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- One in four men undergoes inguinal hernia repair that carries a risk
of recurrence and persistent pain.
- Occupational mechanical exposures may increase the risk of
occurrence and of an unfavourable prognosis.
- The epidemiologic evidence is too limited to draw conclusions for or
against any causal or prognostic associations.
- There is a need for new knowledge with an emphasis on prevention.
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Objectives   The aim of this review was to evaluate the epidemiologic evidence for (i) a causal effect of occu-
pational mechanical exposures on incidence of inguinal hernia, and (ii) a prognostic effect of such exposures on 
hernia recurrence and persistent pain after inguinal hernia repair. 
Methods   We performed a literature search in Medline, Embase, and Web of Science up to 3 November 2011. 
Central information was extracted from included studies, and strengths and limitations were discussed.
Results   All 23 included studies focused on effects of (work) activities that hardly reflected specific occupational 
risk factors. Eight studies provided information on risk by occupation or occupational activities. Increased risk 
was reported in six studies, but inflationary bias was likely. The negative findings in two studies might well be 
explained by bias towards the null due to crude exposure and/or outcome assessment. Three studies on single 
strenuous events primarily reflected patients’ beliefs regarding risk factors. Information on prognosis with respect 
to recurrence was found in seven studies. The studies used crude exposure assessment, and two were also under-
powered. Four suggested an increased risk. Six studies on prognosis with respect to persistent pain (one of which 
also concerned recurrence) were practically non-informative for the purpose of this review.
Conclusions   There is insufficient epidemiologic evidence to draw meaningful conclusions about (i) the exis-
tence of causal associations between specific occupational mechanical exposures and the development of inguinal 
hernia, and (ii) the influence of these exposures on prognosis after inguinal hernia repair with respect to hernia 
recurrence and persistent pain. 
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Recently, the Danish Working Environment Research 
Fund commissioned us to undertake a systematic review 
of risk and prognosis of inguinal hernia in relation to 
occupational mechanical exposures. The Danish National 
Board of Industrial Injuries and the Occupational Dis-
eases Committee requested the review for use in nego-
tiations on the inclusion of new diseases in the list of 
occupational diseases and to adjust the practice regarding 
recognition of unlisted diseases caused by the particular 
nature of the work. This paper is a slightly revised ver-
sion of the reference document that can be found on 
the website of the Danish National Board of Industrial 
Injuries (http://www.ask.dk/Arbejdsskadestyrelsen/~/

media/D1CA5E01569744FEA53B9C8589CA8568.
ashx). Existing Danish guidelines for recognizing hernias 
as unlisted diseases date back to 1997 (https://www.ret-
sinformation.dk/Forms/R0710.aspx?id=84901).

An inguinal hernia is a protrusion of contents of the 
abdominal cavity through a defect in the lower abdominal 
wall above the inguinal ligament (1). Medial (or direct) 
hernias penetrate through a non-preformed gap, whereas 
lateral (or indirect) hernias pass through the inguinal 
canal. Lateral hernias may protrude within a patent pro-
cessus vaginalis, which is an embryological evagination 
of the peritoneum. For both types of inguinal hernia, the 
main symptoms are pain and discomfort due to groin 

http://www.ask.dk/Arbejdsskadestyrelsen/~/media/D1CA5E01569744FEA53B9C8589CA8568.ashx
http://www.ask.dk/Arbejdsskadestyrelsen/~/media/D1CA5E01569744FEA53B9C8589CA8568.ashx
http://www.ask.dk/Arbejdsskadestyrelsen/~/media/D1CA5E01569744FEA53B9C8589CA8568.ashx
https://www.retsinformation.dk/Forms/R0710.aspx?id=84901
https://www.retsinformation.dk/Forms/R0710.aspx?id=84901
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swelling. The most severe complication is incarceration 
of the hernia, which is a surgical emergency. 

Inguinal hernia is far more common among men than 
women, with a reported age-adjusted male to female 
ratio of 7.5:1 (2). In terms of a swelling observed at 
clinical examination or a previous repair, inguinal hernia 
occurred with a lifetime prevalence of 15% among men 
aged ≥25 years (3). The lifetime prevalence increased 
with age from 5% in the age group 25–34 years, 10% in 
the age group 35–44 years, 18% in the age group 45–54 
years, 24% in the age group 55–64 years, and 31% in 
the age group 65–74 years, to 45% among men aged 
≥75 years (3). 

Except in case of serious comorbidity, surgical treat-
ment of symptomatic inguinal hernias is recommended, 
whereas watchful waiting may be an acceptable option for 
asymptomatic or minimally symptomatic hernias (1, 4). 
According to a register study from the United Kingdom, 
the all-ages annual incidence of inguinal hernia repairs 
was 13 per 10 000 in the period 1976–1986 (5), which 
probably underestimated the true incidence because sur-
gery in private hospitals was not included (6). After the 
first year of life, the risk of inguinal hernia repair among 
males rose with age up to 65 years and declined slightly 
thereafter (5). Among male patients aged 15–39 years, 
78% of operated inguinal hernias [excluding combined 
medial and lateral hernias (pantaloon hernias) and hernias 
with unknown type] were lateral (7). This percentage was 
60% for the age group 40–59 years and 55% for men 
aged ≥60 years (7). Around one fourth of all men can 
expect to have an inguinal hernia repair at some point (2, 
5), and men account for 90–95% of all inguinal hernia 
repairs (5, 8, 9).

Potential risk factors include a family history of ingui-
nal hernia (10–12), comorbidity such as prostatic hyper-
trophy (3) and chronic obstructive pulmonary disease 
(11), ethnicity (2), and smoking (1), whereas a high body 
mass index seems to have a protective effect (2, 3, 12, 
13). Heavy physical workload (14, 15) and standing for 
long periods at work have been implicated as risk factors 
(http://www.mayoclinic.com/health/inguinal-hernia/
DS00364/DSECTION=risk%2Dfactors). Potentially, a 
single strenuous event may also induce an inguinal hernia. 
Although there may be little clinical merit in differentiat-
ing between medial and lateral hernias (1, 16), the influ-
ence of occupational risk factors may differ.

Several surgical techniques are used that can be 
broadly categorized as open (sutured or mesh) or laparo-
scopic (17). Historically, open techniques were the first 
to be applied, whilst laparoscopic techniques did not 
gain a foothold until after around 1990. Open techniques 
are most commonly used. Hernia recurrence and per-
sistent pain are considered the most important adverse 
outcomes following inguinal hernia repair. The question 
is if generically or quantitatively different occupational 

mechanical exposures are related to different probabili-
ties of these outcomes. In Denmark, around the millen-
nium, 17% of all inguinal hernia repairs were performed 
due to recurrence (18). The risk of recurrence depends 
on surgical technique (lower risk after mesh than non-
mesh techniques) (19, 20) and maybe also on defective 
collagen metabolism (21). Persistent pain for months or 
even years is a common symptom after inguinal hernia 
repair (22–26). In a Danish patient population, pain 
impairing daily activities was reported in 17% one year 
after open inguinal hernia repair (27) and in 6% after 6.5 
years (28). In addition to surgical technique (eg, laparo-
scopic techniques seem to convey a lower risk than open 
techniques) (24, 25, 29), surgery for recurrence (24, 25), 
young age, female gender, preoperative chronic pain, 
and acute pain in the early post-operative period have 
been identified as risk factors (22, 30). Psychological 
factors may also play a role (30, 31). 

Another important prognostic outcome is duration 
of post-operative sickness absence that has considerable 
economic implications for society. In part, however, this 
outcome reflects advice on convalescence (32) that has 
traditionally depended on surgery type (open or laparo-
scopic) and expected physical strain at work (33, 34). 
Therefore, standardized recommendations on (early) 
return to work are a prerequisite for valid comparisons of 
patient groups with respect to the length of time necessary 
before the patient can resume work following inguinal 
hernia repair (35). Even when surgeons provide stan-
dardized recommendations on early return to work, this 
may not be followed by the patients (eg, due to contrary 
advice from general practitioners or employers). A priori, 
it therefore seems difficult to extract meaningful informa-
tion on prognosis in relation to occupational mechanical 
exposures from studies that focus on duration of post-
operative sickness absence as an outcome in its own 
right. In studies on risk of recurrence and persistent pain, 
prolonged post-operative sickness absence may be a pro-
tective factor, which should be taken into consideration. 
These arguments are reflected in the way we delineated 
the present review of the literature on prognosis. 

 Our overall objective was to produce a systematic 
review in the form of a reference document evaluating the 
epidemiologic evidence for (i) causal relations between 
occupational mechanical exposures and the development 
of lateral and medial inguinal hernia and (ii) effects of 
occupational mechanical exposures on post-operative 
prognosis. Specific objectives were to present exposure–
response patterns for associations that were likely to be 
causal and evaluate the risk of hernia recurrence and 
persistent post-operative pain in relation to early return 
to work characterized by different mechanical exposures. 
Part of the objective was to assess any impact of gender 
on these relationships. In case of insufficient evidence, 
a further objective was to outline major research needs. 

http://www.mayoclinic.com/health/inguinal-hernia/DS00364/DSECTION=risk%2Dfactors
http://www.mayoclinic.com/health/inguinal-hernia/DS00364/DSECTION=risk%2Dfactors
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Methods

Literature search

We conducted a systematic search in Medline (last 
updated 3 November 2011) using the terms (inguinal 
hernia OR hernia repair OR (inguinal hernia AND recur-
rence) OR (inguinal hernia AND reoperation) OR (ingui-
nal hernia AND pain)) AND (convalescence OR work 
OR occupation OR strenuous OR occupational exposure 
OR lifting OR physical load OR standing OR walking 
OR work related OR occupational epidemiology OR 
risk factor*). Corresponding searches were performed in 
Embase and Web of Science. Moreover, we searched the 
reference lists of retrieved original papers and reviews for 
additional relevant material. Duplicates were excluded. 

Selection of articles

First based on the title and second based on reading of 
the abstract, two researchers selected candidate papers to 
be retrieved in fulltext. Any differences of opinion were 
resolved through consensus. Included papers had to (i) 
be in English, Scandinavian, French, or German, (ii) be 
published in a peer-reviewed journal, (iii) describe results 
of an original study, and (iv) comprise an analysis of risk 
or prognosis of inguinal hernia in relation to occupation 
or occupational mechanical exposures. We excluded risk 
studies that did not include a control group. However, 
we made an exception from this criterion with respect to 
the potential impact of a single strenuous event where we 
included case series because we identified no other types 
of study. Case series that only considered compensation 
cases were excluded, and we did not include case reports. 
Prognostic studies with duration of sickness absence as 
the only outcome were excluded.

