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Abstract

Many diseases and illnesses are known to be induced by changes in season and have seasonal fluc-
tuations, and are affected by meteorological factors. Cholecystectomy is a very common surgical procedure
used to treat gallstone disease and related complications. This study aimed to examine possible impacts
of the seasons on the incidence of cholecystectomy with respect to gender and age as well as whether
meteorological variables showed an association with incidences of cholecystectomy. The study was
retrospectively conducted using the nationwide population-based datasets of National Health Insurance
System in Taiwan. Patients who had undergone cholecystectomy were identified according to the Inter-
national Classification of Diseases version 9 codes and categorized in terms of age and gender. Auto-
regression integrated moving average (ARIMA) multivariate models were applied to investigate the
association of cholecystectomy incidence rates, time and meteorological variables. A total of 192,833
patients who underwent cholecystectomy between 1996 and 2008 were identified for the analysis. A
trend indicating an overall increase was observed for the incidence rate of cholecystectomy over the
study period. There were more females who underwent cholecystectomy than males. The highest in-
cidence was found to occur during the summer and the lowest during the winter correlating with the
cyclic pattern of temperature in Taiwan. Overall, the cholecystectomy incidence rate increased steadily
over the 13-year study period for all age groups. In conclusion, the incidence of cholecystectomy was
found to be correlated with the seasons. Temperature is the most notable variable among the relevant
meteorological factors. Culture may also play a role in these correlations.
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Introduction

Human health is influenced by weather changes
in terms of creating a climate favorable to and con-
ditions suitable for proliferation and transmission of
pathogens. Severe weather can affect the timing and
the frequency of mortality and the presence of out-
breaks of infectious diseases. Host susceptibility,

periodic changes in pathogen abundance and varia-
tions in transmissibility are all involved in the mani-
festation of various diseases with respect to seasonal
variations. The ever-changing environment also plays
a role in supporting or repressing the presence of a
host or pathogen. Marked seasonal fluctuations, in-
cluding temperature, humidity, and rainfall, which
affect pathogenic mechanisms, have been noted and
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documented by scientists worldwide and these factors
have been shown to result in fluctuations in the fre-
quency of many diseases.

Seasonal changes have a significant effect on gas-
trointenstinal diseases such as duodenal ulcer (4, 6, 34)
as well as other diseases including depression (10),
heat exhaustion and mortality (13). Effective strate-
gies to prevent the spread of an emerging infection
and to control the occurrence of a disease necessitate
insights into the cyclic nature of diseases. Time-series
analysis has been applied in econometrics for many
years, particularly in forecasting; in recent years, it
has also been extensively used to study the effects of
environmental exposure. Auto-regression integrated
moving average (ARIMA) models have provided use-
ful tools when analyzing non-stationary time-series
data that include ordinary and seasonal trends (5, 32).

Cholecystectomy is the most common surgical
procedure used to treat gallstone disease (GSD), which
is one of the most prevalent and costly digestive ill-
nesses. Prevalence rates range from 10% to 15% for
European and American populations and from 3% to
10% for African and Asian populations. More than
80% of gallstone carriers are asymptomatic, and it
has been estimated that 1% to 2% of patients per year
develop gallstone symptoms and/or complications
lead to the need for surgical intervention (23, 31).
Symptoms and complications associated with GSD
that causes clinical manifestations result in a need for
cholecystectomy or antibiotic treatment when there
is inflammation of the gallbladder (acute and chronic
cholecystitis) and/or inflammation of the common bile
ducts (choledocholithiasis, cholangitis, and biliary pan-
creatitis). The clear benefits of laparoscopic chole-
cystectomy (LC) over open cholecystectomy (OC, or
traditional) have been reported in a number of previous
studies; these advantages have made this procedure
the gold standard for the treatment of GSD and associ-
ated complications (12, 16, 21). This is primarily be-
cause LC results in reduced hospital stay time, lower
total costs for the procedure, less postoperative pain,
and fewer postoperative complications together with
higher patient satisfaction (3, 14). The safety of LC,
when used to treat elderly patients, has also been con-
firmed in many studies. LC is now the preferred
method for cholecystectomy (16, 29), which is also
one of reasons why there have been an increasing
number of cholecystectomies carried out in Taiwan.

