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BACKGROUND: Exposure to heat may increase the risk of intussusception through various mechanisms, including alterations in
dietary intake. However, no nationwide studies have examined the association between daily heat exposure and intussusception in
children. This study aims to examine the association between higher daily ambient temperatures and intussusception in children.
METHODS: The daily number of intussusception hospitalizations among children up to 5 years old from 2011 to 2022 was
extracted from Japan's nationwide administrative claims database. Daily mean temperature data were obtained from the Japan
Meteorological Agency. Since the focus is on heat exposure, the analysis examines hospitalizations that occurred during the five
warmest months (May to September). A time-stratified case-crossover design with conditional quasi-Poisson regression analysis
was applied to estimate the relative risk of heat exposure on intussusception with a lag of 0-4 days.

RESULTS: There were 13,083 cases of intussusception hospitalizations. Higher daily mean temperatures were associated with an
elevated risk of intussusception hospitalizations. Specifically, exposure to extremely high daily mean temperatures at the 99th
percentile was associated with a 39% increase in hospitalization risk (95% Cl: 1.05, 1.83).

CONCLUSION: The study found the association between higher daily mean temperatures and an increased risk of hospitalization
for intussusception. Future research should clarify the mechanisms of the association between higher daily mean temperatures and

the increased risk of intussusception hospitalizations.

Pediatric Research (2025) 98:871-875; https://doi.org/10.1038/s41390-025-03930-4

IMPACT:

® While exposure to heat may increase the risk of intussusception through mechanisms such as alterations in dietary intake and
intestinal motility, no nationwide studies have investigated the association between daily heat exposure and intussusception in

children.

® The study found the association between higher daily mean temperatures and an increased risk of hospitalization for

intussusception.

® Both caregivers and healthcare providers should be aware of a potential increase in pediatric intussusception cases during
warmer days, which may become even more critical as climate change results in more frequent and severe heat events.

INTRODUCTION

Intussusception is one of the most common causes of pediatric
abdominal emergencies, affecting both infants and children.'?
This condition occurs when part of the intestinal tract is pulled
into the adjacent segment towards the anal side, leading to
obstruction, bowel necrosis, or, in severe cases, death if not
treated promptly.> Most cases of intussusception are primary (i.e.,
idiopathic), with secondary cases, caused by pathological lead
points such as Meckel's diverticulum and duplication cysts,
account for only 1-4% of all cases in children under 5 years of
age.>® A delay in the diagnosis and treatment of intussusception
can have serious consequences,” emphasizing the importance of
understanding the risk factors involved in this condition.

Previous studies have explored various risk factors for
intussusception, with several focusing on seasonal patterns. For
example, research conducted in northeastern China, Taiwan,
Korea, and India has shown a higher incidence during the warmer
months.*”” However, these findings remain inconclusive, as other
studies from Switzerland,® multiple Latin American countries,” and
Japan'® finding no clear seasonal trend.

Interestingly, some studies from China and India have further
investigated the association between ambient temperature and
intussusception, reporting associations between higher tempera-
tures and an increased risk of intussusception in children.*>
Possible mechanisms underlying this association include altera-
tions in dietary intake and intestinal motility during warmer
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All hospitalized cases of intussusception
among children aged 5 years or younger
between 2011 and 2022
(n=26,445)
Cases hospitalized
" from January to April
7”1 and from October to December
(n=13,362)
Y
Final study population
(n=13,083)
Fig. 1 Flowchart of the Study Sample Selection.

temperatures.'>”'® Given that climate change is expected to
further increase the frequency and severity of extreme weather
events,'® research into the effects of heat on health outcomes,
particularly for vulnerable populations such as children, is crucial
for understanding the potential impacts of a warmer future.
However, existing studies on the association between ambient
temperature and intussusception have primarily relied on the
analysis of monthly or weekly incidence in relation to average
temperatures, often without accounting for potential confounders
such as long-term trends and seasonality. Furthermore, no large
nationwide studies have examined the association between
higher daily ambient temperatures and intussusception in
children to date.