Article review

For each article on risk of inguinal hernia that we finally 
reviewed, we tabulated a standardized set of informa-
tion on study design, population and completeness of 
participation, outcome assessment, exposure assessment 
and exposure contrasts, effect estimates [with 95% con-
fidence intervals (95% CI) or P-values], and confounder 
adjustment. For each article of prognosis with respect to 
recurrence, we tabulated study design, population and 
completeness of participation, type of hernia, surgical 
technique, assessment of recurrence, exposure assess-
ment, effect estimates (with 95% CI), and outcome prob-
abilities given the exposure in combination with other 
predictors. Where counts or prevalence estimates were 
provided without any effect estimates, we calculated risk 
differences or odds ratios (OR) with exact 95% CI using 
STATA 11.2 (StataCorp, College Station, TX, USA). 

A brief description of each original study is below, 
together with an evaluation of each study’s contribution 
to knowledge. The evaluations were based on a qualita-
tive rating that considered limitations of design, poten-
tial for bias (inflationary or towards the null), adjustment 
for potential confounders (in studies of risk), inclusion 
of relevant potential predictors in multivariable models 
(in studies of prognosis), appropriateness of statistical 
analyses, and power to detect associations under study. 

Grading of evidence for causal and prognostic relations 

Across the individual articles on risk of inguinal hernias 
(or hernia repairs), we rated the degree of evidence for a 
causal association between a given exposure and a defined 
outcome according to the framework of the Scientific 
Committee of the Danish Society of Occupational and 
Environmental Medicine that has been adopted by the 
Danish Working Environment Research Fund (see the 
appendix). We based the grading on the quality, consis-
tency, and amount of evidence. The evidence for prognos-
tic relations between occupational mechanical exposures 
and post-operative outcomes was evaluated according to 
the same framework, replacing the word “causal” with 
“prognostic”. We were interested in causal associations 
between risk factors and negative prognostic outcomes, 
rather than prediction per se (36, 37). Therefore, we 
considered confounding relevant in prognostic studies.  

A note on terminology

In the surgical literature on inguinal hernias, the term 
“primary” is used to designate a hernia that occurs for 
the first time or a first-time hernia repair. However, in 
other areas of surgical literature, “primary” has other 
connotations: eg, primary osteoarthritis means osteo-
arthritis of unknown aetiology as opposed to second-
ary osteoarthritis that occurs due to other disorders or 
trauma. We chose the term “first-time” to designate 
first-time occurrences.  

Results

Figure 1 illustrates the literature search. The search 
revealed 1771 reports, of which 1625 were excluded 
based on title and 125 were excluded based on abstract 
or fulltext. A total of 23 original papers were included, 
including 1 (38) that was identified through the reference 
list in another paper (39), and 1 (40) that was identified 
in a review (34). Of the 11 original papers on risk, 8 
assessed the risk of inguinal hernia in relation to occupa-
tion or occupational exposures (2, 3, 11, 12, 38, 39, 41, 
42) and 3 assessed the risk of inguinal hernia in rela-
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tion to a single strenuous event (43–45). Of 12 original 
papers on post-operative prognosis, 7 concerned recur-
rence (35, 40, 46–50) and 6 concerned persistent pain 
(49, 51–55); 1 provided results on both outcomes (49). 

Risk of inguinal hernia by occupation or occupational 
mechanical exposures

Of the eight epidemiologic studies with information 
on risk of inguinal hernia in relation to occupation or 
occupational mechanical exposures, three were cross-
sectional (3, 38, 39), four were case–control studies 
(11, 12, 41, 42), and one was a prospective cohort study 
(2). Four studies included only men (3, 11, 38, 39), 
two studies included around 80% men (41, 42), one 
study included 40% men (2), and one study included 
only women (12). Two studies relied on self-reported 
outcomes (38, 39), two studies were based on physician 
diagnoses (2, 3) in part reported by the participants (2), 
and the four case–control studies focused on hernia 
repair (11, 12, 41, 42). Among the six studies that did not 
rely on self-reported outcomes, four studies focused on 
inguinal hernias (2, 3, 11, 12), and two studies included 
femoral hernias together with inguinal hernias (41, 42). 
Only two studies were explicitly restricted to first-time 

inguinal hernias (2, 11). Exposure assessment was based 
on self-reported work activity levels in four studies (2, 
3, 11, 12), a combined measure for self-reported work 
and leisure-time activity levels in one study (41), job 
titles in two studies (38, 39), and a job exposure matrix 
(JEM) with three (3) or four (42) exposure categories 
in two studies. Two studies adjusted for potential con-
founders (2, 3), but only one study presented adjusted 
risk estimates (2). The main characteristics and results 
of the eight studies are presented in table 1. The brief 
descriptions that follow are arranged first by year of 
publication, second alphabetically according to the first 
author’s surname. 

Abramson et al (3) conducted a cross-sectional popu-
lation study that entailed clinical examination of 1883 
men aged ≥25 years. Physical activity at work was 
assessed by (i) a score based on self-reported per-
formance of various activities, (ii) self-reported fre-
quency of lifting and carrying, and (iii) a 3-level JEM, 
where the researchers classified all jobs as light (eg, 
bus driver, clerk), active (eg, postman, carpenter), or 
heavy (eg, boilermaker, dock laborer) (56). No signifi-
cant associations were found between inguinal hernia 
and physical activity at work, but this statement was 

Figure 1.  Flowchart on stages of 
identification, screening, and selection 
of studies investigating risk and prog-
nosis of inguinal hernia in relation to 
occupation or occupational mechanical 
exposures.  

 

Potentially relevant studies identified through database searches  

Medline:     1609 reports 

Embase:         46 reports 

Web of Science:     116 reports 

1771 reports screened 

1750 reports excluded based 

on title (n=1625) or 

abstract/fulltext (n=125)  

11original articles included with information on risk of inguinal hernia in relation to occupation 

or occupational mechanical exposures / a single strenuous event 

 

12 original articles included with information on prognosis of inguinal hernia repair (recurrence 

or persistent pain) in relation to occupation or occupational mechanical exposures  

     

1 report included from 

reference lists in retrieved 

reports and 1 report included 

from a review article 

21 fulltext reports included 
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Table 1. Main characteristics and results of eight epidemiologic studies on risk of inguinal hernia by occupation or occupational me-
chanical exposures. The studies are ordered first by publication year and second alphabetically according to the first author’s surname. 
[OR=odds ratio; 95% CI=95% confidence interval; RR=risk ratio; SD=standard deviation]

Study Design and population Outcome Exposure Measure of risk,  
point estimate,  
95% CI or P-value

Confounders considered

Abramson et al 
1978 (3); Israel

Cross-sectional popula-
tion study, men only, 
age ≥25 years, N=1883, 
participation 78%

Clinical examination: a) obvi-
ous hernias – groin swellings 
and repaired hernias, b) pal-
pable impulse only

A score based on self-
reported performance 
of various activities

Self-reported lifting or 
carrying

A job exposure matrix 
with three activity levels 
based on the research-
ers’ judgement

No significant relations 
were found between the 
measures of physical 
activity at work and the 
outcomes, but results were 
not shown 

Adjustment for age

Distributions of various 
risk factors across ef-
fort categories were not 
shown

Multivariable analyses 
did not include physical 
activity at work

Flich et al 1992 
(42); Spain

Case-control study, 
both men and women, 
mean age 50–51 years

Cases, N=128, 83.6% 
men, participation 
unspecified 

Controls, N=174, 
86.8% men, enrolled 
from the recruitment 
area of the hospi-
tal, participation 
unspecified

No specification regarding 
first-time surgery and sur-
gery for recurrence 

Cases were treated for ingui-
nal or femoral hernias in a 
surgical hospital department 
in 1986

Hernias were distributed 
with 57.8% lateral 26.6% 
medial 7.8% pantaloon (ie, 
combined medial and lateral) 
7.8% femoral

Estimates of physical 
effort were allocated  
to each participant 
using a job exposure 
matrix with four  
activity levels based  
on the researchers’ 
judgement combined 
with self-reported  
information on job  
held longest

No/light effort: OR 1.0 (ref) 
Medium effort: OR 1.8 
(95% CI 1.0–3.7) 
High effort: OR 6.4 (95% 
CI 2.7–15.6)

[Above are our calcula-
tions based on table 5 in 
Flich et al]

Years of light/medium 
effort: 
0: OR 1.0 
1–19: OR 4.0 (95% CI 
0.5–181.3) 
20–39: OR 7.9 (95% CI 
1.0–354.8) 
40–69: OR 11.4 (95% CI 
1.5–505.9) 
P≤0.001

Years of high effort: 
0: OR 1.0 
1–19: OR 13.6 (95% CI 
1.5–619.1) 
20–39: OR 65.0 (95% CI 
4.0–3024.0) 
P≤0.05

[We calculated 95% CI 
based on tables 7 and 8 in 
Flich et al]

Unadjusted analyses

Descriptive data was 
provided on age, sex, 
weight, height, smoking, 
and alcohol consump-
tion among cases and 
controls 

Distributions of these 
factors across effort cat-
egories were not shown

Mamtani & 
Cimino 1992 
(38); United 
States 

Cross-sectional, men 
only, age ≥25 years

Sanitation workers 
retired after 1971 and 
alive in 1986, N=1933, 
participation 35.1%

Non-sanitation workers 
(brothers and male first 
cousins of the sanita-
tion workers), pre-
dominantly blue collar 
workers – 38.1% were 
retired, N=801, partici-
pation unknown

Self-reported inguinal  
hernia

Sanitation workers:  
prevalence 8.2% 

Non-sanitation workers: 
prevalence 4.7%

Comparison of job  
titles  

OR 1.79 (95% CI 
1.24–2.58)

Unadjusted analyses 

The study was restricted 
to men. The two groups 
were similar with respect 
to age, weight, alcohol 
consumption, current 
smoking, and probably 
also ethnicity and socio-
economic status 

Carbonell et 
al 1993 (41); 
Spain

Case–control study, 
both men and women, 
mean age 59 years 
(range 21–90); cases 
and controls were indi-
vidually matched by age 
and sex

