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Abstract

Background: A two-hit theory explaining the progression of nonal-
coholic fatty liver disease (NAFLD) to nonalcoholic steatohepatitis 
(NASH) and fibrosis is widely accepted. Endotoxins entering the 
portal vein from the gut are thought to be one cause of this sec-
ond hit, and the literature frequently mentions associations between 
gut-derived endotoxins and progression of fibrosis in NAFLD. The 
appendix regulates intestinal immunity to protect the gut from the 
invasion of bacteria and antigens. Appendectomy may thus con-
tribute to progression of fibrosis in NAFLD, but this association 
has not yet been clarified. We therefore investigated the association 
between appendectomy and progression of fibrosis in NAFLD.

Methods: Fifty two patients with NAFLD who underwent liver 
biopsy in our department were included in this study. Based on 
Brunt’s scores, patients with NAFLD were classified into a mild 
fibrosis group and advanced fibrosis group.

Results: History of appendectomy was found to be significantly 
more frequent in patients with advanced fibrosis than in patients 
with mild fibrosis (P = 0.014). Multivariate logistic analysis was 
conducted with age, sex, albumin, platelet count, steatosis grade, 
and history of appendectomy as covariates and advanced fibrosis 
as the dependent variable. Significant differences were identified 
for platelet count and history of appendectomy, identifying these as 
independent risk factors for advanced fibrosis in NAFLD patients. 

The odds ratio for appendectomy history was 39.415 (P = 0.044).

Conclusions: History of appendectomy was significantly more fre-
quent in NAFLD patients with advanced fibrosis, suggesting that 
appendectomy may represent a risk factor for advanced fibrosis in 
NAFLD.

Keywords: Nonalcoholic fatty liver disease; Appendectomy; Fi-
brosis

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease not only in Western industrialized 
countries, but also in countries of the Asia-Pacific region [1, 
2]. With the increase in obesity and diabetes, the prevalence 
of NAFLD has grown to become a major problem world-
wide [3]. Histologically, NAFLD resembles alcoholic liver 
disease (ALD), but is not attributable to alcohol ingestion. 
The condition is defined primarily as a liver disease charac-
terized by fatty depositions in the liver and covers a broad 
spectrum from simple hepatic steatosis to steatohepatitis and 
hepatic cirrhosis [4, 5]. Within the NAFLD spectrum, simple 
hepatic steatosis normally does not progress and carries a 
good prognosis, but nonalcoholic steatohepatitis (NASH) 
is known to progress to hepatic cirrhosis and hepatocellular 
carcinoma (HCC) as hepatic fibrosis proceeds [3, 6-8]. The 
disease state of NAFLD is truly diverse, but progression of 
hepatic fibrosis is the most important prognostic factor and 
is of great clinical relevance [9].

A two-hit theory explaining the progression of NAFLD 
to NASH and fibrosis is widely accepted. This theory at-
tributes pathogenesis to triglyceride deposition in hepato-
cytes as the first hit, followed by the resulting hepatocyte 
damage and genetic factors as the second hit. One proposed 
second-hit mechanism is exposure to gut-derived endotoxin 
[10]. This is based on two sets of findings: 1) identification 
of gut-derived endotoxin as a possible prerequisite cofactor 
in the development of alcoholic steatohepatitis and cirrhosis 
in alcoholics [11, 12]; and more directly, 2) evidence for the 
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role of gut-derived endotoxin in the pathogenesis of NASH 
from animal studies [13, 14]. As in ALD, gut-derived endo-
toxin (lipopolysaccharide (LPS)) in NAFLD travels via the 
portal circulation to the liver, where it activates the Kupffer 
cells via toll-like receptor 4 (TLR-4). This in turn induces 
more tumor necrosis factor-alpha (TNFα) expression and in-
creases levels of reactive oxygen species, causing inflamma-
tion and fibrosis in the liver. This contribution of gut-related 
factors to the progression of NAFLD has been suggested in 
many reports [13, 15-19].

The appendix is a highly vascular organ that embryo-
logically arises from the cecum and represents an important 
part of the gut-associated lymphoid tissue system (GALT), 
together with Peyer’s patches and tonsils. However, for a 
long period this structure was considered as an evolution-
ary redundancy that served little, if any, purpose in humans. 
GALT is actually an important component underlying B-
lymphocyte-mediated immune responses and mucosal im-
mune function by extrathymically derived T lymphocytes 

[20].
Although gut-derived endotoxin is thought to be a factor 

in NAFLD progression, no research has clarified the rela-
tionship of the appendix, which plays a role in mucosal im-
mune function, and the progression of NAFLD to fibrosis. 
To address this deficit, we decided to investigate the relation-
ship of appendectomy to progression of fibrosis in NAFLD.

