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Abstract

Purpose Synthetic mesh for herniorrhaphy has been placed

under critical observation regarding the potential associa-

tion of mesh placement and the subsequent development of

autoimmune diseases. We sought to evaluate whether there

is a link between synthetic polypropylene mesh repairs and

the subsequent development of systemic/autoimmune dis-

orders (SAID).

Study design Adultmen undergoing hernia repair withmesh

between January 2008 and December 2009 in New York

State were identified using International Classification of

Diseases, Ninth Revision,Modification procedure codes and

Current Procedural Terminology Coding System, Fourth

Edition codes. A control cohort of men undergoing colono-

scopy was created with whom to compare outcomes.

Results A total of 29,712 patients underwent hernia repair

between January 2008 and December 2009. In the control

cohort, 79,265 patients underwent colonoscopy. During the

entire follow-up, 475 patients undergoing hernia repair and

1305 patients in the control cohort were diagnosed with

autoimmune disease. When patients were matched based

on demographics, comorbidities and procedure date, hernia

repair was not associated with an increased risk of devel-

oping autoimmune disease over the entire follow-up time

period. 1.6% of those in the hernia group vs. 1.7% of those

in the colonoscopy group developed SAID [risk ratio (95%

CI): hernia vs. colonoscopy 0.93(0.79–1.09)]. No associa-

tion between mesh surgery and increased risks of SAID

was found at any of the specified time points (6 months,

1 year, and 2-year follow-up).

Conclusions Mesh-based hernia repair was not associated

with the development of autoimmune diseases compared to

those undergoing routine screening colonoscopy.

Keywords Polypropylene � Mesh � Hernia �
Herniorrhaphy � Autoimmune disease � Synthetic

Introduction

In the United States, over 8,00,000 hernia repairs are per-

formed each year [1]. Because of the high rate of recur-

rence, the ‘‘metallic mesh’’ for hernia repair garnered

widespread use by 1946 [2]. The use of surgical mesh has

been used with the intention of reinforcing weak tissues

through the development of scar tissue, stimulated by a

foreign body reaction [3]. Over time, there has been an

increasing use of this mesh-based repair [3]. With the

innumerable types of materials used, the type of mesh

chosen is highly dependent on the individual patient with

synthetic non-absorbable polypropylene and polyester

meshes being the most common for hernia repair [4].

After the Food and Drug Administration’s (FDA) anal-

ysis of the scientific literature and medical device adverse
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event reports regarding hernia repair with mesh, many

complications have been associated with hernia mesh. Such

complications include adhesions, injuries to neighboring

organs, nerves and blood vessels [5], pain, hernia recur-

rence, infection, mesh migration, mesh shrinkage and

bowel obstruction [3]. After hundreds of complaints, in

2011 the FDA issued a safety communication regarding the

use of surgical mesh in hernia repair and stated that serious

complications may be associated with surgical mesh for

hernia repair placing patients in inherent risk [5].

On consumer websites, the use of synthetic mesh for

hernia repair has been placed under critical observation. A

population of individuals believe there to be an association

between the placement of mesh and finally the development

of systemic autoimmune/inflammatory disorders (SAID)

[6]. One proposed theory discussing this association is a

subset of individuals experience an immune response to the

mesh implant. This ultimately causes the polypropylene,

found in synthetic mesh, to degrade under an oxidative

process [7]. The degradation of polypropylene could result in

a chronic state of inflammation, which could then lead to the

developing SAID [8]. At the present time, mesh degradation

has not been confirmed in human cases. It is possible that the

onset of SAID succeeding mesh placement is coincidental.

To investigate these claims further, we utilized regional

administrative claims data to conduct a retrospective cohort

study with matched controls to determine if there is a

potential link between placement of synthetic polypropy-

lene mesh for hernia repair and the subsequent develop-

ment of SAID.

Methods

Data source

Data were obtained from the New York State Department

of Health Statewide Planning and Research Cooperative

System (SPARCS). SPARCS is an all-age group, all-payer

dataset that collects patient and treatment information for

every hospital discharge, ambulatory surgery, outpatient

service and emergency department admission in New York

State since 1979 [9]. The data contains patient character-

istics, primary and secondary diagnoses and procedures,

and length of hospital stay and charges. Furthermore, a

unique personal identifier is assigned to every patient,

which is encrypted to allow longitudinal analyses without

compromising patient confidentiality.

