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Abstract

Purpose It has been estimated in the UK that 27 % of
men and 3 % of women will undergo an inguinal hernia
repair (IHR) during their lifetimes. However, no epi-
demiologic study investigating IHR has been performed to
date in an Asian population. The present study explored the
incidence and recurrence of IHR in an Asian population
using a nation-wide population-based dataset in Taiwan.
Methods Based on the National Health Insurance Data-
base, we identified 5806 patients who underwent an THR
between 2000 and 2010 and followed them until they had a
recurrence, died during hospitalization, left the program, or
the study ended. We calculated the age-stratified recurrence
rates and used Cox proportional hazards to explore the
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influence of demographic and clinical factors on recurrence.
We also plotted IHR occurrence over the study period.
Results Among the 5806 sampled subjects who had an
IHR, 565 (9.73 %) had an IHR recurrence yielding an
overall incidence of 18.23 per 1000 person-years. The
hazard ratios for recurrence increased with age, and were
greater among men and blue collar workers. The incidence
of IHR decreased from 168.21 to 92.10 per 100,000 per-
son-years over the study period. Surgical complication
rates ranged between 0.16 and 2.57 %.

Conclusions On account of the increased risk of recur-
rence with age, young hernia patients may not want to
delay surgery. This study detected a decreasing trend in
initial IHR rates, confirming similar trends reported in
Western countries. However, the incidence of initial IHR is
lower in Taiwan than it is in the West.
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Introduction

Inguinal hernia has been reported to have a lifetime
prevalence of 27 % among men and 3 % among women in
the UK [1], making inguinal hernia repair (IHR) the most
frequently performed operation in general surgery [2-5].
While a common operation, IHR is noted to carry a sub-
stantial risk for recurrence. In one study assessing hernia
recurrence in eight Swedish hospitals it was found that
among 4879 hernia operations performed over 3 years,
16 % were done for recurrences [6]. A follow-up investi-
gation, also conducted in Sweden, reported similar results
with recurrence rates ranging between 10 and 15 % 3 years
after operation depending on the definition of recurrence
and completeness of the physical examination [7]. Thus,
the possibility of recurrence, and therefore the sheer
number of patients suffering a recurrence, is quite high.

Studies conducted using Scandinavian hernia registries
have also identified several factors to be risk factors for
recurrence, such as BMI [8], operating time [9], and
method of hernia repair [10]. The same datasets have been
used to identify age as a risk factor for primary hernia [11].
However, no study to date has been performed assessing
the age-stratified risk of hernia recurrence [1, 2, 12-16].

There is substantial geographic variation in the inci-
dence of IHR in the literature. The average incidence be-
tween 1989 and 2008 in Olmsted County, MN, has been
reported to be 200.1 per 100,000 person-years, but during a
similar time frame rates as high as 340 per 100,000 person-
years were reported in Italy [16], and rates as low as 160.69
per 100,000 person-years have been detected in Denmark
[15]. Additionally, the study conducted in Olmsted County,
MN, also detected substantial decreases in the incidence of
both initial and recurrent IHR over the course of their study
[2]. Despite the geographic variation of IHR in the lit-
erature, and the changing epidemiology reported by the
study conducted in Olmsted County, no study to date has
explored IHR in an Asian population. Moreover, as IHR
has been suggested to be used as an indicator of surgical
quality [16], the results of studies assessing IHR in Asian
populations could also be used to gauge the surgical quality
of those countries’ medical systems.

Therefore, in order to quantify age as a risk factor for
recurrence and explore the clinical epidemiology of IHR in
an Asian population, this study set out to characterize IHR
incidence over time, as well as provide age-stratified risk
estimates for its recurrence utilizing a nation-wide
population-based dataset in Taiwan.
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Materials and methods
Data source

The National Health Insurance Research Database
(NHIRD) contains all the outpatient and inpatient claims in
Taiwan accrued between 1996 and 2010. This database was
derived from the Taiwan National Health Insurance Pro-
gram and is maintained by the National Health Research
Institute. This insurance program included over 96 % of
Taiwan population in 2000. Our study used a Longitudinal
Health Insurance Database (LHID2000), a part of the
NHIRD, containing one million beneficiaries randomly
selected from the Registry for beneficiaries in 1996-2000.
On account of the Personal Information Protection Act, the
identification numbers of the beneficiaries were re-coded
prior to release to researchers. This study was approved by
the Institutional Review Board of the China Medical
University Hospital, Taiwan. The diseases and conditions
studied in this investigation were identified in the NHIRD
based on the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM).