Taiwan is in the subtropical region with relatively
high humidity throughout the year and the country
has maximum rainfall during the May to July period.
Seasonal variations in disease onset and hospital ad-
mission have been observed in Taiwan for psychiatric
cases, respiratory diseases, peptic ulcers, duodenal

ulcers and gastric ulcers (17, 30, 34). In this context,
it has been considered that meteorological variables
are associated with variations in disease frequencies,
but there is very limited information available that
describes the relationship between abdominal surgery
events and climatic factors. As far as we know, there
seems to be a spontaneous seasonal gallstone cycle in
animals and this may be associated with various physio-
logical and nutritional factors (9). However, no study
using a substantial population has ever been attempted
to investigate the seasonality of human GSD and the
related incidences of cholecystectomy and/or the as-
sociation of GSD with climate. In the present study,
a 13-year nationwide population-based dataset (1996-
2008) obtained from the Taiwan National Health In-
surance System was used. The aim of this study was to
examine possible impact of seasonal variations on
the incidence of cholecystectomy across the genders
and different age groups. The association between
incidences and meteorological variables was also an-
alyzed.

Materials and Methods
Source of Data

This retrospective cross-sectional and population-
based study was conducted by data-mining of the data-
base of the Bureau National Health Research Insti-
tute (BNHI) and the National Health Research In-
stitute (NHRI) of Taiwan. The BNHI is the national
health insurance provider covering approximately
99% of the 23 million residents of Taiwan (33). The
comprehensive computerized datasets consist of con-
tinuous input from the pharmaceutical, medical and
administrative systems of hospitals/practitioners in
Taiwan, and are available to investigators for research
purposes. Information on inpatient visits includes ID,
gender, date of birth, dates of admission and discharge,
clinical diagnosis and treatment codes; the information
can be obtained after individual health information
has been encrypted to ensure privacy. Other similar
epidemiological studies have used these datasets to
facilitate their studies.

Meteorological data were obtained from the
26 Central Weather Bureau (CWB) observatories in
Taiwan*. Mean monthly values were calculated us-
ing daily records of ambient temperature (°C), rela-
tive humidity (%), atmospheric pressure (hPa) and
hours of sunshine (h).

Data Collection

We collected the ambulatory care visits and hos-

*Website of Central Weather Bureau: http://www.cwb.gov.tw/eng/index.htm
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pitalization claims data that involved possible episodes
of gallstones or common bile duct stones from the NHRI
datasets under the NHRI Database (NHRID) project#.
The patients with a principal diagnosis of cholecys-
titis and its related complications (The International
Classification of Disease, 9th Revision, Clinical Modi-
fication, ICD-9-CM code 574.xx and 571.1x) that were
captured during the period between 1996 and 2008
were used in this investigation. A total of 194,518
patients undergoing cholecystectomy formed the
initial dataset for this study. Patients with incom-
plete demographic information (n = 1,147) were ex-
cluded. In addition, patients aged < 20 years (n = 538)
were also excluded because the numbers in this group
were relatively small for statistical and comparative
purposes. Therefore, in total, 192,833 patients were
enrolled and the information on their age, gender and
year of admission was collected. The background
and baseline characteristics of these patients, such as
body mass index (BMI) and comorbidities, were not
available for the final analysis.

The CWB defines spring as March to May,
summer as June to August, autumn as September to
November, and winter as December to February (34),
with maximum humidity occurring from May to July.
The meteorological variables assessed included the
maximum, minimum and mean ambient temperature
(°C), relative humidity (%), atmospheric pressure (hPa)
and hours of sunshine (h). Monthly means of the daily
averages of all the measurements were used in this
study.

