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ABSTRACT
Objectives This study aimed to assess the internal law 
and time trend of hospitalisation for oesophagogastric 
variceal bleeding (EGVB) in cirrhosis and develop an 
effective model to predict the trend of hospitalisation time.
Design We used a time series covering 72 months to 
analyse the hospitalisation for EGVB in cirrhosis. The 
number of inpatients in the first 60 months was used as 
the training set to establish the autoregressive integrated 
moving average (ARIMA) model, and the number over the 
next 12 months was used as the test set to predict and 
observe their fitting effect.
Setting and data Case data of patients with EGVB 
between January 2014 and December 2019 were 
collected from the Affiliated Hospital of Southwest Medical 
University.
Outcome measures The number of monthly hospitalised 
patients with EGVB in our hospital.
Results A total of 877 patients were included in the 
analysis. The proportion of EGVB in patients with cirrhosis 
was 73% among men and 27% among women. The peak 
age at hospitalisation was 40–60 years. The incidence 
of EGVB varied seasonally with two peaks from January 
to February and October to November, while the lowest 
number was observed between April and August. Time- 
series analysis showed that the number of inpatients with 
EGVB in our hospital increased annually. The sequence 
after the first- order difference was a stationary series 
(augmented Dickey- Fuller test p=0.02). ARIMA (0,1,0) 
(0,1,1)

12 with a minimum Akaike Information Criterion 
value of 260.18 could fit the time trend of EGVB inpatients 
and had a good short- term prediction effect. The root 
mean square error and mean absolute error were 2.4347 
and 1.9017, respectively.
Conclusions The number of hospitalised patients with 
EGVB at our hospital is increasing annually, with seasonal 
changes. The ARIMA model has a good prediction effect on 
the number of hospitalised patients with EGVB in cirrhosis.

INTRODUCTION
Liver cirrhosis is a common global disease 
and its incidence continues to increase 
annually. Cirrhosis and its complications are 
responsible for a large number of deaths 
annually worldwide. The Global Burden 
of Disease study in 2017 reported over 1.32 
million cirrhosis- related deaths globally, 
which is approximately 2.4% of all deaths 
worldwide.1 Almost 90% of patients with liver 
cirrhosis eventually develop portal hyperten-
sion.2 Oesophagogastric variceal bleeding 
(EGVB) caused by portal hypertension is the 
most common complication of cirrhosis and 
is one of the most common digestive system 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The autoregressive integrated moving average 
(ARIMA) model used in this study, characterised 
by its simplicity and interpretability, demonstrates 
notable accuracy in short- term forecasting by thor-
oughly assimilating the long- range tendencies, cy-
clical shifts and aleatory perturbations in the data.

 ⇒ The ARIMA model has been applied in context of oe-
sophagogastric variceal bleeding in individuals with 
cirrhosis for the first time.

 ⇒ We used 6 years of data, training the ARIMA model 
on the first 5 years and testing it on the last year.

 ⇒ The ARIMA model did not consider other factors ex-
cept for the characteristics of time series that affect 
the number of inpatients and varied with the differ-
ences in personal experience of researchers.

 ⇒ To make the theoretical value closer to reality, the 
latest optimisation model should be fitted according 
to the regional differences and the latest EGVB data.
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emergencies, with high risk and high mortality, requiring 
urgent hospital admission and long- term hospital stay.3 4 
Although multiple procedures were available to control 
bleeding, the associated mortality currently accounted 
for approximately 10%–20%.5 EGVB in cirrhosis occurs 
easily and the disease burden associated with multiple 
hospitalisations correspondingly increases. Therefore, it 
is necessary to understand and predict the trend of hospi-
talisation in patients with EGVB due to cirrhosis.

Clinical prediction models have become increasingly 
popular in recent years. At present, prediction models and 
methods mainly include linear regression models, neural 
network models, Markov chain models and time- series 
models.6 7 Auto- regressive integrated moving average 
model (ARIMA) is a time- series forecasting approach 
that is used to predict the future value of a variable from 
its own past values and can achieve an acceptable predic-
tion effect.8 However, no previous study has attempted to 
predict time trends for inpatients with EGVB.

In this study, we aimed to summarise the trend of hospi-
talisation in patients with EGVB in cirrhosis and establish 
an ARIMA model to predict future trends effectively by 
conducting a time- series analysis, providing a decision- 
making reference for hospitals to allocate medical 
resources. By taking into account the varying amounts 
of patients over different months, ages and genders, the 
hospital is expected to maximise the utilisation of medical 
resources and optimise the development of medical 
services. The effective treatment of patients with EGVB in 
cirrhosis is expected to be guaranteed.