Cases, N=290, 79% 
men, participation 
unspecified 

Controls, N=290, from 
the background popula-
tion, 79% men, partici-
pation unspecified

No specification regarding 
first-time surgery and sur-
gery for recurrence

Cases underwent inguinal or 
femoral hernia repair from 
1987–1989

Inguinal hernias were distrib-
uted with: 
68% lateral  
32% medial

Self-reported physical 
effort during work and 
leisure time (a score, 
1–10, divided into four 
categories)

0–<2.5 effort: OR 1 (ref) 
2.5–<5 effort: OR 1.2  
(95% CI 0.7–2.2) 
5–<7.5 effort: OR 3.2  
(95% CI 1.9–5.4) 
7.5–10 effort: OR 3.5  
(95% CI) 0.8–17.4

[Our calculations based 
on table 2 in Carbonell et 
al, which only allowed un-
conditional analyses. Thus, 
we treated the data as if 
cases and controls were 
frequency matched]

Unadjusted analyses 

Descriptive data was pro-
vided on marital status, 
education level, income, 
height and weight, coffee 
and alcohol consump-
tion, smoking, chronic 
cough, frequency of de-
faecation, and consisten-
cy of faeces 

Distributions of these 
factors across effort cat-
egories were not shown

Continued
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Table 1. Continued

Study Design and population Outcome Exposure Measure of risk,  
point estimate,  
95% CI or P-value

Confounders considered

Liem et al  
1997 (12);  
The  
Netherlands

Case–control study, 
women only, age 20–80 
years, cases and con-
trols were individually 
matched by age and 
date of surgery

Cases, N=72,  
participation 81% 

Controls, N=129, who 
had excision of benign 
tumors of the skin, 
participation 73%, (4 of 
the 129 controls did not 
match a case and were 
subsequently excluded)

First-time inguinal hernia  
repair, N=55 (76%) or sur-
gery for recurrence, N=17 
(24%), from 1994–1995

Hernias were distributed  
with:  
54% lateral 
42% medial  
4% unclassified

Self-reported present 
physical work activity 
(a score, 1–5)

Self-reported work  
activity in the past  
(sedentary, score 1; 
standing, score 2;  
labor, score 3;  
heavy labor, score 4)

Median work activity score

Present physical work 
Cases: 2.9 
Controls: 2.9 
P=0.6 (Mann-Whitney 
U-test)

Past physical work 
Cases: 1 
Controls: 2 
P=0.9 (Mann-Whitney 
U-test)

Unadjusted analyses with 
respect to work 

Descriptive data were 
provided on age, socio-
economic status, marital 
status, body mass index, 
smoking, abdominal 
operations, pregnancies, 
constipation, obstruc-
tive pulmonary disease, 
obstructive urinary tract 
disease, trauma, and 
family history of inguinal 
hernia

Distributions of these 
factors across effort cat-
egories were not shown

Kang et al  
1999 (39); 
United States

Cross-sectional, men 
only

A nationwide study rep-
resenting 51 246 000 
male workers 

Primarily inguinal or  
unspecified hernias, both 
first-time and recurrent, 
N=30 791, resulting in at 
least one day away from 
work, corresponding to an 
overall annual incidence 
rate of 6.0 per 10,000 male 
workers

The hernias were identified in 
a survey in 1994, asking the 
employers to report work-
related cases

9 industries

17 broad groups of 
occupations 

40 major occupations 

Several risk estimates  
were presented as com-
pared to the overall an-
nual incidence. The top 
five high-risk occupations 
among 40 major occupa-
tions were:

Non-construction  
laborers: RR 4.5  
(95% CI 4.0–5.0) 
Miscellaneous machine 
operators: RR 2.8  
(95% CI 2.4–3.3) 
Plumbers and pipefitters: 
RR 2.7 (95% CI 2.2–3.2) 
Construction laborers: 
RR 2.3 (95% CI 1.9–2.7) 
Freight, stock, and material 
handlers: RR 2.2 (95% CI 
1.9–2.6)

Unadjusted analyses

Lau et al 2007 
(11); Hong 
Kong

Case–control study, 
men only, mean age 65 
years, cases and con-
trols were individually 
matched by age

Cases, N=709,  
participation 
unspecified 

Controls, N=709, sam-
pled from the general 
surgical clinic, partici-
pation unspecified

First-time hospital diagnosis 
of inguinal hernia 

Among cases who had  
surgery (N=554), hernias 
were distributed with: 
62% lateral 
30% medial  
8% combined

Self-reported present 
physical work activity 
(a score, 1-5)

Self-reported total ac-
tivity index (work, sport 
and leisure time)

Comparison of mean work 
activity scores 
Cases: 2.8 (SD 0.5) 
Controls: 2.7 (SD 0.5) 
P=0.03 (Student t-test)

In subanalyses, the total 
activity index was associ-
ated with medial as well as 
lateral hernias

Unadjusted analyses with 
respect to work

Separate analyses were 
performed for smok-
ing, chronic obstructive 
pulmonary disease, other 
specified diseases, a 
family history of hernia, 
chronic cough, constipa-
tion, and use of laxatives 

Ruhl & Everhart 
2007 (2); 
United States

Prospective cohort 
study, both men (40%) 
and women (60%) 

A national sample 
of the general US 
population established 
1971–1975

5316 men and 8136 
women (93% of the 
original cohort) were 
followed for a median 
period of 18.2 years 

First-time physician diag-
noses of inguinal hernia 
recorded in connection with 
overnight medical facility 
stays (60%) or first-time 
physician diagnoses of in-
guinal hernia reported by the 
participants (40%) 

500 cases occurred among 
men and 120 among women

Self-reported non-
recreational physical 
activity (men)

Rural versus urban 
residence (women)

Low effort: HR a 1.0 
Moderate effort: HR a  
1.3 (95% 0.92–1.9) 
High effort: HR a 1.3 (95% 
CI 0.90–1.8)
a Age-adjusted

Urban: HR b 1.0 
Rural: HR b 1.8  
(95% CI 1.3–1.6)
b Adjusted for age, height, 
chronic cough, and  
umbilical hernia

Analyses were strati-
fied by sex and adjusted 
for age

Smoking, alcohol con-
sumption, body mass in-
dex, ethnicity, education, 
recreational physical ac-
tivity, hiatal or umbilical 
hernias, chronic cough, 
chronic bronchitis/em-
physema, constipation, 
and bowel movement fre-
quency were considered

Factors related to ingui-
nal hernia in age-adjusted 
models were evaluated in 
multivariable analyses
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not substantiated by any risk estimates. A particular 
strength of this study was that it was based on clinical 
examination of a population sample rather than rely-
ing on self-reported outcomes or being restricted to 
cases diagnosed at a hospital. A further strength was 
independent exposure assessment in addition to self-
reported estimates. Unfortunately, physical activity at 
work was not included in multivariable models, and 
risk estimates were not presented. 

 
Flich et al (42) compared 128 cases who were surgi-
cally treated for inguinal or femoral hernia with 174 
controls from the recruitment area of the hospital. 
Exclusion criteria for cases and controls differed in 
that controls were excluded if they had a clinical his-
tory of any kind of hernia or “closely-related illnesses”. 
Exposure assessment was based on self-reported infor-
mation on the job held longest combined with a JEM 
comprising the researchers’ ratings of intensity of 
physical effort. Possible ratings were (i) no effort or 
sedentary work (eg, night watchman, office worker), (ii) 
light effort: standing work involving occasional lifting 
of not-too-heavy weights (eg, waiter, shop assistant, 
electrician), (iii) medium effort: more frequent lifting 
(eg, agricultural and construction workers, cleaners), 
and (iv) high effort: daily effort (eg, quarry workers, 
manual warehouse workers). Duration of employment 
with these four effort intensities was also investigated. 
Findings suggested exposure–response relations both 
for exposure intensity and duration and the risk associ-
ated with duration of exposure was larger for years of 
high effort than years of light/medium effort (table 1). 
The results were not adjusted for any confounders. The 
main strength of this paper was the independent expo-
sure assessment that minimized any risk of recall bias. 
However, the exposure characterization was limited, 
and no confounder control was made; the fact that cases 
and controls did not differ significantly with respect to 
mean age does not preclude this source of distortion of 
the risk estimates. Still, the increased risk associated 
with duration of exposure to high efforts when com-
pared to light/medium efforts cannot be explained by 
age as a confounder.

Mamtani & Cimino (38) compared retired sanitation 
workers with non-sanitation workers of whom 38.1% 
were retired. The study was cross-sectional. Around 
one third of the sanitation workers participated, whilst 
the proportion who participated among non-sanitation 
workers was unknown. The two groups were compared 
with respect to 17 illnesses that were assessed by self-
report (results for stomach/gastric ulcer seem to be 
duplicated). Among sanitation workers, the prevalence 
of inguinal hernia was 8.2% versus 4.7% among non-
sanitation workers. It is not clear whether these percent-

ages represented point or lifetime prevalence. It seems 
likely that sanitation workers were more exposed to 
heavy lifting than non-sanitary workers, but probably 
some of the non-sanitation workers were also exposed to 
heavy lifting (11.4% were employed in craft and repair). 
This study had several limitations: low participation, 
cross-sectional design, self-reported outcome, weak 
exposure characterization, and multiple comparisons. 
Non-sanitation workers were exposed to some extent, 
which may have led to lower risk estimates than if the 
comparison group had been “unexposed”. On the other 
hand, the restriction to former sanitation workers prob-
ably implied selection of unhealthy workers into this 
study group and low participation in this group may 
have further exaggerated this source of bias to the extent 
that symptomatic sanitation workers were more likely to 
participate. Thus, it seems likely that inflationary bias 
explained the increased risk for sanitation workers. 

