the risk of EDVs for abdomi-
nal pain is short-term, with opposing effects for extremely cold
and moderately high temperatures. The results of the sensitivity
analysis also revealed that the impact of temperature was not
persistent over the long term (Supplemental Figure 3, http://
links.Iww.com/ECCM/A100; Supplemental Figure 4, http://links.
Iww.com/ECCM/A101). In addition, the results calculated using
the GAM remained robust after adjusting the model parame-
ters (Supplemental Figure 5, http://links.lww.com/ECCM/A102;
Supplemental Figure 6, http:/links.lww.com/ECCM/A103).

Fig. 2 shows the E-R curves of daily mean temperature and
the RR of daily EDVs for abdominal pain at lag 0days, strati-
fied by sex, age, and CETS. The RRs of the EDVs for abdominal
pain correlated with the daily mean temperature among the sub-
groups at the selected cutoff points are detailed in Table 3. EDVs
for abdominal pain of males significantly decreased in extremely
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cold temperatures (RR: 0.78; 95% CI: 0.62-0.98; P=0.034),
whereas the risk was elevated among females at moderately
high temperatures (RR: 1.22; 95% CI: 1.10-1.36; P<0.001). An
increased risk of EDVs for abdominal pain was found at mod-
erately high temperatures in both younger and middle-aged and
elderly people (245 years old). The risk of the former (RR: 1.16;
P=0.006) was higher than that of the latter (RR: 1.13; P=0.044).
The interaction test implemented within the DLNM-GAM
framework showed statistically significant differences only in the
age subgroups (P=0.004). However, in the age subgroup, the RR
differences approached 0 throughout the temperature spectrum
(Supplemental Figure 7, http:/links.lww.com/ECCM/A104).
Extremely (RR: 0.49; 95% CI: 0.30-0.79; P=0.004) and moder-
ately (RR:0.72;95% CI: 0.56-0.92; P=0.010) cold weather may
help reduce the EDVs for abdominal pain with L2 of CETS, but
no significant effects on visits with other grades were observed. In
addition, there existed a significant positive relationship between
moderately high temperature and EDVs for abdominal pain with
L3 (RR: 1.23; 95% CI: 1.11-1.38; P<0.001).

To further explore the possible mechanisms, we subdivided
patients according to their preliminary diagnoses. Fig. 3 and Table
3 illustrate the E-R curves of daily mean temperature and the RR
of daily EDVs for some diseases that may manifest as abdominal
pain. The results demonstrated that moderately low temperatures
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Figure 2. E-R curves of daily mean temperature and RR of daily EDVs for abdominal pain at Lag Oday, stratified by sex, age, and CETS. Daily mean
temperatures are shown on the abscissa, and the RRs of the EDVs for abdominal pain are shown on the ordinate. The red lines represent the RRs,
and the gray areas represent the 95% Cls for the risk estimates. (A) and (B) The E-R curves of the sex subgroup at Lag Oday. (C) and (D) The E-R
curves of the age subgroup at Lag Oday. (E)—(H) The E-R curves of the CETS subgroup at Lag Oday. CETS, Chinese Emergency Triage Scale; Cl,
confidence interval; EDVs, emergency department visits; E-R, exposure-response; RR, relative risk.

were associated with a reduced incidence of urolithiasis and cho-
lecystitis (both P=0.047). Extremely low temperatures were sig-
nificantly correlated with an increased risk of appendicitis (RR:
1.78; P=0.015), whereas extremely high temperatures were sig-
nificantly associated with a decreased risk of pancreatitis (RR:
0.29; P=0.003). No significant correlations were observed among
ambient temperature, gastroenteritis, and ileus.

Discussion

The median temperature of Wuhan during our study period was
19°C, with a lowest temperature of -4°C and a highest of 35°C.
The increase in temperature due to climate change warns us that

it is necessary to determine the mechanisms by which hot tem-
peratures affect human health. Hitherto, there have been few
studies investigating the correlation between ambient tempera-
ture and daily visits for abdominal pain, let alone complaints
resulting from emergency department visits.

Our study concluded that hypothermia is associated with a
decrease in EDVs for abdominal pain, and hyperthermia is posi-
tively associated with the risk of EDVs for abdominal pain. This
conclusion is similar to our previous study.?’! Previous studies
have shown that a cold environment can reduce the body’s reac-
tion to pain stimulation.®” In addition, the abdomen has great
heat loss in high air temperatures but little heat loss in low air
temperatures.!! If there is a greater loss of core temperature,

Relative Risk of EDVs for Abdominal Pain Correlated with Daily Temperature Among Different Groups

