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ABSTRACT
Objective  Previous studies have shown that the incidence 
of peptic ulcer disease (PUD) exhibits seasonal variations. 
This study aimed to investigate the seasonal variation in 
PUD incidence in Taiwan, which spans both tropical and 
subtropical regions, using a nationwide database.
Methods  A cross-sectional study was conducted using 
real-world claims data from Taiwan, which includes a 
representative sample of 2 million individuals. Patients 
hospitalised with a primary diagnosis of PUD between 
2001 and 2019 were identified using International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) and International Classification 
of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) codes for gastric ulcers (GUs), duodenal ulcers (DUs) 
and unspecified peptic ulcers. Descriptive statistics were 
used to present the seasonal variations in PUD incidence. 
Patients’ gender, age, PUD type, geographical region and 
non-steroidal anti-inflammatory drugs (NSAIDs) usage 
across the four seasons (spring, summer, fall, winter) were 
compared using Pearson’s χ2 test.
Results  Among the 13 022 patients, new-onset PUD 
cases varied annually, peaking at 771 cases in 2004 
and reaching a low of 614 cases in 2018. PUD incidence 
was higher in males than in females, and more common 
in elderly individuals aged ≥65 (59.5%). GU had the 
highest prevalence (56.1%), followed by DU (36.3%) 
and unspecified ulcers (7.7%). PUD incidence peaked in 
winter (26.8%), followed by spring (25.1%), fall (24.2%) 
and summer (23.9%). This seasonal trend was consistent 
across gender and age groups, with no significant impact 
on latitude, NSAID usage or PUD type.
Conclusion  Across the tropical and subtropical regions of 
Taiwan, seasonal variation in PUD incidence is observed 
with the highest rates occurring in winter, regardless of 
age or sex. However, NSAID usage tends to obscure this 
trend. The seasonal variation in DU incidence showed no 
significant differences between north and south Taiwan, 
suggesting that factors other than temperature may affect 
DU incidence compared with their effect on GU incidence.

INTRODUCTION
Seasonal variations in various medical condi-
tions have been well established in the liter-
ature. For instance, cardiovascular diseases,1 

stroke,2 cardiac arrest,3 pulmonary disor-
ders4 5 and sepsis6 commonly peak during 
winter. Understanding seasonal variations 
in diseases can help explain the nature of 
illnesses and aid in predicting demands for 
hospital resources. This knowledge is valu-
able for policy-makers in planning the appro-
priate allocation of medical resources and 
ensuring the presence of backup personnel 
during peak periods.7 8

Peptic ulcer disease (PUD), a major public 
health disease affecting millions of individ-
uals worldwide annually,9 10 exhibits seasonal 
variations.8 11–15 A higher incidence of PUD 
during cold or winter seasons has been previ-
ously reported.8 12 14 15 The mechanism under-
lying may be related to the thinner mucosa of 
the gastric antrum during cold weather and 
the decreased level of heat shock protein 
70.14 However, several studies have reported 
contradictory results. A nationwide cohort 
study conducted in the USA by Kanotra et 
al showed a peak for PUD incidence during 
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the spring and a trough in fall,11 whereas another large-
scale study in Italy reported three peak periods (autumn, 
winter and spring) for the incidence of PUD.16 There-
fore, the existing conclusions regarding the seasonal 
variability in PUD incidence remain inconclusive. More-
over, most of these studies were conducted in Western or 
Northeast Asian countries with distinct seasonal climatic 
changes. Research on PUD incidence in Southeast Asian 
and tropical countries is limited.

To address this gap, we aimed to conduct a nationwide 
population study to investigate the seasonal variation 
in PUD incidence in Taiwan, a country that spans both 
tropical and subtropical regions. Additionally, we further 
analysed factors, such as age, sex, non-steroidal anti-
inflammatory drug (NSAID) usage and latitudinal differ-
ences, to explore their association with seasonal variability 
in PUD incidence. Our goal was to obtain comprehensive 
data to assist in planning medical resource allocation, 
thereby achieving better patient care.

