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Abstract
AIM: To investigate variations in the incidence of peptic 
ulcers (PUs) in Taiwan by day of the week within age 
subgroups.

METHODS: Ambulatory care data were retrieved from 
the Longitudinal Health Insurance Database 2000. 
There were 7204 subjects ≥ 18 years-old with an 
emergency room admission claim for the treatment of 
PUs, resulting in a total of 9234 emergency room visits 
for PUs between 2009 and 2011. Data was divided into 
the seven days of the week and an additional variable 
for holidays. One-way analysis of variance was used to 
examine associations among the daily mean number 
of PU emergency room admissions and holidays/
weekends/weekdays.

RESULTS: One-way analysis of variance showed that 
there was a significant difference in emergency room 
admissions for PUs by the day of the week (P  < 0.001), 
with admission more likely to occur on Sundays or 
holidays than weekdays within the total and working 
populations. The weekday patterns of admission were 
similar for the patients aged 18-64 years and ≥ 65 
years of age. Holidays, followed by Sundays, had higher 
PU admissions than the mean daily PU emergency room 
admissions. Furthermore, inclusion of only those treated 
for PUs with hemorrhage or perforation, Sundays and 
holidays had higher mean emergency room admissions 
than other days. Inclusion of patients who diagnosed 
with Helicobacter pylori  infection, only holidays had 
higher mean emergency room admissions than other 
days. Inclusion of patients who had been prescribed 
non-steroidal anti-inflammatory drugs (NSAIDs) for over 
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30 d, Sundays and holidays had higher mean PU ER 
admissions than other non-holiday weekdays.

CONCLUSION: There is a higher incidence of emer-
gency room admission for PUs on weekends than on 
weekdays for the total and working populations.

Key words: Chronology; Epidemiology; Peptic ulcer; 
Weekly pattern
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Core tip: This study used a population-based dataset in 
Taiwan to investigate the variations in peptic ulcer (PU) 
incidence by day of the week within subgroups defined 
by age. We identified 7204 subjects ≥ 18 years-old 
with an emergency room (ER) admission claim for 
the treatment of PUs, resulting in a total of 9234 ER 
visits for PU between 2009 and 2011. There was a 
higher incidence of PU admission on weekends than 
on weekdays for the total and working populations. 
Furthermore, Sundays and holidays had higher mean 
ER admissions than other days for cases of PUs with 
hemorrhage or perforation.
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INTRODUCTION
A peptic ulcer (PU) is a common gastrointestinal tract 
disorder that is mainly located in the stomach and 
proximal duodenum[1-3]. Previous studies show that the 
overall prevalence of PUs varies by country, e.g., 4.1% 
in northern Sweden[4], 8.4% in the United States[5], 
and 17.2% in China[6]. In addition, some studies have 
reported monthly or seasonal variations in PU-related 
disorders among various regions or countries. An 
Italian study shows that the number of PU cases is 
lower in summer than in winter, spring, or autumn[7]. 
Studies from China and Japan also report that cases 
of hemorrhage caused by PU increase during the 
winter and decrease during summer[8-10]. Furthermore, 
researchers in Turkey have observed a peak in the 
number of PU incidences in winter, consistent with 
findings of previous studies[11].

Although prior studies have reported the same 
pattern of seasonal variation in PU incidence, very 
few studies have focused on PU onset variation with 
respect to the daily rhythm of people’s lives. The 
majority of such studies were also performed in the 
1980s. For example, studies in Canada and Israel 

show a higher incidence of perforated PUs on Tuesdays 
and Wednesdays[12,13], whereas a study in Scotland 
revealed a high incidence on Fridays and Saturdays[14], 
and a Norwegian study found a higher incidence on 
Thursdays and Fridays[15]. Thus, the results of such 
chronobiologic studies on the daily variation of PU 
incidence remain inconsistent.

The main purpose of this population-based study 
was to investigate the variations in PU incidence in 
Taiwan by day of the week within subgroups defined 
by age. If the weekly pattern associated with PU 
onset could be established, it might provide decisive 
information for clinicians and ultimately, guide in the 
development of preventive strategies.