Statistical Analysis

The independent variables included in this study
were the patient’s age and gender, together with the
monthly mean values for temperature, humidity and
duration of sunshine from 1996 to 2008 in Taiwan, as
well as other meteorological information. The per-
centages of cases where cholecystectomy was applied
to treat GSD-related cholecystitis and complications
were considered to be dependent variables. Monthly
rates of hospital admission for cholecystectomy per
100,000 persons in the population were calculated
across the 13-year study period (156 months, between
1996 and 2008) and were categorized into gender and
various age groups, namely 20-34, 35-49, 50-64, 65-79,
and > 80 years.

ARIMA multivariate models were fitted to the
dependent and independent variables and applied to
investigate the relationship between the incidence of
cholecystectomy and various time series. The time
trend for each month and the various meteorological
variables (monthly mean values of ambient tempera-

Table 1. Descriptive statistics for cholecystectomies in
different age groups and genders groups in
Taiwan in the period 1996-2008

n %
No. of Patients 192 833
Year
1996 10 206 5.29
1997 11 859 6.15
1998 12 836 6.66
1999 13610 7.06
2000 14719 7.63
2001 15906 8.25
2002 16 060 8.33
2003 14 473 7.51
2004 15779 8.18
2005 15300 7.93
2006 16 127 8.36
2007 17 220 8.93
2008 18 738 9.72
Age
20-34 16 841 8.73
35-49 47297 24.53
50-64 57 746 29.95
65-79 56 080 29.08
>80 14 869 7.71
Gender
Male 88 030 45.65
Female 104 803 54.35

ture, relative humidity, atmospheric pressure and hours
of sunshine) were evaluated across all age groups.
January was used as the reference month and the cal-
endar months were dummy variables. The goodness-
of-fit of the ARIMA models was measured using the
Akaike Information Criterion (AIC) and the Schwarz
Criterion (SC) approaches. Lower AIC/SC values in-
dicated a better goodness-of-fit with a minimization
of the loss of information during the data-generating
process (27).

All analyses were conducted using the SAS for
Windows, Version 9.2 (SAS Institute Inc., Cary, NC,
USA) and EViews (Quantitative Micro Software version
6.0) statistical software packages. A P value of less than
0.05 was considered to be statistically significant.

Results

A total of 192,833 incidents involving hospital
admission were found to have required cholecystec-
tomy procedures for GSD-related cholecystitis and com-
plications; these patients were identified and analyzed.
The number of patient and the corresponding percent-

#Website of National Health Insurance Research Database: http://nhird.nhri.org.tw/en/
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Table 2. Monthly means rates for cholecystectomies and various meteorological values in Taiwan in 1966-2008

Variable Monthly Mean SD Minimum Maximum
Cholecystectomy/100,000 by Gender
Male 6.88 1.13 3.38 10.32
Female 8.38 1.42 3.68 12.63
Total 7.62 1.25 3.53 11.24
Cholecystectomy/100,000 by Age Group (yrs)
20-34 1.92 0.62 0.59 3.67
35-49 5.57 1.14 2.55 9.15
50-64 12.19 2.04 4.56 16.92
65-79 21.51 3.19 11.95 30.13
> 80 26.11 4.21 14.40 35.97
Meteorological Factors
Ambient Temperature (°C) 23.8 4.1 15.8 30.1
Relative Humidity (%) 76.4 3.0 66.1 82.9
Atmospheric Pressure (hPa) 1009.0 5.0 999.6 1017.4
Sunshine (h) 154.0 39.7 64.9 283.9
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Fig. 1. Incidences of cholecystectomy in Taiwan, 1996-2008, in various age groups over the 13-year study period.

ages for each year for the period between 1996 and
2008 are summarized in Table 1. A trend towards an
overall increase can be observed for the cholecystec-
tomy incidence rate over the study period. About 85%
of cholecystectomies involved patients who were aged
from 35 to 79 years. More females underwent chole-
cystectomy than males (54.35% vs. 45.65%), with the
rates being 8.38 and 6.88 per 100,000 individuals,
respectively (Table 2). A steady increase in the inci-
dence rates with advancing age was observed. Accord-
ingly, the monthly mean incidence rates for chole-
cystectomy were 1.92, 5.57, 12.19, 21.51, and 26.11
per 100,000 subjects for the groups aged 20-34, 35-49,

50-64, 65-79, and > 80 years old. A steady rise in in-
cidence of cholecystectomy across all age groups was
also observed over the 13-year study period (Fig. 1).