METHODS
Data source
The data for this study were obtained from the Health 
and Welfare Data Science Centre (HWDC) of the 
Ministry of Health and Welfare in Taiwan, using the 
longitudinal National Health Insurance Research Data-
base (LHID2005). LHID2005 is a random sample of two 
million individuals from 2005, and it reflects the demo-
graphic characteristics of Taiwan according to the distri-
bution of gender, age and region.17 18 Therefore, the 
population distribution in LHID2005 accurately reflects 
the demographic characteristics of Taiwan, where the 
western region is significantly more populated than the 
eastern region.19 Additionally, LHID2005 included the 
detailed medical and prescription records from 2001 to 
2019. The accuracy of the diagnosis codes in the National 
Health Insurance Research Database has been evaluated 
in several validation studies, demonstrating the reliability 
of this claims database.17 To protect personal informa-
tion, the HWDC effectively manages deidentified patient 
data by linking the relative dataset. This study adhered 
to the Strengthening the Reporting of Observational 
Studies in Epidemiology statement20 (online supple-
mental material).

Selection of patients
This study focused on PUD incidence in Taiwan, with 
specific attention paid to gastric ulcers (GUs), duodenal 
ulcers (DUs) and unspecified peptic ulcers, as classified 
by ICD-9-CM codes 531–534 and the corresponding ICD-
10-CM codes K25–K28. Additionally, the study included 
data on NSAID usage, identified by the Anatomical Ther-
apeutic Chemical (ATC) code M01A*. Patients with PUD 
were classified into three groups according to the use of 
the medication. Non-users were those who did not use 
NSAIDs in the 6 months before the diagnosis. Non-long-
term users were patients who used NSAIDs at least once 

in the 6 months prior but did not meet the criteria for 
long-term use. Long-term users were those who used 
NSAIDs continuously for 14 days or accumulated 28 days 
of use within 3 months before the diagnosis.

Initially, 44 967 patients hospitalised for PUD between 
2001 and 2019 were included. After excluding patients 
aged less than 20 years (n=465), 44 502 adult patients 
were included in the study. Patients whose first diagnosis 
code was PUD were selected from this group, resulting in 
a final sample size of 13 022.

Measurements
The incidence of PUD refers to the number of new cases 
diagnosed within a specific period. In this study, the inci-
dence was defined as the number of patients who were 
first hospitalised with a diagnosis of PUD between 2001 
and 2019. To reflect the overall burden of the disease, 
PUD prevalence was defined as the total number of 
existing cases of PUD at a given point in time or over a 
specified period.

Additionally, Taiwan is located between 21°45' and 
25°56' north latitude, spanning both tropical and 
subtropical regions, with seasonal changes ranging from 
cool to hot, and a consistently humid climate throughout 
the year. The Central Weather Bureau defines spring as 
March–May, summer as June–August, fall as September–
November and winter as December–February. The 
seasonal variation in average temperatures across Taiwan 
forms a symmetrical distribution. The lowest temperatures 
occur in late January to early February, with an average of 
around 18°C, followed by a gradual rise, reaching a peak 
in July with an average temperature of approximately 
33°C. There is a notable difference in sunshine hours 
between northern and southern Taiwan. For instance, in 
2019, Taipei in the north had an average sunshine dura-
tion percentage of 29.2%, while Kaohsiung in the south 
had 52.4%. Humidity levels, however, were similar, with 
Taipei at 76% and Kaohsiung at 75%.21 This geograph-
ical and climatic information is intended to provide rele-
vant context for understanding the potential influence of 
seasonal changes on PUD incidence. Seasonal variations 
in PUD incidence among patients using different types 
of NSAIDs and those suffering from different PUD types 
were observed. Considering the association between area 
and temperature, PUD incidence in different areas of 
Taiwan was measured throughout the study.

Statistical analysis
Descriptive statistics were used to summarise baseline 
characteristics, including age, sex, PUD type, area, 
NSAID use and season, with frequency distributions. 
Temporal trends were assessed according to the annual 
prevalence and incidence rates, and seasonal variations 
were analysed by comparing the number of cases across 
the four seasons. Trends in annual prevalence and inci-
dence rates were estimated using a linear trend test. To 
identify significant patterns, we used Pearson’s χ2 test and 
estimated the differences among PUD incidence in the 
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four seasons throughout the study. All statistical analyses 
were performed by using SAS statistical software V.9.4 
(SAS Institute), and statistical significance was set as a p 
value of less than 0.05.

