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EPIDEMIOLOGY AND SEASONAL VARIATION OF APPENDICITIS -
A SINGLE CENTER RETROSPECTIVE STUDY FROM NORTH-EAST INDIA
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Background. Acute appendicitis is the most common surgical emergency presenting in emergency
department, and appendectomy is one of the most common surgeries. There is a wide variation in the incidence
of acute appendicitis reported for different countries, different regions, race, sex, age and also seasons.

Objective. The aim of this study was to understand the epidemiological trend and the seasonal variation
of appendicitis in the northeast region of India.

Methods. It was a retrospective hospital-based study conducted in Jan 2016 - Dec 2020 at a Tertiary Care
Teaching Hospital in the northeast region of India. The patient data were obtained from the Medical Record
Department of the hospital and the data regarding the weather was obtained from the Indian Meteorological
Department (IMD) and the website www.worldweather.com. The statistical analysis was done using SPSS software
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version 24.0, and the seasonal variation was studied using Kruskal Wallis test.

Results. Acute appendicitis affected both the sexes equally with a marginal higher incidence in males. It also
had higher peak during the second and third decade of life in both the sexes. The incidence of acute appendicitis
was high in the pre-monsoon and monsoon season with peak in the monsoon season.

Conclusions. Acute appendicitis is more common during the pre-monsoon and monsoon season, a period
known for humidity, high incidence of bacterial and viral infections.

KEYWORDS: acute appendicitis (AA), pre-monsoon season, monsoon season, Indian Meteorological

Department (IMD).

Introduction

Acute appendicitis (AA) is the most common
surgical emergency presenting in emergency
department, and appendectomy is one of the
most common surgeries [1]. AA has an increa-
sed incidence among the males as compared
to the females. The lifetime risk of developing
appendicitis is 8.6% for males and 6.7% for
females [2, 3]. The aetiology of appendicitis is
still unclear, hence various possible causes for
AA are elucidated that include mechanical
obstruction, inadequate dietary fiber, smoking,
air pollution and familial susceptibility [3, 4, 5,
6,7, 8, 9]. AA presents throughout the year but
incidence is increased in some particular
months [10, 11, 12, 13, 14, 25, 26]. Various stu-
dies were performed to determine the seasonal
variation of acute appendicitis but with variable
results. Some of them have concluded increased
incidence in a particular month with no clear
rationale behind it.
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Although numerous epidemiological stu-
dies on appendicitis, most focused on Western
populations and relatively few epidemiological
studies on the Asian populations. These studies
were mainly concerned with the monthly
variation in the incidence of acute appendicitis
and the volume-outcome relationship of acute
appendicitis. There is very sparse research re-
garding seasonal variation of acute appendicitis
in Indian sub-continent and more so from the
north-east region. The rationale of our study
was to understand the epidemiological trend
and the seasonal variation of AA in the
northeast region of India.

Methods

Study Design

A retrospective hospital-based study was
conducted to assess the demographic profile,
incidence and seasonal variation in all patients
admitted with diagnosis of acute appendicitis,
who underwent operative management, in Jan
2016 - Dec 2020, at a Tertiary Care Teaching
Hospital in the northeast region of India. The
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pathologically proven negative appendectomy
patients were excluded from this study.

Data Source and Statistical Analysis

Patient data including demographic details,
operative notes and final histopathology were
obtained at the Medical Record Department of
the hospital. The data by Indian Meteorological
Department (IMD) and the website www.
worldweather.com was used to obtain infor-
mation regarding the weather of the place
where our study was conducted. According to
the IMD there are four seasons in north-eastern
region of India, i.e. winter (Jan-Feb), pre-
monsoon (Mar-May), monsoon/rainy season
(Jun-Sep) and post-monsoon (Oct-Dec). The
raw data was entered into Microsoft Excel
worksheet and analysis was performed using
SPSS 24.0 software. The seasonal variation was
studied regarding males and females, and
inter-seasonal variation was assessed using
Kruskal Wallis test. P-value less than 0.05 was
taken as significant seasonal variation.

Results

During the study period a total of 405
patients underwent emergency appendectomy;
all the cases were confirmed histologically as

AA. There were 240 males (59.26%) and 165
females (40.74%) with male to female ratio of
1.45:1 (Table 1).

The age-specific incidence of AA followed a
similar pattern for both the sexes, but males
had a higher rate at virtually all ages with the
highest male to female ratio in the third decade;
gradually this ratio declined and was equal by
the 7t decade (Fig 1). The incidence of acute
appendicitis was the highest in both the sexes
in the third decade (Fig 1).