Carbonell et al (41) performed a case–control study of 
290 cases who underwent inguinal or femoral hernia 
repair, and 290 individually age- and sex-matched 
controls from the recruitment area of the hospital. 
Exclusion criteria for cases and controls differed in 
that controls were excluded if they had previously 
had surgery for any kind of hernia, not just the hernia 
types under study. Among males, 9.6% (22/228) of the 
cases had a femoral hernia repair. Among females, this 
percentage was 69% (43/62). Exposure assessment was 
based on an interview with subsequent calculation of 
an effort score (1–10) that reflected physical activity 
during work and leisure time. The calculation of the 
score was inadequately described, and there seems to 
be logical inconsistencies in its construction: physical 
exertion only at work, only during leisure time, and 
both at work and during leisure time were all scored 
1=yes and 0=no, implying that all participants would 
be allocated a total of 1 score point for these 3 items. 
The mean effort score (presumably in the most recent 
job) was significantly higher among cases than controls 
(5.06 versus 3.21, table 1 in Carbonell et al). The effort 
score for the most recent job was then divided into four 
categories, but only one unadjusted OR of 2.92 was 
reported (95% CI 2.11–4.04, table 5 in Carbonell et 
al). According to our calculations, OR increased with 
increasing category of effort (table 1). Despite the 
matching, the authors reported an OR for sex of 0.98 
(table 5 in Carbonell et al). This study had many limita-
tions. The statistical analyses were not transparent and 
did not inspire confidence. Different outcomes were 
lumped together. Occupational exposures were poorly 
characterized and – most importantly – the effect 
measures may well be overestimated due to recall bias 
(cases may have been more likely to overestimate their 
exposures than controls).
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Liem et al (12) conducted a case–control study among 
women who underwent inguinal hernia repair (cases) or 
surgery for benign skin tumors (controls). The analyses 
included 72 cases and 125 controls who were individually 
matched to the cases by age and time of surgery. Exposure 
assessment was based on questionnaire data, and present 
and past work activity intensities were scored 1–5 and 
1–4, respectively. Furthermore, cumulative measures 
were calculated by multiplying activity score and duration 
of employment (years); this was done separately for pres-
ent and past activity. Selection of variables for inclusion 
in the final multivariable conditional regression analysis 
was guided by univariable unmatched significance testing 
of uneven distributions between cases and controls. In this 
way, occupational exposure variables were excluded from 
the final model. Based on small numbers, it was noted that 
climbing stairs was protective. A strength of the study was 
the sampling frame that probably ensured that the controls 
were included independently of occupational exposures 
and that controls would have occurred as cases had they 
developed an inguinal hernia. In addition to a relatively 
large proportion of recurrent hernias, major limitations 
were the small study size and the method used to select 
variables for the final model, which meant that the study 
may well have overlooked associations. The seemingly 
protective effect of climbing stairs may be an example of 
reverse causation.

Kang et al (39) reported results from a cross-sectional 
study of hernias (N=30 791, primarily inguinal or unspec-
ified) that employers identified as work-related. The study 
was restricted to men. One-year cumulative incidences 
were calculated by industry and occupation categories, 
and relative risks were presented using the incidence 
for the total population of 51 246 000 male workers in 
private industries, mines, and railways as a reference. 
The estimates were not adjusted for age or other factors. 
The highest relative risks were found in occupations with 
strenuous, heavy manual labor. By focusing on inguinal 
hernias that were judged to be work-related, this study 
reflected widespread beliefs regarding risk factors for 
inguinal hernias (which the authors remarked) as well as 
compensation practices. Thus, the results do not represent 
valid estimates of the risk of inguinal hernias according 
to industry and occupation.   

Lau et al (11) conducted a case–control study among men. 
A total of 709 cases with a first-time hospital diagnosis 
of inguinal hernia were compared with 709 individu-
ally age-matched controls, sampled from the hospital’s 
general surgical clinic. Present work activity intensities 
were scored 1–5 by means of a questionnaire. Between 
cases and controls, a statistically significant difference 
in mean work activity score of 0.1 was observed. No 
OR were presented for the work activity index, which 

does not seem to have been considered for multivariable 
analysis. There were several limitations in this study. The 
appropriateness of the control group could not be judged 
[eg, varicose veins may share risk factors with inguinal 
hernia (3) meaning that inclusion of patients with varicose 
veins in the control group would lead to underestima-
tion of effects], and in particular, there was a potential 
for inflation of observed associations due to recall bias. 
Even if correct, it must be questioned if the small differ-
ence between cases and controls with respect to the work 
activity score was clinically important.

Ruhl & Everhart (2) reported results from a prospec-
tive cohort study (NHANES I) that comprised 13 452 
persons, who were followed for a median period of 
18.2 years with respect to first-time inguinal hernia 
diagnoses made by a physician. For men, the analyses 
included baseline interview data on non-recreational 
activity, classified as inactive (11.4%), moderately 
active (44.5%), and very active (44.1%). Criteria for 
this classification were not stated. For women, the 
analyses included rural versus urban residence. It is 
unclear why urbanicity was not included in the analy-
ses for men, and why activity level was not included in 
the analyses for women. In Cox proportional hazards 
analyses, age-adjusted hazard ratios for activity level 
were insignificant for men, and this variable was not 
included in the final model. For women, rural residence 
was significantly related to the outcome. This study 
benefitted from a longitudinal design, a large sample, 
a high participation at follow-up, physician-based diag-
noses, and consideration of several potential confound-
ers. However, 44% of the population was classified as 
having a very active non-recreational activity level, 
which suggests that the exposure contrast between 
categories was limited. It may also be questionable if 
the activity level at baseline represented the activity 
level throughout the whole period. Rural residence is a 
dubious proxy for high physical activity. Hence, for the 
purpose of the present review, the exposure assessment 
was weak and exposure misclassification could easily 
have biased estimates of associations towards the null.  

Risk of inguinal hernia in relation to a single strenuous 
event

The risk of inguinal hernia in relation to a single stren-
uous event was addressed in three case series that 
included a total of 582 surgical patients (43–45). Two 
studies were not restricted to first-time inguinal hernia, 
but included recurrent hernias (43, 45) and other types 
of hernia (43). The proportion of patients who reported 
a sudden onset ranged from 7% and 11% to 43%, and 
patients with a sudden onset tended to relate their hernia 
to a specific strenuous event.
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Smith et al (45) reported results from a series of 129 
patients (95% men) who were seen at a surgical depart-
ment due to first-time (74%) or recurrent inguinal hernia 
(26%) over a six-month period (calendar year not speci-
fied). It is unclear whether an interview or question-
naire was used to collect the data. Participation was not 
stated. None of the patients were engaged in claims for 
industrial injury compensation, but it is unclear whether 
this was an exclusion criterion. Seven percent (N=9) of 
the patients reported a sudden onset related to: lifting 
strains at home or at work (N=8), or a fall (N=1). The 
sudden onset hernias were all first-time occurrences and 
they were medial in five cases, lateral in three cases, 
and of unknown type in one case. For the gradual onset 
group, the numbers with lateral and medial hernias were 
not reported. The study reflected beliefs regarding risk 
factors for hernias, rather than evaluating if anything 
unusual took place shortly before the onset.           

Pathak & Poston (43) reported questionnaire-based 
results from a series of 133 patients with 135 inguinal 
(85%) or other abdominal hernias (15%), 19% of which 
were recurrent. The patients were seen at a general sur-
gical hospital clinic over a 6-month period in 2003. 
Participation was 99%; the distribution between males 
and females was not reported. Eleven percent (N=14) of 
the patients reported a sudden onset caused by: a single 
strenuous or traumatic event in terms of heavy lifting at 
work (N=1), strenuous exercise and stretching (N=3), 
coughing (N=2), or an unidentified activity (N=8). No 
distinction was made between medial and lateral hernias. 
The study reflected beliefs regarding risk factors for her-
nias, rather than evaluating if anything unusual took place 
shortly before the onset. 

Sanjay & Woodward (44) reported questionnaire-based 
results from a series of 320 patients who underwent 
inguinal hernia repair from 1995–2004. Only first-time 
hernias were included. Participation was 62% (320/520); 
the distribution between males and females was not 
reported. Forty-three percent (N=137) reported a sud-
den onset. Lateral hernias were diagnosed among 74% 
of the patients with a sudden onset and among 57% of 
patients with a gradual onset (P<0.05). In the group with 
a sudden onset, 31% (42/137) reported heavy work; the 
corresponding percentage in the group with a gradual 
onset was 9% (14/163) (for heavy and manual work 
combined, the percentages were 46% and 17%, respec-
tively, P<0.05). Patients with a sudden onset thought that 
a single strenuous or traumatic event caused their hernia 
in terms of one of four pre-specified response options: 
lifting (N=93), coughing (N=20), exercise (N=14), and 
gardening (N=10). The study reflected beliefs regarding 
risk factors for inguinal hernias, rather than relations to 
unusual events that took place shortly before the onset. 

The long recall period of up to nine years and the pre-
specified response options probably increased the risk 
that patients rationalized after the fact. The hernia may 
also have been present, but unnoticed by the patient 
before an event that provoked symptoms (57). However, 
these sources of error could not explain the finding that 
lateral hernias were more likely to have a sudden onset 
than medial hernias, nor the increased occurrence of a 
sudden onset among patients with heavy work. If cor-
roborated, these observations might suggest an injury 
mechanism where increased intraabdominal pressure 
makes the hernia protrude preferentially through the 
preformed canal.

Post-operative prognosis by occupation or occupa-
tional mechanical exposures 

Twelve studies were on prognosis: one concerned 
patients treated laparoscopically (40), and three con-
cerned patients who were treated either laparoscopically 
or by open surgery (49–51) – two of which presented 
results from the same trial (50, 51). The remainder of 
the studies concerned patients who had open surgery 
(as judged from publication year, if not stated explic-
itly). Duration of post-operative sickness absence was 
considered in seven studies (35, 46–48, 50, 51, 53), but 
was not described in relation to occupational exposures 
in two of these studies (50, 51). In three studies, part of 
the patients received standardized advice on short post-
operative sickness absence (35, 46, 48). Five studies did 
not take account of duration of post-operative sickness 
absence (40, 49, 52, 54, 55). The brief descriptions 
that follow are arranged first according to prognostic 
outcome (recurrence or persistent pain), second by year 
of publication, and third alphabetically according to the 
first author’s surname. The seven studies on recurrence 
(35, 40, 46–50) are also presented in table 2.   