RESULTS
Figure 1 shows the annual trends of PUD prevalence and 
incidence from 2001 to 2019. PUD prevalence during 
this period ranged from 719 cases in 2001 to 1036 cases 
(the peak of PUD prevalence) in 2011, with annual 

fluctuations. Similarly, the trend of new-onset PUD 
showed annual variations, ranging from a peak of 771 
cases in 2004 to a minimum of 614 cases in 2018. However, 
these two trends were not statistically significant.

Table  1 presents the baseline information for the 
overall and seasonal variations. The number of peptic 
ulcers was higher in males than in females. Addition-
ally, the incidence was higher in the elderly (age ≥65) 
compared with younger individuals. Among the different 
types of peptic ulcers, the proportion was highest for 

Figure 1  The annual PUD prevalence and incidence from 2001 to 2019. PUD, peptic ulcer disease.
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GUs, followed by DUs and unspecified peptic ulcers. 
More than half of the individuals had used NSAIDs 
within 6 months before developing peptic ulcers. Addi-
tionally, the currently observed seasonal distribution of 
PUD was highest in winter, followed by spring, summer 
and autumn (figure 2).

Table  2 presents the number of new patients with 
peptic ulcers across all seasons in the NSAID-use group 
and across different subgroups, including sex, age, PUD 
type and area. Among non-NSAID users, the seasonal 
trend for PUD incidence was highest in winter, followed 
by spring. However, NSAID use exhibited different 
seasonal variations. Long-term NSAID users presented 
higher rates of PUD incidence during winter among 
males (25.96%), females (25.93%), the elderly (age ≥65) 
(26.11%), those suffering from DUs (27.78%) and those 
residing in north (26.75%) and central (25.67%) Taiwan.

Table 3 presents the categorised data by PUD type and 
shows the number of new PUD cases across different 
subgroups (sex and age) by season. In these subgroups, 
patients in the GU and DU subgroups presented higher 
rates of PUD in winter, particularly among patients older 
than 65 years (27.98%).

DISCUSSION
Studies on the seasonal variability in PUD incidence 
have primarily been conducted in Western and Northern 
Asian countries with distinct seasons. Many studies have 

suggested a peak incidence during winter; however, 
their results are inconclusive. Ours is the first large, real-
world database study on the seasonal variability of PUD 
incidence conducted in Taiwan, which spans both trop-
ical and subtropical zones. This study provides clinically 
important reference data to assist in planning the appro-
priate allocation of medical resources to address their 
availability during peak seasons. The findings indicated 
that males and elderly individuals (age ≥65) exhibited a 
higher incidence of peptic ulcers. The frequency of peptic 
ulcer occurrences and the number of new cases peaked 
during winter. These results were consistent across all age 
and sex groups, with no significant effect of differences 
in latitude, NSAID usage or PUD type. However, subtle 
differences were observed when analysed further, which 
are discussed in detail below.

Demographics
According to a previous study, the global prevalence 
of PUD decreased from 143.4 per 100 000 population 
in 1990 to 99.4 in 2019. Countries with low to middle 
Socio-Demographic Index (SDI) experienced a more 
significant decline, while the trend in countries with high 
SDI remained relatively stable.22 In the current study, 
the prevalence of PUD in Taiwan was 38.74 per 100 000 
population in 2001 and 47.89 in 2019, which is similar to 
the trends observed in other high SDI countries. Consis-
tent with previous studies, the present results indicated a 

Table 1  The overall and subgroup of selected variables among PUD patients in different seasons

Overall Spring Summer Fall Winter P value

Overall 13 022 3317 (25.47) 3143 (24.14) 3072 (23.59) 3490 (26.8)

Gender

 � Male 8392 (64.44) 2146 (25.57) 2035 (24.25) 1959 (23.34) 2252 (26.84) 0.8391

 � Female 4630 (35.56) 1171 (25.29) 1108 (23.93) 1113 (24.04) 1238 (26.74)

Age

 � <65 5273 (40.49) 1342 (25.45) 1299 (24.63) 1250 (23.71) 1382 (26.21) 0.5473

 � ≥65 7749 (59.51) 1975 (25.49) 1844 (23.8) 1822 (23.51) 2108 (27.2)

PUD type

 � GU 7306 (56.11) 1822 (24.94) 1814 (24.83) 1750 (23.95) 1920 (26.28) 0.0816

 � DU 4720 (36.25) 1256 (26.61) 1090 (23.09) 1078 (22.84) 1296 (27.46)

 � Others 996 (7.65) 239(24) 239(24) 244 (24.5) 274 (27.51)