Building on the methodology from our previous studies,
this research employs a time-stratified case-crossover design to
investigate the association between higher daily ambient
temperatures and intussusception in children in Japan. The use
of the time-stratified case-crossover with daily ambient tempera-
ture and hospitalization data allows for the control of potential
confounders by stratifying time by month and day of the
week.2'?? Utilizing a comprehensive dataset from Japan’s admin-
istrative claims database, which includes 13,083 pediatric intus-
susception patients, this study seeks to provide new insights into
the role of temperature, particularly extreme heat exposure, as a
risk factor for pediatric intussusception.

17-20

METHOD

Hospital admission data

Data on hospital admissions was obtained from the Diagnosis Procedure
Combination (DPC).23 The DPC had been adopted by 1764 facilities by 2022,
covering 483,425 beds, which accounts for over half of all acute-care hospital
beds in Japan.24 The International Classification of Diseases, Tenth Revision
(ICD-10) codes are used to classify disease diagnoses. Children aged 5 years
and under who were hospitalized for intussusception between 2011 and
2022 were identified using the corresponding ICD-10 code (K561). Since the
exposure of interest was heat, we focused on hospitalizations occurring
during the five warmest months (May to September).25 In the DPC database,
26,445 cases of hospitalization due to intussusception were recorded among
children aged 5 years or younger between 2011 and 2022. After excluding
13,362 cases hospitalized from January to April and October to December,
the remaining 13,083 cases were included in the analysis for this study. There
were no missing values for age, gender, or prefectural information in the DPC
data provided for analysis (Fig. 1). This study was approved by the Medical
Research Ethics Committee at Tokyo Medical and Dental University (Institute
of Science Tokyo).

Meteorological data

Temperature data from May to September for the years 2011-2022 were
collected from the Japan Meteorological Agency (JMA) website, using
measurements from observatories closest to the capitals of each pre-
fecture.?® The daily mean temperature was calculated by taking the average
of the hourly measurements from 1:00 a.m. to midnight.>” There were no
missing values for the mean temperature. These daily weather data were
subsequently linked to daily hospitalization records for each prefecture.
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Study design

A time-stratified case-crossover design was used to investigate the
association between daily mean temperature and pediatric intussuscep-
tion hospitalizations in each prefecture. Case days were matched to control
days that occurred on the same day of the week, within the same month,
year, and prefecture.?! For each case day, 3 to 4 control days (occurring
either before or after the case day within the same month) were selected.
The relative risk was estimated by comparing the temperature on the case
day (day X) to the temperatures from other days within the same stratum
(e.g, X-14 days, X-7 days, X+ 7 days, and X+ 14 days). This design
adjusted for the effects of the day of the week, seasonality, and long-term
trends by stratifying time by month and day of the week.?? Additionally,
this method inherently adjusts for individual characteristics within each
prefecture’s population, such as genetic factors, which are unlikely to vary
within short periods and could otherwise confound the association
between temperature and pediatric intussusception hospitalizations.?®

Statistical analysis

A conditional quasi-Poisson regression model was employed to estimate
the relative risk of pediatric intussusception hospitalizations associated
with daily mean temperature, allowing for flexible parameter estimation
and adjusting for overdispersion. In addition, a distributed lag nonlinear
model (DLNM) was used to assess the association between daily mean
temperature and pediatric intussusception hospitalizations, while account-
ing for lagged effects. A natural cubic spline was applied to model the
association between exposure and the response, with a single knot placed
at the 50th percentile of the temperature distribution across the 47
prefectures. Similarly, a natural cubic spline with one knot, equally spaced
on a logarithmic scale of lag days, was used to model the association
between lag and response. The number of knots tested ranged from 1 to 2
for both temperature and lag, and the optimal number was determined by
the lowest quasi-Akaike’s Information Criterion (QAIC) value, summed
across all prefectures.?® In this study, one knot for temperature and one
knot for lag provided the best model fit. A lag period of 0-4 days was used
to capture the lagged effects of exposure. For the meta-analysis,
prefecture-specific exposure-outcome associations cumulated over this
lag period were first derived. Subsequently, a multivariate random-effects
meta-analysis was performed to pool the cumulative exposure-outcome
associations across all 47 prefectures° The temperature associated with
the lowest risk was used as the reference point' Residual heterogeneity
was evaluated using Cochran’s Q test and the I? statistic.