The overall mean age was 25.05 years
(Males - 24.68 years and females - 25.42 years).
Only 6% of the cases were recorded in the first
decade of life, while 65.9% occurred in the age
group of 11-30 years old (Table 1).

The combined incidences of the disease
were higher in the pre-monsoon and monsoon
season (67.9 %, p<0.0078 as per Kruskal Wallis
test, H statistics was 16.8029), with peaks in
June, July, and August (monsoon season)
corroborating with the maximum rainfall and
the maximum temperature of the year (Fig. 2, 3)
The incidence of the disease started declining
from October (post monsoon period), with the
lowest in December, followed by gradual mini-
mal increment from January (winter season).

Table 1. Demographic trend of Acute Appendicitis

Age group Number Percentage
(Years) of cases of the total cases
0-10 19 4.69
11-20 114 28.15
21-30 138 34.07
31-40 101 24.94
41-50 16 3.95
51-60 9 2.22
>60 8 1.98
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Fig. 1. Age related distribution of acute appendicitis.
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Fig. 2. Monthly incidence of acute appendicitis in Jan 2016 - Dec 2020.
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Fig. 3. Seasonal variation of the incidence of acute appendicitis.

Discussion

AA is a common clinical condition and
appendectomy counts for about 1% of all the
surgical operations [1]. It is estimated that in
about 6-7% of the general population appen-
dicitis will develop during their lifetime [15]. The
incidence of appendicitis varies substantially by
country, geographical region, race, sex, age,
and seasons. The predisposing factors for
appendicitis are multifactorial and include
inadequate dietary, smoking, air pollution,
infections, stress, vascular disorders and
inadequate childhood breast feeding [6, 8, 9,
14,17,18, 19, 27].

The obstruction of the lumen due fecalith
or hypertrophy of lymphoid tissue or tumo-
rigenesis is proposed as the main etiologic
factor in acute appendicitis [3, 4, 5,6, 11,17, 19].
The obstructive pathology in age group <40
yearsisdueto regional lymph node enlargement
secondary to infections while in patients >40
years luminal obstruction is more likely to be
caused by fecalith or neoplasia because lym-
phoid tissue atrophies with age [4, 5, 11]. Acute
appendicitis is relatively rare in infants and

(POST-MONSOON)

becomes increasingly common in childhood
and early adult life [20]. The highest incidence
of appendicitis is found in the second and third
decades of life [2, 3]. After 30 years of age, the
incidence declines, but appendicitis can occur
in individuals of any age [21]. Thus, it was
established that the maximum incidence of the
disease is in the third decade of life.

Acute appendicitis has an increased
incidence among the males compare to the
females. The lifetime risk of appendicitis is 8.6%
for males and 6.7% for females [2, 3]. Among
the teenagers and young adults, the male to
female ratio is about 3:2. After 25 years old, the
ratio gradually declines until the sex ratio is
equal by the mid-30s [21]. Similar findings were
noted in our study cohort. There is no definite
explanation for high incidence of appendicitis
in males but, genetically determined differences
in the immune function as well as the variation
in the concentration of sex hormones can
account for this difference [22]. Hormonal
differences, however, do not explain the gender
differences of the incidence of the disease in
preadolescents and among the elderly [22].
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The seasonal variation in the incidence of
acute appendicitis has been discussed in many
studies but there is no definite explanation for
it. The heterogeneous extrinsic factors like
humidity, sun radiation, bacterial and viral
infections are important in the etiogenesis of
appendicitis. Appendicitis is more common
during the rainy reason, a period of high
humidity which is the peak period of bacterial
intestinal infestations and parasitic infestation.
These intestinal infestations cause intestinal
lymphoid hyperplasia that leads to obstruction
of the appendix lumen. The reduction of sun
radiation and vast fluctuationsin air temperature
has also been postulated in the incidence of
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appendicitis [3, 12, 23, 25, 26]. Air pollution has
also been found to have a significant effect on
the incidence of appendicitis in the summer
months [9, 11]. The high ambient temperature
has been found to contribute to air pollution
and hence short-term exposure to air pollution
may trigger appendicitis [9, 11]. The allergic
reaction to pollen from flowers, palm and maize
may also account for some cases of appendicitis,
as the pollens triggerimmunological response
in the form of lymphoid hyperplasia [24]. We
have found higher incidence of AA in the
monsoon and pre-monsoon season in the
north-east region of India, the seasons of
maximum rainfall and temperatures (Fig 4).
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Fig. 4. www.worldweather.com data showing weather of Tezpur, Assam, during the study period.
(A) Average temperature graph, (B) Maximum, minimum and average temperature, (C) Average rainfall graph, (D) Average

rainfall amount.

