
 Journal of the Korean Surgical Society 75

pISSN 2233-7903 •eISSN 2093-0488

Association between pregnancy and acute appendicitis in South 
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ORIGINAL ARTICLE

Purpose: To estimate the prevalence of acute appendicitis and the relationship 
between pregnancy and acute appendicitis among South Korean women in 2009.

Methods: This was a cross-sectional study over 1 year period using a national 
registry data. We analyzed a national patient sample (n = 1,116,040) from a database 
complied by the South Korean National Health Insurance in 2009. 

Results: We identified 15,974 cases of acute appendicitis from 2009. The prevalence 
rate of acute appendicitis was 228 ± 2 per 100,000 persons. The prevalence in men 
was higher than in women. The peak prevalence of the disease in both genders 
occurred in patients aged 10 to 14 years. After that, prevalence declined with age. 
The prevalence of acute appendicitis in women aged 20 to 39 years was negatively 
associated with age and pregnancy (P < 0.001) but was not associated with 
socioeconomic status. The prevalence of perforated appendicitis cases by age is 
represented by a U-shaped curve. The prevalence was highest in people less than 
five years of age and in people older than 60 years.

Conclusion: We found that the prevalence of acute appendicitis decreased with 
increasing age after early teens, and that the prevalence of acute appendicitis in 
pregnant women was lower than in nonpregnant women.
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INTRODUCTION

Appendicitis is the most common indication in emergency abdominal surgery [1]. 
The appendix is a diverticulum of the cecum; appendicitis is inflammation of the 
appendix. Acute appendicitis is thought to occur as a result of an obstruction of the 
appendiceal lumen. Obstruction is most commonly caused by a fecalith, which results 
from accumulation and inspissation of fecal material and inorganic salts within the 
appendiceal lumen [2-4]. 

One study concluded that the highest prevalence of appendicitis was found in per-
sons aged 10 to 19 years, affecting about 233/100,000 people in the population. They 
also found that males had higher rates of appendicitis than females across all age 
groups [1]. 

Diagnosing appendicitis in pregnant women is more challenging than in non-
pregnant women [5]. We do not know what causes this difficulty-whether it is 
physiologic changes or environmental changes associated with pregnancy that 
instigate the pathogenesis that underlies acute appendicitis. To date, there is a lack 
of research with a large sample size that explores the relationship between acute 
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appendicitis and pregnancy. 
The health insurance system in South Korea is different 

from that in the United States. All South Koreans are obli-
gated by law to apply to the National Health Insurance Cor-
poration (NHIC, http://www.nhic.or.kr/static/html/wbd/g/a/
wbdga0101.html). All medical institutions in South Korea ask 
NHIC to pay patient medical fees, with the exception of some 
procedures, such as cosmetic surgery. The Korean Health In-
surance Review and Assessment Service (HIRA, http://www.
hira.or.kr/eng/) is responsible for reviewing all medical fees 
sponsored by NHIC. HIRA reviews data for almost all general 
diseases in South Korea, so the HIRA data that we consulted 
for our analysis is probably fairly representative of the South 
Korean disease burden.

The aim of this study is to estimate the prevalence of acute 
appendicitis and the relationship between pregnancy and acute 
appendicitis among South Korean women in 2009.

METHODS

We analyzed data from the National Patients Sample col-
lected by the Korean Health Insurance Review and Assess  ment 
Service (HIRA-NPS) (serial number: HIRA-NPS-2009-0066). 
The HIRA previously demonstrated the validity of comparing 

HIRA-NPS and the South Korean population in general [6]. 
Almost all data (99.9%) were processed electronically [6]. 
HIRA-NPS used the stratified random sampling method for 
gender and age from all patients (including inpatients and 
outpatients, 45,969,893 people) who visited health care in-
sti tutions in 2009. The total sample size from the HIRA-
NPS is 1,116,040 people, including 404,583 inpatients (13% of 
inpatient population) and 711,457 outpatients (1% of outpatient 
population). This following data are included in HIRA-NPS: 
diagnosis, surgery or medical therapy, mortality, inpatient or 
outpatient, type of insurance, medical expenses, operation 
name, and prescription. 