Study subjects and outcome

We sourced all the adult patients (age >18 years of age)
who received an ITHR between 2000 and 2010 from the
LHID2000 and used this value (numerator) along with the
total number of people at risk for IHR in the LHID2000
(denominator) to calculate the incidence of IHR in the
adult population of Taiwan. As the LHID2000 was ran-
domly sampled from the overall population of Taiwan and
contains one million beneficiaries, the incidence should be
a stable estimate of the overall incidence in Taiwan. The
date of the IHR was defined as the index date. All the study
subjects were followed from the index date to the recur-
rence of hernia (ICD-9-CM: 550.X1 and 550.X3) or re-
currence of IHR. If patients did not suffer a recurrence,
they were followed to the end of 2010, hospitalized death,
or loss from the program, whichever came first.

Variables of interest

The risk factors adjusted for in this study included patient,
hospital, and physician characteristics. The patients’ de-
mographic characteristics included age (18-29, 30-39,
40-49, 50-59, and >60 years), gender, occupation (white
collar, blue collar, and others), treatment for hernia (open
with or without mesh), and length of stay for hernia. Patient
occupation was classified into three types based on working
place: indoor workers were defined as white collar; outdoor
workers were defined as blue collar; and low income
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earners and clergy were defined as others. Hospital char-
acteristics included the level of the hospital (medical cen-
ter, regional hospital, district hospital/clinic). These
institutions are classified according to their departments
and what services they offer. To reduce the burden of
larger medical centers, patients are encouraged to first at-
tend clinics and district hospitals before working their way
up to the more specialized care available at regional hos-
pitals and medical centers. Physicians’ characteristics in-
cluded age, gender, time of clinical practice, and number of
hernia operations per year. While the cutoff point for
number of hernia operations per year was 1.5, this figure
reflects how many times a surgeon performed an operation
on this pool of patients. As this pool of patients was drawn
from 1,000,000 randomly sampled Taiwanese, and the
current population is about 23,000,000, this figure should
be about 1/23rd of the actual number of cases performed by
that surgeon, or approximately 34.5 cases.

Statistical analysis

All statistical analyses were performed using SAS 9.3
software for windows (SAS Institute, Cary, NC, USA). The
significance level was set at 0.05 in this study. We used
Cox proportional hazards regressions to estimate the risk of
IHR and its associated factors.

Results

The average age of subjects was 55.4 years (standard de-
viation, SD = 18.5). The majority were men (89.4 %),
with the greatest proportion holding white collar jobs
(45.0 %). Open repair with mesh was the major mode of
treatment (95.6 %) and the median length of stay was
2 days (interquartile range 1.00). Most patients with hernia
were diagnosed in clinics (39.9 %). The average age and
practice time of the diagnosing physician was 46.3 and
12.1 years (SD = 8.18 and 5.35) (Table 1).

During the 11-year study period, a total of 565 patients
with hernia had a reoccurrence (9.73 %) with an incidence
of 18.23 per 1000 person-years. The incidence of recur-
rence increased with age from 7.11 per 1000 person-years
between the ages of 18 and 29 years to 24.61 per 1000
person-years among those aged over 60 years (Table 2).

Table 3 includes the hazard ratios (HRs) for hernia re-
currence among the sampled patients. Compared with the
youngest patients (18-29 years old), the HR for recurrence
increased with age. After adjusting for the demographic
characteristics, and hospital and physician characteristics
significant in the univariate analysis, patients aged
30-39 years were found to be at 1.68 (95 % CI 1.07-2.65)