Study population and follow-up

Adult male patients undergoing hernia surgery with mesh

between January 2008 and December 2009 were identified

using the International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD-9-CM) procedure

codes and Current Procedural Terminology Coding Sys-

tem, Fourth Edition (CPT-4) codes (Appendix 1). Due to

the near-universal adoption of mesh in inguinal hernia

repair, patients undergoing inguinal hernia repair in our

cohort were assumed to have undergone the repair with

mesh [3, 10, 11]. A control cohort was selected during the

same time period, which included male patients undergoing

colonoscopy. Patients who underwent hernia repair were

not included in the control cohort. Control patients who

had a colorectal cancer diagnosis within 1 month before

and 1 month after colonoscopy were excluded. Participants

who relocated or held residence in other states during the

study period were excluded.

Patients who had less than 1 year’s record in SPARCS

system before index admission were excluded. Patient his-

tories were queried from the database from 1995 (first year

available to us). Patients who had previous mesh related

procedures (inguinal hernia repair, ventral, umbilical or

incisional hernia repair with mesh or male urethral sling

procedures) were also excluded. Additionally, we excluded

patients with a previous diagnosis of SAID. Detailed patient

selection process is depicted in the flow chart (Fig. 1).

Patients were followed until the end of the study time

period (Dec 2014). The primary outcomes of interest were

the development of SAID at 6 months, 1 year, 2 years and

during the entire follow-up period. The SAID disorders of

interest included Grave’s disease, Hashimoto’s thyroiditis,

pernicious anemia, autoimmune hemolytic anemia,

autoimmune thrombocytopenic purpura, amyotrophic lat-

eral sclerosis, multiple sclerosis, Guillain–Barré Syndrome,

myasthenia gravis, Goodpasture syndrome, vasculitis,

celiac disease, pemphigus vulgaris, systemic lupus ery-

thematosus, systemic sclerosis, Sjogren’s syndrome, der-

matomyositis, polymyositis, rheumatoid arthritis,

ankylosing spondylitis and fibromyalgia (Appendix 2).

Analyzed patient characteristics included age, race,

insurance status (Medicare, Medicaid, Commercial and

other), place of residence (New York State or out-of-state

resident), comorbidities and previous cancer diagnosis.

Relevant comorbidities were identified using algorithms

validated by Elixhauser et al. [12], including coronary

artery disease, hypertension, congestive heart failure, dia-

betes, chronic pulmonary disease, obesity, anemia,

peripheral vascular disease, renal failure, cerebrovascular

disease and depression. An unknown category was created

for missing race information.

Statistical analysis

Baseline characteristics were compared between mesh and

the control cohort. Events and percentages were presented
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for patient demographics and comorbidities. We performed

individual matching (1 case:2 controls) based on patient

characteristics and comorbidities to account for difference

between mesh and control cohorts. Matching variables

included age, race, insurance, place of residence, year and

quarter when the procedure was performed, all major

comorbidities included and previous cancer diagnosis. Age

was matched based on 5-year groups. Flexibility was given

when matching major comorbidities to allow for difference

in three of the eleven comorbidities. Exact match was

performed for other characteristics. Balance achieved by

matching was assessed by examining differences in base-

line variables between mesh and control cohorts before and

after matching.

The presence of SAID was determined after matching

for 6-month, 1-year, 2-year intervals, and for the entire

follow-up time period. Events and percentages for the

matched cohort were presented and risk ratios were cal-

culated. Differences between groups were assessed using

stratified Mantel–Haenszel v2 tests for paired data in the

matched cohort. All analyses were performed using SAS

v9.3 (SAS Institute Inc., Cary, NC).

Results

From January 2008 to December 2009, a total of 53,409

male patients were identified who underwent hernia repair.

Of these, 29,712 male patients did not have previously

diagnosed SAID, and were included in the final analysis.

The control cohort without pre-existing SAID included

79,265 male patients having colonoscopy.

Mean ages of patients undergoing mesh-based hernia

repair POP and colonoscopy were 58.2 and 58.5,

respectively (Table 1). Most patients were white (hernia:

75.5%, colonoscopy: 70.0%) and had commercial

insurance (50.0, 60.0%, respectively). When compared

to the control group, patients undergoing hernia repair

Adult male undergoing following procedures in 2008 and 2009
-Hernia: N=53,409
-Colonoscopy (control): N=131,445

Mesh cohort
-Hernia: N=53,409

Control cohort
-Colonoscopy: N=131,048

Excluded n=397 colonoscopy patients with colorectal cancer 
diagnosis within 1 months before or after procedure.

Mesh cohort
-Hernia: N=47,593

Control cohort
-Colonoscopy: N=122,323

Excluded n=14,541 patients with previous mesh related procedures

Mesh cohort
-Hernia: N=26,575

Control cohort
-Colonoscopy: N=71,271

Excluded n=14,837 patients with previous diagnosis of autoimmune
disease or cancer

Excluded n=57,233 patients had <1 year history record before 

Mesh cohort
-Hernia: N=30,717

Control cohort
-Colonoscopy: N=81,966

Fig. 1 Male’s undergoing

hernia and colonoscopy

procedures between 2008 and

2009. This figure is a

CONSORT diagram (flow

chart) demonstrating how the

cohorts were established for this

study. At each interval the

number of excluded patients

from the study are shown with

the reasoning behind their

exclusion
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were older, had more medical comorbidities, and were

more likely to be white and have commercial insurance.

