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Effect of Ambient Temperature on the Occurrence of Acute
Appendicitis in Children Under 5 Years of Age

Y LOU, SJ HUANG, JF TOU, ZG GAO, JF LIANG

Abstract Purpose: This study aimed to reveal the effect of ambient temperature on the occurrence of acute
appendicitis (AA) in children under 5 years of age. Methods: We identified 4159 patients with AA from
January 2003 to November 2012. Totally 1071 patients were under 5 years (younger patients), and 3088
aged 6-14 years (older patients). Pearson's correlation analysis was used to examine the correlation between
ambient temperature and the occurrence of AA. We used Auto-Regressive Integrated Moving Average
(ARIMA) models to examine the effects of climatic factors on incidence rates. Results: Pearson's correlation
analysis showed a correlation between monthly incidence and monthly average temperature for entire
sample (r=0.404, p<0.001), for younger patients (r=0.209, p=0.023), and for older patients (r=0.421,
p<0.001). The correlation was lower than that between daily average cases of each temperature (DACET)
and 1- to 12-day average temperature for entire sample (0.80±0.04, all p<0.01), for younger patients
(r=0.52±0.09, all p<0.05), and for older patients (r=0.79±0.04, all p<0.01). According to age, younger
patients had a much lower r value than older patients (p<0.001). The peak r value of the correlation
between DACET and n-day average temperature indicated that n was 6 for entire sample, 3 for younger
patients and 7 for older patients. A 1°C increase in 6-day average temperature was associated with an
increase of 0.0202, 0.0044 and 0.0157 in daily average cases for entire sample (r2=0.78, p<0.001), younger
patients (r2=0.29, p=0.004), and older patients (r2=0.68, p<0.001), respectively. ARIMA models revealed
that monthly incidence rate was associated with ambient temperature for both younger patients and older
patients (both p<0.01). Conclusion: More AA occurred under higher ambient temperature. As compared
with the older patients, ambient temperature had a weaker but quicker effect on the occurrence of AA in
children under 5 years of age.
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Introduction

Acute appendicitis (AA) is the most common
inflammatory disease of the abdominal cavity and the most
common cause of surgical emergency in children.1-4 Many
studies reported a world-wide trend that the incidence rate
of AA was higher in summer than in winter.4-8 However,
no study concerned the effect of climatic factors on AA in
children under 5 years of age. Climatic factors can affect
the incidence and prevalence of infections, and short-term
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air temperature affect the markers of inflammation in
potentially susceptible individuals.9,10 We proposed that the
most significantly different climatic factors between
summer months and winter months in the northern
hemisphere were ambient temperature, hours of sunshine
and relative humidity. According to Wei et al,4 the incidence
of AA correlated to monthly average temperature, but not
to other climatic factors. But AA is one of surgical
emergencies with short latency period. The association
between monthly incidence and monthly average
temperature might conceal the truth. In this study, we tested
the relationship between 1- to 28-day average temperature
and daily average cases of each temperature (DACET; for
example, if there were a total of 100 days, on which the
6-day average temperature were 20oC, and on these days
200 cases occurred, the daily average cases of 20oC of
6-day average temperature = 200 cases / 100 days = 2.0
cases/day of 20oC of 6-day average temperature). We aimed
to expose the exact effect of ambient temperature on
paediatric acute appendicitis especially in children under
5 years of age.

Materials and Methods

The Institutional Review Board of Children's Hospital
Zhejiang University School of Medicine approved the
retrospective research of the relationship between ambient
temperature and the incidence rate of paediatric acute
appendicitis in Hangzhou.

Our department (Department of General Surgery,
Children's Hospital Zhejiang University, School of
Medicine) is the only paediatric general surgery centre in
Hangzhou, Zhejiang Province. Nearly all children under
15 years old in the city with AA were treated in our
department. From 1 January 2003 to 30 November 2012,
4159 cases were enrolled in this study according to the
"International Classification of Diseases, 9th Revision,
Clinical Modification" codes 540, 540.0, 540.1, and
540.9. The ambient temperature data including the
1- to 28-day average temperature, relative humidity, rainfall,
atmospheric pressure, and hours of sun shine was provided
by Hangzhou Meteorological Bureau. Population of
children aged 0-14 years was 991,100 at 0:00 am on
1 November 2010, and data were obtained from Zhejiang
Province Family Planning Commission. Statistical Package
for the Social Sciences (SPSS 16.0 for Windows, Chicago,
Illinois, USA) was used. Pearson's correlation analysis was
performed to examine the correlation between the climatic

factors and incidence rate of AA and the association
between 1- to 28-day average temperature and DACET.
Auto-Regressive Integrated Moving Average (ARIMA) test
was widely used to explore the monthly variation of AA
and other seasonal diseases.4,7,11,12 ARIMA was also
performed to test the effects of climatic and monthly factors
on AA incidence rates.