MATERIALS AND METHODS
Data source
Ambulatory care data were retrieved from the 
Longitudinal Health Insurance Database (LHID2000) 
published by the Taiwan National Health Research 
Institute. The LHID2000 includes de-identified claims 
data on one million randomly selected enrollees of 
Taiwan’s National Health Insurance program that was 
designed to be representative of the total enrolled 
population as of December 2000 (n = 23.72 million), 
and thus was exempted from full review by the 
National Defense Medical Center’s Internal Review 
Board. The Taiwan National Health Research Institute 
and independent researchers have demonstrated the 
representative validity of the sample and the high 
data accuracy of the claims-based LHID2000 on the 
diagnostic and therapeutic documentation relative to 
patient charts[16,17].

Study sample
A total of 9234 emergency room (ER) admission 
claims for the treatment of PU (ICD-9-CM codes 
530-531) from 7204 subjects ≥ 18 years-old between 
January 2009 and December 2011 were identified. 
Readmission to the ER within seven days of the first 
visit was not counted, but treated as part of the same 
episode.

Statistical analysis
The statistical methods of this study were reviewed by 
Yi-Hua Chen from the School of Public Health of Taipei 
Medical University. Data analyses were performed with 
SPSS 10.0 (SPSS Inc., Chicago, IL, United States) 
statistical software. Data were divided into the seven 
days of the week, with an additional variable for 
holidays (defined as national holidays in Taiwan) falling 
on weekdays or weekends. The daily mean number of 
incidences of PU ER admissions within the week for the 
total and each age group (18-64 years old and ≥ 65 
years old) is presented.

Subgroup analyses were conducted to investigate 
daily mean incidences of PU ER admissions in patients 
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who had been diagnosed with Helicobacter pylori (H. 
pylori) infection (ICD-9-CM code 04186) and in patients 
who had been prescribed non-steroidal anti-inflammatory 
drugs (NSAIDs) for > 30 d, which are important factors 
for young and elderly patients with PUs[18,19].

One-way analysis of variance was used to examine 
associations between the daily mean number of PU 
ER admissions and holidays/weekend days/work 
days. The percentage of variation from the mean 
daily figures was calculated as: (specific day ER visit 
number - mean daily visit number)/mean daily visit 
number. Data are presented as mean ± SD, and 
statistical significance was set at P ≤ 0.05.

This study was conducted in accordance with the 
Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines[20]. 

RESULTS
Based on the distribution of sample subjects by 
demographic characteristics, the mean sample age 
was 57.5 ± 19.8 years (Table 1). Almost half (43.0%) 
of the sample subjects resided in northern Taiwan, 
where Taipei, the most populated city and region 
in Taiwan, is located. Moreover, the lowest income 
population (36.0%) was more likely to be affected with 
PU than the highest income population (18.1%). These 
results might be due to poor standards of hygiene, 
psychologic stress, and health risk behaviors in the low 
socioeconomic status population[21].

In the period of 2009-2011, there was a total of 
9234 ER admissions for PU, with a mean of 8.4 ± 3.1 
daily PU ER admissions. The daily mean numbers of 

PU ER admissions by weekday are presented in Table 
2 and Figure 1. Sundays (9.98 ± 3.12) and holidays 
(12.07 ± 5.01) had higher mean PU ER admissions 
than other non-holiday weekdays. 

Correspondingly, one-way analysis of variance 
showed a significant weekly variation of PU onset in 
the 18-64 years of age group (P < 0.001), but not for 
the ≥ 65 years of age group. The daily mean incidence 
of PU ER admissions by age group is presented in 
Figure 2. 

The percent variations of daily admissions of each 
age group from the mean daily admission during the 
three-year study period are shown in Figure 3. The 
patterns of weekday-wise variations were similar for 
the 18-64 and ≥ 65 years of age groups. The patterns 
showed an increase on Saturdays and a peak number 
on holidays; Sundays and holidays had 13.4% and 
37.1% higher PU ER admissions, respectively, than the 
mean daily PU ER admissions.

In addition, limiting the PU ER admissions to 
those treated for PU with hemorrhage or perforation, 
Sundays and holidays still had higher mean ER PU 
admissions than other non-holiday weekdays (Figure 
4).