The prevalence of previous cancer among patients

undergoing hernia repair and colonoscopy was similar

(11.8 vs. 11.3%).

The average time between procedure and end of follow-

up was 6 years. A total of 475 (1.6%), and 1305(1.7%)

patients undergoing mesh hernia repair and colonoscopy,

respectively, were diagnosed with SAID during follow-up

until the end of 2014 (Table 2). After matching, mesh-

based hernia repair was also not associated with increased

risks of developing SAID over the entire follow-up time

period (Table 2) [risk ratio (RR) 0.93, 95% CI 0.79–1.09].

Furthermore, no association between hernia mesh repair

and the development of SAID was found at 6 months,

1 year and 2-year follow-up (Table 2).

Discussion

Our main findings suggest there is no association of mesh

placement with SAID. We found after matching with the

control cohort, patients receiving mesh-based hernia repair

were not associated with an increased risk of developing

SAID during the follow-up period. There was no associa-

tion between hernia mesh repairs and developing SAID

found at 6 months, 1 year and 2-years postoperatively.

Mesh usage provides a new strength layer through the

development of scarring, obviating the need to reapproxi-

mate a fascial defect. Mesh repairs gained rapid popularity

such that they became the dominant hernia repair begin-

ning in year 1998 with the introduction of light-weight

mesh [13]. Patients receiving mesh-based hernia repairs

tend to have a lower recurrence rate compared to those

Table 1 Patient characteristics of hernia repair and colonoscopy (male) cohorts

Unmatched Matched Balance

Hernia

(N = 26575)

Colonoscopy

(N = 71271)

P value Hernia

(N = 12716)

Colonoscopy

(N = 25432)

Pre Post

Demographics

Age

[Mean(std)]

56.8(16.2) 57.5(11.7) \0.01 57.8(12.8) 57.8(12.8) 0.7 0.0

Race/Ethnicitya \0.01

White 19634(75.0%) 47373(69.6%) 9107(73.1%) 18214(73.1%) 5.4 0.0

Black 2151(8.2%) 6640(9.8%) 1109(8.9%) 2218(8.9%) 1.6 0.0

Hispanic 1984(7.6%) 4882(7.2%) 893(7.2%) 1786(7.2%) 0.4 0.0

Other 2418(9.2%) 9142(13.4%) 1344(10.8%) 2688(10.8%) 4.2 0.0

Insurance \0.01

Medicare 7878(29.6%) 16071(22.5%) 3288(25.9%) 6576(25.9%) 7.1 0.0

Medicaid 2275(8.6%) 6743(9.5%) 1102(8.7%) 2204(8.7%) 0.9 0.0

Commercial 13800(51.9%) 44094(61.9%) 7584(59.6%) 15168(59.6%) 10.0 0.0

Other 2622(9.9%) 4363(6.1%) 742(5.8%) 1484(5.8%) 3.8 0.0

NY resident 26143(98.4%) 70204(98.5%) 0.15 12554(98.7%) 25108(98.7%) 0.1 0.0

Comorbidities

Hypertension 7965(30.0%) 18425(25.9%) \0.01 3450(27.1%) 6833(26.9%) 4.1 0.2

Diabetes 2058(7.7%) 7336(10.3%) \0.01 790(6.2%) 2108(8.3%) 2.6 2.1

Obesity 373(1.4%) 1558(2.2%) \0.01 71(0.6%) 322(1.3%) 0.8 0.7

CAD 2893(10.9%) 5199(7.3%) \0.01 844(6.6%) 1793(7.1%) 3.6 0.5

CHF 660(2.5%) 1049(1.5%) \0.01 57(0.4%) 223(0.9%) 1.0 0.5

CVD 224(0.8%) 454(0.6%) \0.01 24(0.2%) 97(0.4%) 0.2 0.2

PVD 473(1.8%) 850(1.2%) \0.01 53(0.4%) 179(0.7%) 0.6 0.3

CPD 2140(8.1%) 3690(5.2%) \0.01 501(3.9%) 1108(4.4%) 2.9 0.5

Anemia 654(2.5%) 3846(5.4%) \0.01 141(1.1%) 831(3.3%) 2.9 2.2

Renal failure 615(2.3%) 1096(1.5%) \0.01 66(0.5%) 207(0.8%) 0.8 0.3

Depression 741(2.8%) 1673(2.3%) \0.01 115(0.9%) 378(1.5%) 0.5 0.6

CAD coronary artery disease, CHF congestive heart failure, CVD cerebrovascular disease, PVD peripheral vascular disease, CPD chronic