 
Materials and Methods
   
Patients

A retrospective analysis of patient characteristics, clinical 
data and histopathological information was performed on pa-
tients diagnosed with NAFLD or chronic hepatitis B (CHB). 
This study included NAFLD and CHB patients who under-
went liver biopsy at our department between March 1991 
and March 2011. A diagnosis of NAFLD was made when 

NAFLD patients
n = 52

CHB patients
n = 68

Brunt fibrosis stage 

0-1 28 (53.8%)

2 12 (23.1%)

3 8 (15.4%)

4 4 (7.7%)

Knodell fibrosis score

0 9 (13.2%)

1 26 (38.2%)

3 26 (38.2%)

4 7 (10.9%)

Mild fibrosis 40 35

Advanced fibrosis 12 33

Severity of Steatosis

0 0 (0%) 37 (54.4%)

1 17 (32.7%) 21 (30.9%)

2 23 (44.2%) 9 (13.2%)

3 12 (23.1%) 1 (1.5%)

Table 1. Histological Features of Patients With NAFLD and CHB
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the following 3 criteria were met: 1) alcohol consumption ≤ 
20 g/day of ethanol; 2) hepatitis B surface antigen and anti-
hepatitis C virus antibody-negative status and no distinct 
evidence of viral hepatic disease or chronic hepatic disease 
of autoimmune origin; and 3) ≥ 5% fat deposition in hepato-
cytes as determined from histopathological examination of 
the liver. Controls comprised patients with CHB, which, un-
like NAFLD and chronic hepatitis C patients, is not associ-
ated with fatty liver disease [21]. Those of the 1522 patients 
who proved positive for HBs antigen for ≥ 6 months and had 
an alcohol consumption ≤ 20 g/day of ethanol were included 
in the CHB group.

Clinical and laboratory evaluation

Venous blood samples were taken in the morning after a 12-h 
overnight fast. All patients underwent measurement of the 
following laboratory parameters: aspartate aminotransferase 
(AST); alanine aminotransferase (ALT); γ-glutamyl trans-
peptidase (γ-GTP); albumin; total cholesterol; triglyceride; 
fasting plasma glucose; platelet count, and prothrombin time.

A diagnosis of hyperlipidemia was made for patients 
with total cholesterol ≥ 220 mg/dL, triglycerides ≥ 150 mg/
dL or receiving treatment for hyperlipidemia. In accordance 
with the diagnostic criteria of the Japanese Society of Hyper-

Table 2. Clinical Features of NAFLD and CHB Patients, and Univariate Comparison of Clinical 
and Histological Features of Patients

NAFLD patients CHB patients P value

Number 52 68

Age 48 39.5 0.102

Gender (Female) 21 (40.4%) 22 (32.4%) 0.365

BMI (kg/m2) 27.7 22.8 < 0.001

Obesity (BMI > 25) 39 (75.0%) 21 (30.9%) < 0.001

Diabetes 24 (46.2%) 5 (7.4%) < 0.001

Hyperlipidemia 35 (67.3%) 22 (32.4%) < 0.001

Hypertension 32 (61.5%) 22 (32.4%) 0.002

AST (U/L) 63 49.5 0.319

ALT (U/L) 92.5 78.5 0.136

Total bilirubin (mg/dL) 0.6 0.7 0.134

Albumin (g/dL) 4.2 4 < 0.001

Triglycerides (mg/dL) 151 95 < 0.001

Total cholesterol (mg/dL) 207 177 < 0.001

Glucose (mg/dL) 101 89 < 0.001

Platelet count (104/μL) 19.8 16.1 0.004

Prothrombin time (%) 100 95.5 0.115

Appendectomy 19 (36.5%) 12 (17.6%) 0.020

Steatosis (grade 0/1/2/3) 0/23/17/12 37/21/9/1 0.001
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tension, a diagnosis of hypertension was made for patients 
with systolic blood pressure ≥ 140 mmHg, diastolic blood 
pressure ≥ 90 mmHg or receiving treatment for hyperten-
sion. Based on the diagnostic criteria of the Japan Diabetes 
Society (JDS), a diagnosis of diabetes mellitus was made for 
patients with: 1) fasting blood glucose ≥ 126 mg/dL; 2) a 
2-h post-load value ≥ 200 mg/dL after a 75-g oral glucose 
tolerance test; 3) casual blood glucose ≥ 200 mg/dL; or 4) 
hemoglobin (Hb)A1c (JDS value) ≥ 6.1%, reproducibly, or 
receiving treatment for diabetes mellitus. Obesity was de-
fined as body mass index (BMI) > 25 kg/m2, according to the 
criteria of the Japanese Obesity Association.

