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ABSTRACT
Inguinal hernia repair is one of the most commonly performed surgical activities worldwide. Given the 

circumstances, understanding and identifying the risk and the protective factors is an essential step in order 
to prevent, diagnose and treat such a common condition. For a long time, obesity was generally considered 
to be a risk factor in the occurrence of an inguinal hernia. Studies have provided some unexpected data, 
suggesting that it might actually be a protective factor. This review aims to provide an overview on this 
topic, taking into account systemic aspects such as collagen distribution and metabolism. In inguinal hernia 
patients, the ratio between type I collagen and type III collagen is decreased, with type III collagen being 
responsible for the weakness of the abdominal wall. In obese patients, the extracellular matrix becomes 
richer in collagen, especially type I collagen, which will generate strength and stiffness. Obesity seems to be 
a protective factor indeed, but in order to understand the underlying mechanism and to choose the optimal 
surgical approach, further research is needed.
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INTRODUCTION

Inguinal hernia is one of the most common 
surgical conditions worldwide, affecting 
males more than females (1). It implies a 
herniation of the intra-abdominal organs, as 
a result of the weakness of the abdominal 

wall. There are many categories of inguinal her-
nia, based on multiple criteria. Therefore, ingui-
nal hernia can be direct or indirect, bilateral or 
unilateral, initial or recurrent. The etiology is un-

clear, with multiple factors being correlated with 
the occurrence or recurrence of this pathology. 
Genetics, for example, is considered to be in-
volved into the pathophysiology of inguinal her-
nias (2). An increased intra-abdominal pressure 
was traditionally correlated with the occurrence 
of inguinal hernia. As a consequence, activities 
that increased intra-abdominal pressure, such as 
lifting weights or even long hours of 
standing/walking increased the risk of requiring 
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surgical assistance for lateral inguinal hernia 
(3, 4). However, this statement did not apply to 
medial inguinal hernias (3, 4). This could also 
explain why rural residence might be a risk factor 
for developing inguinal hernias (5). 

Smoking seems to be involved into the recur-
rence of inguinal hernia, as it affects the extracel-
lular matrix and consecutively the process of 
wound repair (6). This can explain the fact that 
smoking cessation was recommended before a 
surgery (7). However, the involvement of tobac-
co use into the occurrence of primary inguinal 
hernias is uncertain and some studies state that 
heavy smoking actually decreases the risk of de-
veloping an inguinal hernia (8). This unexpected 
protective role might be explained by the corre-
lation between smoking and a low body mass 
index (BMI), as we will further see in this review 
(9). There are studies that even deny the influ-
ence of tobacco consumption on the outcomes 
of surgery (10).

Obesity is considered to be a wide-spreading 
disease of the developed world (11). Obesity re-
fers to excess body weight and it implies a BMI 
greater than 30 kg/m^2. It is correlated with nu-
merous health risks. Obesity leads to insulin re-
sistance, which can also lead to hyperinsulinemia 
and diabetes, hence the higher incidence of dia-
betes mellitus among obese individuals (12). 
Then, obesity is undeniably correlated with car-
diovascular disease, but we must remember that 
obesity involves not only an increase in weight, 
but also changes in the metabolic status. There-
fore, BMI is not an absolute predictor of cardio-
vascular disease. Visceral abdominal adipose fat 
(VAT) is related to health risks, including the car-
diovascular risk, more than subcutaneous adi-
pose fat (SAT), the ratio between VAT and SAT 
also being correlated with mortality and cardiac 
events (13). Therefore, because of the distribu-
tion of VAT and/or SAT, two individuals with the 
same BMI could have a different metabolic and 
cardiovascular profile (14). In obese patients, fat 
cell hypertrophy and hyperplasia were docu-
mented (15). As a consequence, the extracellular 
matrix undergoes a remodeling process (16).

Once diagnosed, the only kind of treatment 
for inguinal hernia is the surgical one. There are 
two types of surgery: open surgery and laparo-
scopic surgery, the former being associated with 
a better recovery, a shorter hospitalization time 
and less chronic pain (17, 18). In spite of it, lapa-

roscopic surgery was also associated with a high-
er recurrence rate (19). The open surgery can 
also be divided into tissue repair and mesh re-
pair. The former has been proven to be a better 
alternative, as it reduces the late recurrence rates 
(20). The guidelines state that mesh repair is 
mandatory when approaching an inguinal hernia 
case, unless there are specifical contraindica-
tions (21). 