1st Percentile Relative
to Median Temperature RR

25th Percentile Relative
to Median Temperature RR

75th Percentile Relative
to Median Temperature

99th Percentile Relative
to Median Temperature

Groups (95% CI)* (95% Cl)* RR (95% Cl)* RR (95% Cl)*
Sex
Male 0.78 (0.62-0.98)t 0.96 (0.84-1.08) 1.07 (0.95-1.21) 0.98 (0.78-1.24)
Female 0.89 (0.72-1.11) 0.91 (0.81-1.01) 1.22 (1.10-1.36)§ 1.16 (0.93-1.43)
Age
<45years old 0.85 (0.68-1.06) 0.93(0.83-1.05) 6 (1.04-1.30)t 1.14 (0.92-1.40)
>45years old 0.81 (0.64-1.03) 0.92 (0.81-1.04) 3 (1.00-1.28)t 0.99 (0.77-1.26)
CETS
L1 0.33(0.07-1.53) 0.94 (0.45-1.94) 0.95 (0.45-2.04) 0.67 (0.16-2.80)
L2 0.49 (0.30-0.79)% 0.72 (0.56-0.92)t 1.07 (0.84-1.37) 0.92 (0.57-1.47)
L3 0.92 (0.74-1.14) 0.97 (0.86-1.09) 1.23 (1.11-1.38)§ 1.10 (0.89-1.37)
L4 1.05 (0.66-1.67) 0.89 (0.71-1.11) 0.98 (0.79-1.21) 1.18(0.78-1.79)
Primary diagnosis
Urolithiasis 0.98 (0.65-1.48) 0.79 (0.63-1.00)t 1.15 —1.4 1.15(0.78-1.71)
Cholecystitis 0.76 (0.50-1.15) 0.79 (0.63-1.00) 1.19 14 1.03 (0.67-1.60)
Gastroenteritis 0.99 (0.68-1.46) 0.93(0.76-1.14) 1.05 1.2 0.83 (0.59-1.17)
Appendicitis 1.78 (1.12-2.84)F 0.97 (0.75-1.26) 1.01 1.2 0.66 (0.40-1.08)
Pancreatitis 1.60 (0.81-3.16) 0.98 (0.65-1.47) 0.99 14 0.29 (0.13-0.65)
lleus 1.09 (0.58-2.02) 0.79 (0.55-1.12) 0.91 1.2 0.94 (0.46-1.90)
* Median temperature, 19°C.
t P<0.05.
+P<0.01.
§ P<0.001.

CETS, Chinese Emergency Triage Scale; Cl, confidence interval; EDVs, emergency department visits; RR, relative risk.
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Figure 3. The E-R curves of daily mean temperature and RR of daily EDVs for abdominal pain at Lag Oday, stratified by preliminary diagnoses. Daily
mean temperatures are shown on the abscissa, and the RRs of the EDVs for abdominal pain are shown on the ordinate. The red lines represent the
RRs, and the gray areas represent the 95% Cls for the risk estimates. (A)—(F) The E-R curves of the six diseases at Lag Oday. The 6 diseases above
are urolithiasis, cholecystitis, gastroenteritis, appendicitis, pancreatitis, and ileus, respectively. Cl, confidence interval; EDVs, emergency department

visits; E-R, exposure-response; RR, relative risk.

it may lead to redistribution of blood flow, which in turn leads
to reduced blood supply to the gastrointestinal tract, triggering
abdominal pain.’?l We suppose that the body’s core temperature
will not easily change at a low ambient temperature, because
people always wear more clothes to keep warm on cold days.
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However, a study in Finland showed no significant correlation
between air temperature and the incidence of nonspecific abdom-
inal pain.®¥ This may be because the temperatures in Finland
are low (mean annual temperature, 3.9°C) compared to Wuhan,
China (median annual temperature, 19°C); therefore, people
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there are accustomed to cold weather. In hot weather, the redis-
tribution of blood toward the core triggers ischemia, reperfusion
injury, and oxidative stress in multiple organs and systems and
thus may result in more EDVs.34%

Urolithiasis (ICD-10, N20.9), cholecystitis (ICD-10, K81.0),
and appendicitis (ICD-10, K35), which usually manifest as acute
or severe abdominal pain, are the main causes of abdominal pain
in EDVs. Several studies have investigated the effect of tempera-
ture on the incidence of these diseases. First, our analysis revealed
that mildly cold temperatures decrease the risk of EDVs for uro-
lithiasis. Heat stress and dehydration are considered to be signif-
icant in terms of urinary concentration, low urine volume, and
concentration of relatively insoluble salts such as calcium oxalate,
which may lead to stones.¢3” When the temperature is relatively
low, the heat stress and dehydration effects are weakened. Second,
a higher incidence of cholecystitis in summer has been observed
in many studies, and stones underlie the majority of cases.’* In
summer, the loss of fluid promotes the formation of stones, and the
higher possibility of gram-negative bacterial bloodstream infec-
tions facilitates inflammation.l*%3%4! The decrease in the levels of
high-density lipoprotein and increase in the levels of low-density
lipoprotein related to ambient temperature may also explain the
higher incidence of gallstones, because the presence of gallstones
is a sign of alterations in cholesterol synthesis.>>*?! At moderately
low temperatures, the probability of fluid loss and bacterial infec-
tion is relatively low, which may partly explain the lower risk of
EDVs for cholecystitis. Third, we found that the risk of EDVs for
appendicitis increased in extremely cold weather, which was sim-
ilar to former research.¥! Low temperature may induce vasocon-
striction, lead to local ischemia of the appendix, and subsequently
participate in the occurrence and development of appendicitis.