Post-operative prognosis with respect to recurrence. 
Ross (47) conducted a four-year follow-up study of 
hernia recurrence among 260 adult male patients who 
underwent surgery for first-time or recurrent inguinal 
hernia. As judged from the publication year (1975), 
the study concerned open repair. A total of 22 hernias 
(8.5%) recurred. Results were presented by means of a 
figure showing the distribution of patients and recur-
rences according to number of weeks off work and 
occupational exposures classified as light work (eg, 
office work), medium work (eg, shop keepers, sales 
representatives), or heavy work (eg, laborers, weld-
ers, butchers). No statistical analyses were performed. 
Based on our readings from the figure, the median time 
until return to work was 5, 6, and 8 full weeks in the 3 
exposure categories, respectively, and 75.7% (84/111), 
52.6% (50/95), and 20.4% (11/54) of the patients in the 
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Table 2. Main characteristics and results of seven epidemiologic studies on prognosis with respect to recurrence after inguinal hernia 
repair by occupation or occupational mechanical exposures. The studies are ordered first by publication year and second alphabetically 
according to the first author’s surname. [95% CI=95% confidence interval; OR=odds ratio]

Study Design and population Type of hernia, surgical 
technique, and assessment 
of recurrence

Exposure and – if ap-
plicable – intervention 
to shorten duration of 
postoperative sickness 
absence

Measure of risk, point  
estimate, 95% CI

Other predictors 
considered

Ross 1975 
(47); United 
Kingdom

A four-year follow-up 
study of 260 adult men, 
participation not stated 

First-time or recurrent in-
guinal hernia, open repair, 
calendar year(s) of surgery 
not stated

Recurrence according to 
self-report 

Light work

Medium work

Heavy work

Exposure assessment 
according to research-
er’s judgement

Risk of recurrence 
Light work: 4.5% 
Medium/heavy work: 
11.4%

Risk difference: 6.9% 
(0.51–13.3%)

Risk of recurrence  
according to exposure and 
duration of postoperative 
sickness absence 
Light work:  
<6 full weeks: 4.8% 
≥6 full weeks: 3.7%

Medium/heavy work: 
<6 full weeks: 11.5% 
≥6 full weeks: 11.4%

[Our calculations based on 
readings from the figure in 
the Ross paper] 

Duration of postoperative 
sickness absence

Bourke et 
al 1981 
(46); United 
Kingdom

A randomized controlled 
study comprising 491 
men, of whom 369 were 
workers, age not speci-
fied, participation 95%.

Follow up after one year 

Unilateral inguinal hernias, 
no specification regard-
ing first-time surgery and 
surgery for recurrence, open 
repair, 1976–1981

Recurrences were identified 
by clinical examination and 
defined in terms of need for 
reoperation or a truss 

Light work

Intermediate work

Heavy work

Exposure assessment 
according to research-
ers’ judgement

Advice on early return 
to full activity versus 
usual advice

Risk of recurrence 
All types of work: 
Intervention group: 3.3% 
Control group: 4.1%

Heavy work: 
Intervention group: 3.5%  
Control group: 1.1% 

Risk difference in the 
group with heavy work: 
2.5% (-2.0–6.9%)

[Our calculation]

Duration of postoperative 
sickness absence

Taylor & 
Dewar 1983 
(48); United 
Kingdom

Two randomized  
controlled studies

Naval marine  
officers, N=96, mean 
age 30 years, participa-
tion 100%

Male civilians, who had 
a job, N=119, mean age 
47 years, participation 
91% 

Unilateral inguinal hernias, 
no specification regard-
ing first-time surgery and 
surgery for recurrence of 
inguinal hernia, open repair 
(without mesh), 1978–1980

Recurrences were identified 
by clinical examination and 
defined in terms of need for 
reoperation or a truss

Naval and marine  
officers:  
34% had heavy work, 
49% light work, and 
17% sedentary work

Ordered to resume full 
activities after 3 weeks 
versus after 3 months 
 
Civilians: 
28% had heavy work, 
25% light work, and 
47% sedentary work

Advised to resume full 
activities after three 
weeks versus usual 
advice 

Both officers and civil-
ians: exposure assess-
ment according to re-
searchers’ judgement 

Only two recurrences  
occurred, both among 
naval/marine officers with 
long convalescence

Duration of postoperative 
sickness absence

Le et al 2001 
(40); France

A follow-up study of 
196 patients (98% 
men), mean follow-up 
time 34 months, mean 
age at follow up 51 
years, participation not 
stated

First-time (89%) or recur-
rent (10%) inguinal hernia 
or femoral hernia (1%), lap-
aroscopic repair, 1996–1997

Recurrences were identified 
by clinical examination 

Sustained physical ac-
tivity at work or during 
leisure time according 
to retrospective inter-
view or maybe clinical 
files

Risk of recurrence: 
Exposed: 30.3%  
Non-exposed: 14.7% 

Risk difference: 
15.6% (-1.0–32.2%)

[Our calculation assum-
ing that all patients had the 
same follow up time]

None

Continued
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3 exposure categories had returned to work after 6 full 
weeks. Among patients with light work who returned 
to work before 6 full weeks, 4.8% had a recurrence, 
and among patients with light work who returned to 
work after 6 full weeks, 3.7% (1/27) had a recurrence. 
Among patients with medium or heavy work who 
returned to work before 6 full weeks, 11.5% (7/61) had 
a recurrence, and among patients with medium or heavy 
work who returned to work after 6 full weeks, 11.4% 
(10/88) had a recurrence. As the author stated, early 
return to work (which we have interpreted as return to 
work before 6 full weeks after surgery) did not seem to 
increase the risk of hernia recurrence, and this applied 
whether the patients returned to light, medium, or heavy 
work. However, our readings and calculations showed 
that medium and heavy work was associated with a risk 

of recurrence of 11.4% (17/149) against 4.5% (5/111) 
for light work, yielding a univariable risk difference of 
6.9% (95% CI 0.51%–13.3%; our calculation was based 
on the assumption that all patients had the same follow-
up time – if recurrences occurred earlier in the exposed 
group, this assumption would lead to a conservative 
estimate of the risk ratio). The study was observational, 
and patients may have adjusted their convalescence so 
that symptoms and workload were balanced in a way 
that minimized the risk of recurrence. Results may not 
be generalizable to situations where all patients are 
expected to return to work early. Medium and heavy 
work was associated with an increased risk of recur-
rence irrespective of time off work, which suggests that 
prolonged convalescence did not sufficiently protect 
against the increased risk. 

Table 2. Continued

Study Design and population Type of hernia, surgical 
technique, and definition of 
recurrence

Exposure and – if ap-
plicable – intervention 
to shorten duration of 
postoperative sickness 
absence

Measure of risk, point  
estimate, 95% CI

Other predictors 
considered

Bay-Nielsen et 
al 2004 (35); 
Denmark

A prospective follow-up 
study of an interven-
tion group of whom 
1059 (97.7%) partici-
pated, median follow-up 
time 16 months. 61% 
were employed or 
self-employed

Two comparison groups 
(i) 1306 men from the 
same hospital depart-
ment, median follow-up 
time 17 months, (ii) 
8297 men from other 
hospitals, median fol-
low-up time 16 months 

First-time inguinal hernia, 
open repair (with mesh), 
1999–2000

Reoperation was used as a 
proxy for recurrence

Constantly strenuous 
work

Intermittently strenu-
ous work

Walking, no heavy 
lifting

Sedentary work

Self-reported exposures

Advice to return to 
work and daily activities 
on the day after surgery 
(intervention group) 
versus usual advice 
(the two comparison 
groups)

Risk of recurrence was not 
stated according to expo-
sure or duration of postop-
erative sickness absence 
(but duration of postop-
erative sickness absence 
was stated according to 
exposure)

At the median follow up 
time, the reoperation rates 
in the intervention group 
and in the two comparison 
groups were 0.7, 1.6, and 
1.4, respectively

Employment status was 
not considered

Return to most strenuous 
leisure activity (separate 
analyses)

Arvidsson et 
al 2005 (50); 
Sweden

A randomized controlled 
study comparing two 
surgical techniques 

920 men with 5 years of 
follow-up or develop-
ment of a recurrence 
during the study period

First-time inguinal hernia 
treated by laparoscopic 
(N=454) or open (with-
out mesh) repair (N=466), 
1993–1996 

Recurrence was defined as a 
bulge in the operated groin 
when standing and straining 
or a positive herniography

Light physical work

Moderate physical work

Heavy physical work

Unoccupied

Retired

(It is unclear if the ex-
posures were classified 
by the patients or by 
the researchers)

Occupational physical 
exposures were not as-
sociated with recurrence 
after laparoscopic or open 
(without mesh) repair

It is unclear whether this 
was based on uni- or mul-
tivariable analysis

Duration of postopera-
tive sickness absence was 
not stated according to 
exposure

American Association of 
Anaesthesiology grade, 
Nyhus Classification, age, 
smoking, hernia size, 
operating time, complica-
tions, duration of postop-
erative sickness absence, 
and complaints at three 
months

Matthews et 
al 2007 (49); 
United States

A randomized controlled 
study comparing two 
surgical techniques 

1696 men with two 
years of follow-up (par-
ticipation 86%)

First-time or recurrent ingui-
nal hernia treated by lapa-
roscopic (N=862) or open 
(with mesh) repair (N=834), 
1999–2001 (58) 

Recurrence identified by 
clinical examination or ul-
trasonography performed 
by an independent observer 
two weeks, three months, 
one year, and two years after 
surgery, or at the time of a 
reoperation

Activity level during 
work or leisure time

Active versus sedentary

(It is unclear if the ex-
posures were classified 
by the patients or by 
the researchers)

Risk of recurrance 
Laparoscopic repair: OR 
1.89 (95% CI 1.41–2.51)

Open repair: Activity level 
not included in final model

The model for laparo-
scopic repair included 
body mass index, sur-
geon experience, and 
American Association of 
Anaesthesiology grade; 
several other comorbid, 
demographic, hernia-re-
lated, and surgical factors 
were considered
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Bourke et al (46) reported results of a randomized con-
trolled trial comparing an intervention group that was 
advised to return to full activity as early as possible and 
a control group who received usual advice on conva-
lescence. Male patients were enrolled in the study 2–3 
weeks after an inguinal hernia repair that was performed 
from 1976–1981. Judging from the surgery years, the 
study concerned open repair. After one year, 491 patients 
(95%) were followed up. In the intervention group 3.3% 
(8/246) had a recurrence as compared to 4.1% (10/245) 
in the control group; this difference was not significant. 
The intervention shortened the median convalescence 
from 65 to 48 days in comparisons restricted to work-
ers (N=369). In the intervention group, patients with 
light (no lifting), intermediate (light lifting), and heavy 
work (heavy lifting) returned to work after a median of 
42, 50, and 51 days, respectively. Among patients with 
heavy work, 3.5% (3/85) had a recurrence in the inter-
vention group versus 1.1% (1/95) in the control group, 
and the corresponding univariable risk difference was 
2.5% (95% CI -2.0%–6.9%; our calculation). Overall, 
shorter convalescence was not significantly related to 
an increased risk of recurrence. Due to small numbers, 
it was not possible to evaluate if earlier return to work 
was associated with a higher probability of recurrence 
among patients with heavy work. 

