
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Acute and chronic pancreatitis: epidemiology and clinical aspects

Spanier, B.W.M.

Publication date
2011

Link to publication

Citation for published version (APA):
Spanier, B. W. M. (2011). Acute and chronic pancreatitis: epidemiology and clinical aspects.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/acute-and-chronic-pancreatitis-epidemiology-and-clinical-aspects(2b8cc25f-eb7d-4eed-91b0-4864dc32b469).html


51

1 Department of Gastroenterology and Hepatology, Academic Medical Center,  Amsterdam

2 Department of Clinical Epidemiology, Biostatistics and Bioinformatics, Academic Medical Center, 

 Amsterdam

Trends and forecasts of hospital

admissions for acute and chronic

pancreatitis in the Netherlands

eur j  ga stroenterol hepatol 2008;20:653-8

B.W. Marcel Spanier1

Marcel G.W. Dijkgraaf2

Marco J. Bruno1

chapter  3





53

1

Abstract

background  The incidence and prevalence of acute and chronic pancreatitis have 
increased in the Western countries. Most likely, the number of hospital admissions has 
increased correspondingly.

aims  To analyze the trends in hospital admissions in the Netherlands for acute and 
chronic pancreatitis from 1992 to 2004 and to forecast the number of admissions up 
to 2010.

methods  Analysis of hospital admissions for acute and chronic pancreatitis accumu-
lated in a nationwide database. Curve fi tting regression models were used to explore 
future trends.

results  The number of acute pancreatitis admissions rose in 1992-2004 from 1785 
to 3120 (74.8% increase). The overall annual number of acute pancreatitis admissions 
increased from 11.8 to 19.2 per 100.000 person-years. The linear regression model pre-
dicted 3205 (95% CI: 3111-3299) and 3537 (95% CI: 3429-3645) admissions for 2007 and 
2010 respectively, a further increase by at least 9.9% in 2010 compared to 2004. In the 
12 year time period, chronic pancreatitis admissions showed an increase of 75.4% (from 
790 to 1386). The overall annual number of chronic pancreatitis admissions increased 
from 5.2 to 8.5 per 100.000 person-years. The cubic regression model predicted 1868 
(95% CI: 1619-2117) and 3173 (95% CI: 2456-3890) admissions for 2007 and 2010 respec-
tively, an additional increase of 77.2% in 2010 compared to 2004.

conclusion  Hospital admissions for acute and chronic pancreatitis have increased 
substantially from 1992-2004. This trend will most likely continue for the near future 
and the burden and costs to the Dutch health care system will increase accordingly.
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Introduction

Over the past decades the incidence and prevalence of respectively acute and chronic 
pancreatitis in the Western countries have increased.1-10 It has been suggested that this 
could be explained by an increase in alcohol intake, a higher incidence of gallstone-
related pancreatitis, and by improvements of diagnostic tests and imaging techniques.6, 

7, 9, 10

The disease spectrum of acute pancreatitis ranges from mild and self limiting (80%) 
to a rapidly progressive fulminate illness with morbidity rates up to 30-50%.11, 12 Its 
 clinical course varies from a short period of hospitalization with supportive care (pain, 
fl uid, and nutritional management) to prolonged hospitalization with admittance to an 
Intensive Care Unit because of the development of multi organ failure, systemic infl am-
matory response syndrome and septic complications.

Chronic pancreatitis is characterized by recurrent episodes of abdominal pain ac-
companied by progressive pancreatic exocrine and endocrine insuffi  ciency. Hospital-
ization is required in case of an exacerbation to control pain (e.g. opiod medication, 
pancreaticojejunostomy) and for the treatment of complications such as pseudocysts.13 
We analyzed the trends in hospital admissions for acute and chronic pancreatitis in the 
Netherlands in the period 1992-2004 and explored the predicted number of admissions 
up to 2010.

Methods

Study population
In the Netherlands hospitalization data are collected in the National Information Sys-
tem on Hospital Care (NISHC). This nationwide, automated database collects anony-
mous hospital discharge data from academic and general hospitals. The NISHC data-
base is maintained by Prismant, the research and advisory agency for the Dutch Health 
Care Service. Since 1992 almost all (98%) Dutch hospitals are linked to the NISHC. The 
recorded discharge data are periodically verifi ed and matched with the original hospital 
data to ensure an optimal data quality.