 For many years, obesity has been considered 
a key factor in the development of an inguinal 
hernia because it was associated with an eleva
ted intra-abdominal pressure. Nonetheless, 
more and more studies are revealing that obesity, 
as counterintuitive as it may sound, might actu-
ally be a protective factor and not a risk one. 

The purpose of this paper is to evaluate the 
results of  studies that discuss the involvement of 
obesity in etiology of inguinal hernia and to pro-
vide an overall perspective on the actual know
ledge on this topic. 

MATERIALS AND METHODS

An extensive search was performed, using the 
following medical databases: Scopus, Web 

of Science, PubMed and SpringerLink. The 
search formula contained terms such as “obesi-
ty”, “inguinal hernia”, “risk”, “BMI”, ”body mass 
index”, ”intra-abdominal pressure”, ”waist cir-
cumference”, ”MMPs”, ”collagen”, ”TIMPs”. 
The articles eligible for this review were original 
studies available on the databases mentioned 
above up to 2007 and were all written in English. 
To further refine the selection process, only arti-
cles that were research articles, case studies, sys-
tematic reviews and meta-analyses were consid-
ered. Opinion pieces, commentaries and 
editorials were explicitly excluded to ensure the 
gathered data was empirical and rooted in evi-
dence-based research. It is important to note 
that this article is structured as a narrative review, 
offering a descriptive and interpretative synthesis 
of the relevant literature on the topic. q

DISCUSSION

Intra-abdominal pressure was considered to be 
involved into the development of inguinal her-

nias (22). Also, a positive correlation between 
the intra-abdominal pressure and body mass in-
dex was found (23). Therefore, we would expect 
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obesity to also be involved into the physiopa-
thology of inguinal hernias. Multiple studies have 
shown that, however, an increased BMI actually 
involved a decreased risk of developing inguinal 
hernia. The occurrence of inguinal hernia was 
associated with normal rather than low or high 
values of the BMI (24-31). 

    Obese and overweight patients were less 
likely to develop such a condition. There were 
several possible explanations for this phenome-
non. First, the excessive fat might act as a plug, as 
a barrier, herniation of the abdominal organs be-
coming more difficult. Then, it is more difficult 
to diagnose an inguinal hernia if the patient is 
obese (25, 32). Also, they are more likely to have 
a sedentary lifestyle, with physical activity being 
an important risk factor for inguinal hernias. It is 
important to mention that the patients taken into 
consideration were usually the ones that actually 
underwent the surgery, while obese patients suf-
fer from multiple comorbidities which make 
them non-eligible for the surgery (25).

    Because BMI does not reflect the abdomi-
nal fat exclusively, other variables were taken 
into account, such as waist circumference. How-
ever, more recent studies denied most of the 
explanations above, by considering only dia
gnosed hernias and including the patients who 
were diagnosed, but did not undergo surgery. 
Waist circumference, which is considered to be 
related to the intra-abdominal visceral fat, was 
measured and the results remained unchanged: 
the higher the waist circumference, the lower 
the risk of developing an inguinal hernia. A 
strong hypothesis might be that the abdominal 
fat provides support, counterbalancing the weak-
ness of some abdominal areas (26).

In an attempt to evaluate all the implications 
of the obesity in the pathophysiology of inguinal 
hernias, there have been found significantly 
proved relations between obesity and age, res
pectively between obesity and the size of the 
defect. However, the type and content of the in-
guinal hernia were not in a significant relation 
with the patients’ BMI (27).

