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ABSTRACT

Background: Prospective data on risk factors and the incidence of inguinal hernia are
sparse, especially in an elderly population. The aim of this study was to determine the
incidence of and risk factors for inguinal hernia.

Methods: We analyzed data from the Rotterdam Study, a prospective cohort study that
observed the general population aged >45 years of Ommoord, a district in Rotterdam,
from baseline (1990) over a period of >20 years. Diagnoses of inguinal hernia were
obtained from hospital discharge records and records from general practitioners.
Multivariate regression analysis was performed to determine risk factors for inguinal
hernia development.

Results: Among 5,780 men, with a total of 50,802 person-years, who did not have a
hernia at baseline, 416 cases of inguinal hernia occurred (7.2%). The 20-year cumula-
tive incidence was 14%. Age-adjusted hazard ratio (HR) for inguinal hernia for men
relative to women was 12.4 (95% CI, 9.5 — 16.3; P < .001). On multivariate analysis, the
risk of inguinal hernia increased with advancing age (HR per 1-year increase in age,
1.03; 95% CI, 1.02 — 1.04; P < .001). Participants with a body mass index (BMI) of 25 — 30
kg/m® had an HR 0f 0.72 (95% CI, 0.58 — 0.89; P = .003) compared with a BMI <25; a BMI
>30 had an associated HR of 0.63 (95% CI, 0.42 — 0.94; P = .025).

Conclusion: Inguinal hernia is common in the middle-aged and elderly male population

and its incidence increases with advancing age. Overweight or obese patients have a
lower risk of developing an inguinal hernia.
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INTRODUCTION

Inguinal hernia repair is the most frequently performed operation in general surgery.
In 2003, approximately 770,000 inguinal hernia repairs were performed in the United
States." The lifetime risk of undergoing inguinal hernia repair is as great as 42.5% for
men and 5.8% for women.>®

Etiological factors for the development of a primary inguinal hernia include not only
the presence of a patent processus vaginalis and altered metabolism of collagen con-
nective tissue and the extracellular matrix, but seems also to result from increased
intra-abdominal pressure.”'® Patient-related factors that are thought to be associated
with the development of inguinal hernia are aging, male sex, smoking, diabetes,

7,9-16

physical activities, and family history.

The incidence of inguinal hernia appears to increase with age, especially in men
through the fifth to seventh decade of life.'”>” Excess body weight has also been
considered to be a risk factor for the development of inguinal hernia, because it is
believed, among other factors, to affect the intra-abdominal pressure.” However, the
association of obesity with inguinal hernia is still not well established. Several studies
provided conflicting data, and some even suggest a protective effect for the develop-

ment of inguinal hernia. 79121517

In the United States, the prevalence of obesity increased from 27.5% in 1999 to 37.2%
in 2010 among men between the age of 40 and 59.'®" It is likely that both the inci-
dence and prevalence of inguinal hernia will increase globally as a result of our aging
population, but possibly also because of increasing prevalence of obesity. Therefore,
inguinal hernia constitutes a very relevant public health issue. Despite this public
health issue, data from large, prospective cohort studies that evaluate the relationship
between the incidence of inguinal hernia and risk factors are sparse, and few studies

have focussed on the more elderly male population.''

The aim of our study was to analyse data within the Rotterdam Study, a prospec-
tive cohort study ongoing since 1990 in the city of Rotterdam in The Netherlands, to
determine the incidence of inguinal hernia among middle-aged and elderly men and
to create insight into the association of inguinal hernia with potential risk factors.
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MATERIALS AND METHODS

The Rotterdam Study is a prospective cohort study that included individuals from the
district of Ommoord in Rotterdam, The Netherlands, from January 1990 onwards.
Initially, 7,983 participants out of 10,215 invitees (78%) of the Ommoord district were
recruited (RS-I). In 2000, 3,011 participants of 4,472 invitees who had become 55 years
of age or moved into the study district since the start of the study were added to the
cohort (RS-II). In 2006, a further extension of the cohort was initiated in which 3,932
subjects of 6,057 invitees between the ages of 45 to 54 were included (RS-III). By the
end of 2008, the Rotterdam Study, therefore, comprised 14,926 subjects aged =45
years with an overall response at baseline of 72.0% (14,926/20,744) for all 3 cycles (RS-,
RS-II, and RS-1II).