Pathology

Liver biopsy specimens were stained using hematoxylin-eo-
sin and Azan-Mallory stains and histologically examined by 
one experienced pathologist who was blinded to the clinical 
condition and biochemical data of the patient. In NAFLD 
patients, severity of fibrosis was scored according to the 
methods of Brunt. Severity of fibrosis for NAFLD patients 
was expressed on a 4-point scale, as follows: stage 0, normal 
connective tissue; stage 1, perivenular and/or perisinusoidal 
fibrosis in zone 3; stage 2, combined pericellular portal fi-
brosis; stage 3, septal/bridging fibrosis; and stage 4, cirrho-
sis. On the basis of this classification, subjects were grouped 
into two categories by the fibrosis: those with mild fibrosis 
(stage 0 - 2); and those with advanced fibrosis (stage 3 - 4) in 
NAFLD patients. In CHB patients, severity of fibrosis was 
scored according to the methods of Knodell. Severity of fi-
brosis for CHB patients was expressed on a 4-point scale, 
as follows: score 0, no fibrosis; score 1, fibrous portal ex-
pansion; score 3, bridging fibrosis (portal-portal or portal-
central linkage); score 4, cirrhosis. On the basis of this clas-
sification, subjects were grouped into two categories by the 
fibrosis: those with mild fibrosis (score 0 - 1); and those with 
advanced fibrosis (score 3 - 4) in CHB patients according to 
NAFLD group. Degree of steatosis was assessed based on 
the percentage of hepatocytes containing macrovesicular fat 
droplets, as follows: grade 0, no steatosis; grade 1, < 33% of 
hepatocytes containing macrovesicular fat droplets; grade 2, 
33-66% of hepatocytes containing macrovesicular fat drop-
lets; and grade 3, > 66% of hepatocytes containing macrove-
sicular fat droplets. Severity of lobular inflammation was 
expressed as follows: none, no foci; mild, < 2 foci per × 200 
field; moderate, 2 - 4 foci per × 200 field; and severe, > 4 foci 
per × 200 field by NAFLD Activity Score [22].

Statistical analysis

Comparison of clinical and histological features between 
groups was performed across fibrosis. Results are expressed 
as the median (range), or the number (percentage) of pa-
tients with each variable. Univariate analysis was conducted 

using the Mann-Whitney test to assess the significance of 
between-group differences in continuous variables. The χ2 
test was used to compare frequency data. Multivariate lo-
gistic regression analysis was used to analyze independent 
factors related to fibrosis progression. SPSS version 11.0 sta-
tistical software (SPSS, Chicago IL, USA) was used for data 
analysis, and values of P < 0.05 were judged as significant. 
The study protocol was approved by the ethical committee 
of Dokkyo Medical University. All subjects gave informed 
written consents.

 
Results

  
Fifty-two NAFLD patients and 68 CHB patients who un-
derwent liver biopsy met the predefined diagnostic criteria. 
Histological data are summarized in Table 1. Twenty-eight 
of the 52 NAFLD patients were stage 0 - 1, 12 were stage 2, 
8 were stage 3, and 4 was stage 4. Forty patients were in the 
mild fibrosis group (stages 0 - 2) and 12 were in the advanced 
fibrosis group (stages 3 - 4). Seventeen patients (32.7%) 
showed steatosis grade 1, 23 (44.2%) showed steatosis grade 
2, and 12 (23.1%) showed steatosis grade 3. Thirty-three of 
the 68 CHB patients showed advanced fibrosis with bridging 
fibrosis corresponding to Brunt stage 3.

A summary of the hematology test results and physical 
data for the 52 NAFLD and 68 CHB patients were presented 
in Table 2. In NAFLD patients, the male-to-female ratio was 
31:21, and median age was 48.0 years. Median BMI was 
high, at 27.7 kg/m2, and 75% of all patients were found to be 
obese. Twenty-four patients (46.2%) had diabetes mellitus, 
35 (67.3%) had hyperlipidemia, and 32 (61.5%) had hyper-
tension. Nineteen of the NAFLD patients overall (36.5%) 
and 12 of the control group CHB patients overall (17.6%) 
had a history of appendectomy. History of appendectomy 
tended to be more frequent among NAFLD patients than 
among CHB patients (P = 0.020). The NAFLD patient was 
a result than CHB patient with many mergers of metabolic 
factor such as obesity, diabetes, hyperlipidemia and hyper-
tension. The histological data show that NAFLD patients 
displayed significantly higher grade of steatosis than CHB 
patients.