Even though higher BMI implies a lower risk 
for developing inguinal hernias, obesity plays a 
role in this pathology, which proves the impor-
tance of this topic. Surgeons must know the im-
plications and particularities of the obese pa-
tients, especially because obesity becomes more 
and more common, while inguinal hernias affect 

an important part of the population. Studies pro-
vide data which cannot lead to a universally ac-
cepted truth. For example, some studies have 
shown that overweight and obese patients are 
more likely to develop recurrent hernias, hence 
the surgeons must be aware of their risk and 
these patients need a proper follow-up and a 
careful monitoring (28). However, other studies 
deny this correlation, stating that the outcomes 
of the surgery are not significantly different 
among obese patients: neither the recurrence 
risk, nor the complications increase with the BMI 
(29, 24, 33). Nonetheless, some difficulties, such 
as the increased risk of surgical site infections 
(24, 34) or the increased operative time (30) 
might arise when performing surgery on obese 
patients. These difficulties might plead in favor 
of performing a laparoscopic intervention in-
stead of an open one. The open one might be 
more economic, but the laparoscopic one di-
minishes the risk of the surgical site infections in 
obese patients (34).  There is a significant corre-
lation between body mass index and the age of 
the occurrence (27, 31). However, most articles, 
in spite of some debatable particularities of the 
obese patients, conclude that there is no higher 
risk when it comes to these patients, the surgery 
being safe and efficient. 

   Some studies suggested that inguinal her-
nias are not just the result of a primary defect, 
but they could also arise as the consequence of a 
systemic disease regarding collagen distribution 
(35). This hypothesis could be also suggested if 
we take into account the genetic aspects of in-
guinal hernia disease (36), as well as the higher 
recurrence of inguinal hernia amongst patients 
diagnosed with congenital collagenopathy (37). 
This is why, in the following part, we will discuss 
some particularities of the extracellular matrix in 
inguinal hernia patients, as well as in obese pa-
tients.

Extracellular matrix in patients with inguinal 
hernia
Collagen is one of the most important com-
pounds of the extracellular matrix and it might 
be as well involved in the development of ingui-
nal hernias. There are multiple types of collagen, 
with each of them having its own particularities 
and being found in certain structures and organs. 
Therefore, we need to take a brief look at two of 
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these types before explaining the mechanisms 
behind the development of inguinal hernia. 

Type I collagen represents the prevalent form 
of protein in the human body (38). It is a 
fibril-forming type of collagen, which is known to 
be remarkably resistant to the activity of pro
teases and is considered to be responsible for the 
mechanical strength of various structures such as 
skin, blood vessels, fascial tissue, cornea or ten-
dons. It also plays a role in wound healing, being 
found in old mature scars. Type III collagen, on 
the other hand, is much less stable, less cros- 
sed-linked and it is usually found in hollow or-
gans. It can be identified as well in other struc-
tures, associated with type I collagen. It also 
forms fibers, known as reticular fibers, which are 
organized in a rather loose network. It provides 
cellular support, confers elasticity to the tissues 
and it is found in the early stages of wound re-
pair. In fascia transversalis, type I collagen is 
prevalent (39). 

    Multiple studies have shown that, in pa-
tients with inguinal hernia, the ratio between 
type I and type III collagen is decreased (40). 
Collagen type I is not necessarily decreased, but 
there is a significant increase in type III collagen 
synthesis (41). Other studies state that type I col-
lagen in fascia transversalis might be decreased, 
but this also proves the lower type I/type III col-
lagen ratio (40). Type III collagen, being much 
less resistant, might be responsible for the weak-
ness of the abdominal wall (42). The ratio men-
tioned before was shown to be decreased both 
in the skin as well as in the abdominal wall fascia 
(43). The fact that no significant difference could 
be found between the skin and fascia transversa-
lis suggests that in patients with collagen-related 
conditions which can lead to inguinal hernias, a 
skin biopsy should be enough (40). Moreover, in 
patients with inguinal hernia, an increased turn-
over of type IV collagen and a decreased turn-
over of type V collagen have been discovered 
(44-46). 