The participants were all examined in detail at baseline. They were interviewed at
home (2 hours) followed by an extensive set of examinations (a total of 5 hours) in a
research facility in the center of their district. These examinations focused on possible
causes of invalidating diseases in participants aged >45 years and were repeated every
3—4 years in the participant characteristics that could change over time. The study
design, objectives, and major findings of the Rotterdam Study have been described
extensively elsewhere.”” The medical ethics committee at Erasmus University of
Rotterdam approved the study, and written informed consent was obtained from all
participants.

Participants in the Rotterdam Study are followed for a variety of diseases, including
the presence of an inguinal hernia. The participants of the first cohort (RS-I) were
interviewed at baseline and asked if they were ever diagnosed or admitted to the
hospital owing to the presence of an inguinal hernia. In the second (RS-II) and third
(RS-IMI) cohorts, questions with regard to inguinal hernia were not incorporated in the
baseline interview. To identify all incident events of inguinal hernia since the start
of the Rotterdam Study, International Classification of Primary Care (ICPC) codes for
diagnosis of inguinal hernia (D89) or other hernia (incisional- and/or umbilical hernia,
D91) were retrieved from general practitioners in the Ommoord district. In addition,
hospital discharge records of the participants of cohort RS-I, RS-II, and RS-III with re-
gard to the diagnosis of inguinal hernia were obtained using the Landelijke Medische
Registratie (LMR) codes, the national medical register used in The Netherlands. For all
participants, these records were checked for cases of inguinal hernia including the
period (far) before the point of entrance into the Rotterdam study to avoid potential
bias in prevalent cases of inguinal hernia. Being added after the original design of
the Rotterdam Study, the current analysis is thus classified as post-hoc. Data on body
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mass index (BMI, kg/m?), age, sex, diagnosis of diabetes mellitus, smoking, and use of
corticosteroid medication were collected at baseline and extracted from the cohort da-
tabase, because they were considered relevant determinants in relation to incidence
of inguinal hernia. The presence of type 2 diabetes mellitus was defined by the use
of antidiabetic medication or by a non-fasting or post-load plasma glucose level >11.1
mmol/L (200 mg/dL). The use of medication was determined by questionnaire at base-
line. Drug exposure (classified by ATC code [http:/fwww.whocc.nofatc_ddd_index]]) is
monitored continuously since the initiation of the Rotterdam Study in 1991 by using
computerized pharmacy records of the pharmacies in the Ommoord district. Both
the ICPC and the LMR codes are standardized, and validity was checked by the data
management team of the Rotterdam Study.

Statistical analysis

Prospective analyses were performed using the Cox proportional hazards (CPH) re-
gression model to identify risk factors related to the proportion of incident cases of
primary inguinal hernia in men. Participants with a prevalent (pre-existing) inguinal
hernia at baseline or participants who developed a recurrent/contralateral hernia
during the study period were excluded from the analysis. Time at risk was calculated
from the date a participant entered the Rotterdam Study to the first date a primary
inguinal hernia was diagnosed, date of last contact, or the date of death. We used 5-,
10-, 15-, and 20-year Kaplan-Meier estimates to infer the cumulative incidences of

inguinal hernia over time.

Univariate regression analyses were performed to determine the relationship of inci-
dent cases of primary inguinal hernia with risk factors by analyzing each potential risk
factor adjusted for age as a continuous variable. BMI was entered as an ordinal variable
and was modelled using 3 categories for BMI: < 25.0, 25.0 — 30.0, and >30 kg/m®. Age
was modelled using 3 categories: <65, 65 — 75, and >75 years. Other baseline factors that
were adjusted for age and entered in the model were: diabetes mellitus (yes/no), steroid
use (yes/no), smoking (never/former/current), and presence of other hernia (yes/no).