We retrospectively retrieved all hospital admissions (>1 day of hospital stay) with 
acute or chronic pancreatitis as the primary discharge diagnosis for the period from 1 
January 1992 to 31 December 2004. The discharge codes are coded in accordance with 
the International Classifi cation of Diseases coding system (ICD-9CM, 577.0 and 577.1). 
Data were retrieved grouped by sex and by age.
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trends and forecasts of hospital admissions for pancreatitis 

Statistics
The annual number of hospital admissions for acute and chronic pancreatitis per 
100.000 person-years was calculated. The general population numbers within speci-
fi ed time frames were derived from the online statistical resource StatLine of the CBS 
(Central Commission for Statistics) of the Dutch Ministry of Economy Aff airs (www.cbs.nl  ). 
Annual number of admissions was standardized for age and sex based on the distri-
bution of the total number of person-years in the period 1992-2004, assuming that 
a person alive during the year generates one full person-year.

Future trends in hospital admissions up to 2010 were forecasted with curve fi tting 
regression models while using the numbers of admissions for acute and chronic pan-
creatitis from the period 1992-2004 for historical validation. Principally, the regression 
model that best fi tted the historical data as indicated by the explained variance es-
timate (highest R2) was chosen. However, with a time horizon of 6 years, regression 
models may easily over- or underestimate future numbers of admissions the closer one 
gets to 2010, particularly in case of overfi tting of historical data. To prevent possibly 
spurious estimates by merely taking the model with the highest R2, the forecasts by 
the other models were visually inspected and a simpler regression model was selected 
instead, in case it explained at least 90% of the variance in historical data. In addition, 
the model selection process was repeated using smoothed historical data. Smoothing 
data directly reduces the risk of overfi tting and leads to shrinked parameter estimates 
in regression models. Upper and lower 95% confi dence intervals of the forecasted num-
bers of admissions are reported for the primary analysis as well as for the analysis based 
on smoothed data.

The Statistical Package for the Social Sciences (SPSS) version 12.0.1 (SPSS, Chicago, IL) 
was used for statistical analysis.

Results

Acute pancreatitis
In 1992 a total of 1785 hospital admissions for acute pancreatitis were registered. In 
2004 this number rose to 3120, representing an increase of 74.8% over a twelve year 
time period. Males were slightly overrepresented with 58.8% and 56.3%, respectively 
[Figure 1]. The growth rate of the number of admissions for women (85.3%) was higher 
than for men (67.4%).The overall annual number of primary acute pancreatitis admis-
sions increased in the period 1992-2004 from 11.8 to 19.2 per 100.000 person-years.

Aft er standardization for age and sex the annual number increased from 12.3 to 18.5 
per 100.000 person-years [Figure 2]. This represents an increase of 50.4% between 
1992-2004. The sex-standardized number per 100.000 person-years increased from 14.0 
to 21.8 for men (55.7% increase) and from 9.6 to 16.6 for women (73.0% increase).
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The linear regression model was selected to forecast the number of admissions for the 
years 2007 and 2010. The model explained 97.1% of the variance in the unstandardized 
historical data (against 98.2% for the more complex cubic model). The linear model 
forecasted 3344 (95% CI: 3130-3557) and 3680 (95% CI: 3444-3916) admissions for 2007 
and 2010, respectively, suggesting an increase of 17.9% compared to the 2004 level. 

ch apter 3
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Figure 2 Annual age-standardized and sex-standardized incidence of admissions for acute pancreatitis per 
100.000 person-years in the Netherlands in the period 1992-2004

0 

1000 

2000 

3000 

4000 

1992 1994 1996 1998 2000 2002 2004 

Number of
admissions 

Year 

Figure 1 Trend in number of hospital admissions for acute pancreatitis for men and women
in the Netherlands in the period 1992-2004
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Aft er smoothing the historical data for acute pancreatitis, the R² of the linear model 
increased to 99.3% and the model forecasted 3205 (95% CI: 3111-3299) and 3537 (95% 
CI: 3429-3645) admissions for 2007 and 2010 respectively [Figure 3], suggesting an 
increase of at least 9.9% compared to the 2004 level.

