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Abstract

AIM: To investigate whether seasonal changes had an
effect on the incidence of acute appendicitis (AA) or
nonspecific abdominal pain (NSAP).

METHODS: We carried out a national register study
of all patients with a hospital discharge diagnosis of AA
and acute NSAP in Finland. Data were analyzed for the
whole country and correlated to seasonal and weather
parameters (temperature, humidity). Moreover, addi-
tional sub-analyses were performed for five geographi-
cally different area of Finland.

RESULTS: The observation period spanned 21 years,
with 186558 appendectomies, of which 137528 (74%)
cases were reported as AA. The incidence of AA de-
clined for 32% over the study period. The average in-
cidence of the NSAP was 34/10000 per year. The mean
annual temperature, but not relative humidity, showed
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clear geographical variations. The incidence of AA
decreased significantly during the cold months of the
year. No correlation was detected between temperature
and incidence of NSAP. Humidity had a statistically sig-
nificant impact on NSAP.

CONCLUSION: The incidence of acute appendicitis is
declining in Finland. We detected a clear seasonality in
the incidence of AA and NSAP.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The incidence of acute appendicitis (AA) var-
ies between countries and the etiology of the disease
is still unclear. The aim of this study was to investigate
whether seasonal changes had an effect on the inci-
dence of AA or nonspecific abdominal pain (NSAP) in
Finland between 1987 and 2007. We found that the
incidence of AA, but not NSAP, was higher during the
warm period of the year. In comparison to AA, NSAP
was influenced by humidity and the incidence was low-
er during a period with lower levels of humidity.

Tlves 1, Fagerstrom A, Herzig KH, Juvonen P, Miettinen P, Paa-
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20(14): 4037-4042 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i114/4037.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.114.4037

INTRODUCTION

Acute appendicitis (AA) and nonspecific abdominal pain
(NSAP) remain the two most common surgical emergen-

April 14, 2014 | Volume 20 | Issue 14 |



Ilves I et a/. Seasonality of acute appendicitis in Finland

cies in acute care units' . NSAP has been evaluated in
the literature as a self-limited diagnosis of acute abdomi-
nal pain for which no serious or definite cause is estab-
lished and thus is no useful surgical treatment available".
Although AA has been recognized as a clinical entity for
over 100 years", the differential diagnosis between AA
and NSAP can still be challenging. Moreover, the etiology
of the appendicitis still remains unclear and multifactori-
al. The disease has been attributed to a variety of possible
causes, including mechanical obstruction®, inadequate
dietary fiber™™, smokingm, air pollurjon[sl and familial sus-
ceptibilityp’mj. Population-based epidemiological studies
about the impact of seasonal variables on appendicitis
have been published, but so far thetre is no clear consen-
sus about the connection between the seasonal variations
and AA or NSAP!'"?,

The main factor influencing Finland’s climate is the
country’s geographical position between the 60" and
70" northern parallels on the Eurasian continent, which
shows characteristics of both maritime and continen-
tal climate. The mean temperature in Finland is several
degrees (as much as 10 C in winter) higher than that
of other areas at these latitudes, ¢.g., Siberia and south
Greenland. The mean daily temperature can vary in Fin-
land from below -30 ‘C during winter months (Novem-
ber-March) to more than +25 °C in the summer months
(June-August). Moreover, because of the geographical
shape and location of Finland there are large disparities
in local temperatures inside the country. Finland has an
excellent health register and is divided into five, geo-
graphically different University Hospital Districts (UHD)
serving as a good base for comparing incidences and in-
vestigating various seasonal impacts on diseases. We have
previously reported a declining incidence trend of AA,
but not of NSAP", The aim this study was to determine
whether those trends could be explained by possible sea-
sonal changes in temperature and humidity.

MATERIALS AND METHODS

A population-based register study was performed to as-
sess the incidence of AA and NSAP in Finland between
the years 1987 and 2007. Diagnoses were classified ac-
cording to the World Health Organization International
Classification of Diseases, version 9 and 10 (ICD-9 and
ICD-10). The study population was recruited from the
National Institute for Health and Welfare (NIHW) reg-
istry to retrieve the data on discharge diagnoses as well
as surgical procedures of the whole country. Population
data from 1987 to 2007 were retrieved from the Official
Statistics of Finland. More detailed data about the mate-
rial and methods can be found in our previously pub-
lished study'”.