Multivariate regression analysis was performed using a CPH model to control for
effects of multiple potential risk factors. Potential risk factors that were related to
incident cases of primary inguinal hernia after univariate regression analyses (P <0.10)
were included in the CPH model. All factors met the proportional hazards assumption
of a relatively constant risk ratio through examination of -log (-log) survival curves. All
analyses were performed using the Statistical Package for the Social Sciences version
17.0 (SPSS Inc, Chicago, IL). Continuous data are presented as mean * standard devia-

tion.
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RESULTS

In the Rotterdam Study, after exclusion of participants with an inguinal hernia at
baseline (348/14,926), the overall proportion of incident cases of primary inguinal
hernia was 3.2% (477 cases among 14,568 participants). There were 5,870 men and
8,788 women without a prevalent (pre-existing) inguinal hernia at baseline. The
proportion of incident cases among male participants was 7.2% (416 cases among
5,780 participants) compared with 0.7% of primary inguinal hernia (61 cases among
8,788) among female participants. In the 5,870 men, the 5-year cumulative incidence
of developing inguinal hernia was 4.3% compared with 0.3% in women. The mean
age in men was 64.7 * 9.5 and 68.1 + 8.6 years in women. The 10-year cumulative
incidence was 7.9% compared with 0.7%, and for 15 years it was 11.6% compared with
1.0%, and for 20 years it was 14.0% versus 1.8%. Adjusted for age, the hazard ratio (HR)
for inguinal hernia for men relative to women was 12.4 (95% CI, 9.5 — 16.3; P < .001).
Therefore, further analyses were conducted only on the 5,870 men of the Rotterdam
Study. Baseline characteristics of the 5,870 male participants are shown in Table 1.

Table 1. Baseline characteristics for inguinal hernia among men in the Rotterdam Study, The Netherlands
(n =5,780), 1990 — 2008.

Characteristic Diagnosis of inguinal hernia No inguinal hernia P -value
(n=416) (n=5,364)

Follow-up (y) 13.0 (5.2) 9.0 (5.8) <.001

Age (y) 66.6 (8.2) 64.5 (9.5) <.001

Height (cm) 175.1 (6.6) 175.9(7.1) .025

Weight (kg) 78.5 (11.1) 82.6 (13.0) <.001

Body mass index’ 25.6 (3.1) 26.7 (3.6) <.001

Cigarette smoking, n (%) 199

Never 56 (13.5) 848 (15.8)

Former 243 (58.4) 2941 (54.8)

Current 89 (21.4) 1280 (23.9)

Corticosteroid use, n (%) 2 (0.5) 85 (1.6) .091

Diabetes Mellitus, n (%) 27 (6.5) 438 (8.2) .004

Other hernia, n (%) 1(0.2) 38 (0.7) .525

'BMI was calculated as weight (kg)/length (m?).
Data are mean (SD) values unless otherwise specified.

The 5-, 10-, 15-, and 20-year cumulative incidence of developing an inguinal hernia
and its association with increasing age was unadjusted; all other potential risk factors
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and the cumulative incidence of the development of an inguinal hernia over 20 years
were adjusted for age (Fig. 1; Table 2). The HRs for development of an inguinal hernia
were greater for participants between the age of 65 and 75 years (HR, 1.4; 95% CI,
1.11-1.70; P <.001) and for participants >75 years of age (HR, 1.9; 95% CI, 1.46 — 2.51;
P <.001) in comparison with the reference group of participants <65 years of age.
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Figure 1. Risk of inguinal hernia by age among men in the Rotterdam Study, The Netherlands, 1990 — 2008.