METHODS
Data sources
Clinical data were collected from 877 inpatients with 
EGVB in cirrhosis who were diagnosed at the Affiliated 
Hospital of Southwest Medical University between January 
2014 (when the medical system at our hospital has been 
updated and the data were accurate) and December 2019. 
Data between 2014 and 2018 (60 months) were used as 
a training set to build the ARIMA models, whereas data 
between January 2019 and December 2019 (12 months) 
were used as a verification set to test the accuracy of the 
models.

Basic analysis of inpatients with EGVB
R software was used to import the number of hospital-
ised patients with EGVB in our hospital every month and 
generate a time- series graph and compare the sex ratio 
of hospitalised patients. The graph function of R was also 
used to generate a map of age distribution and a map 
showing seasonal distribution.

The ARIMA model
The ARIMA model is a classic model in time- series anal-
yses that calculates future short- term predictions by 
analysing the time series of historical data. According to 
whether the data have periodicity, the ARIMA model can 

be divided into ARIMA (p, d, q) and ARIMA (p, d, q) 
(P, D, Q)S; D and d symbolize the sequence of trend and 
seasonal differences, established upon the stability of the 
original time series ; p, q, P, Q and s denote the sequence 
of the autoregressive, moving average, seasonal autore-
gressive, seasonal moving average and seasonal period-
icity, respectively.9

The steps to build the ARIMA model are as follows:
1. Data preprocessing: R software was used to generate 

a time- series diagram for the number of EGVB inpa-
tients in the first 60 months, and the seasonal and 
trend factors affecting the change in the number of 
EGVB inpatients were decomposed to conduct season-
al and trend analyses.

2. Stationarity test: the autocorrelation function (ACF) 
and partial autocorrelation function (PACF) graphs of 
the time series were constructed, and the augmented 
Dickey- Fuller (ADF) test was used to detect whether 
the time series was stationary. Otherwise, differential 
processing is needed to transform the time series into 
a stationary series.

3. Model identification: several alternative models were 
preliminarily estimated using the ACF and PACF dia-
grams. The  auto. arima () function in the R software 
package can automatically identify the model order, 
and the optimal model is determined according to the 
Akaike Information Criterion (AIC), which is the min-
imum AIC value criterion.

4. Model test: the screening model was tested for resid-
ual white noise. If the residual order is listed as white 
noise, the ARIMA model can better fit the data; other-
wise, the model parameters must be re- estimated and 
refitted.

5. Model prediction: the optimal model was used to 
forecast the trend for 2019 (12 months in total), cal-
culate the root mean square error (RMSE) and mean 
absolute error (MAE) of the model and compare the 
predicted value with the actual value to evaluate the 
prediction effect of the model.

Statistical analysis
Microsoft Excel 2010 was used to build a database of EGVB 
inpatients, and R V.3.6.2 software was used for time- series 
analysis and ARIMA model establishment and prediction. 
P value <0.05 was considered statistically significant.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
Baseline information
Between 2014 and 2019, the total number of EGVB inpa-
tients in our hospital was 877, including 640 men and 237 
women, accounting for 73% and 27% of the total study 
population, respectively. The age range of EGVB patients 
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with cirrhosis was wide, and the highest incidence was 
observed in patients between 40 and 60 years of age, espe-
cially those aged 40–50 years (figure 1) (online supple-
mental table 1).

The distribution of admissions for EGVB in patients with 
cirrhosis adopted an obvious seasonal pattern, with two 
peaks of EGVB in patients with cirrhosis between January 
and February and October and November. In particular, 
January, February and November had the highest number 
of hospitalisations. The incidence of EGVB reached its 

lowest point between April and August, during which the 
ambient temperature gradually increased (figure 2).

The ARIMA model
Basic characteristics of time-series data
R software was used to visualise the monthly incidence of 
inpatients in the first 60 months to generate a time- series 
table (figure 3). By observing the time- series diagram of 
the number of EGVB inpatients, it is shown that the inci-
dence has a long- term growth trend, and the trend fluctu-
ates sharply. It is considered that the original time series 
was a non- stationary series (figure 4A). Through the tail 
features depicted by the ACF and PACF charts, it can also 
be determined that the time series are non- stationary 
(figure 4B). We decomposed the time- sequence diagram 
for relevant factors and revealed the trend, periodicity 
and seasonality characteristics of the series (figure 5). The 
number of EGVB inpatients with cirrhosis at our hospital 
increased annually between 2014 and 2018. Under the 
influence of seasonal factors, the monthly incidence of 
EGVB inpatients with cirrhosis showed a regular upward- 
downward- upward trend, which was consistent with the 
description of the seasonal distribution map in the base-
line information.