Sensitivity analyses were performed by adjusting the number of knots
for temperature from one at the 50th percentile to two at the 33rd and
67th percentiles, with lag periods of 0-3 days and 0-5 days. An additional
sensitivity analysis was conducted, focusing on data from 2013 onwards.
The reason for conducting a sensitivity analysis using data from 2013
onwards was that intussusception is well known to be associated with the
rotavirus vaccine.3? Since Rotarix® (RV1) became available for voluntary
vaccination in November 2011 and RotaTeq® (RV5) in July 2012, we also
wanted to evaluate the robustness of the results by focusing on data from
2013 onwards,>? when the transition phase for the introduction of these
vaccines was completed.

All analyses were conducted using R version 4.4.1 (R Development Core
Team, Vienna, Austria, 2014). The ‘diInm’ package was used for DLNM,
‘gnm’ for conditional quasi-Poisson regression, and ‘mixmeta’ for multi-
variate meta-analysis.

RESULTS

Table 1 presents the descriptive statistics of intussusception
hospitalizations across the prefectures. During the study period, a
total of 13,083 hospitalizations were recorded, with male patients
accounting for 65.1% of the cases. Overall, 64.4% of the patients
were aged <1 year, and the average age was 1.3 years (SD = 1.3).
Supplementary Table 1 shows descriptive statistics of the daily
mean temperature for each prefecture. The median temperature
across all prefectures during the study period was 24.0 °C.

Figure 2a shows the association between daily mean tempera-
ture and intussusception hospitalizations, based on the cumula-
tive relative risk over a lag period of 0-4 days, as derived from the
meta-analysis. There was no significant heterogeneity detected
among the prefectures (Q =101.1, p =0.241; 1 =9.0%). Higher
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Table 1. Descriptive statistics on hospitalizations for intussusception
in children by prefecture from May through september, 2011-2022.

Prefecture

Hokkaido
Aomori
Iwate
Miyagi
Akita
Yamagata
Fukushima
Ibaraki
Tochigi
Gunma
Saitama
Chiba
Tokyo
Kanagawa
Niigata
Toyama
Ishikawa
Fukui
Yamanashi
Nagano
Gifu
Shizuoka
Aichi

Mie

Shiga
Kyoto
Osaka
Hyogo
Nara
Wakayama
Tottori
Shimane
Okayama
Hiroshima
Yamaguchi
Tokushima
Kagawa
Ehime
Kochi
Fukuoka
Saga
Nagasaki
Kumamoto
Oita
Miyazaki
Kagoshima
Okinawa
Total

Hospitalizations

Cases (n)

462
101
114
238
50
153
183
237
181
109
485
666
1163
745
143
104
188
116
42
250
140
393
711
119
136
294
959
506
122
75
92
71
321
278
149
95
150
119
60
965
140
232
341
221
115
226
323
13,083

Male (%)

62.6
60.4
69.3
60.9
62.0
66.7
65.0
64.6
63.0
63.3
68.5
62.6
65.1
62.8
67.1
72.1
69.1
62.9
66.7
63.6
63.6
66.4
66.4
68.1
69.1
65.6
64.2
65.0
72.1
69.3
55.4
66.2
66.4
63.3
66.4
75.8
66.7
61.3
70.0
66.9
61.4
62.5
65.7
61.5
67.0
67.3
63.2
65.1
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Aged <1
year (%)

62.3
65.3
80.7
66.0
76.0
75.2
705
65.4
68.0
523
63.9
65.3
70.8
70.6
76.2
73.1
63.3
55.2
66.7
53.6
50.0
60.3
60.1
69.7
69.1
56.5
64.7
56.9
55.7
58.7
66.3
63.4
61.7
64.7
55.0
69.5
61.3
69.7
63.3
63.4
61.4
63.8
61.6
67.0
55.7
64.2
71.8
64.4

Aged 2-5
years (%)