The cumulative incidence the development of an inguinal hernia among men de-
creased with baseline BMI. The 20-year cumulative incidence was 17.2% in participants
with a BMI of <25 kg/m?* and 12.3% in participants with both BMI of 25 — 30 kg/m?, and
participants with a BMI >30 kg/m”. The HRs for the development of an inguinal hernia
were less for participants with a BMI of 25 — 30 kg/m? (HR, 0.71; 95% CI, 0.58 — 0.87; P
< .001) and for participants with a BMI >30 kg/m* (HR, 0.53: 95% CI, 0.36 — 0.79; P <
.001) in comparison with the reference group of participants with a BMI <25 kg/m®.

The presence of diabetes mellitus at baseline showed a cumulative incidence of 15.3%
over 20 years for the development of inguinal hernia among men. The HR for the de-
velopment of an inguinal hernia showed a protective effect in the presence of diabetes
mellitus, which was of borderline significance (HR, 0.68; 95% CI, 0.46 — 1.00; P = .05).
Cigarette smoking, corticosteroid use, or the presence of another hernia at baseline
were not associated with the development of inguinal hernia in the middle-aged and
elderly male population of the Rotterdam Study.
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Table 2. Risk of inguinal hernia (unadjusted) over 20 years and age-adjusted hazard ratio for inguinal hernia
among men in the Rotterdam Study, The Netherlands (n = 5,780), 1990 — 2008.

Risk factor No. of No. with Risk of inguinal ~ Age-adjusted ~ 95% CI P-
participants  inguinal hernia hernia (%) hazard ratio value

Age (y) <.001

<65 3,377 204 12.2 1.0

65-75 1,485 141 15.6 1.4 1.1-1.70

>75 918 71 19.3 1.9 1.46 - 2.51

Body mass index <.001

<25 1,793 176 17.2 1.0

25-30 2,727 187 12.3 0.71 0.58 - 0.87

>30 747 30 12.3 0.53 0.36 -0.79

Cigarette smoking .609

Never 904 56 17.4 1.0

Former 3,184 243 14.3 0.86 0.65-1.16

Current 1,369 89 12.7 0.87 0.62 -1.21

Corticosteroid use .156

No 5,665 412 141 1.0

Yes 87 2 3.9 0.37 0.09 - 1.47

Diabetes Mellitus .050

No 3,581 353 14.8 1.0

Yes 465 27 15.3 0.68 0.46 - 1.00

Other hernia 593

No 5,741 415 14.0 1.0

Yes 39 1 2.6 0.59 0.08 -4.17

‘Estimated using Cox Proportional Hazards regression analysis, adjusted for age a continuous factor; the factor
age was unadjusted.

The final CPH model for multivariate regression analysis included age, BMI and diabe-
tes mellitus (Table 3). Increased baseline age remained associated with a greater risk of
inguinal hernia development (HR, 1.3; 95% CI, 1.02 — 1.04; P <.001). Increased baseline
BMI had still a protective effect for inguinal hernia among middle-aged and elderly
men; participants with a BMI of 25 - 30 kg/m® had a HR of 0.72 (95% CI, 0.58 — 0.89; P
=.003), and participants with a BMI >30 kg/m* had a HR of 0.63 (95% CI, 0.42 — 0.94;
P =.025) in comparison with the reference group of participants with a BMI <25 kg/
m?. Increased baseline BMI remained protective when included in the model as a
continuous variable (HR, 0.93; 95% CI, 0.90 - 0.97; P <.001). Although diabetes mellitus
seemed to show a protective effect in univariate analysis, this result did not remain
significant after adjustment for age and BMI in the final CPH model (HR, 0.70; 95% CI,
0.47 - 1.05; P = .086).

Erasmus University Rotterdam Za.{uu.g



Risk factors for inguinal hernia in middle-aged and elderly men: Results from the Rotterdam Study @ 9

Table 3. Multivariate-adjusted hazard ratio for inguinal hernia among men in the Rotterdam Study, The
Netherlands (n =5,780), 1990 — 2008.