  The extracellular matrix undergoes dynamic 
changes and MMPs (matrix metalloproteinases) 
play a fundamental role in the degradation of 
EMC components. TIMPs are inhibitors of matrix 
metalloproteinases and they can be divided into 
four categories: TIMP-1, TIMP-2, TIMP-3 and 
TIMP-4. The quantity of collagen itself is not the 
only variable that might interfere with the deve
lopment of inguinal hernia. The levels of MMPs 

and TIMPs were also measured and studied. The 
values of multiple metalloproteinases were in-
creased in patients with inguinal hernia, while 
those of TIMPs were decreased (47). Other pa-
pers state that only TIMP-2 was decreased, while 
TIMP-1 was significantly increased or even not 
significantly different (48) (49). MMP-1 and 
MMP-13 are enzymes involved in the degrada-
tion of types I, II and III collagen and they have 
been shown to play a role in the pathophysiolo-
gy of inguinal hernia (49, 50). However, MMP-2 
was found to be the most important metallopro-
teinase involved in the development of inguinal 
hernias. Its level was elevated both in the serum 
and tissues, which proved there was a systemic 
increase of MMP-2 (51). MMP-2 and MMP-9 are 
also called gelatinases and they play a role in the 
degradation of type IV collagen, which should 
explain the high turnover rate mentioned above. 
However, MMP-2 can also degrade types I, II 
and III collagen. While some authors proved that 
MMP-2 and MMP-9 are elevated in both plasma 
and tissue, others discovered low blood levels of 
both gelatinases (52, 48). The value of TIMP-2 
was decreased in patients with inguinal hernia; 
also, the levels of MMP-2 m-RNA and TIMP-2 
m-RNA were significantly lower (53). This would 
explain the intense proteolyitic activity of matrix 
metalloproteinases, which would further lead to 
dysregulations in collagen distribution and me-
tabolism. As we could see, there are still many 
debatable aspects regarding the way MMPs and 
TIMPs increase or decrease in inguinal hernia 
patients, but most studies stated that there was a 
significant change and an imbalance between 
the activity of MMPs and TIMPs, which could 
lead to the development of this disease.

Extracellular matrix in patients with obesity 
and/or metabolic disease
Obesity has become a major struggle around the 
world, as its prevalence, associated risks and 
obesity-related deaths have significantly in-
creased over the last decades (54). The structu
ral, biochemical and molecular changes related 
to this condition are various and complex. In the 
current section of our paper, changes occurred 
in the structure of the extracellular matrix as a 
result of the obesity are discussed. 

In obese patients, the extracellular matrix 
(ECM) goes through a remodeling process in or-
der to allow the expansion, respectively the 
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shrinking of the adipose tissue associated with 
weight gain and loss. In the adipose tissue, the 
main types of collagen found in ECM were type I 
and type III (discussed above) as well as type V or 
type VI (55). Adipocytes are the principal colla-
gen-secreting cells in the adipose tissue. In obese 
individuals, the accumulation of collagen finally 
leads to adipose tissue fibrosis. Therefore, the 
ECM gains more strength and stiffness, type I col-
lagen being the main protein (56). A flexible 
ECM allows the expansion of the adipose tissue, 
while a rigid and stiff ECM inhibits this expan-
sion, leading to several conditions related to 
obesity. Therefore, while taking into account that 
the main type of collagen involved is type I, the 
strength of the ECM could explain the lower 
rates of inguinal hernia amongst obese people.

With regard to the modulators of the extracel-
lular matrix, MMPs and TIMPs, there were sig-
nificant changes in patients with metabolic syn-
drome or type 2 diabetes, pathologies which can 

be correlated with obesity. Therefore, MMP-2 
and MMP-9 (the gelatinases that have a higher 
value and might also be involved in the develop-
ment of inguinal hernia) are increased in this 
type of patients (57). This statement alone could 
justify the positive correlation between obesity 
and inguinal hernia. However, the values of 
TIMP-1 and TIMP-2 were also significantly in-
creased (57), as opposed to what happens in IH 
patients. q 

CONCLUSION

Studies have tried to provide a better under-
standing on this unknown mechanism: al-

though increased intra-abdominal pressure 
seems to be correlated with a higher risk for de-
veloping an inguinal hernia and obesity implies 
an elevated intra-abdominal pressure, it seems 
that a higher BMI is correlated with a lower 
chance of developing this condition. There was 
proven that significant changes in collagen me-

TABLE 1. Synthesis of data regarding the 
complex interplay of risk and protection 
factors regarding obesity and inguinal 
hernia
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