Table 3 presents the daily mean incidences of PU 
ER admissions for patients diagnosed with H. pylori 
infection. Only holidays had higher mean PU ER 
admissions than other non-holiday weekdays and 
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Table 1  Demographic characteristics of patients with peptic 
ulcers admitted to an emergency room in Taiwan between 
2009 and 2011 (n  = 7204)

Variable n  (%)

Age (yr)
   18-44 2426 (33.7)
   45-64 2211 (30.7)
   ≥ 65 2567 (35.6)
Sex
   Male 3842 (53.3)
   Female 3362 (46.7)
Geographic region
   Northern 3099 (43.0)
   Central 1878 (26.1)
   Southern 1898 (26.4)
   Eastern 329 (4.6)
Urbanization level
   1 (most urbanized) 1796 (24.9)
   2 1869 (25.9)
   3 1137 (15.8)
   4 1182 (16.4)
   5 (least urbanized) 1220 (16.9)
Monthly income
   NTD 1-15840 3308 (45.9)
   NTD 15841-25000 2593 (36.0)
   ≥ NTD 25001 1303 (18.1)

Table 2  Emergency room admissions by weekday of patients 
with peptic ulcers

Variable Mean SD Days Minimum Maximum

Monday   8.42 2.86 149 2 18
Tuesday   7.63 2.74 153 2 15
Wednesday   7.91 3.04 152 1 15
Thursday   7.99 2.80 154 2 15
Friday   7.75 2.73 155 2 17
Saturday   8.65 3.09 150 2 18
Sunday   9.98 3.12 152 4 17
Holiday 12.07 5.01   30 5 22
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Figure 1  Daily mean incidences and 95%CI of peptic ulcer admitted to the 
emergency rooms.
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DISCUSSION
This population-based study demonstrates a sta-
tistically significant variation with days of the week for 
PU ER admissions. The highest ER admissions of PU 
with or without complications occur on Sundays and 
holidays. Similar patterns are also observed for ER 
admissions of PU with hemorrhage and perforation. 
Moreover, with further stratification by age, a 
significant weekly variation of PU onset is observed in 
the group aged 18-64 years, but not for the group of 
patients ≥ 65 years.

Numerous studies have investigated diurnal, weekly, 
or seasonal variations in the onset of different diseases, 
such as cardiovascular diseases[7,22-24], cerebrovascular 
diseases[25,26], and psychiatric disorders[27-29], as well as 
complicated (including hemorrhage and perforation) 
and uncomplicated PUs[8-11], for which the highest 
incidences are in winter. This seasonal fluctuation of PU 
may be affected by several factors, including climatic 
factors[30], increased intake of NSAIDs in winter[31], 
significantly increased number of H. pylori infections 
in winter[32], and variations in alcohol consumption[33]. 
The importance of the diurnal and weekly rhythms in 

weekends.
Daily mean incidences of PU ER admissions for 

patients who had been prescribed NSAIDs for over 
30 d are shown in Table 4. Sundays and holidays had 
higher mean PU ER admissions than other non-holiday 
weekdays.
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Figure 2  Daily mean incidences and 95%CI of peptic ulcer admitted to the emergency rooms, by different age groups: 18-64 (A) and ≥ 65 years old (B).
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Figure 4  Daily mean incidences and 95%CI of peptic ulcer with 
hemorrhage or perforation admitted to emergency rooms.
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people’s lives has been emphasized for many years 
and the associated physiologic variables have recently 
been identified[34].

The discrepancy of our results with previous studies 
may be due to several factors. First, all of the preceding 
studies focused on the onset of perforated PU, whereas 
the present study included both complicated and 
uncomplicated PUs. Second, the studies in Canada and 
Israel used data from selected hospitals, preventing 
the generalizability of their conclusions[12,13]. Third, 
most of the studies were conducted before H. pylori 
was identified. In recent years, the management of PU 
has improved and the prevalence of H. pylori infection 
has decreased[35]. Thus, the current fluctuations in 
PU onset may be different from those reported three 
decades ago. However, our results of increased PU 
admissions on weekends and on holidays (defined as 
off-hour in Taiwan) are in agreement with a recent 
study in Norway reporting that off-hour admission 
rates (Saturdays and Sundays and/or during evening 
and nighttime) of perforated PU are higher than during 
regular office hours (weekdays and/or daytime)[36]. 

There are different patterns of weekly variations 
in PU admission by age in this study. In contrast to 
the significantly higher PU incidence on weekends and 
holidays in those 18-64 years of age, the frequency 
of PU admission is not different between workdays 
and weekends/holidays in those ≥ 65 years-old. 
This phenomenon may be due to dissimilar lifestyles 
of patients in different age groups. In Taiwan, the 
retirement age for workers is approximately 65 years-
old. Moreover, the lifestyle of people aged ≥ 65 years 
is more consistent across the whole week than in the 
working population. Thus, the weekly variation in PU 
admission is not observed in the elderly group.