Risk factor Multi - adjusted 95% CI P value
hazard ratio’

Age (y) 1.03 1.02, 1.04 <0.001

Body mass index

<25 1.0 (Referent)

25-30 0.72 0.58, 0.89 .003

>30 0.63 0.42, 0.94 .025

Diabetes Mellitus

No 1.0 (Referent)

Yes 0.7 0.47, 1.05 .086

DISCUSSION

This study showed a 20-year cumulative incidence of inguinal hernia in 5,870 middle-
aged and elderly men of the Rotterdam Study of 14.0%. The age-adjusted HR for the
development of inguinal hernia was 12 times greater among men. This study also
demonstrated that being overweight or obese was associated with decreased inci-
dence of inguinal hernia. Advancing age was a significant risk factor for development
of an inguinal hernia in middle-aged and elderly men, but no relationship could be
determined between diabetes mellitus and inguinal hernia development.

These are relevant findings, because inguinal hernia repair is the most performed
procedure in general surgery. In 2003, approximately 777,000 inguinal hernia repairs
were performed in the United States."* Others have reported that the lifetime risk of
undergoing inguinal hernia repair is greatest for the adult male population, especially
in the final decades of life.**'*** Obesity is also considered to be a risk factor for in-
guinal hernia.’ In the United States, the prevalence of obesity increased from 27.5%
in 1999 to 37.2% in 2010 among men between the age of 40 and 59.*' Surprisingly,
the relationship between obesity and inguinal hernia is still not well established; even
a protective effect has been suggested.””''>"” Therefore, it can be argued that ow-
ing to ageing of the population and increasing prevalence of obesity, inguinal hernia
constitutes a relevant public health issue.

The theory that collagen quality of collagen and collagen metabolism are important
in the development of (direct) inguinal hernia is widely accepted.”’ In the elderly
population, the balance between the formation and degradation of collagen seems
to be shifted, favouring a decrease in connective tissues, resulting in less collagen
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cross-linking and, therefore, less strength and stability of the collagen fibres.?** In
addition, data on skin biopsies of elderly patients have demonstrated an increase in
matrix metalloproteases 2 and 9 (MMP) and a decrease in the tissue inhibitors of metal-
loproteinases 1 and 2 (TIMP), which play a role in this collagen degeneration.”** These
changes may increase the risk of developing an inguinal hernia with advancing age.*
The current study provides data on the 5-, 10-, 15-, and 20-year cumulative incidence
of development of an inguinal hernia in middle-aged and elderly men and the associa-
tion of inguinal hernia with increasing baseline age. The HR in male participants aged
>75 years almost doubled in comparison with participants <65 years, supporting the
theory described herein.

The hypothesis that individuals who are overweight or obese are more likely to develop
inguinal hernia has been questioned by several studies.”>'*'>"7 Our study contributes
to these previous findings and provides data on the 20-year cumulative incidence of
development of an inguinal hernia among middle-aged and elderly and an association
with decreasing baseline BMI; the HR of the development of an inguinal hernia was
decreased by almost half in men with a BMI >30 kg/m® compared with men with a
BMI <25 kg/m®.

To date, only two prospective cohort studies have been performed that evaluate
the relationship between inguinal hernia and potential risk factors.’>'> Both studies
demonstrated an “unexpected” relationship between overweight or obese male par-
ticipants and a decreased risk of inguinal hernia. It was hypothesized in these studies
that the lesser incidence of inguinal hernia in participants with increased body weight
could be explained by a decreased chance of diagnosis of inguinal hernia in these
participants on physical examination.

In 2007, Ruhl et al*® examined risk factors for inguinal hernia among US adults aged
25 — 74 years who participated in the National Health and Nutrition Examination
Survey I Epidemiologic Follow-up Study (1971 -1975) and were followed through 1992
- 1993. They demonstrated in multivariate analysis that a greater incidence of ingui-
nal hernia among men was associated with increasing baseline age and the presence
of concomitant hiatal hernia, whereas black race, being overweight and obesity were
associated with a lesser incidence. Although the conclusions drawn from that study
support our data with respect to age and BMI, the National Health and Nutrition Ex-
amination Survey I study focused only on the adult US population aged 25 — 74 years,
whereas the present study focused more on the elderly male population. Furthermore,
as mentioned by the authors, the follow-up occurred only 10 and 20 years after the
baseline examination. Two recently published papers based on a retrospective review
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of all inguinal hernia performed on adult US residents of Olmsted County, Minnesota,
8,17

supported these findings.