Stationarity tests
The  adf. test () function was used to perform the ADF test, 
and the results showed that the p=0.45, which confirms 
that the original sequence diagram was not stable and 
needed to be stabilised. The diff () function was used to 
generate a first- order difference (online supplemental 
figure 1A). The ACF and PACF diagrams after the differ-
ence showed truncation characteristics (online supple-
mental figure 1B), which can be preliminarily judged to 
be a stationary series. The  adf. test () function was used for 
the ADF test again (p=0.02 (p<0.05)), indicating that the 
sequence after the difference treatment was a stationary 
series, and d=1.

Model identification
The auto. arima () function was used to automatically 
select the optimal ARIMA model. Fifteen alternative 
models were preliminarily selected by combining the ACF 
and PACF diagrams of the differential sequences. ARIMA 
(0,1,0) (0,1,1)12 was selected as the best model based on 
the minimum principle of AIC. The minimum value of 
AIC was 260.18 (online supplemental table 2).

Model test
Ljung- Box test was conducted on the residual with the  
Box. test () function in R software. The residual of the 
model in this study did not pass the test, that is, there is no 
correlation between the residual and the autocorrelation 
coefficient, which was 0; thus, the residual sequence can 
be judged as white noise. The ACF diagram of the resid-
uals demonstrated that the autocorrelation coefficients 
were within a twofold dotted line, thus indicating that 
the residuals were uncorrelated independent sequences. 
Therefore, the ARIMA model can fit the data well and 

Figure 1 Age distribution of oesophagogastric variceal 
bleeding.

Figure 2 Seasonal distribution of patients with 
oesophagogastric variceal bleeding.
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can be used for prediction (online supplemental figure 
2).

Model for prediction
ARIMA (0,1,0) (0,1,1)12 was used to forecast 2019 data 
(12 months). A diagram of the ARIMA model prediction 
results showed that the overall trend of the forecast series 
of the ARIMA model was consistent with that of the real 
series, although the fluctuations were not completely 
synchronised (online supplemental figure 3). Thus, the 

model fitted well, the RMSE of this model was 2.4347, and 
the MAE value was 1.9017.

DISCUSSION
Liver cirrhosis is a common disease worldwide. EGVB 
is the most serious and critical complication of liver 
cirrhosis, accounting for 10%–30% of all cases of upper 
gastrointestinal bleeding.10 With the increasing incidence 

Figure 3 Time series table of oesophagogastric variceal bleeding inpatients.

Figure 4 Original timing diagram (A) and autocorrelation function (ACF) diagram and partial autocorrelation function (PACF) 
diagram (B).
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of liver cirrhosis, it has become a common emergency 
in the departments of emergency and gastroenterology. 
Clinical studies have shown that oesophageal varices 
occur in 30% of patients with cirrhosis, the risk of oesoph-
ageal and gastric fundus venous rupture is approximately 
30%–50%, and 50% of patients experience repeated 
massive bleeding within 1–2 years, with a mortality rate of 
40%–70%.11 12

In this study, the time- series analysis of the number of 
hospitalised patients with EGVB in our hospital showed 
that the number of cases increased annually. Liu et al 
reported that the longer the course of liver disease, the 
higher the recurrence rate and the complications, espe-
cially bleeding.13 Therefore, we speculate that this may 

be the reason for the increasing annual incidence of 
EGVB. Extensive coverage has been given to customised 
treatments and interventions aimed at averting the devel-
opment of additional secondary combinations,14 diverse 
perdition models of EVGB15 16 and evolving treatment 
techniques.17 18 These enlighten us that developing a fore-
casting system for evaluating bleeding risk based on local 
data, enhancing the technology of intraregional endo-
scopic and interventional treatment and close follow- up 
are all significant breakthroughs in managing the esca-
lating incidence rate of EGVB.

Among the 877 patients in this study, there were signifi-
cantly more men than women with a male- to- female ratio 
of 2.55:1. When analysing age distribution, we found that 

Figure 5 Timing diagram after factoring out related factors.
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most cases occurred in the 40–60 years age group, and the 
peak age of onset was 50–60 years. In a Norwegian study, 
the mean age of patients with bleeding was 54±11.84 
years, with a male- to- female ratio of 2.63:1, generally 
consistent with the results of this study, which confirmed 
that women had less liver cirrhosis and less bleeding than 
men, suggesting that difference based on sex are related 
to EGVB.19 This may be because emotional stimulation, 
improper diet, overwork and alcohol consumption are 
independent risk factors of EGVB in cirrhosis,13 which 
are more common in men. Therefore, it was suggested 
that middle- aged men are more prone to EGVB, and it 
is necessary to conduct targeted education to attract the 
attention of this population.