Clinical and laboratory data of NAFLD and CHB pa-
tients for the two fibrosis groups are shown in Table 3. 
History of appendectomy was significantly more frequent 
among NAFLD patients with advanced fibrosis than among 
NAFLD patients with mild fibrosis (P = 0.014). NAFLD Pa-
tients with advanced fibrosis were significantly older than 
those with mild fibrosis (P = 0.002), and were significantly 
more often female (P = 0.006). The following liver function 
parameters were worse in NAFLD patients with advanced 
fibrosis: albumin (P = 0.016); platelet count (P < 0.001); and 
prothrombin time (P < 0.001). The histological data show 
that patients with advanced fibrosis displayed significantly 
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lower grade of steatosis (P = 0.036). In CHB patients, the fol-
lowing liver function parameters were worse with advanced 
fibrosis: platelet count (P < 0.004); and prothrombin time (P 
< 0.003). On the other hand, history of appendectomy was 
not difference between advanced fibrosis and mild fibrosis 
in CHB patients.

Multivariate logistic analysis was conducted with age, 
sex, albumin, platelet count, history of appendectomy, and 
grade of steatosis (which showed significant associations on 
univariate analysis) as covariates and advanced fibrosis as 
the dependent variable in NAFLD patients (Table 4). Signifi-
cant differences were identified for platelet count and history 
of appendectomy, indicating that these factors represented 
independent risk factors for advanced fibrosis in NAFLD 
patients. The odds ratio for appendectomy was 39.42 (95% 
confidence interval, 1.11 - 1,400.73; P = 0.044).

Discussion
  
Overall lifetime risk of appendicitis is 8.6% for males and 
6.7% for females. Lifetime risk of appendectomy, which is 
most often an abdominal surgical emergency, is 12.0% for 
males and 23.1% for females [23]. Peak incidence of appen-
dectomy occurs in the second and third decades, but appen-
dicitis can occur at any age [23]. History of appendectomy 
was more frequent among our NAFLD patients (33.3%) than 
among CHB patients (17.6%). The finding that history of ap-
pendectomy was significantly more frequent among NAFLD 
patients with advanced fibrosis than among NAFLD patients 
with mild fibrosis indicates that advanced fibrosis represents 
an independent risk factor in NAFLD patients. In patients 
with advanced fibrosis, history of appendectomy was signifi-
cantly more frequent among NAFLD patients than among 
CHB patients. History of appendectomy thus appears to rep-
resent a risk factor for fibrosis progression in NAFLD.

The appendix is thought to have some immune func-
tions based on its association with substantial lymphatic tis-
sue. Based on: a) recent advances in the understanding of 
immune-mediated biofilm formation by commensal bacteria 
in the mammalian gut; b) biofilm distribution in the large 
bowel; c) the association of lymphoid tissue with the appen-
dix; d) the potential for biofilms to protect and support colo-
nization by commensal bacteria; and e) the architecture of 
the human bowel, the human appendix is believed to be well 
suited as a “safe house” for commensal bacteria, providing 
support for bacterial growth and potentially facilitating re-
inoculation of the colon in the event that the contents of the 
intestinal tract are purged following exposure to a pathogen 
[24]. The intestinal tract represents the port of entry for many 
microbes. The intestinal tract contains GALT, a specialized 
concentration of lymphoid tissue that defense against micro-
bial invasion. The appendix, together with the tonsils and 
Peyer’s patches of the terminal ileum, is a component of 
GALT. GALT is one of the first defensive barriers against mi-
croorganisms and other environmental and food antigens. T 
and B lymphocytes (plasma cells) function in GALT, mainly 
segregating immunoglobulin (Ig)A [24-26]. GALT represent 
a site of B-cell activation, proliferation, and terminal differ-
entiation in response to antigens. The continuous presence of 
bacterial antigens necessitates dynamic remodeling of GALT 
and the selection of multi-layered strategies for protection. 
One important mechanism of protection is achieved through 
the production of large amounts of secretory IgA (sIgA) by 
plasma cells residing in the lamina propria (LP) of the gut. 
These sIgAs are secreted mainly as dimers or larger poly-
mers after incorporation of a J chain and association with a 
polymeric Ig receptor [27]. GALT is usually divided into two 
functional compartments, known as inductive and effector 
sites [27]. The primary inductive sites, where most of the IgA 
immune responses are initiated, include organized follicular 
structures present in the gut wall, particularly of the small 