In 2008, Rosemar et al examined risk factors for inguinal hernia in a community-based
sample of middle-aged Swedish men who were followed-up from baseline (1970 —
1973) until 2004. The conclusion drawn from that study was that middle-aged Swedish
men who are overweight or obese also had a lesser incidence of inguinal hernia. A
decreased risk was noted with advancing age and among heavy smokers. Although
this study supports the results of both the study by Ruhl et al and the current study,
this Swedish study only analyzed middle-aged men and only allowed identification
of participants who were hospitalized for inguinal hernia, whereas the current study
included middle-aged and elderly men and diagnoses of inguinal hernia not only from
hospital discharge records, but also from the medical files of general practitioners.

Although our study confirms the previous findings of the 2 earlier mentioned cohort
studies, our study provides insight into the association of inguinal hernia with po-
tential risk factors of a middle-aged and elderly male population in Western Europe.
Our study has limitations. The Rotterdam Study contains data of 3 cohorts (RS I, RS
II, and RS III); in the first cohort it was asked explicitly if participants had a known
inguinal hernia, which was not the case for the other 2 cohorts, which may have led to
potential differences in prevalent cases of inguinal hernia between the cohorts. In an
attempt to compensate for this potentially huge bias, all 3 cohorts were checked for
a diagnosis of inguinal hernia through records of hospitals and general practitioners,
including the period (far) before entrance into the Rotterdam Study. Therefore, this
possibility should have biased the results only minimally. Because case definition was
based on records of hospitals and general practitioners, and a questionnaire was only
used for the first cohort, participants with asymptomatic inguinal hernia could have
been missed and case ascertainment may have been incomplete; confirmation of
hernia diagnoses by physical examination or ultrasonography within the Rotterdam
Study was not possible. These limitations also played a role in the other 2 mentioned
cohort studies. Another limitation is that the protective effect of BMI in relation to
inguinal hernia development could also be attributable to the fact that diagnosing an
inguinal hernia can be more difficult in overweight or obese patients owing to their
obesity.'>"® Therefore, imaging should be incorporated in future studies.

In conclusion, this large prospective cohort study that provides evidence for risk fac-
tors of inguinal hernia in middle-aged and elderly West-European males by confirming
previous findings of an increased risk of developing an inguinal hernia with advanc-
ing age and lesser risk of inguinal hernia in overweight and obese male participants.

Erasmus University Rotterdam 24\/»9\9



12

Erasmus Medical Center Rotterdam

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

. Sarosi GA, Wei Y, Gibbs JO, et al. A clinician’s guide to patient selection for watchful

waiting management of inguinal hernia. Ann Surg 2011; 253(3): 605-10.

Fortelny RH, Petter-Puchner AH, Glaser KS, Redl H. Use of fibrin sealant (Tisseel/Tissucol)
in hernia repair: a systematic review. Surg Endosc 2012; 26(7): 1803-12.

Rutkow IM. Demographic and socioeconomic aspects of hernia repair in the United States
in 2003. Surg Clin North Am 2003; 83(5): 1045-51, v-vi.

Matthews RD, Neumayer L. Inguinal hernia in the 21st century: an evidence-based
review. Curr Probl Surg 2008; 45(4): 261-312.

Primatesta P, Goldacre MJ. Inguinal hernia repair: incidence of elective and emergency
surgery, readmission and mortality. Int | Epidemiol 1996; 25(4): 835-9.

Rosemar A, Angeras U, Rosengren A, Nordin P. Effect of body mass index on groin hernia
surgery. Ann Surg 2010; 252(2): 397-401.