We used the Korean Standard Classification of Diseases, 
5th edition and the Health Insurance Medical Care Expenses 
(HIMCE, 2012) to determine the total number of acute 
appendicitis cases. Procedure codes for acute appendicitis, 
based on HIMCE, include: Q2861, simple appendectomy; 
Q2862, perforated appendectomy; Q2863, removal of ap-
pendiceal abscess with periappendiceal abscess drainage. 
Women in the HIRA-NPS dataset who were given a pro-
cedure code of Q2861-Q2863 were counted as a case of acute 
appendicitis. Pregnant women were identified by one of several 
antenatal care codes: Z34, supervision of normal pregnancy; 
Z35, supervision of high-risk pregnancy; Z36, antenatal 
screening. Pregnant women with acute appendicitis were 
defined as women who were treated for acute appendicitis 
within 60 days of receiving antenatal care. Individuals in our 
study who, according to the Korean Medical Care Act, had 
either type 1 or type 2 forms of National Health Insurance 
(similar to receiving Medicaid in the United States) were 
classified as being in a low socioeconomic state.

The Institutional Review Board of Korea University Guro 
Hospital approved this study on the 4th Oct 2012 (refe-

Table 1. Demograghics

Both gender Men
Women

All women Nonpregnant Pregnant

Age (yr) 36.6 ± 0.0 35.4 ± 0.0 37.8 ± 0.0 37.8 ± 0.0 28.8 ± 0.3

Low SES (%) 3.7 3.3 4.1 4.2 1

Values are presented as mean ± standard error of the mean.
SES, socioeconomic status.

Table 2. Prevalence of acute appendicitis by gender

Both gender Men
Women

All women Nonpregnant Pregnant

Dx Op Dx Op Dx Op Dx Op Dx Op

Age (yr) of acute
 appendicitisa)

31.8 ± 0.2 30.0 ± 0.2 33.8 ± 0.3 33.9 ± 0.3 28.9 ± 0.4

Operation rate (%) 67.2 70.9 63.5 63.4 67.8

Per 100,000
 persons

334 ± 4 228 ± 2 349 ± 6 247 ± 3 319 ± 6 202 ± 3 326 ± 6 206 ± 3 142 ± 12 96 ± 97

Sample cases 15,974 13,639 8,221 7,151 7,753 6,252 7,607 6,153 146 99

Estimated cases in
 a population

153,430 ± 2,053 104,915 ± 892 77,638 ± 1,142 55,007 ± 235 75,792 ± 1,479 48,092 ± 605 74,669 ± 1,476 47,331 ± 600 1,123 ± 93 761 ± 76

Values are presented as mean ± standard error of the mean.
Dx, diagnosis by diagnosis code; Op, appendectomy by procedure code.
a)Estimated by procedure code.
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rence number: KUGH12147). All patients in our dataset have 
an anonymous ID created by The Korean Health Insurance 
Review and Assessment Service.

SAS (Enterprise Guide ver.4.3, SAS Institute Inc., Cary, NC, 
USA) was used for data mining. R ver. 2.12.2 (R Foundation 
for Statistical Computing, Vienna, Austria) was used for all 
statistical analyses including a weighted analysis. All statistical 
tests were two-tailed, and results were considered significant 
at P < 0.05. Chi-square test for proportions was performed for 
comparing the prevalence of acute appendicitis. Multivariate 
logistic regression analysis was used to evaluate the association 
of our chosen variables (age, pregnancy, and socioeconomic 
status) with the likelihood of developing acute appendicitis. 

RESULTS

The total sample size was 1,116,040 people. Demographics 
showed Table 1. We identified 15,974 acute appendicitis cases 
and 160 cases of acute appendicitis in pregnant women during 
2009 (Fig. 1). The mean age across the appendicitis sample 

was 31.8 ± 0.2 years (Table 2). The proportion of women who 
were pregnant was 3.3%. The prevalence of acute appendicitis 
among all Koreans was 224 ± 2 per 100,000 persons. The 
prevalence of acute appendicitis in men was higher than that 
in women (P < 0.001). In particular, the prevalence of acute 
appendicitis in pregnant women (96 ± 97 per 100,000 persons) 
was significantly lower than that in non-pregnant women (206 
± 3 per 100,000 persons) (P < 0.001) (Table 2). Multivariate 
analysis was performed, adjusting for age, pregnancy, and 
socioeconomic status. According to the logistic regression 
models, age and pregnancy were negatively associated with 
acute appendicitis in women aged 20 to 39 years (age: odds 
ratio [OR], 0.972; 95% confidence interval [CI], 0.975 to 0.978; 
pregnancy: OR, 0.376; 95% CI, 0.307 to 0.461; P < 0.001) (Fig. 
2). Low socioeconomic status was not significantly associated 
with acute appendicitis. The peak age group in prevalence 
of acute appendicitis was early teens. After the early teens, 
prevalence in both genders declined with increasing age (Fig. 
2). 