The collected meteorological data for the period
1996-2008 is summarized in Table 2. The average
temperature was 23.8°C. In addition, the average
temperature was 18.3°C during winter, 23.2°C during
spring, 28.4°C during summer, and 25.1°C during
autumn. Furthermore, the maximum monthly tem-
perature also varied widely, from 22.4°C in the winter
to 34.8°C in the summer. The minimal monthly tem-
peratures ranged from 14.2°C to 22.2°C. The monthly
mean values for relative humidity and atmospheric
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Table 3. Crude correlations between the various climatic factors and the monthly cholecystectomy incidence rates
in Taiwan, 1996-2008

Ambient Temperature (°C) Relative Humidity (%) Atmospheric Pressure (hPa) Sunshine (h)

Gender:

Male 0.414%** -0.146 -0.336%** 0.335%**

Female 0.4017%** -0.133 -0.285%** 0.347%%*
Age Group (years):

20-34 0.254%* -0.222%* -0.268%* 0.245%**

35-49 0.387%** -0.162* -0.260%* 0.350%**

50-64 0.417%** -0.035 -0.354%#* 0.328%**

65-79 0.374%** 0.083 -0.272%* 0.247%%*

>80 0.290%** 0.015 -0.066 0.218%**
Overall 0.414%** -0.143 -0.309%*** (0.349%**

*P <0.05; **P<0.01; ***P <0.001.

Table 4. ARIMA regression analysis of the impact of gender, seasonal factors and meteorological factors on the
incidence of cholecystectomy inpatients per 100,000 individuals in Taiwan, 1996-2008

Independent Male Female Overall
Variables B SE t Value B SE t Value § SE t Value
Intercept -27.48  31.85  -0.86 -101.73  47.15 -2.15% -0.753 7.342 -0.10
ARI1 0.467 0.076 6.13%*%* 0.434 0.080 5.42%%*%  -0.953 0.032 -29.77***
MA2 0.508 0.075 6.79%**  0.348 0.087 4.02*%** -0.995  0.000 -34.80%**
Temperature (°C) 0.086 0.054 1.58 0.168 0.079 2.12% -0.004  0.019 -0.19
Pressure (hPa) 0.030 0.031 0.97 0.103 0.046 2.24% 0.001 0.007 0.06
Sunshine (h) 0.003 0.002  -1.80 -0.003 0.002 -1.38 -0.002  0.000 -0.73%*%*
February -0.513 0.166  -3.09* -0.962 0.221 -4.35%%*% -0.124  0.316 -0.39
March 0.363 0.213 1.70 0.360 0.300 1.20 1.579 0.283 5.57%%*
April 0.006 0.344 0.02 0.008 0.487 0.02 0.434 0.270 1.60
May 0.096 0.444 0.22 -0.087 0.640 -0.136 0.570 0.318 1.79
June -0.015 0.510  -0.03 -0.086 0.743 -0.12 0.610 0.315 1.94
July 0.954 0.551 1.73 1.350 0.809 1.67 1.811 0.352 5.14%%*
August 0.334 0.541 0.62 0.297 0.794 0.37 -0.157  0.325 -0.48
September 0.477 0.491 0.97 0.547 0.714 0.77 0.900 0.332 2.71%*
October 0.715 0.397 1.80 0.887 0.571 1.55 0.965 0.283 3.41%*
November 0.548 0.282 1.94 0.592 0.406 1.46 0.278 0.266 1.05
December 0.415 0.185 2.24%* 0.346 0.252 1.38 0.059 0.307 0.19
AIC 1.433 2.066 1.479
SC 1.766 2.400 1.815
R’ 0.640 0.587 0.691

*P<0.05; **P <0.01; ***P<0.001.
ARI1, autoregressive lag 1; MA 2, moving average lag 2.