Previous research has suggested that sex hormones and a more
pronounced response of sympathetic activity may account for dif-
ferences in temperature sensitivity between women and men.#+-4¢l
However, in sex stratification, we did not find any differences in
temperature reactivity. This may be due to the fact that different
menstrual cycles may obscure the group differences, and con-
founding factors at the individual level are not controlled. Future
studies should explore these potential mechanisms in detail. In
age stratification, we observed minor risk differences between the
younger, middle-aged, and elderly groups during moderately hot
weather. The risk in the former group was slightly higher than that
in the latter group. Many studies have come to a contrary con-
clusion, showing that temperature variation impairs elders more,
with the explanation that aging results in physiological changes
in thermoregulation and homeostasis, in more comorbidities and
prevalence of chronic diseases.*”l We ascribe this controversy
to the different outcomes we chose. Temperature variations in
elderly centers, mainly in the cardiovascular system, are a source
of higher mortality. The EDVs for abdominal pain are mainly
digestive system diseases and sometimes urinary system diseases,
which are acute but mostly nonfatal, and the smaller proportion
of older adults visiting for abdominal pain in our study (41.8% vs
58.2%) can also serve as evidence. Younger people tend to have
more outdoor activities, more exposure to ambient temperature
changes, and more susceptibility to temperature variations, even
though they generally have better thermoregulation ability and
heat tolerance than older people.?*4]

The most significant innovation of our study is that we con-
ducted a stratification study according to the CETS.®¥ Our study
shows that relatively cold air temperatures will significantly dimin-
ish the relative risk of abdominal pain for those with L2 grade,
whereas moderately high temperatures will increase the risk of
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abdominal pain for those with L3 grade. Severe abdominal pain
caused by serious diseases, like strangulating obstruction, gastroin-
testinal perforation, and acute obstructive suppurative cholangitis,
will be tagged with L2.*I There are some studies that support our
discovery. First, low temperatures may slow down gram-negative
bacterial bloodstream infections, which can cause septic shock.*!-°-
321 Second, exposure of the entire body to cold temperatures can
activate tension of the sympathetic nerve, which will, in turn,
inhibit gastrointestinal activities, thus alleviating abdominal pain.’*!
Third, more fluid loss at higher temperatures may aggravate shock
and hypotension.’>*¥ However, we were not provided with the
patients’ accurate final diagnoses. It is difficult to reach a definite
conclusion as to whether ambient temperature is correlated with
visits for these diseases; therefore, further research on the correla-
tion between ambient temperature and specific diseases is required.
Triage is required by nurses before doctors’ diagnoses in emergency
departments, and nurses have few objective indicators for refer-
ence unless diseases have already affected patients’ basic vital signs.
Thus, when facing patients with abdominal pain, extreme and
unbearable pain complained of by patients subjectively is the main
reason for nurses to triage patients to a higher grade, causing erro-
neous triages in which there is more overtriage than undertriage.”’!
In our study, we found that the EDVs for abdominal pain of L2
grade will significantly lessen on cold days. Thus, we propose that
more attention and medical resources can be directed toward other
emergency symptoms such as chest pain, headache, and trauma
on cold days. However, in relatively hot seasons, abdominal pain
symptoms should not be neglected, as the risk of abdominal pain at
the L3 level increases during mildly hot weather.

Limitations

Our study has some limitations. First, we were unable to measure
personal exposure, which may have resulted in exposure misclassi-
fication. Second, because the emergency department is usually busy
and overcrowded, some people with mild abdominal pain may
choose to leave before being diagnosed by doctors, which results
in an unavoidable loss of sample size. Third, we did not record pre-
existing diseases or other health factors that may impair tolerance
to temperature variation. However, the design of our time series
might ease this problem because these factors can be considered
constant at the city level.l’®57 Fourth, the data of our study were
from 1 city and 1 hospital and had a relatively short time span as
well as a relatively early collection time; thus, its general applica-
tion might be limited. Our study is the first step in investigating the
correlation between ambient temperature and EDVs for abdominal
pain. Studies with larger and more updated samples are required.

Conclusion

Our study revealed that low temperatures decreased the inci-
dence of EDVs for abdominal pain, whereas high temperatures
increased the risk, especially on Lag 0day. Male, middle-aged,
and elderly (>45years old) patient visits will be significantly
fewer in lower ambient temperatures. Younger people (<45 years
old) were more likely to be affected by temperature variations.
We also found that extremely and moderately cold weather
seemed to diminish the EDVs for abdominal pain with L2 on
CETS. However, mildly hot weather had the opposite effect on L3
patients. For conditions that may present with abdominal pain,
such as urolithiasis and cholecystitis, the risk of developing the
disease decreases with decreasing temperatures. We believe that
our findings add epidemiological evidence on how temperature
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affects human health and help guide hospitals to take precau-
tions on days with extreme temperatures, helping them maintain
order in emergency departments.
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