Weather data for the years 1987 to 2007 were re-
trieved from the Finnish Meteorological Institute” for
each of the five UHD. Temperature and humidity levels
were obtained from the main measurement points in each
of the UHD, and were expressed as mean values for each
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month. Moreover, the temperature of the whole country
was calculated as mean temperature value of each of the
UHD. According to the measurement results, the period
from March to September was defined as “warm period”,
and from October to February as “cold period”.

Statistical analysis

Poisson regression analysis was used to assess associa-
tion between temperature, humidity and incidences (AA
and NSAP) for monthly data. In the Poisson regression
model, incidences were as dependent variable per 10000
inhabitants. Temperature and humidity were explanatory
variables. For the statistical analysis we used SPSS for
Windows, release 18.0 (SPSS, Inc., Chicago, 1L, United
States).

RESULTS

During the study period, the mean annual temperature
and relative humidity varied from 0.4 C-6.3 C (mean
3.9 'C) and 62%-76% (mean 69%), respectively (Figure 1).
We observed cyclical temperature changes over a period
of 4-5 years, but not in humidity. Lower levels of humid-
ity were registered between 1996 and 2003. The mean
temperature over the 21-year study period was below
zero degrees from November to March (a cold period)
(-4.1; SD 1.44 C), and above zero degrees in the warm
period from April to October (10.6; SD 0.72 C) (Figure
2). Furthermore, a relative humidity showed higher values
during the cold months. There was a large geographical
disparity between temperatures of the different UHDs.
The biggest difference between the mean temperatures
was observed between the UHD of Oulu (Figure 3, area
V) 2.4 C (min, -0.8 C; max, 4.5 C) and the UHD of
Tampere (Figure 3, area II) 5.0 ‘C (min, 1.6 'C; max,
7.55 C), P = 0.006. During the study period, the an-
nual temperature varied from +1.6 to +7.55 (median
1.7 C) and -0.75 to +4.5 (median 3.5 C) in the UHD
of Tampere and Oulu, respectively, with no statistically
significant difference in the incidence of AA between the
hospital districts.

The incidence of AA declined for 32%, from 14.5
to 9.8 per 10000 inhabitants. The average incidence of
NSAP was 34.0 per 10000 inhabitants. The incidence
rose between the years 1987 and 1998 (from 25.2 to
39.8/10000 per year), after which it fell to 27.1/10000
per year. There was a clear difference in the incidence of
AA between cold and warm months (Figures 2 and 4).
The AA incidence was higher during the warm months
throughout the study period. An increase of 10-Celsius
degrees in temperature increased the incidence of AA by
4%, 1.04 (95%CI: 1.019-1.061). The incidence of NSAP
did not change during the year, and the association be-
tween temperature and NSAP incidence was not statisti-
cally significant (Figure 4). Furthermore, humidity levels
had no effect on incidence of AA, but had an effect on
the incidence of NSAP. An increase of 10% in humid-
ity decreased NSAP incidence by 0.8%, 0.992 (95%CI:
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Figure 1 Temperature, humidity and incidences of acute appendicitis, and non-specific abdominal pain in 1987-2007 in Finland. AA: Acute appendicitis;

NSAP: Non-specific abdominal pain.
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Figure 2 Acute appendicitis, non-specific abdominal pain, temperature and humidity in Finland (as mean value over the 21 years). AA: Acute appendicitis;

NSAP: Non-specific abdominal pain.

Figure 3 University hospital districts of Finland. Areas: I : UHD of Helsinki;
II: UHD of Turku; II: UHD of Tampere; IV: UHD of Oulu; V: UHD of Kuopio.
UHD: University hospital districts of Finland.
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0.984-0.999).

DISCUSSION

In our study we found a significant association between
temperature and the incidence of AA, but not for NSAP.
Previously we showed that both the incidence of ap-
pendicitis and the rate of appendectomies decreased in
Finland between 1987 and 2007, In addition to an an-
nual decline, there was also seasonal fluctuation in the
incidence of AA. During the 21-year study petiod, the di-
agnostic accuracy for appendicitis had steadily improved.
The incidence of NSAP also decreased during the last
study decade.