pressure were 76.4% and 1009.0 hPa, respectively.
The highest humidity and the lowest atmospheric pres-
sure occurred during summer. In contrast, the low-
est humidity and the highest atmospheric pressure
occurred during winter. The monthly mean sunshine
level was 154 h, with a mean of 6.4 h/day in summer
and of 4.1 h/day in winter. An initial analysis of the
correlations between the incidence of cholecystectomy
and the various climatic factors showed significant

correlation for temperature, pressure and sunshine
across all age groups and in both genders (Table 3).
There was a consistent cyclic variation in cholecys-
tectomy rates that correlated with temperature, atmo-
spheric pressure and sunshine over the 13-year study
period (Fig. 2). Specifically, the cyclic pattern in tem-
perature was highly correlated with the cholecystec-
tomy rate (Fig. 2A); however, the impacts of pressure
and sunshine (Fig. 2, B and C) were not significant.
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Fig. 2.

Time series of the incidences of cholecystectomy and various meteorological variables including mean monthly temperature

(A), atmospheric pressure (B), and sunshine (C) in Taiwan, 1996-2008.

To determine the association of cholecystecto-
my with climatic variables in temperature, pressure
and sunshine, an analysis using ARIMA models was
performed to distinguish specific effects of the climatic
variables and the calendar months. Females subjects
were more sensitive to changes in temperature and
pressure than the males subjects (Table 4). Females

were more likely to be affected by atmospheric pres-
sure but were less impacted by sunshine than males.
Notably, seasonal trends in monthly incidence of chole-
cystectomy resulted in a decrease during February,
which was followed by a significant increase for March
(P <0.001). The highest incidence occurred in July
(P <0.001), which was followed by a significant re-
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Table 5. ARIMA regression analysis of the impact of seasonal factors and meteorological factors on the incidence
of cholecystectomy in different age groups (per 100,000 individuals) in Taiwan, 1996-2008

Independent Age 20-34 years Age 35-49 years Age 50-64 years Age 65-79 years Age > 80 years
Variables B SE t Value B SE t Value B SE t Value B SE t Value B SE  tValue
Intercept -18.87 20.58  -0.92 -9.586 48.84  -0.20 -66.52 97.57 -0.68 -339.5 1432 237 -124.1 2699 -0.46
ARI -0.700 0.064 -10.89*** -0.596 0.078 -7.66*** 0.567 0.084  6.72*** 0.805 0.057 14.05%** 0.460 0.087  5.29%**
SAR12 0.186 0.179  1.04 -0.367  0.097  -3.78***  0.206 0249  0.83 -0.643 0.072  -8.87*** 0.427 0.155  2.77**
MAI12 -0.915 0.029 -31.49%** -0.938  0.020 -47.73*** -0.918 0.038 -24.28*** 0951 0.015 62.76*** -0.905 0.039 -23.49***
SMA12 0.256 0.187  1.37 0.918  0.019 47.41%* 0.130 0.245 0.53 -0.957 0.018 -53.85*** (.120 0.168  0.72

Temperature (°C) 0.026 0.032  0.81 0.060 0.078  0.77 0.168 0.159  1.06 0310 0211 147 0.373 0433 0.86
Pressure (hPa) 0.009 0.008  1.04 0.016  0.018  0.88 0.062 0.047 131 0.325 0.066  4.90%** 0256 0.128  1.99%*

Sunshine (h) 0.017 0.020  0.87 0.007 0.047  0.15 0.068 0.095  0.72 0.323 0.139  2.32%*  0.123 0261 047
February -0.159 0.113  -1.40 -0.612  0.182  -3.36%** -1.295 0233  -5.56%** -2236 0269 -831¥** 3796 0.755 -5.03***
March 0.814 0.103  7.88*** 1315 0228  S5.76*** 1.103 0.524  2.10** 2530 0.703  3.60*** 1.092 1.490 0.73
April -0.094 0214 -0.44 -0.193 0471  -0.41 0.334 1.046 032 1.618 1412 115 -1.597 2.858  -0.56
May 0.183 0287  0.64 -0.268  0.652  -0.41 0.250 1.508  0.17 1.449 2.057  0.70 -2.113  4.067 -0.52
June 0.294 0343 0.86 -0.078  0.775  -0.10 -0.276 1784  -0.15 1.600 2.431  0.66 -2.265 4781 -047
July 0429 0377 1.14 1.524  0.858 178 2.840 2.000 142 5.073 2.731  1.86 0.419 5359  0.08
August -0.098 0373 -0.26 -1.267  0.843  -1.50 0.601 1.955 031 2511 2.676 094 22,189 5229  -042
September 0.198 0323  0.61 -0.401  0.736  -0.55 1.481 1.702  0.87 3.741 2308  1.62 -0.067 4.582  -0.01
October 0.190 0254  0.75 0.544 0572 095 2.804 1283  2.18** 5826 1.727  337**  0.160 3.497  0.05