Table 4. Multiple Logistic Regression Analysis of Factors Associated With Advanced Fi-
brosis in NAFLD Patients

Odds ratio 95% CI P value

Age 1.009 0.825 - 1.139 0.500

Gender(Female) 3.805 0.264 - 54.79 0.753

Albumin(g/dL) 0.120 0.001 - 14.45 0.460

Platelet count (104/μL) 0.349 0.137 - 0.891 0.033

Appendectomy 39.415 1.109 - 1400.73 0.044

Steatosis 8.045 0.556 - 116.3 0.103
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intestine. The intestinal LP is considered the main mucosal 
effector site, involved in the final maturation of plasmablasts 
into plasma cells and in the secretion of sIgA into the gut 
lumen [28]. The most important role in the GALT system 
is played by sIgA, which is traditionally thought to guard 
against bacterial translocation by serving as an immunologi-
cal defense against the intestinal flora and barrier of the in-
testinal wall [29].

On the other hand, a two-hit theory explaining the pro-
gression of NAFLD to NASH and fibrosis is widely accepted, 
and gut-derived endotoxin is thought to be a factor of second 
hit in NAFLD progression. Currently proposed mechanisms 
for endotoxemia in patients with NASH include: a) bacte-
rial overgrowth; and b) disrupted intestinal barrier integrity 
(leaky gut) that results in increased absorption of endotoxin 
[14, 30-32]. Wigg et al studied the association of bacteri-
al overgrowth to the progression of NAFLD by analyzing 
TNFα levels with the 14C-D-xylose-lactulose breath test. 
Small intestinal bacterial overgrowth was a feature in NASH 
patients not seen in controls [31]. Li et al administered a pro-
biotic in a mouse model of NAFLD. This treatment corrected 
small intestinal bacterial overgrowth and improved liver his-
tology and insulin resistance [33].

Integrity of the intestinal barrier influences NAFLD pro-
gression in several ways. Fructose, ethanol, starvation, and 
aspirin increase intestinal permeability, leading to higher 
levels of gut-derived endotoxin and portal endotoxemia. 
NAFLD consequently progresses to advanced fibrosis [31, 
32, 34-38].

In a recent investigation of the relationship between ap-
pendectomy and intestinal immunity, Juan et al. reported that 
GALTectomy (appendectomy and/or tonsillectomy) signifi-
cantly decreases sIgA levels in serum. This decrease is more 
marked when both operations have been performed in the 
same patient. This decrease continues for between 3 months 
and 3 years in appendectomized patients and more than 20 
years in tonsillectomized patients [39].

By primarily regulating sIgA, the appendix creates an 
intestinal barrier to protect the intestine. Intestinal defense 
capacity falls with the decrease in sIgA following appen-
dectomy, likely leading to a rise in gut-derived endotoxin 
due to bacterial overgrowth and disrupted intestinal bar-
rier integrity. This may cause the progression of NAFLD 
to fibrosis.

Obesity results in increased hepatotoxicity and de-
creased survival after exposure to LPS in both of the obese 
strains of Zucker fatty/fatty rats and obese/obese mice, sug-
gesting two mechanisms that might mediate obesity-related 
sensitivity to endotoxin: altered Kupffer cell function; and 
increased hepatocyte sensitivity to TNF-α [13]. Recent stud-
ies have shown that obese mice display enhanced intestinal 
permeability leading to increased portal endotoxemia that 
makes hepatic stellate cells more sensitive to bacterial endo-
toxins [14]. History of appendectomy may have been more 

frequent in our NAFLD patients with advanced fibrosis than 
in CHB patients because increased endotoxin sensitivity in 
NAFLD, which is closely associated with obesity and he-
patic steatosis, may promote fibrosis progression.

Appendectomy has also been associated with chronic 
liver disease in primary biliary cirrhosis (PBC). Appendec-
tomy, other abdominal surgeries, and tonsillectomy were sig-
nificantly more frequently reported in patients with PBC in 
an epidemiological study in North America [40]. Rigopou-
lou et al reported a case-control study based on a consecutive 
and unselected cohort of patients with PBC attending a Liver 
Unit, in which patients were compared with age- and gender-
matched controls with other liver diseases (chronic hepatitis 
B and C) attending the same unit during the same period of 
time [41]. The linkage to appendectomy was theoretically at-
tractive, since a PBC-specific immune response to the highly 
conserved caseinolytic protease P of Yersinia enterocolitica 
in 40% of patients with PBC was reported [42]. Of note, in-
fection with Y. enterocolitica is one of the major causes of 
acute terminal ileitis mimicking acute appendicitis [43].