Chronic pancreatitis
A total of 790 hospital admissions for chronic pancreatitis were registered in 1992. In 
2004 the number of admissions rose to 1386, representing an increase of 75.4%. The 
increase of the number of chronic pancreatitis related admissions was more prominent 
in the years 2003 and 2004 (21.7% and 15.8%, respectively). Males were overrepresented 
with 67.8% and 66.4%, respectively [Figure 4]. The growth rate of the number of ad-
missions for women (83.5%) was somewhat higher than for men (71.6%).The overall 
 annual number of primary chronic pancreatitis related admissions increased in the pe-
riod 1992-2004 from 5.2 to 8.5 per 100.000 person-years.

Aft er standardization for age and sex the annual number increased from 5.5 to 8.2 
per 100.000 person-years [Figure 5]. This represents an increase of 49.1% between 

trends and forecasts of hospital admissions for pancreatitis 
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Figure 3 Historical and forecasted hospital admissions up to 2010 for acute pancreatitis with the lineair 
curve fi tting model aft er smoothing (R2 = 99.3). Forecasted admissions are also presented with 
95% confi dence intervals (UCL = Upper Confi dence Limit; LCL = Lower Confi dence Limit)
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1992-2004. Moreover, the increase in number was most explicit in the years 2003 and 
2004. The sex-standardized number per 100.000 person-years increased from 7.2 to 11.4 
for men (58.3% increase) and from 3.3 to 5.7 for women (72.7% increase).

Only the cubic regression model explained more than 90% of the variance of the 
unstandardized historical data (R2 91.3%) and was selected to forecast the number 
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Figure 5 Annual age-standardized and sex-standardized incidence of admissions for chronic pancreatitis 
per 100.000 person-years in the Netherlands in the period 1992-2004
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Figure 4 Trend in number of hospital admissions for chronic pancreatitis for men and women
in the Netherlands in the period 1992-2004
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of admissions up to 2010. The cubic model forecasted 2246 (95% CI: 1708-2785) and 
3830 (95% CI: 2446-5234) admissions in 2007 and 2010, respectively, suggesting an 
increase of 176% compared to the 2004 level. Smoothing the historical data prior to 
model  selection did not reveal a simpler regression model exceeding the 90% prereq-
uisite. By smoothing, the R² of the cubic model increased to 97.8% and the model fore-
casted 1868 (95% CI: 1619-2117) and 3173 (95% CI: 2456-3890) admissions for 2007 and 
2010 respectively, suggesting an increase of at least 77.2% compared to the 2004 level 
 [Figure 6].

Discussion

In this study we show that the number of hospital admissions in the Netherlands with 
acute or chronic pancreatitis as the primary discharge diagnosis has increased substan-
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Figure 6 Historical and forecasted hospital admissions up to 2010 for chronic pancreatitis with the cubic 
curve fi tting model aft er smoothing (R2 = 97.8). Forecasted admissions are also presented with 
95% confi dence intervals (UCL = Upper Confi dence Limit; LCL = Lower Confi dence Limit)
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tially over the last 12 years up to 2004, by 74.8% and 75.4% respectively, with a higher 
growth rate for women than for men. Aft er standardization for age and sex the annual 
number for both acute and chronic pancreatitis related admissions increased by at least 
50%. This increase in admissions is in line with an earlier observation that the incidence 
of fi rst attacks of acute pancreatitis in the Netherlands increased between 1985-1995.3

Curve fi tting regression models based on these trends show that the yearly num-
ber of admissions up to the year 2010 may further increase considerably. The historical 
trend in admissions for acute pancreatitis was best described by a linear model. The 
resulting forecasts suggested increasing yearly number of admissions of at least 9.9%, 
presumably 17.9%.

In contrast, the cubic model best fi tted the trend of admissions for chronic pan-
creatitis. The resulting forecasts suggested increases of at least 77.2%. Because of its 
‘accelerating’ nature, it can be debated if this progressive cubic regression model truly 
forecasts the hospital admissions in the near future. The hospital admissions in 2003 
en 2004 increased with respectively 21.7 and 15.8%. With these high yearly percentages 
in mind, the derived minimum estimate of a 77.2% increase over 6 years seems reason-
ably realistic and may set the target for health care service planning. Whether or not this 
growth rate will be even higher and will approximate the also suggested 176% increase 
over 6 years, remains uncertain. A regular update of curve-fi tting based forecasts with 
additional, more recent data is advisable.