November 0.131 0.161  0.81 -0.329 0373 -0.88 2252 0832 2.72*%*  4.038 1.097  3.68*** -0.413 2296 -0.18
December -0.056 0.116  -0.48 -0.051 0205 -0.25 1.644 0343  4.80*** 2,683 0438  6.13*** -0.719 1.085 -0.66

AIC 0.337 1.844 3.438 4.391 5.327
SC 0.732 2.240 3.832 4.785 5.721
R’ 0.664 0.711 0.599 0.584 0.341

*P<0.01; ***P<0.001.
AR, autoregressive lag 1; SAR12, seasonal correlation lag 12; MA12, moving average lag 12; SMA12, seasonal moving average lag 12.

duction in August. An upward trend then started from 1996 to 2008) underwent cholecystectomy following
September or October (P < 0.01), which was followed a diagnosis of cholecystitis and GSD-related compli-
by a slow decrease over the next few months. The cations; these patients were identified and enrolled
overall lowest incidence rate was encountered during in the study. There was an overall increase trend in
winter. the incidence of cholecystectomy across all age groups
The impact of seasonal and meteorological fac- over the study period. The finding that the incidence
tors on monthly incidence of cholecystectomy in dif- of cholecystectomy among females is higher than males
ferent age groups was also analyzed by AMIRA and is consistent with previous observations of higher
is shown in Table 5. Elevated ambient temperature prevalence of GSD among women (1). The average
was associated with an increased incidence of chole- monthly incidence rates per 100,000 individuals in-
cystectomy across all age groups. The increase per creased with advancing age. According to data sourced
degree Celsius change were 0.026, 0.06, 0.168, 0.310 from National Statistics, ROC (TW), the average age
and 0.373 events per 100,000 individuals for the groups of the population is continuing to rise in a manner
aged 20-34, 35-49, 50-64, 65-79 and > 80 years, re- similar to that in western countries. Thus, the inci-
spectively. The incidence of cholecystectomy was also dence of elderly patients with symptomatic gallstones
significantly associated with an increased atmospheric is likely to continue to increase and the incidence of
pressure for the age groups 65-79 and > 80 years (P < cholecystectomy incidence is, therefore, also likely to
0.001 and P < 0.01, respectively). It was noted that increase annually as shown by the present study.
patients aged more than 65 years were more sensitive LC has become the preferred method of treat-
to all three types of climatic changes, namely tempera- ment for symptomatic GSD rather than OC over the
ture, atmospheric pressure and sunshine. The seasonal past 15 years because of shorter hospital stay, fewer
pattern for the incidence of cholecystectomy across postoperative complications, earlier recovery, and the
the different age groups was fairly similar when the ability of the patient to regain a good quality of life
two genders were analyzed separately (Table 4). (18, 26). The treatment trends with respect to GSD
are specifically an increase in LC treatment, which is
Discussion paralleled by fewer OC treatments. However, the preva-

lence of GSD and incidence of cholecystectomy are
A total of 192,833 patients over 13 years (from unlikely to be influenced by surgical technology used.
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Instead, the superior results with LC have changed the
management strategy for cholecystitis, with an appre-
ciable numbers of early cholecystectomy being per-
formed as soon as the patient can be prepared.