Simple acute appendicitis was the most common appendicitis 
diagnosis, based on procedure code. Perforated appendicitis 
was the next most common diagnosis (Table 3). 

Table 3. Estimated diagnosis cases in a population according to procedure code

Procedure
Total Men

Women

All women Nonpregnant Pregnant

EC % EC % EC % EC % EC %

Simple appendectomy 77,753 ± 383 75.4 40,515 ± 287 73.7 37,238 ± 254 77.4 36,600 ± 253 77.3 638 ± 28 83.8

Perforated appendectomy 20,584 ± 356 20.0 11,830 ± 267 21.5 8,753 ± 235 18.2 8,662 ± 233 18.3 92 ± 25 12.1

Complicated appendectomya) 4,761 ± 187 4.6 2,661 ± 140 4.8 2,100 ± 124 4.4 2,069 ± 123 4.4 31 ± 15 4.0

Total 103,099 ± 926 100 55,007 ± 693 100 48,092 ± 613 100 47,331 ± 0 100 762 ± 69 100

Values are presented as mean ± standard error of the mean.
EC, estimated cases in a population.
a)Removal of appendiceal abscess with periappendiceal abscess drainage.

Fig. 1. Filtering of data. HIRA, Health Insurance Review and Assessment Service. Fig. 2.  Prevalence rate in acute appendicitis according to 5-year increments.
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The prevalence of perforated appendicitis peaked among 
children younger than five years, and the lowest prevalence of 
perforated appendicitis was among people aged 25 to 29 years 
(Fig. 3). After the age of 30 years, the prevalence of perforated 
appendicitis increased with age (P < 0.001), giving the graph 
of perforated appendicitis prevalence by age a U-shaped 
distribution (Fig. 4). 

DISCUSSION

We found that pregnancy is a protective factor against acute 
appendicitis. In our study, the prevalence of acute appendicitis 
in pregnant women was lower than that men or nonpregnant 
women. Several factors could explain the protective effect 
of pregnancy against appendicitis. First, T2 helper cells 
might proliferate during pregnancy [7,8]. Second, circulating 
estrogen, androgen and progesterone during pregnancy might 
change T cell response behavior [9]. These immune reaction 
changes during pregnancy may influence the onset of acute 
appendicitis [8,10,11]. Our study findings were consistent with 
those of another study [10]. A particular strength of our study 
design is that it intuitively shows the relationship between 
acute appendicitis prevalence among men, nonpregnant 
women, and pregnant women. 

The prevalence of acute appendicitis in South Korea was 
higher than that found in other countries (110-120/100,000 
person-year) [1,12]. This difference could be due to different 
diagnostic defining criteria (i.e., we used operation code, but 
other studies defined cases histologically). Even with these 
different methodologies, the prevalence of acute appendicitis 
in pregnant women was similar across all studies (range, 66-
130/100,000 pregnant women-year) [13-15]. 

The peak age group in prevalence of acute appendicitis was 
early teens for both men and women. After the early teens, 
prevalence in both genders declined with age. Other studies 

found a comparable prevalence across age groups [1,12-15]. 
Lymphoid follicular hyperplasia may be the main cause of 
acute appendicitis in young adults. At around the same age 
that risk for acute appendicitis decreases, lymphoid follicular 
hyperplasia begins to decrease [16].

The prevalence of perforated appendicitis by age has a 
U-shaped pattern; prevalence was highest in children youn-
ger than five years and adults older than 60 years. Late pre-
sentation and delayed diagnosis may be associated with the 
high proportion of appendicitis due to perforation among all 
acute cases in patients younger than five and older 60 years 
[17,18].

Our study has one main limitation. Diagnosis of acute 
appendicitis was not confirmed by biopsy. Instead, we esti-
mated the number of cases using a diagnosis code or pro-
cedure code. Previous studies have found that confirmed cases 
by biopsy only account for 64-85% of total actual cases [1,19-
21]. Therefore, if this ratio is also true in our study, our study 
is comparable to other studies, especially regarding prevalence 
pattern. 

In summary, we found that the prevalence of acute appen-
dicitis decreased by increasing age after the early teen years, 
and that the prevalence of acute appendicitis in pregnant 
women was lower than those in men and nonpregnant women.
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