It can be speculated that the increase of hospital admissions for both acute and 
chronic pancreatitis from 1992-2004 in combination with the forecasted increase, puts 
a proportionally higher burden on the Dutch health care system, both in terms of labour 
eff orts as well as costs. To substantiate this speculation, it would be interesting to as-
sess the trend in length of stay. Regarding labour eff orts, decreasing length of stay may 
partially compensate for increasing numbers of admissions. However, while the overall 
length of hospital stay for any indication reduced during the last decade in the Neth-
erlands, actual data regarding the length of stay of admissions for acute and chronic 
pancreatitis were not retrieved from the NISHC.

The outcomes of the present study depend heavily on the validity of the NISHC as a 
reliable source for hospital discharge data for acute and chronic pancreatitis. Since 1992 
the NISHC collects information on at least 98% of hospital admissions in the Nether-
lands. The accuracy and validity of the data is ensured by a thorough verifi cation strat-
egy by which collected data from pooled hospitals is rechecked and verifi ed with its 
original source. Eland and co-workers performed, as a part of a retrospective study in 
which incidence rates of acute pancreatitis in the Netherlands were assessed, a restrict-
ed validation analysis. Data were retrieved from 101 patients who were reported to the 
NISHC with a discharge diagnosis code for acute pancreatitis NISHC.3 They report a posi-
tive predictive value (PPV) of 82.2% for acute pancreatitis discharge diagnosis codes. 
This percentage was similar for the years 1985, 1990, and 1995. On the other hand, only 
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76% of patients with an acute pancreatitis were notifi ed to the NISHC. They concluded 
that as a consequence of the overreporting due to miscoding and the underreporting 
due to non-coding, the observed incidence rates seem to refl ect true rates. Our group 
retrospectively analyzed the reliability of hospital discharge data (in total 483 admis-
sions) for both acute and chronic pancreatitis collected in the NISHC.14 In this validation 
study we observed a substantial miscoding and non-coding of discharge diagnoses of 
acute and chronic pancreatitis on the level of individual hospital admissions, ultimately 
leading to an underestimation at group level of the total number of acute and chronic 
pancreatitis diagnoses of 15.8% and 6% respectively.

The observed prominent increase in hospital admissions for acute and chronic pan-
creatitis over the last twelve years deserves further attention. It has been suggested 
that the increase of the incidence and prevalence of respectively acute and chronic 
pancreatitis in the Western countries could be explained by an increase in alcohol intake 
and a higher incidence of gallstone-related pancreatitis.6, 7 Unfortunately, the source 
data per admission that were used for the present study do not contain accurate infor-
mation regarding the actual cause of the pancreatitis attack. However, to explicate and 
vindicate the observed trend some considerations come to mind. It is well known from 
epidemiological studies that the incidence of acute pancreatitis follows the changes 
in alcohol consumption.15, 16 Also, a close relation has been described between the per 
person alcohol consumption and the numbers of discharges with chronic pancreatitis 
6 years later.17 According to registry data of the Central Commission for Statistics the 
general alcohol consumption in the Netherlands only slightly increased in the period 
1992-2000 (www.cbs.nl). Furthermore, there has only been a minimal change in alcohol 
consumption in the Netherlands.18 Therefore, the increase in hospital admissions for 
both acute and chronic pancreatitis seems not to be explained by a change in alcohol 
consumption.

As mentioned, another common cause of acute pancreatitis is gallstone disease.11 
Our data show a slightly higher increase in admissions among women. Because gall-
stone disease is associated with the female gender, this increase may point to a con-
tribution from gallstone-related pancreatitis. According to registry data of the Central 
Commission for Statistics the primary hospital admissions for gallstone disease are ris-
ing and most patients are women. Another well known observation is that obesity is 
linked to gallstone disease. Interestingly, in the Netherlands there has been a steady 
increase in the prevalence of obesity in the period from 1976-1997.19

In conclusion, the number of hospital admissions for both acute and chronic 
pancrea titis have increased substantially from 1992-2004. This trend will most likely 
continue for the near future. Consequently, it can be anticipated that the burden and 
costs of acute and chronic pancreatitis admissions to the Dutch health care system will 
increase accordingly.

trends and forecasts of hospital admissions for pancreatitis 
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