37.7
34.7
19.3
34.0
24.0
24.8
295
346
320
47.7
36.1
34.7
29.2
294
238
26.9
36.7
44.8
333
46.4
50.0
39.7
39.9
30.3
309
43.5
353
43.1
443
413
337
36.6
38.3
353
45.0
30.5
38.7
30.3
36.7
36.6
38.6
36.2
384
330
443
35.8
28.2
35.6
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Fig. 2 Association between daily mean temperatures and
hospitalization for intussusception in children up to 5 years
of age. a Relative risks of hospitalization for intussusception for daily
mean temperature over lag 0-4 days. b Relative risks of hospitaliza-
tion for intussusception for extremely high daily mean temperatures
(99th percentile high temperature) along lag 0-4 days.

mean temperatures were associated with an elevated risk of
hospitalization. Table 2 shows relative risk associated with each
daily mean temperature percentile derived from the meta-
analysis. Specifically, extremely high daily mean temperatures (at
the 90th and 99th percentiles) were associated with a 46%
increased risk of hospitalization (95% confidence interval [CI]: 1.11,
1.92) and a 39% increase (95% ClI: 1.05, 1.83), respectively.
Figure 2b shows the lag-response curve, which indicate that the
increased risk of hospitalization associated with exposure to high
temperatures occurs approximately 0-3 days post-exposure.
Supplementary Table 2 shows the associations between each
percentile of daily mean temperatures and hospitalization for
intussusception in children up to 5 years of age in each prefecture
prior to the meta-analysis.

Table 3 presents the results of the sensitivity analyses, showing
that our findings remained consistent even after adjusting the
number of temperature knots from one at the 50th percentile to
two at the 33rd and 67th percentiles, as well as with lag periods of
0-3 days and 0-5 days. For example, in the analysis where the
number of temperature knots was adjusted from one to two,
extremely high daily mean temperatures at the 99th percentile
were associated with a 56% increased risk of hospitalization (95%
Cl: 1.09, 2.24). The results also remained consistent in an additional
sensitivity analysis focusing on data from 2013 onwards. In
addition, the small number of cases in Yamanashi Prefecture may
have resulted in an unstable estimation of relative risk for this
prefecture. To address this, we conducted an additional sensitivity
analysis excluding cases from Yamanashi during the meta-
analysis. Nonetheless, the results remained consistent. Specifically,
extremely high daily mean temperatures at the 99th percentile
were associated with a 36% increased risk of hospitalization (95%
Cl: 1.04, 1.80). Supplementary Fig. 1a—e illustrates the correspond-
ing association between daily mean temperature and intussuscep-
tion hospitalizations. All figures consistently demonstrate that,
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Table 2. Relative risks of hospitalization for intussusception for daily mean temperature over lag 0-4 days.
Daily mean Oth 1st 10th 25th
temperature
Relative risk Ref 1.18 (1.07, 1.41 (1.15, 1.51 (1.18,
1.30) 1.72) 1.93)

even with sensitivity analyses, higher daily mean temperatures
were associated with an increased risk of hospitalization.

DISCUSSION

The study found that higher daily mean temperatures were
associated with an increased risk of hospitalization for intussusception
in children. With climate change expected to intensify the severity
and frequency of extreme weather events, such as heatwaves,'®
these findings are critical for understanding the potential health
impacts of heat exposure within the context of climate change.

Previous studies from China and India have identified associa-
tions between higher temperatures and an increased risk of
intussusception in children."*>'" For example, research con-
ducted in Shenyang® and Suzhou, China,'" as well as a study using
data from 20 hospitals in India,> found that higher monthly mean
temperatures were associated with an increase in monthly
intussusception cases in children. A single-center study from
Hangzhou, China, used Spearman correlation and Poisson
regression analyses to show that weekly mean temperatures
were linked to intussusception hospitalizations in children.' These
studies were pioneering; however, they neither used daily data
nor employed the time-stratified case-crossover design, both of
which are essential for effectively controlling for long-term trends
and seasonality.’’*> To our knowledge, this is the first large
nationwide study to use daily data and the time-stratified case-
crossover design to demonstrate this association.