The association between appendectomy and inflamma-
tory bowel disease (IBD) has been studied at many sites. 
Many studies have found that appendectomy is uncommon 
in patients with ulcerative colitis (UC) [44-47]. A case-con-
trol study by Naganuma et al found that 6.5% of UC patients 
had undergone appendectomy, compared to 16.3% of con-
trol patients, suggesting that appendectomy may inhibit the 
pathogenesis of UC. In addition, fewer appendectomized UC 
patients suffer recurrence compared to their non-appendec-
tomized counterparts [44]. Such findings suggest that altera-
tions in mucosal immune responses leading to appendicitis 
or resulting from appendectomy may negatively affect the 
pathogenetic mechanisms underlying UC.

In conclusion, we found that appendectomy was com-
mon in NAFLD patients with advanced fibrosis, suggesting 
history of appendectomy as a risk factor for progression of 
fibrosis in NAFLD. This research appears to be the first to 
suggest an association between NAFLD and the appendix. 
Despite the demonstrated role of appendectomy-induced re-
ductions in sIgA levels, which control intestinal immunity, 
whether increased endotoxin concentrations in the portal cir-
culation of appendectomized NAFLD patients actually cause 
fibrosis progression remains unclear. This topic warrants 
further research. Given the small sample size of our study, 
the potential association between appendectomy and fibrosis 
progression in NAFLD needs to be revisited in a prospective 
study on a larger scale.

Conflict of Interest

The authors who have taken part in this study declared that 
they do not have anything to disclose regarding funding or 
conflict of interest with respect to this manuscript.

    23                                     24



Gastroenterology Research  •  2013;6(1):17-25Nakano et al

Articles © The authors   |   Journal compilation © Gastroenterol Res and Elmer Press™   |   www.gastrores.org

References

1. Angulo P. Nonalcoholic fatty liver disease. N Engl J 
Med. 2002;346(16):1221-1231.

2. Chitturi S, Farrell GC, Hashimoto E, Saibara T, Lau GK, 
Sollano JD. Non-alcoholic fatty liver disease in the Asia-
Pacific region: definitions and overview of proposed 
guidelines. J Gastroenterol Hepatol. 2007;22(6):778-
787.

3. Sanyal AJ. AGA technical review on nonalcoholic fatty 
liver disease. Gastroenterology. 2002;123(5):1705-
1725.

4. Schaffner F, Thaler H. Nonalcoholic fatty liver disease. 
Prog Liver Dis. 1986;8:283-298.

5. Clark JM. The epidemiology of nonalcoholic fatty liver 
disease in adults. J Clin Gastroenterol. 2006;40(Suppl 
1):S5-10.

6. Bacon BR, Farahvash MJ, Janney CG, Neuschwander-
Tetri BA. Nonalcoholic steatohepatitis: an expanded 
clinical entity. Gastroenterology. 1994;107(4):1103-
1109.

7. Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello 
F, Carucci P, Musso A, et al. Expanding the natural his-
tory of nonalcoholic steatohepatitis: from cryptogenic 
cirrhosis to hepatocellular carcinoma. Gastroenterology. 
2002;123(1):134-140.

8. Adams LA, Lymp JF, St Sauver J, Sanderson SO, Lindor 
KD, Feldstein A, Angulo P. The natural history of non-
alcoholic fatty liver disease: a population-based cohort 
study. Gastroenterology. 2005;129(1):113-121.

9. Hashimoto E, Yatsuji S, Tobari M, Taniai M, Torii N, 
Tokushige K, Shiratori K. Hepatocellular carcinoma in 
patients with nonalcoholic steatohepatitis. J Gastroen-
terol. 2009;44(Suppl 19):89-95.

10. Day CP, James OF. Steatohepatitis: a tale of two “hits”? 
Gastroenterology. 1998;114(4):842-845.

11. Bhagwandeen BS, Apte M, Manwarring L, Dickeson J. 
Endotoxin induced hepatic necrosis in rats on an alcohol 
diet. J Pathol. 1987;152(1):47-53.

12. Nanji AA, Khettry U, Sadrzadeh SM, Yamanaka T. Se-
verity of liver injury in experimental alcoholic liver dis-
ease. Correlation with plasma endotoxin, prostaglandin 
E2, leukotriene B4, and thromboxane B2. Am J Pathol. 
1993;142(2):367-373.

13. Yang SQ, Lin HZ, Lane MD, Clemens M, Diehl AM. 
Obesity increases sensitivity to endotoxin liver injury: 
implications for the pathogenesis of steatohepatitis. Proc 
Natl Acad Sci U S A. 1997;94(6):2557-2562.