pulmonary disease
a Race/ethnicity information missing in 3.7% patients
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undergoing repair without mesh. Studies have demon-

strated that mesh repairs result in a significant decrease in

recurrence compared to non-mesh repairs using sutures

alone (2.7 vs. 8.2%) [14]. Soon after its rapid adoption,

mesh has been considered a viable treatment option and

often preferred over basic suture repairs [11]. These

advantages need to be balanced against the known risks

associated with mesh placement, such as pain, bleeding,

infection, adhesion and bowel obstruction [3]. The FDA

has published a number of safety communications which

summarize the risks associated with the use of hernia mesh

[3, 5]. It is important for clinicians to explicitly discuss

these risks with patients to ensure together they are making

an informed decision.

In addition to these known risks, consumers’ concerns

about the potential association of surgical mesh and the

development of autoimmune disease have brought mesh

under further scrutiny [6]. Because of these allegations, there

has been increasing uncertainty among patients when con-

sidering the long-term safety and efficacy of these proce-

dures for their own health outcomes, despite high success

rates. The proposed rationale for the development of SAID is

that some individuals may experience an immune response

to mesh implantation. This may cause the polypropylene to

oxidatively degrade [7] causing the individual to undergo a

chronic state of inflammation, which could in theory result in

SAID [8]. One study assessing various types of mesh in

animal models found that all meshes induced varying levels

of inflammatory responses [15]. These included foreign body

reactions and strong fibrotic responses [15]. Another study

using rabbit models found after 4-months implantation the

‘‘mean number of inflammatory cells was greater around the

polytetrafluoroethylene (ePTFE) when compared with the

mid-weight polypropylene, but equal to others (p = 0.02)

[16].

The fibrotic response to mesh is what provides strength

and support in patients with inherently weak tissue.

Nonetheless, certain individuals and patient advocate

groups claim that adverse reactions to hernia mesh lead to

subsequent diagnoses of autoimmune disorders, such as

lupus, fibromyalgia, and rheumatoid arthritis [17]. To date,

there remains a lack of evidence that polypropylene leads

to SAID, with no available data from controlled trials or

prospective cohort studies. To our knowledge, this is the

first population-based study evaluating the effect of hernia

mesh repair and onset of SAID. After matching based on

patient characteristics and procedure time, we found no

relationship between the implantation of synthetic mesh for

hernia repair and subsequent development of SAID.

There were few limitations associated with using the

New York State cohort data. Clinical variables such as the

extensiveness of the hernia repair were not available in

administrative data. Every attempt was made to adjust for

observed confounding factors when running statistical

methods by making individual matching, but it is possible

that unmeasured differences may exist between the case

and control groups. It is possible some of the cases we

included in our hernia mesh-based repair cohort may

include hernia repair without the use of mesh. This is

because ICD-9 code is ambiguous including mesh ‘‘or

other prosthesis for repair of hernia’’. However, based on

the existing literature related to hernia repair practice pat-

terns we expect usage of techniques using native tissue

repair or with other prosthesis such as biological graft to be

very rare. Finally, there may be some patients who devel-

oped symptoms of SAID but not yet had an assigned

diagnosis of interest represented in the cohort.

Despite these limitations, our findings provide strong

evidence that patients receiving mesh-based hernia repair

were not at increased risk of developing SAID at up to

6 years follow-up. These findings can be used to reassure

patients who are contemplating inguinal hernia repair with

mesh. Furthermore, future prospective randomized trials

must be utilized to study the different types of mesh and

different types of hernias, where exposure to mesh type and

breakdown can vary.

Conclusions

Mesh-based hernia repair was not associated with the

development of autoimmune diseases, supporting the

safety of these devices and refuting the claims that mesh

leads to systemic illness.

Table 2 Entire follow-up of systemic autoimmune/inflammatory disease in mesh and control cohorts after matching

Matched cohort

Hernia (N = 12716) Colonoscopy (N = 25432) Unadjusted OR (95% CI) Adjusted OR (95% CI)

6-month 12(0.1%) 21(0.1%) 1.14(0.56–2.32) 0.80(0.35–1.82)

1-year 23(0.2%) 50(0.2%) 0.92(0.56–1.51) 0.85(0.50–1.45)

2-year 50(0.4%) 108(0.4%) 0.93(0.66–1.30) 0.91(0.6–1.30)

Entire follow-up 188(1.5%) 413(1.6%) 0.91(0.76–1.08) 0.91(0.76–1.09)
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