The seasonality of several infectious and respiratory
diseases is well known'™"". Cardiac and psychological dis-
eases also have a seasonal behavior! . Furthermore, the
association between AA and viral diseases has been in-
Vestigatedusj. Saps et al" described the effect of seasonal-
ity on NSAP in children. The predisposing factors of ap-
pendicitis are thought to be multifactorial. The influence
of seasonal variables on the incidence of AA has been
discussed in many studies""**"*. The highest incidence
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Figure 4 Incidences of acute appendicitis and non-specific abdominal pain during the warm compared to the cold periods of the year in Finland. AA: Acute

appendicitis; NSAP: Non-specific abdominal pain.

of AA was found in summer and the lowest levels in
winter. Moreover, the same trends in AA incidence have
been shown in Nigeriamj, where the annual temperature
is higher than in Finland or the United States. Unfortu-
nately, those papers did not publish exact temperature
data""*"* The reasons for increased incidence of AA
during the warm period are not clear, although various
speculations have been proposed. Examples include the
effect of dehydration, lower bowel movements, infec-
tions or allergens on the reactivity of the lymphoid tis-
sue in the appendix, and the effects of diet, humidity or
changes in atmospheric pressure. Furthermore, changes
in the temperature or other factors mentioned have been
shown in the geographical variation of AA in the United
States™?.

Our current study looked at a 21-year time period to
investigate the fluctuation of temperature and humid-
ity in warm and cold months, and their effects on the
incidence of AA and NSAP (Figures 1, 2 and 4). Tem-
perature had a statistically significant impaction on the
incidence of AA. Although, several studies have had the
same results' """ some additional considerations may
be important. In the summertime the effect of a higher
temperature on the human body is more straightforward
than in winter. In Finland, winter temperatures are below
zero degrees, however, people usually dress warmly. Fur-
thermore, they spend more time inside. Therefore, the
true effect of a low temperature on the human body core
temperature is minor. Moreover, in a study from Nigeria,
the incidence of the AA was reported to be higher dut-
ing the cooler and rainy season than during the warmer
season. However, the temperature in Nigeria has high
levels all year round. It is possible that humidity plays
a larger role in the incidence of AA in Nigeria, yet the
magnitude of humidity during the rainy season in Nigeria
is far greater than that in Finland™. Additional infections
cause might further contribute to the differences between
the two countties.

Another consideration is that patients with milder
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forms of appendicitis might not seek medical atten-
tion during the winter periodw. On the contray, in the
summer period young doctors may tend to operate on
patients with lower abdominal pain with less strong indi-
cations.

Humidity had a statistically significant impact on the
incidence of NSAP. The mechanism, however, continues
to be unclear. There are no studies to date about seasonal
variations of NSAP. It is possible that different extrinsic
factors such as allergens, viral and bacterial infections
might play a role during humidity changes and the etiol-
ogy of NSAP. Cleatly this issue needs further study.

The major strength of our study was the use of a
population-based register. Moreover, the Finnish Meteo-
rological Institute provided high-quality observational
data. As a population-based retrospective study, however,
there are also weaknesses. We used a discharge diagno-
ses in our analyses without histological confirmation. A
6% overestimation of appendicitis by surgeons has been
reportedm. In contrast, according to Kraemer ez al™
there was no evidence to support the assumption that the
macroscopic diagnosis of appendicitis is unreliable. Fur-
thermore, the small difference between the mean tem-
peratures in the warm and cold period and the low mean
annual temperature could be considered as a possible bias
when generalizing our conclusions. However, in the re-
ports from warmer countries (United States™, Canada",
Iran™ and South Africam), a similar incidence peak of
AA during the warmer period was observed. Although
those studies did not report exact temperatures and re-
spective differences between the warm and cold periods,
it seems reasonable to assume that higher temperatures
are associated with a higher risk of developing AA.
Whether temperature plays a minor or major role in the
development of AA when compared to other risk fac-
tors, or whether it is an independent risk factor at all,
remains to be solved in further studies.

In sum, our findings showed that AA occurs more
commonly in the warmer months of the year, indicating
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that the temperature may have an effect in the pathogen-
esis of appendicitis. No connection was seen between the
temperature and NSAP.

In summary, the incidence of appendicitis but not
NSAP was significantly higher during the warm time of
the year. This difference remained unchanged during the
whole 21-year study period. The humidity had effect on
the incidence of NSAP but not on AA.
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