737
Table 1 Demographic, hospi- Total, n 5806
tal, and physician characteristics
of patients undergoing inguinal Patient characteristic
i e P R TAIY peyrn5
18-29 759 (13.1)
30-39 610 (10.5)
4049 804 (13.9)
50-59 993 (17.1)
>60 2640 (45.5)
Median (IQR) 57.2 (29.7)
Men, n (%) 5191 (89.4)
Occupation, n (%)
White collar 2613 (45.0)
Blue collar 2126 (36.6)
Other 1067 (18.4)
Treatment
Open with mesh 5550 (95.6)
Open without 52 (0.90)
mesh
Length of stay, day
Median (IQR) 2.00 (1.00)
Hospital level, n (%)
Medical center 1433 (24.7)
Regional hospital 2055 (35.4)
District 2318 (39.9)
hospital/clinic
Physician characteristic
Men, n (%) 5757 (99.2)
Age, years
Median (IQR) 454 (12.4)
Practice time, years
Median (IQR) 11.3 (6.83)
Hernia operations per year
Median (IQR) 1.41 (1.23)

times the risk of the youngest age group to suffer a re-
currence, while patients aged over 60 years were 2.76
(95 % CI 1.90-3.99) times more likely than the youngest
age group to suffer a recurrence.

Figure 1 plots the incidence and prevalence of hernia
over the study period (2000-2010). The prevalence de-
creased from 250.17 to 210.14 per 100,000 person-years,
and the incidence decreased from 168.21 to 92.10 per
100,000 person-years. The average incidence over the
study period was 124.86 per 100,000 person-years.

Discussion
This population-based study exploring IHR in Taiwan de-

tected greater risks for recurrence with increasing age. We

@ Springer



738

Hernia (2015) 19:735-740

Table 2 Age-stratified hernia Recurrent no. (%)

Person-years

Incidence, per 1000 person-years

recurrence, person-years of

observation, and incidence in Overall 565 (9.73) 30,998 18.23
the sampled patients (n = 5806) 18-29 33 (4.35) 4644 711
30-39 44 (7.21) 3637 12.10
40-49 73 (9.08) 4634 15.75
50-59 101 (10.2) 5286 19.11
>60 315 (11.9) 12,798 24.61

Table 3 Hazard ratios for
hernia recurrence among the

Crude HR (95 % CI)

Adjusted HR (95 % CI)

sampled patients (n = 5806) Patient characteristic

Age, years
18-29 1.00 1.00
30-39 1.68 (1.07-2.64)* 1.68 (1.07-2.65)*
40-49 2.17 (1.44-3.27)*** 2.12 (1.41-3.20)%%*
50-59 2.54 (1.71-3.76)*** 2.31 (1.55-3.43)%%*
60+ 3.20 (2.24-4.58)*** 2.76 (1.90-3.99)%**
Gender
Men 1.94 (1.37-2.75)%** 1.66 (1.16-2.35)**
Women 1.00 1.00
Occupation

White collar
Blue collar
Other
Treatment
Open with mesh
Open without mesh
Hospital characteristic
Hospital level
Medical center
Regional hospital
District hospital/clinic

Physician characteristic

1.00
1.39 (1.16-1.67)%+*
1.26 (1.00-1.59)*

0.73 (0.51-1.05)
1.05 (0.43-2.52)

1.00
1.17 (0.94-1.45)
1.18 (0.95-1.46)

1.00
1.24 (1.03-1.50)*
0.99 (0.78-1.27)

Gender
Men 1.47 (0.47-4.56) -
Women 1.00
Age, years
<45 1.00
45+ 1.16 (0.98-1.37) -
License year
<12 1.00
124 0.92 (0.78-1.09) -
Hernia operations per year
<15 1.00
*p <005 = p <001, 1.5+ 0.87 (0.68-1.13)

% p < 0.001

also detected a decreasing trend in the occurrence of IHR in
Taiwan, with IHR seeming to be performed much less
frequently in Taiwan than in most of the Western countries
whose data was reported the literature.

Many patients with hernia may delay treatment until it
becomes a necessity on account of the risk of recurrence
THR has been demonstrated to carry [17-21]. While small-
scaled studies have been conducted to ascertain the safety
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Fig. 1 Incidence and prevalence for inguinal hernia repair in Taiwan
between 2000 and 2010

of the “Watchful Waiting” strategy for IHR [17], hernias
do not heal spontaneously and are prone to grow larger
over time. Therefore, it is possible that “Watchful Wait-
ing” is simply delaying the inevitable. But, in contrast to
the numerous studies in the literature assessing many of the
epidemiological facets of hernia in Western populations
[1-5, 8-11, 15, 16], the literature boasts little in the way of
population-based evidence assessing the risk for hernia
recurrence [6, 7], with no such studies having been con-
ducted on IHR or hernia in an Asian population.