Meteorological and climatic parameters have been 
associated with various human diseases. For instance, 
ambient air temperature has been shown to be inversely 
associated with the incidence of myocardial infarction.20 21 
The seasonal variations in peptic ulcer bleeding were also 
found to be more frequent in winter than in summer.22 
The ARIMA model developed in this study predicted 
that the admission of inpatients with EGVB would show 
a rise- decline- rise trend. It was evident that EGVB inpa-
tients were mostly admitted to the hospital between 
January and February, followed by between October and 
November; thus, EGVB in liver cirrhosis also had seasonal 
variations, that is, the incidences of EGVB were higher in 
winter months than those in summer months. This was 
consistent with the seasonal distribution of inpatients 
with EGVB described in the basic information section. 
Yen et al reported that the incidence of bleeding from 
varix increased in February and decreased in July,23 which 
is similar to the results of this study. The reason for this 
phenomenon may be related to the contraction of skin 
and peripheral blood vessels caused by low temperature 
and the corresponding increase in visceral blood flow, 
resulting in increased varicose vein pressure. One study 
confirmed that ambient temperature affects variceal 
rupture haemorrhage, especially in the early morning. 
Thus, in addition to seasonal patterns, a circadian rhythm 
has also been observed in emergency admissions of EGVB. 
During this time, venous blood flow in the heart is at its 
highest point in patients with maximum portal venous 
pressure, thus increasing the risk for rupture haemor-
rhage. It has been shown that the risk for haemorrhage 
in patients is higher during the night than during the 
day, and mortality is higher during the day.13 In addition, 
Mansour et al reported that temperature changes could 
affect portal vein bleeding.24 In contrast, another study 
showed that EGVB occurs in all months and seasons, 
except September.25 The different results may be related 
to race, climate, eating habits and other factors related to 
the study population. Few reports have discussed bleeding 
from the varix, and seasonal variation in the incidence of 
variceal bleeding was not confirmed in these studies.26 27

The ARIMA prediction model used in this study is a 
common time- series analysis model that has long been 
used by researchers to predict medical clinical events. For 

example, the ARIMA model is widely used in the predic-
tion of infectious diseases such as influenza28 and dengue 
fever29 and has shown high prediction accuracy. In addi-
tion, many studies have applied the ARIMA model and 
related machine learning algorithms to predict the daily 
or monthly number of new hospital admissions, and the 
results have high accuracy.30–32 Cheng et al33 established 
a model to predict the emergency room occupancy rate 
in the next 4 hours by observing every hour of the day 
in the emergency department. In the early stage of the 
global outbreak of COVID- 19 disease, some researchers 
established the ARIMA model to predict the number of 
daily cases in the later stage by collecting the number of 
confirmed cases over a period. The results showed that 
the dynamic trends of the predicted and actual values 
were essentially the same, which is of practical signifi-
cance in guiding epidemic prevention and control.8 34 
The ARIMA model is the most popular and classic time- 
series forecasting model owing to its relatively simple 
modelling process, good interpretability and high short- 
term prediction accuracy. It can solve the problem of 
autocorrelation of data and comprehensively consider 
the long- term trend, periodic change and random inter-
ference factors of data. This is the first time it has been 
used in patients with EGVB in cirrhosis. In addition, 
other models such as clinical- radiomics nomogram16 35 
and machine learning- based model15 have been used to 
predict the risk of EGVB in patients with liver cirrhosis 
in previous studies. However, the majority of them aimed 
at the prediction of bleeding risk in patients to prevent 
the occurrence of EGVB and promote EGVB surveillance 
strategies. Our study tended to provide better medical 
services for bleeding patients by allocating resources 
based on trends of hospitalisation.

However, this model also has inherent shortcomings; 
for example, it requires high time continuity of data and 
only considers the characteristics of time series to predict, 
without considering other factors affecting the number 
of inpatients. Therefore, it should be combined with the 
actual situation for comprehensive analysis in practical 
applications. In addition, there are subjective compo-
nents of model identification. Owing to differences in 
personal experience, different researchers may obtain 
different relative optimal models when modelling the 
same set of data, which will also lead to bias and affect the 
accuracy of model prediction. Moreover, because EGVB 
in different regions has its onset characteristics, the latest 
and optimal model should be fitted according to the 
regional differences and the latest data of EGVB to make 
the theoretical value closer to reality. Finally, we hope 
to continue learning more advanced models to achieve 
more accurate predictions in medical research.

CONCLUSION
Through a time- series analysis of the number of hospital-
ised patients with EGVB in cirrhosis at our hospital, this 
study found that the long- term trend of onset time, high 



7Peng J, et al. BMJ Open 2024;14:e074608. doi:10.1136/bmjopen-2023-074608

Open access

incidence season and month, other laws and the estab-
lished ARIMA model have good short- term prediction 
effects on the number of hospitalised patients, which 
can provide a reference for hospitals to formulate appro-
priate medical preparation and prevention strategies.
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