The meteorological variables display a clear
association with the incidence of cholecystectomy.
Temperature seems to play a significant role in the
occurrence of cholecystitis in Taiwan, which is con-
sistent with a previous study reporting acute chole-
cystitis as being higher in the summer compared to
other seasons (15). In addition, subjects aged > 65
years are more sensitive to changes in temperature
and pressure, and females are also more susceptible
than males. Exposure to heat or cold constitutes the
most common direct cause of most acute illnesses and
death (11, 25). It has been suggested that tempera-
ture-related seasonal variations are associated with
kidney stone formation (8) and urinary calculi at-
tacks (7, 20). Furthermore, epidemiological studies
have demonstrated that, regardless of race or gender,
individuals older than 65 years and young children in
particular show vulnerability to the adverse effects of
heat and high temperature than young adults (28).
Blood pressure in patients with end-stage renal
diseases who are being treated by hemodialysis are
also influenced by seasonal changes, with higher
levels in summer and lower levels in the winter (2).

It has long been known that persons under ther-
mal and physiological stress need to pay special at-
tention to their fluid intake to prevent loss of water.
The adverse consequence of inadequate water in-
take is dehydration; symptoms of acute dehydration
vary from vague discomfort to death. Chronic or mild
dehydration also accounts for various different mor-
bidities and negative health consequences (22). An
increased water intake has been shown to induce
gallbladder emptying and it has been suggested that
a high daily intake of water may prevent gallstone
formation (24). As the gallbladder absorbs water
passively, it is possible that dehydration contributes
to the production of supersaturated bile, which sub-
sequently becomes the major cause of gallstone for-
mation. The easiest way to prevent dehydration is to
encourage adequate water intake at all times during
the warm summer months. It would be useful to con-
duct a prospective study to evaluate whether adequate
hydration during the summer is able to prevent GSD-
related cholecystitits.

Seasonal trends show that the monthly incidence
of cholecystectomy is significantly reduced in Feb-
ruary and then increases in March; furthermore,
the incidence peaks in July, which is followed by
significantly fall in August and then declined into
winter. This pattern is likely to be due to cultural
impacts and is particular interesting. Most social
events are synchronized by calendars in every cul-

ture. Traditional celebrations, gatherings and taboos
are timed via the calendar, which in turn affects ac-
tivities and behaviors of the people. Many residents
in Southern China believe that there are wandering
ghosts who are released from the underworld during
the lunar month of July (ghost month, mostly August
in the Gregorian calendar). People, therefore, avoid
unnecessary risky activities during the ghost month,
including elective surgery, outdoor activities and
moving houses. A study in Taiwan has shown that the
rate of elective caesarean section delivery decreases
significantly during the ghost month in Taiwan (19).
However, it has also been reported that the mean num-
ber of unintentional drowning deaths between 1981
and 2005 in Taiwan during ghost month is lower than
during the non-ghost months (35). Although such
beliefs are unscientific, irrational and a superstition,
physicians usually respect these beliefs as they do
affect decision-making and behavior. These cultural
conditions may predispose Taiwanese to having the
lowest incidence of cholecystectomy during February
(around the Chinese New Year) and having a relatively
low rate during August, the ghost month. These cul-
tural beliefs may lead to surgeries being delayed result-
ing in an increased risk to patients delaying surgeries
unnecessarily.

There are a number of limitations to our study.
Firstly, it was impossible for us to obtain adequate
information on religious beliefs or ecological myths
that might help to identify more precisely the mete-
orological associations with cholecystectomy. Sec-
ondly, medical charts were unavailable to verify the
true reasons for cholecystectomy; some operations
might be performed at the time when they were ur-
gently needed, while others might have been delayed
cases. Despite these problems, our study has revealed
that the overall incidence of cholecystectomy has in-
creased steadily over the 13-year study period for all
age groups and, in addition, the incidence of chole-
cystectomy is correlated with seasonal variations. Of
these, temperature was found to be the most notable
variable among the meteorological factors. However,
cultural beliefs also seem to play a role in the observed
correlations. Computational epidemiology and intel-
ligent mining of datasets are essential tools that help
increase the awareness of healthcare providers and
individuals.
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