The strengths of this study include the use of 
a nationwide population-based dataset, which has 
a single-payer system and covers 99.6% of the 
population (23 million) in Taiwan[37]. These features can 
avoid selection bias. This study also uses the diagnostic 
codes and medical information from the National 
Health Insurance database rather than the memory 
of PU patients, preventing recall bias. However, some 
limitations should also be noted. First, there is no 
clinical information or records regarding cigarette 

smoking, alcohol consumption, or emotional stress, 
which may all be risk factors for PU onset. Second, 
some PU patients with mild symptoms may not be 
admitted to the ER, and thus, will not be recorded 
in the database. This condition may underestimate 
the onset of PU in this study. It is difficult for patients 
with severe PUs to endure the pain and associated 
complications, such as hemorrhage and perforation. 
Moreover, it is easy for patients to access medical care 
in Taiwan due to the National Health Insurance system. 
In addition, most patients will be admitted to ERs 
immediately when severe PUs occur. ERs are the only 
medical care sources available on Saturday afternoons, 
Sundays, and holidays, which can result in an increase 
number of ER visits on such days. Nonetheless, ER 
admission is provided on all days of the week, even at 
night. Therefore, the working population could receive 
ER health service after getting off work. Furthermore, 
patients must have a serious symptom in order to 
be admitted to the ER for observation in Taiwan. In 
order to mitigate the potential effect of this issue, the 
weekly variation for only complicated PUs (including 
hemorrhage and perforation) was investigated, and its 
fluctuation is similar to that found for both complicated 
and uncomplicated PUs.

In conclusion, daily fluctuations over the week 
are observed in PU ER admission. There is a higher 
incidence of PU admission on weekends than on 
weekdays for the total population and working popu-
lations. The findings may provide some information 
for clinicians and government officials. Public health 
authorities can tailor their health promotion events to 
include information on how to prepare for high-risk PU 
days and provide strategies to reduce the risk of PU on 
weekends and holidays.

COMMENTS 
Background
A peptic ulcer (PU) is a common gastrointestinal tract disorder that is mainly 
located in the stomach and proximal duodenum. Many studies have reported 
monthly or seasonal variations in PU-related disorders within various regions 
or countries. However, very few studies have focused on the weekly pattern 
concerning PU onset.
Research frontiers
The importance of the diurnal and weekly rhythms in people’s lives has been 
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Table 3  Emergency room admissions by weekday of patients 
with peptic ulcers diagnosed with Helicobacter pylori  
infection

Variable Mean SD Days Minimum Maximum

Monday 3.35 4.56 149 0 16
Tuesday 2.54 4.00 153 0 14
Wednesday 2.57 4.06 152 0 14
Thursday 3.05 4.41 154 0 15
Friday 2.90 4.38 155 0 16
Saturday 3.33 4.88 150 0 18
Sunday 3.63 5.40 152 0 16
Holiday 5.07 7.57   30 0 21

Table 4  Emergency room admissions by weekday of patients 
with peptic ulcers receiving non-steroidal anti-inflammatory 
drugs for > 30 d

Variable Mean SD Days Minimum Maximum

Monday 3.97 4.83 149 0 16
Tuesday 2.71 4.23 153 0 15
Wednesday 3.81 4.80 152 0 15
Thursdays 3.23 4.51 154 0 15
Friday 3.15 4.46 155 0 17
Saturday 3.61 5.16 150 0 18
Sunday 5.22 5.69 152 0 17
Holiday 9.67 6.89   30 0 22
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emphasized in recent years, and the associated physiologic variables have 
been identified. However, relevant studies on the weekly fluctuation of PU onset 
are still limited.
Innovations and breakthroughs
This study demonstrates a statistically significant variation over the days of the 
week for PU emergency room (ER) admissions. The highest ER admissions 
for PU with or without complications occur on Sundays and holidays. Similar 
patterns are also observed for ER admissions of PU with hemorrhage and 
perforation. Moreover, with further stratification by age, a significant weekly 
variation of PU admission is observed in the working population.
Applications
Daily fluctuations over the week are observed in PU ER admission. There is 
a higher incidence of PU admission on weekends than on weekdays for the 
total and working populations. The findings may provide some information for 
clinicians and government officials. Public health authorities can tailor their 
health promotion events to include information on how to prepare for high-risk 
PU days, and to provide strategies to reduce the risk of PU on weekends and 
holidays.
Peer-review
This is a good population-based study in which the authors observed the 
fluctuation of PU ER admissions over the week. The results of this study 
showed that higher incidence of PU admission occurs on weekends than on 
weekdays for the total and working populations.
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