Taylor & Dewar (48) conducted two randomized con-
trolled trials from 1978–1980 focusing on hernia recur-
rence in relation to duration of post-operative sickness 
absence and type of work. One trial comprised 96 pre-
sumably male naval and marine officers (participation 
100%) who were ordered to resume full duties either 3 
weeks or 3 months after an uncomplicated open inguinal 
hernia repair (the study received ethical approval, but 
it seems that the officers were not asked for consent to 
participate). The other trial comprised 119 male civilians 
(participation 91%) with unspecified jobs who underwent 
the same type of surgery and who were either advised to 
resume work after 3 weeks or received usual advice. In 
both trials, the patients’ type of work was classified as 
heavy, light, or sedentary. Among the officers, 34% had 
heavy work, 49% had light work, and 17% had sedentary 
work. Among the civilians these percentages were 28%, 
25%, and 47%. Recurrence within one year did not differ, 
but only two recurrences were observed. The trials were 
underpowered to detect differences between the interven-
tion and control groups with respect to recurrence.

Le et al (40) conducted a follow-up study of 196 patients 
who were clinically examined on average 34 months 
after laparoscopic repair of a first-time (89%) or recur-
rent (10%) inguinal hernia or a femoral hernia (1%). 
Surgery was performed from 1996–1997. At follow-
up, information was collected on “sustained physi-

cal activity”; it is not clear whether this information 
could be retrieved from clinical files or was obtained 
by a retrospective interview. No distinction was made 
between physical activity at work or during leisure 
time, and the timing of the physical activity in relation 
to surgery was not specified. Duration of post-operative 
sickness absence was not described. Among patients 
with sustained physical activity, 30.3% (10/33) had 
a recurrence, whereas among patients without such 
activity, the percentage was 14.7% (24/163). Thus, the 
univariable risk difference was 15.6% (95% CI -1.0%–
32.2%; our calculation assuming that all patients had the 
same follow-up time, see above). Among patients with a 
recurrent hernia, 68% (23/34) were asymptomatic; this 
percentage was not specified according to physical activ-
ity. Multivariable analyses were not performed. Results 
suggested that sustained physical activity is a risk factor 
for recurrence after laparoscopic hernia repair. However, 
recall bias may have inflated the risk difference, and the 
result is difficult to interpret because of the unspecified 
timing and character of the physical activity.     

Bay-Nielsen et al (35) advised 1084 men who under-
went elective, open repair (with mesh) of a first-time 
inguinal hernia to return to work and daily activities 
on the day after surgery. The intervention period was 
1999–2000. Among the 1059 men (98%) who provided 
preoperative questionnaire data, 646 were employed 
or self-employed. They classified their occupational 
physical activities as: “sedentary work” (22%), “walk-
ing, no heavy lifting” (28%), “intermittently strenuous 
work” (33%), or “constantly strenuous work” (14%). 
For the remainder, occupational physical activities were 
unspecified (5%). The median time off work ranged 
from 4.5–14 days for patients in the lowest and highest 
occupational exposure categories, respectively. One 
month after surgery, 25% of the patients with constantly 
strenuous work were still sick-listed as compared with 
10% of the patients with sedentary or walking work with 
no heavy lifting. Pain and wound problems were the 
most common reasons for delayed resumption of work. 
All 1059 participants were compared with 1306 eligible 
patients who had surgery in the participating depart-
ments, but were not included in the study for adminis-
trative reasons, and with 8297 patients who had surgery 
in other departments. The two comparison groups were 
not characterized with respect to age, physical strain at 
work, or time off work after surgery. Within a median 
follow-up time of 16–17 months, reoperation rates did 
not differ between the 3 groups of patients. Reoperation 
rates were calculated as Kaplan-Meier estimates and 
compared with the log-rank test. The study indicated 
that patients with physically strenuous work had a longer 
period of convalescence after inguinal hernia repair than 
patients whose work was not strenuous, even though 
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standardized advice on early return to work was given. 
While in general reassuring with respect to hernia recur-
rence in relation to early return to work among patients 
treated by an open repair technique, the most highly 
exposed group was small, the comparisons across groups 
were not stratified by exposure category, and the longer 
periods off work among patients with physically strenu-
ous work may have had a protective effect. Hence, the 
study may have overlooked an increased reoperation rate 
among patients with constantly strenuous work. 

Arvidsson et al (50) reported results of a randomized trial 
comparing two surgical techniques (laparoscopic repair 
versus open repair without mesh). From 1993–1996, 
1068 male patients aged 30–70 years were enrolled in 
the trial in connection with first-time surgery for uni-
lateral inguinal hernia. A total of 920 (86%) patients 
were followed up by an independent observer after five 
years or had developed a recurrence during follow-up. 
At baseline, patients were categorized as occupied in a 
job with light (39%), moderate (20%), or heavy physi-
cal exposures (23%), or as unoccupied (4%), retired 
(12%), or having an unspecified occupational status 
(1%). Median sick leave was 11 and 12 days in the two 
surgery groups, respectively. Duration of sick leave 
was not described in relation to occupational physical 
exposures. In a nonlinear mixed model analysis, occu-
pational exposure status was not a prognostic variable 
for recurrence after either type of surgery (it is unclear 
if the analysis was uni- or multivariable). The result was 
reassuring, but exposure assessment was crude, which 
may have masked negative effects of specific exposures. 
To the extent that patients with heavy exposures had 
longer sick leave, a protective effect of sick leave would 
also tend to obscure any negative impact of occupational 
exposures on prognosis. 

Post-operative prognosis with respect to recurrence 
and persistent pain. Matthews et al (49) followed 1696 
men [participation 86% (1696/1983)] for two years 
after open (N=834) or laparoscopic (N=862) repair 
of a first-time or recurrent inguinal hernia performed 
from 1999–2001 (58). Information on physical activity 
level was collected by a preoperative questionnaire. 
A higher preoperative activity level (“active” versus 
“sedentary”) during work or leisure time predicted a 
higher risk of reoperation after a laparoscopic repair 
(adjusted OR 1.89, 95% CI 1.41–2.51; we calculated 
this result taking exp(x) of the values for beta and 
confidence limits, table 6 in Matthews et al). Physical 
activity level did not predict reoperation after open 
repair. Patients who reported that their highest physi-
cal activity level during work or leisure-time was 
moderate, heavy, or very heavy had a lower risk of 
pain exceeding three months after a laparoscopic repair 

than patients who reported their activity level to be 
light (adjusted OR 0.52, 95% CI 0.30–0.89). Physical 
activity level did not predict long-term pain after open 
repair. Duration of post-operative sickness absence 
was not taken into account. This study benefitted from 
prospective data collection and from separation of the 
two surgical procedures and the two post-operative 
outcomes. Results suggested that a higher than light 
activity level could be associated with a higher risk 
of reoperation, but a lower risk of persistent pain after 
a laparoscopic repair. Physical activity level did not 
predict reoperation or long-term pain after open repair. 
However, the crude assessment of physical activity 
levels was a weak point.

Post-operative prognosis with respect to persistent 
pain. Salcedo-Wasicek & Thirlby (53) conducted a 
follow-up study of 44 male patients with a mean age 
of 46 years who underwent first-time inguinal hernia 
repair in 1992, using an open technique (the study 
was not a matched case–control study, although the 
authors stated so). The outcomes were number of days 
to pain-free status and number of days until return to 
work according to a telephone interview. Standardized 
advice on early return to work was not given. The num-
ber of days off work was higher among patients with 
workers’ compensation than those with a commercial 
insurance. Both type of insurance coverage (workers’ 
compensation versus a commercial insurance) and 
self-reported work level (sedentary, moderate, or heavy 
lifting) were included in a multivariable Cox propor-
tional hazards regression analysis. Type of insurance 
coverage was reported as the only significant prognos-
tic factor with respect to duration of pain (hazard ratios 
were not reported). However, type of insurance cover-
age and work level correlated. Among patients with a 
workers’ compensation, 4% had sedentary work, 32% 
had a moderate work level, and 64% performed heavy 
lifting. Among patients with a commercial insurance, 
the corresponding percentages were 64%, 18% and 
18%. Incidentally, the percentage with lateral hernias 
was 73% among patients with a workers’ compensation 
versus 55% among patients with a commercial insur-
ance. It is a challenge to interpret results of multivari-
able analyses that include highly correlated variables, 
and the study could not disentangle effects of workers’ 
compensation and heavy work. The results may sug-
gest that preoperative heavy work was associated with 
post-operative pain. Alternatively, the results may sug-
gest that attempts to return to heavy work aggravated 
or perpetuated post-operative pain, or that the patients 
omitted early return to work because they expected 
aggravated symptoms or hernia recurrence. Therefore, 
the study is hardly informative for the purpose of the 
present review.   
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Poobalan et al (55) conducted a follow-up study 
among 226 patients (participation 64%, mean age 
61 years, unspecified gender distribution) who had 
undergone open surgery (with or without mesh) for 
first-time or recurrent inguinal hernias from 1995–
1997, ie, 21–57 months previously. They were asked 
to recall pain lasting >3 months after the operation 
and to state their employment status; it is not clear 
whether this meant their present employment status 
or their employment status at the time of surgery. 
Type of work was not specified. Patients who were 
working (full or part time) had a 35% (35/101) risk of 
pain versus a risk of 14% (14/97) for those who had 
retired. Thus, the univariable risk difference was 20% 
(98% CI 8.6–31.8%; our calculation based on table 1 
in Poobalan et al, assuming that all patients had the 
same follow-up time, see above). The comparison was 
not adjusted for any potential confounders, and dura-
tion of post-operative sickness absence was not taken 
into account. Increasing age was associated with less 
chronic pain. Risk associated with employment status 
without any indication of occupational exposures is 
difficult to interpret, and age probably confounded the 
comparison. Therefore, the study is hardly informative 
for the purpose of the present review.   