Conclusions

Acute appendicitis is still one of the most
common abdominal emergencies treated by
general surgeons. It affects both the sexes
equally with a marginal higher incidence in the
males. The disease has a higher peak during
the second and third decade, the period of
highly responsive lymphoreticular system.
Appendicitis is more common during the pre-
monsoon and monsoon season, a period
known for humidity, high incidence of bacterial
and viral infections.

Limitation of the study

The study population was not a true
representation of the society as most of the
patients were military background and the

study was conducted in the north-east region
of India. A larger prospective study needs to be
undertaken across different geographical
locations in India in order to confirm our
findings of seasonal variation of AA in this sub-
continent.
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ENNEAEMIOJIOITA TA CE3BOHHICTD ATEHAUIHNTY — PETPOCIIEKTHBHE
AOCIIHKEHHA 3 IIIBHIYHO-CXIAHOI IHAII
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Bctyn. focmpuli aneHOuyum € Halbinbw 4acmum Xipyp2i4HUM HegiOKAAOHUM CMAHOM y 8i00ineHHi|
HegioknaoHoi donomozu, a aneHAeKMOoMisi € 00HI€Er 3 HalinowupeHiwux onepayil. 3axeoprogaHicme Ha 2ocmpuli
aneHOUYUM, 30PEECMPOBAHA 8 PI3HUX KPAiHAX Ma pi3HUX pezioHaXx, y Atodell pi3HOI pacu, cmami, 8iKy, a makoxc
Y Pi3HUX Ce30HaX, 3HAYHO 8iOpPI3HAEMBbCA.

MeTa. Memor yb020 0ocnidneHHA byna oyiHKa eniodemiono2iyHux meHoeHyili ma Ce30HHUX 3MiH
30X80pHOBAHOCMI HO ANeHAUYUM 8 NiHiYHO-CXIOHOMY pe2ioHi IHOII.

MeToawn. Y cmammi onucyemeca pempocnekmugHe nikapHsHe 00Ci0x#eHHs, ke npoeoousaocs 3 CiyHsA
2016 poky no epydeHs 2020 poky 8 yHieepcumemcoKill AiKapHi mMpemuHHo20 pigHA Medu4YHoi donomozu 8
nigHiYHO-CxiOHOMY pezioHi IHOii. laHi npo nayieHmie 6yau ompumMaHi 3 MeOUYHO20 apxisy NiKapHi, a OaHi Npo
no200dy - 3 IHOilicbko20 Memeopo102i4H020 8iddiny (IMD) ma eeb-calimy www.worldweather.com. CmamucmuyHul
aHani3 Nposodunu 30 00NOMO20H NPO2PAMHO20 3a6e3nedeHHs SPSS sepcii 24.0, a ce30HHI 3MiHU docidxysanu
3a donomozoro mecmy Kpackena-Yoanica.

PesynbTaTu. flocmpum aneHOUYUMOM X80pinu 8 00HAKo8il Mipi 06udsi cmami 3 HE3HaYHO 8UL4OHO
30X80pHOBAHICMIO Y H0/108iKi8. BiH MaKox Mas 6inbw 8UCOKUT NiK NepesaxcHo Ha Opy20My-mpemsoMy 0ecamky
pokie y obox cmamell. 3axgopro8aHicmes Ha 20cmpuli aneHOUYUM 6y/1a 8UCOKOH 8 hepedMyCOHHULU Ce30H i
Ce30H MYCOHI8 3 NiKOM Y Ce30H MYCOHi8.

BucHOBKW. focmpuli aneHOuyum 4acmiwe 3ycmpid4aemecs hio 4ac nepedmMyCcoHHO20 Ce30HY Ma Ce30Hy
MYCOHi8, y nepiod 3 XapakmepHOr 8UCOKOH 80/102iCMI0 MA 8UCOKUM pigHeM 30X80pro8aHOCMI bakmepianbHUMU
ma gipycHUMU iHPekyiamu.

KNHOYOBI C/TOBA: MocTpuii aneHAUUUT (AA); ce30H nepeg MycoHaMuU; Ce30H MYCOHIB; IHAiAcbKkuiA
meTeopoJioriuHunii Biggin (IMD).
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