14. Brun P, Castagliuolo I, Di Leo V, Buda A, Pinzani M, 
Palu G, Martines D. Increased intestinal permeability in 
obese mice: new evidence in the pathogenesis of nonal-
coholic steatohepatitis. Am J Physiol Gastrointest Liver 
Physiol. 2007;292(2):G518-525.

15. Gabele E, Dostert K, Hofmann C, Wiest R, Scholmerich 

J, Hellerbrand C, Obermeier F. DSS induced colitis in-
creases portal LPS levels and enhances hepatic inflam-
mation and fibrogenesis in experimental NASH. J Hepa-
tol. 2011;55(6):1391-1399.

16. Woodcock NP, Robertson J, Morgan DR, Gregg KL, 
Mitchell CJ, MacFie J. Bacterial translocation and im-
munohistochemical measurement of gut immune func-
tion. J Clin Pathol. 2001;54(8):619-623.

17. Shanab AA, Scully P, Crosbie O, Buckley M, O’Mahony 
L, Shanahan F, Gazareen S, et al. Small intestinal bacte-
rial overgrowth in nonalcoholic steatohepatitis: associa-
tion with toll-like receptor 4 expression and plasma lev-
els of interleukin 8. Dig Dis Sci. 2011;56(5):1524-1534.

18. Ruiz AG, Casafont F, Crespo J, Cayon A, Mayorga M, 
Estebanez A, Fernadez-Escalante JC, et al. Lipopolysac-
charide-binding protein plasma levels and liver TNF-
alpha gene expression in obese patients: evidence for the 
potential role of endotoxin in the pathogenesis of non-
alcoholic steatohepatitis. Obes Surg. 2007;17(10):1374-
1380.

19. Sakaguchi S, Takahashi S, Sasaki T, Kumagai T, Nagata 
K. Progression of alcoholic and non-alcoholic steato-
hepatitis: common metabolic aspects of innate immune 
system and oxidative stress. Drug Metab Pharmacoki-
net. 2011;26(1):30-46.

20. Koutroubakis IE, Vlachonikolis IG, Kouroumalis EA. 
Role of appendicitis and appendectomy in the patho-
genesis of ulcerative colitis: a critical review. Inflamm 
Bowel Dis. 2002;8(4):277-286.

21. Fan JG, Chitturi S. Hepatitis B and fatty liver: causal or 
coincidental? J Gastroenterol Hepatol. 2008;23(5):679-
681.

22. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos 
MJ, Cummings OW, Ferrell LD, et al. Design and vali-
dation of a histological scoring system for nonalcoholic 
fatty liver disease. Hepatology. 2005;41(6):1313-1321.

23. Addiss DG, Shaffer N, Fowler BS, Tauxe RV. The epide-
miology of appendicitis and appendectomy in the United 
States. Am J Epidemiol. 1990;132(5):910-925.

24. I.Roitt, J. Brostoff, D. Male. Immunology, 5th ed. Har-
court Ediciones, 2000.

25. Brandtzaeg P, Halstensen TS, Kett K, Krajci P, Kvale 
D, Rognum TO, Scott H, et al. Immunobiology and im-
munopathology of human gut mucosa: humoral immu-
nity and intraepithelial lymphocytes. Gastroenterology. 
1989;97(6):1562-1584.

26. Forchielli ML, Walker WA. The role of gut-associat-
ed lymphoid tissues and mucosal defence. Br J Nutr. 
2005;93(Suppl 1):S41-48.

27. Macpherson AJ, McCoy KD, Johansen FE, Brandtzaeg 
P. The immune geography of IgA induction and func-
tion. Mucosal Immunol. 2008;1(1):11-22.

28. Suzuki K, Kawamoto S, Maruya M, Fagarasan S. GALT: 
organization and dynamics leading to IgA synthesis. 

    23                                     24



Gastroenterology Research  •  2013;6(1):17-25Association Between Appendectomy and NAFLD

Articles © The authors   |   Journal compilation © Gastroenterol Res and Elmer Press™   |   www.gastrores.org

Adv Immunol. 2010;107:153-185.
29. van der Waaij LA, Limburg PC, Mesander G, van der 

Waaij D. In vivo IgA coating of anaerobic bacteria in 
human faeces. Gut. 1996;38(3):348-354.

30. Romics L, Jr., Kodys K, Dolganiuc A, Graham L, Vela-
yudham A, Mandrekar P, Szabo G. Diverse regulation 
of NF-kappaB and peroxisome proliferator-activated re-
ceptors in murine nonalcoholic fatty liver. Hepatology. 
2004;40(2):376-385.