Area

 � North 4953 (38.04) 1269 (25.62) 1175 (23.72) 1159 (23.4) 1350 (27.26) 0.6972

 � Central 3244 (24.91) 825 (25.43) 791 (24.38) 792 (24.41) 836 (25.77)

 � South 4292 (32.96) 1086 (25.3) 1056 (24.6) 1010 (23.53) 1140 (26.56)

 � East 472 (3.62) 121 (25.64) 107 (22.67) 99 (20.97) 145 (30.72)

 � Others 61 (0.47) 16 (26.23) 14 (22.95) 12 (19.67) 19 (31.15)

NSAIDs use

 � Non-NSAIDs users 4065 (31.22) 1049 (25.81) 941 (23.15) 909 (22.36) 1166 (28.68) 0.0194

 � NSAIDs users (non-long term) 5111 (39.25) 1304 (25.51) 1239 (24.24) 1242 (24.3) 1326 (25.94)

 � NSAIDs users (long term) 3846 (29.53) 964 (25.07) 963 (25.04) 921 (23.95) 998 (25.95)

DU, duodenal ulcer; GU, gastric ulcer; NSAIDs, non-steroidal anti-inflammatory drugs; PUD, peptic ulcer disease.
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higher incidence of ulcers in males than in females.23 24 
This was attributed to the significantly higher smoking 
rates among males in Taiwan,25 the higher global prev-
alence of Helicobacter pylori infection among males,25 26 
and sex-related differences in gastroduodenal mucosal 
defence mechanisms.27 28 Additionally, PUD incidence 
was higher in older adults than in younger ones. Both 
the incidence of PUD and the frequency of hospitalisa-
tions due to PUD-related complications are increasing 
in elderly populations.23 29 This trend may be associated 
with several factors such as a higher rate of H. pylori 
infection among older individuals,30 an increased use 
of aspirin and other NSAIDs by older individuals owing 
to specific medical conditions,31 and a weakening of 
gastric and duodenal mucosal defence mechanisms in 
this age group. Gastric and duodenal mucosal defence 
mechanisms include reduced bicarbonate secretion,32 
lower prostaglandin concentrations in the stomach and 
duodenum and altered prostaglandin responses of the 
mucosa to injuries.33

Our results showed that the frequency of hospitalisa-
tion due to peptic ulcers in Taiwan did not significantly 
change from 2001 to 2019. Recent studies using the Global 
Burden of Disease database have shown that the inci-
dence and mortality rates of PUD have remained stable 
over the past decade. A noticeable decrease observed 
once attributed to the use of proton pump inhibitors 
as well as to the treatment for H. pylori infection was no 

longer apparent. This stability may be related to a shift in 
primary risk factors for peptic ulcers from H. pylori infec-
tion to NSAID use, along with the ageing of the global 
population.10 22

Seasonal variations in PUD incidence and related 
determinants
Taiwan has an insular climate, with the Tropic of Cancer 
passing through Chiayi County, the northernmost part of 
southern Taiwan, placing most of southern Taiwan in the 
tropical zone. Furthermore, temperatures remain high 
throughout the year, with moderate seasonal temperature 
variance of about 8°C. In contrast, central and northern 
Taiwan has a subtropical climate, characterised by more 
distinct seasonal changes, with temperature differences 
between winter and summer around 12°C.

The present findings indicated that DU, GU and 
other types of PUD exhibited the highest prevalence 
and incidence in winter, followed by spring, with more 
pronounced seasonal variation observed for DU. Simi-
larly, Tsai et al conducted a cross-sectional study in 
Taiwan and found a higher incidence of symptomatic 
DU during colder months, from November to March.34 
Xirasagar et al adjusted for meteorological factors and 
found an inverse correlation between the rates of hospi-
talisation for DU and temperature in Taiwan.35 However, 
the present study revealed that seasonal variations in DU 
incidence between northern and southern Taiwan were 

Figure 2  The seasonal variation in PUD incidence. PUD, peptic ulcer disease.
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similar, suggesting that temperature may not be the sole 
affecting factor. Additionally, smoking may contribute to 
the seasonal prevalence of DUs during winter. Historically, 
smoking has been considered a primary causative factor 
for PUD.36 37 Smokers in Taiwan tend to smoke more 
during the winter and rainy seasons,35 with smoking rates 
significantly higher among men than women, mirroring 
the significantly higher incidence of DU among males 
observed in the present study. Seasonal variation in light 
exposure, which induces annual rhythms of melatonin, 
might also be a critical factor triggering DU, in addition 
to stress induced by harsh winter conditions.35 38