Nienhuijs et al (52) conducted a prognostic study based 
on a randomized trial that compared three types of open 
inguinal hernia repair (with mesh). From 2001–2003, 
334 patients [97% men (59)] were enrolled in the trial 
and 96% (N=319) were followed up after a median of 
15.4 months. For patients who were employed versus 
patients who were not employed, the univariable risk 
difference for persistent pain at follow-up was 12.3% 
(95% CI 1.4–23.2%; our calculation based on table 2 
in Nienhuijs et al, assuming that all patients had the 
same follow-up time, see above): 48% (90/186) of the 
employed and 36% (48/133) of the unemployed patients 
had persistent pain. Duration of post-operative sickness 
absence was not taken into account. Age was the only 
predictor that remained significant in a multivariable 
analysis that also included body mass index, hernia 
characteristics, surgeon experience, operating time, and 
type of anaesthesia. With increasing age, less chronic 
pain was reported, and the majority of the elderly were 
unemployed. The study did not consider type of employ-
ment, and the multivariable analysis suggested that age 
explained the association between employment and 
persistent pain.   

Berndsen et al (51) reported results of a randomized 
trial comparing two surgical techniques; Arvidsson et 
al (50) reported results of the same trial with respect 
to recurrence, see above. Five years after surgery, 867 
(81%) were followed-up with respect to “discomfort”; 

patients were excluded in case of hernia recurrence. In 
univariable logistic regression analysis, occupational 
exposure status was not a prognostic variable for long-
term discomfort for either type of surgery; multivariable 
analyses were not conducted. The result was reassuring, 
but the considerations listed above regarding Arvidsson 
et al (50) apply here as well.

Staal et al (54) conducted a prognostic study based on 
a randomized trial that compared two types of open 
hernia repair (both with mesh) among patients with 
a first-time inguinal hernia. From 2004–2005, 172 
patients were enrolled, and 88% (of whom 99% were 
men) were followed for 3 months with respect to pain-
related disability as measured by the Pain Disability 
Index (PDI) that ranges from 0 (best) to 70 (worst). 
Preoperatively, 41.8% of the patients assessed their 
employment as light, 29.5% assessed their employment 
as heavy, and the remaining 28.8% were unemployed 
or retired. Results showed that light work tended to 
be associated with a lower PDI preoperatively than 
heavy work was (12.07 versus 16.65, P=0.06). The 
difference was statistically significant when assessed 
2 weeks after surgery (14.23 versus 20.14, P=0.04), 
but 3 months after surgery, the difference had disap-
peared (P=0.57). It was not stated, which proportions 
had resumed work at these points in time. Results 
suggested that pain-related disability assessed pre-
operatively and 14 days post-operatively was more 
pronounced for patients who rated their work as heavy 
than for patients who rated their work as light, but the 
clinical importance of the difference may be limited; 
this was not discussed. Pain lasting for only 14 days 
may not qualify as persistent pain. The prospective 
design was a strength. However, preoperative pain 
is in general considered a predictor of post-operative 
pain (30). To the extent that patients with pain overes-
timated their exposures at the preoperative assessment, 
information bias may be an explanation of the observed 
differences.

Gender differences

Men have a constitutional predisposition for both medial 
and lateral inguinal hernia (cf, the introduction) and 
women are more likely than men to report prolonged 
post-operative pain (22, 30). Only two risk studies 
provided results specifically for women (2, 12). Self-
reported physical work activity was not related to ingui-
nal hernia repair in one of these studies (12), whereas in 
the other, rural residence was a risk factor for first-time 
inguinal hernia, as a dubious proxy for high physical 
activity (2). The potential influence of work on post-
operative prognosis has almost exclusively been inves-
tigated in male study populations.
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Discussion

We aimed to make a comprehensive literature search, but 
we may have missed publications, eg, in languages other 
than English. We did not include abstracts and unpub-
lished results, and we did not contact authors for original 
data. However, we find it unlikely that important high-
quality studies were overlooked by our search strategy. To 
be able to retrieve the study (40) that was only identified 
through a review paper, we revised our search string and 
succeeded by adding the search term “physical activity”. 
Using the revised search string, we identified 80 new 
references, but with the exception of the study that we 
specifically looked for, none of them fulfilled our criteria 
for inclusion in the present review. Publication bias was 
hardly a major problem considering the diverse results. 
The most important limitation of this review was the poor 
quality of the reports that we identified regarding risk and 
prognosis of inguinal hernia in relation to occupational 
exposures. In particular, the estimated physical efforts 
or physical (work) activities were indicators of energy 
expenditure that at the most only indirectly reflected 
specific occupational risk factors for inguinal hernia or 
prognostic factors for inguinal hernia repair. Please note 
that the quality assessment is relative to the focus of the 
review - some of the reports contained important informa-
tion with respect to other research questions. 

Risk of inguinal hernia by occupation or occupational 
mechanical exposures

Indications of an increasing risk with increasing physi-
cal effort at work were found in one small study that 
was based on independent exposure assessment but 
neglected to adjust for confounders (42). Positive asso-
ciations in three other studies might well be explained 
by inflationary bias (38, 39, 41), and the negative find-
ings for men in the only prospective study might well be 
explained by exposure misclassification (2). Two studies 
reported simple comparisons of cases and controls with 
respect to average physical work activity, and the aver-
age hardly differed between groups (11, 12).

The only prospective study used self-reported crude 
estimates of physical activity during work (2). The 
remainder of the studies were based on cross-sectional 
or retrospective data. The scores used for exposure 
assessment tended to obscure the nature of the studied 
exposures even more than would have been the case 
if job titles had been used per se. None of the studies 
on occupations or occupational exposures investigated 
effects of generic occupational exposures such as total 
daily load lifted, frequency of lifting loads weighing 
more than a specified number of kilograms, time per day 
spent standing/walking etc.

In general, outcome assessment was unspecific. 
First-time and recurrent hernias were often combined so 
that risk factors and prognostic factors were mixed up. 
Except for subanalyses in one study (11), none of the 
studies analyzed lateral and medial hernias separately, 
and sometimes femoral hernias and even other abdomi-
nal hernias were included. The lumping together of dif-
ferent hernia types may have masked relations between 
exposures and specific outcomes. Among the studies 
that did not rely on self-reported outcomes, the majority 
considered hernia repair. Hernia repair may be regarded 
as a proxy for hernia formation, but since asymptomatic 
hernias may remain unnoticed, and since asymptomatic 
and minimally symptomatic hernias may not require 
surgery, it is impossible to distinguish between risk 
factors for hernia formation and factors that provoke or 
aggravate symptoms from a pre-existing hernia in stud-
ies focusing on hernia repair. Studies that entail clinical 
examination [cf. (3)] and maybe ultrasonography of men 
representing contrasting occupational mechanical expo-
sures could help disentangle these possibilities. How-
ever, it may be argued that the distinction is somewhat 
academic because the heart of the problem is to identify 
risk factors for symptoms and becoming a patient. When 
compared to the deficiencies in exposure and outcome 
assessment, potential lack of blinding of the examiners 
to exposure status seemed a minor problem. 

In the four included case–control studies (11, 12, 
41, 42), cases and controls were compared with respect 
to potential confounders, and non-significant differ-
ences were implicitly taken as reassurance that results 
would not be confounded. This is a fallacy, however, 
because a potential confounding factor may still be 
associated with the exposure under study in the popu-
lation that gave rise to the cases. Only two studies 
controlled for important potential confounders such 
as age (2, 3). 

Risk of inguinal hernia in relation to a single strenuous 
event

Effects of single strenuous events were merely studied 
in case series (43–45). The proportion of hernias that 
was reported to have a sudden onset varied considerably 
from study to study, which perhaps reflected the way 
questions on onset were asked. Case-crossover designs 
were not employed although these designs have been 
developed to evaluate if anything unusual took place 
shortly before the sudden onset of a health outcome (60). 
Admittedly, a case-crossover study of patients with sud-
den onset hernias would be an immense challenge, just 
considering the efforts needed to identify new cases and 
contact patients shortly after the onset; hernias may even 
have been present, but unnoticed by the patient before 
an event that provoked symptoms.
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Contributory evidence with respect to risk of hernia 
formation

Injury mechanisms may involve increased intra-
abdominal pressure leading to herniation of the tissues 
through the inguinal canal or a through a weak point 
in the abdominal muscles/aponeuroses (http://www.
mayoclinic.com/health/inguinal-hernia/DS00364/
DSECTION=causes) or the transversalis fascia. 
Increased intra-abdominal pressure has been hypo
thesized to be an important stimulus for hernia formation 
(61). Significant increases in intra-abdominal pressure 
have been observed during a variety of occupational 
activities. Among 20 healthy young people, 10 men 
and 10 women, measured mean pressures while sit-
ting, standing, and walking up a flight of stairs were 17 
mmHg, 20 mmHg, and 69 mmHg, respectively, while 
jumping in place generated the highest pressure of 171 
mmHg (62). Intra-abdominal pressure increased with 
the speed of walking/running up to a mean of 38 mmHg, 
and intra-abdominal pressures >100 mmHg were often 
measured in relation to a jump down from a height 
of 0.4 m (63). A gradual increase in intra-abdominal 
pressure has been found during sustained lifting, reach-
ing levels around 20 mmHg when the subjects were 
exhausted after around 8 minutes (64). Intra-abdominal 
pressures >100 mmHg have been measured during 
heavy lifting in a stooping position, especially during 
rapid lifts (65), and intra-abdominal pressures around 
120 mmHg have been measured during lifting for a few 
seconds using maximal force (66). Sudden trunk loading 
during simulated patient handling situations where the 
patient fell resulted in peak intra-abdominal pressures 
of 153 mmHg and 120 mmHg among well-trained men 
and women, respectively (67). These findings suggest 
that specific occupational mechanical exposures may 
be associated with increased intraabdominal pressures 
and that detailed exposure assessment may be needed 
in future studies of risk of inguinal hernia in order to 
reflect this potential injury mechanism. 

In childhood, lateral inguinal hernias arise from 
incomplete obliteration of the processus vaginalis. In a 
study based on laparoscopy, a patent processus vagina-
lis was found among 30.9% (29/94) of men and 9.5% 
(23/243) of women who were on average 50 years 
old and had not previously undergone inguinal hernia 
repair (68). During a mean follow-up period of 5.5 
years, an inguinal hernia was diagnosed among 11.5% 
of the patients who had a patent processus vaginalis (at 
least 4 of these 6 hernias were lateral) and in 3% of the 
others. The authors concluded that a patent processus 
vaginalis was a risk factor for lateral inguinal hernias 
among adults. Although gender stratified (or gender 
adjusted) analyses would be necessary to reach this 
conclusion because men have an increased risk of both 

inguinal hernia and patent processus vaginalis, the study 
did illustrate that part of the working age male popula-
tion may be particularly vulnerable to exposures that 
increase intra-abdominal pressures or otherwise widen 
the pre-existing opening. Sanjay & Woodward’s (44) 
observations seem to be consistent with this potential 
mechanism in that lateral hernias were more likely to 
have a sudden onset than medial hernias, and a sudden 
onset was more likely among patients with heavy work. 
Also in Salcedo-Wasicek & Thirlby’s (53) study, lateral 
hernias were associated with heavy lifting. Individual 
vulnerability does not preclude the work-relatedness of 
disorders that have a multifactorial aetiology, as long as 
occupational exposures contribute to an increased risk.   