Possible mechanisms linking high temperatures to intussusception
include alterations in dietary intake and intestinal motility during
warmer months. Previous studies suggests that changes in intestinal
motility,'*'* and dietary patterns'> may contribute to the acute
development of intussusception, as demonstrated in animal models.
One study'? showed that mice developed intussusception six hours
after the injection of a triggering agent. Furthermore, food allergies
have been associated with an increased risk of intussusception;'
notably, a case report described a patient who developed anaphylaxis
and intussusception simultaneously after consuming salmon roe, with
the authors attributing this to intestinal contractions triggered by the
food allergy."® While not everyone experiences anaphylaxis, it is
plausible that even mild allergic reactions to food could lead to the
release of histamine, which may alter intestinal motility and
contribute to the development of intussusception. This is supported
by a basic mechanistic study showing that histamine, a major
mediator of anaphylaxis,** can alter intestinal contractility.>*** These
findings suggest that dietary changes induced by warmer tempera-
tures could potentially lead to alterations in intestinal motility, which,
over the course of several days, might contribute to the onset of
intussusception. Interestingly, the lag-response curve from our
analysis indicates that the increased risk of hospitalization associated
with extremely high daily mean temperatures at the 99th percentile
occurs approximately 0-3 days post-exposure. Future research is
warranted to investigate whether alterations in dietary intake and
intestinal motility may be among the potential mechanisms linking
temperature and intussusception.

Our study has several limitations. First, we used daily
temperature data from fixed observatories as a proxy for
individual exposure, which may introduce non-differential mis-
classification bias. However, this bias would likely pull the results
toward the null, potentially underestimating the true association.
Second, there is a possibility of non-differential misclassification in

SPRINGER NATURE

50th 75th 90th 99th 100th
1.56 (1.19, 1.52 (1.15, 1.46 (1.11, 1.39 (1.05, 1.34 (1.01,
2.05) 2.00) 1.92) 1.83) 1.77)

Table 3. Sensitivity analysis of pooled association between extremely

high daily mean temperatures (99th percentiles) and hospitalization
for intussusception in children up to 5 years of age.
Model

Two knots (33rd, 67th percentiles)

Lag period of 0-3 days

RR (95% ClI)

1.56 (1.09, 2.24)
1.40 (1.08, 1.81)
1.38 (1.04, 1.83)
1.47 (1.05, 2.07)
1.36 (1.04, 1.80)

Lag period of 0-5 days

Analysis using data from 2013 to 2022
Analysis without cases from Yamanashi
Bold indicates p < 0.05.

the outcome. Given that this misclassification is unlikely to be
related to weather conditions, it would similarly bias the results
toward the null, leading to underestimation. Third, our findings
may be affected by sampling bias, as not all hospitals in Japan
participate in the DPC system. Nonetheless, we believe our
estimates are robust, given that DPC hospitals represent more
than half of all acute-care beds in the country.®* Fourth, while
most cases of intussusception in children under 5 years of age are
primary (i.e., idiopathic), with secondary cases accounting for only
1-4%,>* it is still possible that both primary and secondary cases
are included among the hospitalized patients. However, the
mechanisms linking high temperatures to intussusception—such
as alterations in dietary intake and intestinal motility during
warmer temperatures'?”'>—may also affect those with secondary
causes by further increasing their risk of developing intussuscep-
tion. Lastly, as this is an observational study, our findings do not
imply causality.

Our study may have implications for public health. First, while
abdominal pain, vomiting, and bloody stools are the classic triad
of symptoms, not all children present with these signs and instead
may exhibit nonspecific symptoms, making diagnosis challen-
ging.> However, if diagnosis is delayed beyond 48 h, the risk of
complications and mortality rises.” Therefore, early diagnosis and
treatment are essential. Based on our findings, both caregivers
and healthcare providers should be aware of a potential increase
in pediatric intussusception cases during warmer days and ensure
that children suspected of having intussusception receive appro-
priate medical attention. This need may become even more
critical as climate change results in more frequent and severe heat
events. Finally, the findings from this study provide additional
support for climate change adaptation strategies, such as reducing
heat exposure during heatwaves, which could help lower the risk
of intussusception in children.

In conclusion, this study found that higher daily mean
temperatures were associated with an increased risk of hospita-
lization for intussusception. Future research should clarify the
mechanisms of the association between higher daily mean
temperatures and the increased risk of hospitalization for
intussusception.

DATA AVAILABILITY

Meteorological data are available from the Japan Meteorological Agency (JMA)
website.?® The hospitalization data cannot be made available due to confidentiality
restrictions.
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