Results

Among the 4159 patients with AA, 1071 patients were
under 5 years old (younger patients), and 3088 aged 6-14
years (older patients). The number of AA patients in
different age groups are presented in Table 1. The incidence
of AA was the highest in the summer months and lowest in
the winter months, and monthly average temperature had a
similar monthly pattern (Figure 1). The ARIMA regression
models revealed monthly incidence of AA was significantly
associated with ambient temperature for younger patients
and older patients (both p<0.01) (Table 2). The results of
correlation between DACET and 1-day to 12-day average
temperature are shown in Figure 2 and Table 3. Pearson's
correlation analysis was used. For entire sample, a peak
r value was seen in the correlation between 6-day average
temperature and DACET. According to age, younger
patients had a much lower r value (r=0.52±0.09, with a
peak seen in that between 3-day average temperature and

Table 1 Cases of acute appendicitis according to age in

Hangzhou 2003.01.01-2012.11.30

Age (year) Cases Gender ratio

Entire sample Male Female

1 30 21 9 2.3
2 59 40 19 2.1
3 228 165 63 2.6
4 372 219 153 1.4
5 382 213 169 1.3
6 430 251 179 1.4
7 400 231 169 1.4
8 462 273 189 1.4
9 377 234 143 1.6
10 366 235 131 1.8
11 337 225 112 2.0
12 289 195 94 2.1
13 234 167 67 2.5
14 193 128 65 2.0
Total 4159 2597 1562 1.7



Ambient Temperature and Acute Appendicitis12

Figure 1 Mean and 95% confidence of (a) monthly average

temperature and (b) monthly incidence of acute appendicitis for

older patients and (c) for younger patients in Hangzhou, 2003-

2012.

(c)

(b)

(a) DACET, all p<0.05) than older patients (r=0.79±0.04, with
a peak seen in that between 7-day average temperature and
DACET, all p<0.01). The correlation between monthly
incidence of AA and monthly average temperature for entire
sample (r=0.404, p<0.001), for younger patients (r=0.209,
p=0.023), and for older patients (r=0.421, p<0.001) was
much lower than that between 1- to 12-day average
temperature and DACET. A 1°C increase in 6-day average
temperature was associated with a 0.0202, 0.0044 and
0.0157 increase in daily average cases for entire sample
(r2=0.78, p<0.001), younger patients (r2=0.29, p=0.004),
and older patients (r2=0.68, p<0.001), respectively. No
correlation was found between the incidence of AA and
other climatic factors including hours of sunshine, relative
humidity, rainfall, and atmospheric pressure (all p>0.05)
(data not shown).

Discussion

This study used a 10-year population-based dataset to
examine the exact effect of ambient temperature on
paediatric acute appendicitis especially in children under 5
years of age. Addis et al reported that the highest incidence
of AA was found in patients aged 10-19 years;5,13 while we
found that children aged 6-8 years had the highest incidence.
Boys had a higher incidence than girls with a gender ratio
1.7:1. These were consistent with previous reports.4-6

To date, many studies had revealed the monthly or
seasonal variation in the incidence of AA,4,7,13 duodenal
ulcer,14 pneumonia admission and mortality,11,12 as well as
gastroesophageal reflux disease,15 but the exact role of
ambient temperature hadn't been mentioned. Our study
revealed that incidence of AA was the highest in July for
younger patients, but in August for entire sample and for
older patients. Meteorological data in Hangzhou city show
that July and August are the hottest months of the year with
high monthly average temperature. This suggested that
ambient temperature might have an accumulative effect on
the occurrence of paediatric acute appendicitis. If it was
true, why does the highest incidence of AA in younger
patients occur one month earlier than that in older patients?
The peak r value of the correlation between DACET and
n-day average temperature indicated that n was 6 for entire
sample, 3 for younger patients and 7 for older patients.
Thus, ambient temperature may have a quicker effect on
the occurrence of AA in children under 5 years old. This
may also explain that r value of the correlation between
DACET and 1- to 12-day average temperature for younger
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Table 2 The results of ARIMA analysis

Category Variable Estimate SE t value p value
Younger patients Constant -5.295 1.336 -3.962 0.000 <0.01