In contrast, the seasonal variations in GU incidence 
were more pronounced in northern and southern Taiwan. 
This discrepancy may be associated with the more distinct 
four-season climate and colder winters in the north. Cold 
weather and rapid temperature fluctuations can trigger 
an acute stress reaction, leading to the increased secre-
tion of epinephrine, norepinephrine and endothelin, 
causing vasoconstriction in the gastrointestinal mucosa, 
reduced blood flow and damage to protective barriers 
due to insufficient oxygen. These factors increase gastric 
acid levels and accelerate PUD development.39 40

Seasonal differences in PUD incidence were most 
consistent among non-NSAID users, possibly because 
NSAID usage itself is a major risk factor for PUD, thereby 
obscuring seasonal variations. A study from Spain showed 
that DU bleeding was most frequent in autumn and winter; 
however, this trend was not observed in NSAID users.41 
Similarly, a study from Greece found that the seasonal 
distribution of acute upper gastrointestinal bleeding 
was only evident in patients who did not use NSAIDs.42 
The present results revealed that the peak of PUD preva-
lence in short-term NSAID users occurred during winter 
and spring. This may be related to the seasonal peaks of 
respiratory illnesses43 44 and other diseases, such as osteo-
arthritis and rheumatic arthritis,45 46 which are more 
prevalent in colder seasons. The increased likelihood of 
short-term NSAID use during these periods could affect 
the seasonal variation in PUD incidence. Although the 
overall incidence of PUD remained the highest in winter, 
the differences across seasons were minimal, and the 
results varied considerably among the subgroups. This 
inconsistency may be attributed to the strong effect of 
prolonged NSAID use on PUD incidence, which could 
overshadow any seasonal variation.

Strengths and limitations
The primary strength of this study is the use of a nation-
wide population-based database that provides repre-
sentative data to investigate seasonal variations in PUD 
incidence. Another strength is its location in Taiwan, 
which spans tropical and subtropical regions. The 
present subgroup analyses based on latitude helped us 
gain a deeper understanding of the seasonal variability 
in PUD incidence across regions with different climates.

Nevertheless, the study has several limitations. First, 
the LHID2005 lacks comprehensive clinical information, Ta
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making it impossible to assess and adjust for risk factors 
for PUD such as smoking, alcohol consumption, caffeine 
intake, H. pylori infection, gastric bypass surgery and 
stress.47 Second, we did not adjust for individual meteo-
rological factors such as atmospheric pressure, humidity, 
sunshine duration and rainfall, which may affect the 
seasonal variability in PUD incidence.35 Third, some 
acute conditions related to seasonal changes, such as 
arthritis and acute respiratory illnesses, can lead to the 
short-term use of NSAIDs, thereby potentially affecting 
PUD incidence and seasonal variations in its incidence, 
and ultimately affecting the present results. Addition-
ally, the exact season and dates of NSAID use as well as 
medication adherence among these patients could not 
be obtained from the LHID2005. Furthermore, the possi-
bility of misclassification bias exists within this adminis-
trative claims data, which may affect the accuracy of the 
diagnosis codes used to identify diseases in this study. 
However, due to the large sample size and standardised 
coding practices in Taiwan’s healthcare insurance system, 
the potential impact of this bias could be limited.

Across the tropical and subtropical regions of Taiwan, 
a significant seasonal variation in PUD incidence is 
observed, with the highest rates occurring in winter, 
regardless of age or sex. However, NSAID usage tends 
to obscure this trend. The seasonal variation in DU inci-
dence showed no significant differences between north 
and south Taiwan, suggesting that factors other than 
temperature may affect DU incidence compared with 
their effect on GU incidence.

CONCLUSION
The current results provide a reference for medical 
institutions to plan health education programmes for 
preventing PUD. For example, encouraging the reduc-
tion of NSAID use and smoking during the winter months 
while adjusting the allocation of medical resources 
according to seasonal variations. Nevertheless, future 
large-scale prospective studies with comprehensive and 
precise clinical information on patients with PUD and 
adjustments for meteorological factors are warranted.
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