Among 53 male athletes (mainly soccer players, 
mean age 26) with groin pain and no palpable hernia, 4 
lateral and 8 medial hernias were diagnosed by X-ray 
examination after injection of a contrast medium into the 
peritoneal cavity (69). It was noted that the prevalence 
of medial hernias was remarkably high, considering 
the young age of the athletes (69). If corroborated, this 
observation could generate the hypothesis that peak 
forces during sports and work may traumatize the trans-
versalis fascia and increase the risk of especially medial 
herniation. Maybe mechanical exposures can also act 
through a mechanism involving gradual degradation 
and weakening of the transversalis fascia (61, 69–71) 
leading to accelerated age-induced degeneration [cf, the 
increasing ratio of medial to lateral hernias with age (7)]. 
In accordance with this, connective tissue alterations 
have been reported to be more pronounced in patients 
with a medial inguinal hernia than those with a lateral 
inguinal hernia (72). Hernia formation has been related 
to increased elasticity of the transversalis fascia (73) 
and weak collagen structure and/or defects in collagen 
(74–76) and elastic fibre (77) metabolism. However, we 
are not aware of any studies that have related mechanical 
exposures to pathologic connective tissue alterations in 
the inguinal region.

Post-operative prognosis by occupation or occupa-
tional mechanical exposures 

We identified six studies on risk of recurrence after 
open repair. One older study suggested that medium 
and heavy work was associated with an increased risk of 
recurrence (our calculations) (47). Of two underpowered 
studies, one suggested an increased risk of recurrence 
in relation to occupational exposures (46) and the other 
was uninformative (48). Two studies suggested no 
increase in risk in relation to occupational exposures 
(49, 50), and one study suggested that early return to 
work did not increase the risk of recurrence (35). We 
identified three studies on risk of recurrence after laparo-
scopic repair; two of these studies indicated an increased 

http://www.mayoclinic.com/health/inguinal-hernia/DS00364/DSECTION=causes
http://www.mayoclinic.com/health/inguinal-hernia/DS00364/DSECTION=causes
http://www.mayoclinic.com/health/inguinal-hernia/DS00364/DSECTION=causes
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risk of recurrence among patients in the exposed groups 
(40, 49), while the third study did not (50). Across the 
included studies on recurrence, convalescence tended to 
increase with occupational exposure intensities, which 
may have had a protective effect. Convalescence has 
been shortened considerably since the 1970s without an 
increasing trend in risk of recurrence. This may in part 
be explained by increasing use of mesh-based rather 
than conventional open techniques (78) and in part be 
related to the fact that the most heavily exposed patients 
have not shortened their convalescence to the same 
degree as less exposed patients – they still tend to be on 
sick leave for 14 days after surgery even when advised 
to return to work early (35). 

Taken together, the studies on post-operative pain 
in relation to occupational mechanical exposures did 
not suggest substantial associations, but crude exposure 
assessment may have masked negative effects of specific 
exposures, and a protective effect of sick leave may 
also have obscured any negative impact of occupational 
exposures on prognosis with respect to persistence of 
post-operative pain.

Gender differences

Inguinal hernia is primarily a disorder that affects men. 
The potential influence of occupational mechanical 
exposures on risk and prognosis has hardly been studied 
among women.

Comparison with other reviews of the literature and 
clinical guidelines

A review from 2004 found that the literature did not 
give a clear answer to the question of whether physical 
exposures or events are causally associated with hernias, 
and the review did not find any studies focusing on the 
association between early return to work and risk of 
hernia recurrence (34). Four years later, another review 
stated that activity level seemed to be both protective 
and detrimental depending on the study in focus, but did 
not provide references to substantiate the statement (15). 
A third review, also from 2008, concluded that the sparse 
literature supported neither a relation between herniation 
and single or recurrent strenuous events nor a relation 
between early return to work and reoperation (79). The 
European Hernia Society has graded the evidence of 
long-term heavy work as a risk factor for inguinal her-
nias to level 3 (ie, based on studies of low quality). Thus, 
our conclusions agree quite well with those of the wider 
literature. According to the European Hernia Society’s 
guidelines, heavy weight lifting (probably the sport) 
should be banned for 2–3 weeks following surgery, 
whereas other limitations are not warranted (1). Dan-
ish clinical guidelines state that patients can be active 

immediately after surgery when pain is not a hindrance 
(4). However, prolonged reaction time due to pain has 
been reported with respect to driving, and this may be 
the case for operating other machines as well (80).

Degree of evidence for causal and prognostic relations

On the basis of this review, we find that there is insuf-
ficient epidemiologic evidence (grade 0) to draw mean-
ingful conclusions about the existence of a causal asso-
ciation between specific occupational mechanical expo-
sures and the development of medial and lateral inguinal 
hernia. The limited epidemiologic literature, on the other 
hand, does not rule out important associations, and the 
contributory evidence with respect to intra-abdominal 
pressures, a patent processus vaginalis, and – to a lesser 
extent – connective tissue alterations, points to mecha-
nisms that may link mechanical exposures to inguinal 
hernia formation. 

We also find that there is insufficient epidemiologic 
evidence (grade 0) to draw meaningful conclusions about 
the existence of a prognostic association between spe-
cific occupational mechanical exposures and negative 
post-operative outcomes in terms of hernia recurrence 
and persistent pain. There is no evidence supporting pro-
longed convalescence in order to avoid recurrence and 
persistent post-operative pain, but it remains to be shown 
that patients with high occupational mechanical exposures 
can safely return to work immediately after surgery. 

Research needs

There is a need for high-quality studies of occupa-
tional risk factors for lateral and medial inguinal hernia 
formation in order to corroborate or exclude causal 
relations. The Danish Hernia Database distinguishes 
between medial and lateral hernias, which the Danish 
National Patient Register does not. In collaboration 
with a researcher from the Danish Hernia Database, 
three of the authors of this reference document are 
currently conducting a nationwide male cohort study 
focusing on quantitative exposure–response relations 
for medial and lateral inguinal hernias, respectively. 
Exposure assessment is based on individual job histories 
according to the Employment Classification Module in 
Statistics Denmark (81) combined with a JEM based 
on occupational physicians’ quantitative assessments 
of generic mechanical exposures (82). The plan is to 
continue this line of research using data from the Mus-
culoskeletal Research Database at the Danish Ramazzini 
Centre, which will allow us to take important potential 
confounders into account (the database contains ques-
tionnaire data from around 40 000 persons who have 
participated in 9 previous studies of musculoskeletal 
symptoms in the general Danish population or selected 
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occupational groups). Maybe inguinal hernias occur at 
a younger age in highly exposed jobs, and it would be 
interesting to explore this hypothesis of risk accelera-
tion (83, 84). The influence of occupational exposures 
on reoperation rates and prolonged post-operative pain 
also warrants further study. 

Concluding remarks

Inguinal hernia is a common disorder, especially among 
men, and inguinal hernia repair is one of the most com-
mon operations in general surgery. Based on this review, 
we find that there is insufficient epidemiologic evi-
dence (grade 0) to draw meaningful conclusions about 
the existence of a causal association between specific 
occupational mechanical exposures and the develop-
ment of medial and lateral inguinal hernia. However, 
contributory evidence points to mechanisms that may 
link mechanical exposures to inguinal hernia formation. 
We also find that there is insufficient epidemiologic evi-
dence (grade 0) to draw meaningful conclusions about 
the existence of a prognostic association between spe-
cific occupational mechanical exposures and outcomes 
after inguinal hernia repair. The limited epidemiologic 
literature does not rule out important associations. This 
review revealed several research needs in order to 
determine if the disorder can be prevented and if the 
post-operative prognosis can be improved by reducing 
occupational mechanical exposures.
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Hernia and work – a reference document

For grading the evidence of a causal association 
between an exposure to a specific risk factor and a spe-
cific outcome, we used the framework of the Scientific 
Committee of the Danish Society of Occupational and 
Environmental Medicine as presented below. 

For grading the evidence of a prognostic association, we 
used an adjusted version of this framework, where we 
replaced the word “causal” with the word “prognostic”. 
With a view to potential prevention, we were interested 
in causal associations between risk factors and negative 
prognostic outcomes, rather than prediction per se (1, 2). 

Strong evidence of a causal association (+++): A causal 
relationship is very likely. A positive relationship 
between exposure to the risk factor and the outcome has 
been observed in several epidemiological studies. It can 
be ruled out with reasonable confidence that this rela-
tionship is explained by chance, bias, or confounding. 

Moderate evidence of a causal association (++): A causal 
relationship is likely. A positive relationship between 
exposure to the risk factor and the outcome has been 
observed in several epidemiological studies. It cannot be 
ruled out with reasonable confidence that this relation-
ship can be explained by chance, bias, or confounding, 
although this is not a very likely explanation. 

Limited evidence of a causal association(+): A causal 
relationship is possible. A positive relationship between 
exposure to the risk factor and the outcome has been 
observed in several epidemiological studies. It is not 
unlikely that this relationship can be explained by 
chance, bias, or confounding. 

Insufficient evidence of a causal association (0): The 
available studies are of insufficient quality, consistency, 
or statistical power to permit a conclusion regarding the 
presence or absence of a causal association. 

Evidence suggesting lack of a causal association (-): 
Several studies of sufficient quality, consistency and 
statistical power indicate that the specific risk factor is 
not causally related to the specific outcome. 

Comments 

The classification does not include a category for which 
a causal relation is considered as established beyond any 
doubt. The key criterion is the epidemiological evidence.  

The likelihood that chance, bias, and confounding may 
explain observed associations is a criterion that encom-
passes criteria such as consistency and number of “high 
quality” studies. 

Biological plausibility and contributory information may 
add to the evidence of a causal association.
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