Abramson JH, Gofin ], Hopp C, Makler A, Epstein LM. The epidemiology of inguinal
hernia. A survey in western Jerusalem. | Epidemiol Community Health 1978; 32(1): 59-67.

Zendejas B, Ramirez T, Jones T, et al. Incidence of Inguinal Hernia Repairs in Olmsted
County, MN A Population-Based Study. Annals of Surgery 2013; 257(3): 520-6.

Abrahamson ]. Etiology and pathophysiology of primary and recurrent groin hernia
formation. Surg Clin North Am 1998; 78(6): 953-72, Vi.

Lau H, Fang C, Yuen WK, Patil NG. Risk factors for inguinal hernia in adult males: a
case-control study. Surgery 2007; 141(2): 262-6.

Carbonell JF, Sanchez JL, Peris RT, et al. Risk factors associated with inguinal hernias: a
case control study. Eur J Surg 1993; 159(9): 481-6.

Rosemar A, Angeras U, Rosengren A. Body mass index and groin hernia: a 34-year follow-
up study in Swedish men. Ann Surg 2008; 247(6): 1064-8.

Sorensen LT, Hemmingsen UB, Kirkeby LT, Kallehave F, Jorgensen LN. Smoking is a risk
factor for incisional hernia. Arch Surg 2005; 140(2): 119-23.

Sorensen LT, Friis E, Jorgensen T, et al. Smoking is a risk factor for recurrence of groin
hernia. World J Surg 2002; 26(4): 397-400.

Ruhl CE, Everhart JE. Risk factors for inguinal hernia among adults in the US population.
Am J Epidemiol 2007; 165(10): 1154-61.

Liem MS, van der Graaf'Y, Zwart RC, Geurts I, van Vroonhoven TJ. Risk factors for
inguinal hernia in women: a case-control study. The Coala Trial Group. Am J Epidemiol
1997; 146(9): 721-6.

Zendejas B, Hernandez-Irizarry R, Ramirez T, Lohse CM, Grossardt BR, Farley DR.
Relationship between body mass index and the incidence of inguinal hernia repairs: a
population-based study in Olmsted County, MN. Hernia 2013.

Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity in the United States,
2009-2010. NCHS Data Brief 2012; (82): 1-8.

Erasmus University Rotterdam Za.{vu.g



19.

20.

21.

22.

23.

24.

25.

26.

Risk factors for inguinal hernia in middle-aged and elderly men: Results from the Rotterdam Study = 13

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the United States, 1999-2004. JAMA 2006; 295(13): 1549-55.

Hofman A, Darwish Murad S, van Duijn CM, et al. The Rotterdam Study: 2014 objectives
and design update. Eur J Epidemiol 2013; 28(11): 889-926.

Cooper AP. The anatomy and surgical treatment of inguinal and congential hernia.
London: Longman; 1804.

Wirtschafter ZT, Bentley JP. Hernias as a Collagen Maturation Defect. Ann Surg 1964; 160:
852-9.

Read RC. Attenuation of the rectus sheath in inguinal herniation. Am J Surg 1970; 120(5):
610-4.

Ashcroft GS, Herrick SE, Tarnuzzer RW, Horan MA, Schultz GS, Ferguson MW. Human
ageing impairs injury-induced in vivo expression of tissue inhibitor of matrix metallopro-
teinases (TIMP)-1 and -2 proteins and mRNA. ] Pathol 1997; 183(2): 169-76.

Ashcroft GS, Horan MA, Herrick SE, Tarnuzzer RW, Schultz GS, Ferguson MW. Age-related
differences in the temporal and spatial regulation of matrix metalloproteinases (MMPs) in
normal skin and acute cutaneous wounds of healthy humans. Cell Tissue Res 1997; 290(3):
581-91.

Fujii K, Tanzer ML. Age-related changes in the reducible crosslinks of human tendon
collagen. FEBS Lett 1974; 43(3): 300-2.

Erasmus University Rotterdam 24\—/»9\9