Furthermore, while age is a known risk factor for hernia
recurrence [22], no population-based studies have provided
age-specific risk estimates, leaving patients with hernia
unsure of the risk of recurrence they may face should they
choose to undergo an operation. We feel that the results of
this population-based study demonstrating substantial in-
creases in the adjusted risk of recurrence with age may
encourage young patients suffering from hernia to avoid
delays and receive surgical treatment while their risk of
recurrence is at its lowest.

In addition to age, we also found occupation to also play
a role in the recurrence of hernia. In this study, blue collar
workers were at 1.24 times the risk of white collar workers
for recurrence. Blue collar workers may be more eco-
nomically disadvantaged, and therefore may be more likely
to return to work prior to properly recuperating from sur-
gery. Blue collar workers also engage in more strenuous
physical activity, which is not advised to avoid recurrence,
and although controversial [12, 23] has been suggested to
be a risk factor for initial hernia [24].

While we feel confident that our results demonstrate
high internal validity, these findings may not hold for other
populations which seem to have substantially different in-
cidence rates. Between 2000 and 2010, the average annual
incidence rate of IHR in Taiwan was 124.86 per 100,000
persons. However, a population-based study conducted in
Olmstead county, MN, USA, reported an overall incidence
rate among adults of 200.1 per 100,000 person-years over
the course of their study (1989-2008) [2]. A study

performed in the Emilia-Romagna region of Italy captured
all the IHR conducted in both public and private hospitals
among patients older than 14 years of age between 2000
and 2009 and reported an average of 340 IHR per 100,000
person-years [16]. The lowest reported IHR incidence rate
reported in a Western population was detected in Denmark.
That study utilized data from the Civil Registration System
covering all Danish citizens. During their 5-year study,
45,315 of 5,639,885 Danes underwent an IHR, yielding an
incidence rate of 160.69 per 100,000 person-years [15].

Interestingly, while the incidence of IHR varied sub-
stantially between this study and those conducted in
Western populations, the decreasing trend observed in
Olmstead County, MN, by Zendejas et al. [2] was also
noted in this investigation. In Taiwan, there was a sub-
stantial decline in the incidence of ITHR over the study
period, with the incidence decreasing from 168.21 to 92.10
per 100,000 person-years between 2000 and 2010. In
Olmstead county, the incidence rate in adult men decreased
from 474.1 per 100,000 person-years in 1989 to 372.5
person-years in 2008 [2].

Zendejas et al. proposed that there are likely several
factors contributing to the decreasing incidence of hernia in
Olmsted County which are also likely to support this trend
in Taiwan. One is a rise in the proportion of individuals
that are obese or overweight. The obesity rate in Taiwan
has been increasing [25, 26], and obese people have been
shown to have a lower incidence of IHR [17, 27]. However,
they have also been demonstrated to have a greater risk of
recurrence [8]. Another factor is the recent decrease in
smoking in Taiwan [28, 29], which although controversial
[12, 24] has been suggested to be a risk factor for hernia
and hernia recurrence [11, 30]. However, the effects of an
aging population in both Olmstead County and Taiwan [2,
29, 31] should work to increase the incidence of hernia.

The results of this study need to be seen in light of several
limitations. First, all the data analyzed in this study was
acquired from an administrative database and may not be as
accurate as data collected prospectively according to stan-
dardized procedures. For example, as patients were followed
until the date that a recurrent hernia became present or a
recurrence necessitated an operation, only symptomatic re-
current hernias would have been assessed in this study while
asymptomatic hernia recurrences would not have been in-
cluded in the health insurance database or this analysis.

Second, the limitations of this administrative dataset al-
so precluded us from investigating the effects of some
factors on the individual level. These included BMI and
smoking status, whose respective increase and decrease
may have contributed to the decreasing trend in IHR ob-
served in this study [17, 25, 26].

Third, as we had no measure for the severity or size of
the hernias among the subjects in this study, we were also
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unable to consider how hernia size influences the risk of
recurrence and complications.
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