MA lag1 0.742 0.077 9.613 0.000 <0.01
Temperature 0.447 0.176 2.542 0.013 <0.05

Trend 0.003 0.002 1.527 0.130
January 4.169 0.882 4.728 0.000 <0.01

February Reference group
March 1.458 1.076 1.355 0.179
April .921 1.923 0.479 0.633
May -7.945 2.825 -2.812 0.006 <0.01
June -5.479 3.304 -1.659 0.100
July -5.697 4.158 -1.370 0.174

August -9.022 4.005 -2.253 0.026 <0.05
September -7.202 3.253 -2.214 0.029 <0.05

October -2.333 2.314 -1.008 0.316
November -2.632 1.365 -1.928 0.057
December 1.188 0.620 1.916 0.058

Older patients Constant -9.240 3.258 -2.836 0.006 <0.01
MA lag1 0.716 0.077 9.252 0.000 <0.01

Temperature 1.105 0.396 2.791 0.006 <0.01
Trend 0.011 0.005 2.158 0.033 <0.05

January 3.067 2.518 1.218 0.226
February Reference group

March 1.310 2.775 0.472 0.638
April -13.506 4.392 -3.075 0.003 <0.01
May -9.296 6.222 -1.494 0.138
June -20.702 7.546 -2.743 0.007 <0.01
July -22.906 9.313 -2.460 0.016 <0.05

August -18.430 8.930 -2.064 0.042
September -22.193 7.258 -3.058 0.003 <0.01

October -17.151 5.295 -3.239 0.002 <0.01
November -9.772 3.176 -3.077 0.003 <0.01
December -0.067 2.063 -0.033 0.974

ARIMA: Auto-Regressive Integrated Moving Average; SE: standard error; MA: moving average

Figure 2 The results of the correlation between daily average cases of each temperature and 1- to 12-day

average temperature.

ES: entire sample, OP: older patients, YP: younger patients
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Figure 3 Temperature variation of acute appendicitis.

ES: entire sample, OP: older patients, YP: younger patients

Table 3 The results of the correlation between daily average
cases of each temperature and 1- to 12-day average temperature
in Hangzhou, 2003-2012

n-day average                               r value
temperature

n Entire sample Younger Older
patients*  patients*

1 0.78‡ 0.44† 0.73‡

2 0.82‡ 0.53‡ 0.82‡

3 0.79‡ 0.70‡ 0.74‡

4 0.81‡ 0.61‡ 0.73‡

5 0.86‡ 0.59‡ 0.82‡

6 0.88‡ 0.51‡ 0.82‡

7 0.83‡ 0.49‡ 0.85‡

8 0.77‡ 0.52‡ 0.79‡

9 0.73‡ 0.49‡ 0.76‡

10 0.79‡ 0.54† 0.76‡

11 0.78‡ 0.42† 0.81‡

12 0.77‡ 0.35† 0.81‡

The results of the correlation between daily average cases of each
temperature and 13- to 28-day average temperature were not shown
because of all p>0.05 for younger patients.
†: p<0.05; ‡: p<0.01; *: using t test, as compared with older patients
(0.79±0.04), the r value to younger patients (0.52±0.09) was much lower,
p<0.001.

patients was much lower than that for older patients.
Meanwhile, we found that ambient temperature had a
weaker effect on the occurrence of AA in children under 5
years old. The r value of correlation between monthly
incidence of AA and monthly average temperature was
much lower than that between DACET and 1- to 12-day
average temperature. So we concluded that the relationship
between DACET and n-day average temperature may better
reveal the real relationship between ambient temperature
and acute appendicitis.

More AA occurred under higher ambient temperature
(Figure 3). To confirm the effect of ambient temperature
on the occurrence of AA, we underwent a further test.
Twenty-two to 28oC was common temperature in summer
months and non-summer months in Hangzhou in the past
decade. No matter according to the 3- or 7-day average
temperature, daily average cases under temperature of
22 to 28oC during non-summer months was very close
to that in summer months for younger patients and for
older patients (Table 4). This suggested that it was not
the alteration of seasons but the increase of ambient
temperature that affect the incidence rate of AA.
The proposed mechanisms for this phenomenon were:
firstly, high ambient temperature would increase
bacterial  infections;16,17 secondly,  high ambient
temperature would aggravate air pollution, and air
pollution might be a contributing factor to the
pathogenesis of appendicitis.18,19
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Conclusions

More AA occurred with higher ambient temperature. As
compared with the older children, ambient temperature had
a weaker but quicker effect on the occurrence of AA in
children under 5 years of age.
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