31. Wigg AJ, Roberts-Thomson IC, Dymock RB, McCar-
thy PJ, Grose RH, Cummins AG. The role of small 
intestinal bacterial overgrowth, intestinal permeabil-
ity, endotoxaemia, and tumour necrosis factor alpha in 
the pathogenesis of non-alcoholic steatohepatitis. Gut. 
2001;48(2):206-211.

32. Farhadi A, Gundlapalli S, Shaikh M, Frantzides C, 
Harrell L, Kwasny MM, Keshavarzian A. Susceptibil-
ity to gut leakiness: a possible mechanism for endo-
toxaemia in non-alcoholic steatohepatitis. Liver Int. 
2008;28(7):1026-1033.

33. Li Z, Yang S, Lin H, Huang J, Watkins PA, Moser AB, 
Desimone C, et al. Probiotics and antibodies to TNF in-
hibit inflammatory activity and improve nonalcoholic 
fatty liver disease. Hepatology. 2003;37(2):343-350.

34. Haines NW, Baker AL, Boyer JL, Glagov S, Schneir 
H, Jaspan J, Ferguson DJ. Prognostic indicators of he-
patic injury following jejunoileal bypass performed for 
refractory obesity: a prospective study. Hepatology. 
1981;1(2):161-167.

35. Deitch EA. Bacterial translocation: the influence of di-
etary variables. Gut. 1994;35(1 Suppl):S23-27.

36. Adachi Y, Moore LE, Bradford BU, Gao W, Thurman 
RG. Antibiotics prevent liver injury in rats follow-
ing long-term exposure to ethanol. Gastroenterology. 
1995;108(1):218-224.

37. Bergheim I, Weber S, Vos M, Kramer S, Volynets V, Ka-
serouni S, McClain CJ, et al. Antibiotics protect against 
fructose-induced hepatic lipid accumulation in mice: 
role of endotoxin. J Hepatol. 2008;48(6):983-992.

38. Cope K, Risby T, Diehl AM. Increased gastrointes-
tinal ethanol production in obese mice: implications 

for fatty liver disease pathogenesis. Gastroenterology. 
2000;119(5):1340-1347.

39. Andreu-Ballester JC, Perez-Griera J, Ballester F, Co-
lomer-Rubio E, Ortiz-Tarin I, Penarroja Otero C. Secre-
tory immunoglobulin A (sIgA) deficiency in serum of 
patients with GALTectomy (appendectomy and tonsil-
lectomy). Clin Immunol. 2007;123(3):289-297. 

40. Parikh-Patel A, Gold EB, Worman H, Krivy KE, Ger-
shwin ME. Risk factors for primary biliary cirrhosis in 
a cohort of patients from the united states. Hepatology. 
2001;33(1):16-21.

41. Rigopoulou EI, Georgiadou SP, Barbanis S, Dalekos GN. 
Lack of association between appendectomy and primary 
biliary cirrhosis. Scand J Gastroenterol. 2006;41(5):573-
576.

42. Bogdanos DP, Baum H, Sharma UC, Grasso A, Ma Y, 
Burroughs AK, Vergani D. Antibodies against homolo-
gous microbial caseinolytic proteases P characterise pri-
mary biliary cirrhosis. J Hepatol. 2002;36(1):14-21.

43. Bennion RS, Thompson JE, Jr., Gil J, Schmit PJ. The 
role of Yersinia enterocolitica in appendicitis in the 
southwestern United States. Am Surg. 1991;57(12):766-
768.

44. Naganuma M, Iizuka B, Torii A, Ogihara T, Kawamura 
Y, Ichinose M, Kojima Y, et al. Appendectomy protects 
against the development of ulcerative colitis and reduces 
its recurrence: results of a multicenter case-controlled 
study in Japan. Am J Gastroenterol. 2001;96(4):1123-
1126.

45. Dijkstra B, Bagshaw PF, Frizelle FA. Protective effect 
of appendectomy on the development of ulcerative coli-
tis: matched, case-control study. Dis Colon Rectum. 
1999;42(3):334-336.

46. Lopez-Ramos D, Gabriel R, Cantero-Perona J, 
Moreno-Otero R, Jones EA, Mate-Jimenez J. Preva-
lence of appendectomy among ulcerative colitis pa-
tients and their relatives. Eur J Gastroenterol Hepatol. 
2001;13(10):1231-1233.

47. Andersson RE, Olaison G, Tysk C, Ekbom A. Appen-
dectomy and protection against ulcerative colitis. N 
Engl J Med. 2001;344(11):808-814.

    25        


