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Abstract: Background: hepatic steatosis including nonalcoholic fatty liver disease (NAFLD) has several same patho-
genesis with inflammatory bowel disease (IBD) and the parenteral complication about NAFLD was reported rare. 
The aim of this study was to study the NAFLD incidence of IBD patients and influence factors. Methods: we reviewed 
137 patients with Crohn’s disease (CD) and 69 patients with ulcerative colitis (UC). And 412 healthy controls with 
2:1 ratio by gender, age, body mass index (BMI) were matched randomly to compare of nonalcoholic fatty liver 
disease (NAFLD) detective rate and analyzing other risk factors. Results: the detective rate of NAFLD in CD was 
higher (10.95% vs. 4.01%, P=0.006), while there was no difference in UC (10.14% vs. 9.42%, P=0.868). CD patients 
with female, BMI normal or underweight had higher NAFLD incidence, while no difference was found in UC. With 
the increase of CRP, NAFLD detective rate of CD patients had a rising trend. In addition, BMI (P=0.034), gender 
(P=0.047), triglyceride (P=0.026), LDL (P=0.01) were high risk factors of NAFLD in CD. And GGT (P=0.05), triglyc-
eride (P=0.032), VLDL (P=0.043) were high risk factors in UC. Conclusions: the incidence of NAFLD was high in CD 
but not in UC. By multi-factor variable analysis, we found that pathogenesis of NAFLD was closely related to BMI and 
CRP. This phenomenon may explain that malnutrition, intestinal endotoxemia are likely to be the leading cause of 
NAFLD in CD.
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Introduction

Inflammatory bowel disease (IBD) including 
Crohn’s disease (CD) and ulcerative colitis (UC), 
refers to a group of chronic gastrointestinal dis-
orders characterized by dysregulated intestinal 
inflammation [1]. IBD is a common disease in 
North America and Europe. Recent decades, 
there is an upward trend of morbidity in eastern 
Europe, Asia, including China and other devel-
oping countries and regions [2-4]. IBD can 
cause a series of gastrointestinal symptoms 
including abdominal pain, diarrhea, hemato-
chezia and so on. At the same time, parenteral 
complication of IBD can influence the whole 
system of body and the incidence can reach 
21%-47% [5, 6].

As potential parenteral complication, hepatic 
steatosis including non-alcoholic fatty liver dis-
ease (NAFLD) was rarely reported. Incidence of 

NAFLD is as much as 30% in developed coun-
tries while it shows a fast increasing tendency 
in China [7]. The pathogenesis of NAFLD is 
unclear. Two-hit hypothesis is the most com-
mon pathogenesis [8]. Insulin resistance, mito-
chondria oxidative stress, endoplasmic reticu-
lum stress and immune response are all 
important factors for the development of 
NAFLD. Kupffer cells (KCs), Natural killer T cells 
(NKTs), Natural killer cells (NKs), IL-17A also 
plays an important role in the development of 
NAFLD [9, 10].

In the development of IBD, immunoregulation is 
also a key factor. Pro-inflammatory cytokine 
released by Th1 cell-mediated immune res- 
ponse is an important mechanism in IBD espe-
cially in Crohn’s disease (CD) [11]. It seems that 
development of IBD has some common mecha-
nisms with NAFLD. However, malnutrition is 
common in IBD, while pathogenic factors such 
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as metabolic syndrome, obesity and other risk 
factors of NAFLD are extremely rare in IBD. In 
severe IBD patients, lose weight can reach 
65-76% in CD and 18-62% in UC [12]. In active 
IBD patients, malnutrition ratio can reach 25.0-
69.7% and severe malnutrition ratio can reach 
1.3-31.6% [13].

Our retrospective study aimed to explore the 
incidence of hepatic steatosis in IBD patients 
compared to healthy controls group in order to 
provide more evidence about IBD and hepatic 
steatosis.

Materials and methods 

Patients and diagnostic criteria

Medical records of patients undergoing evalua-
tion and treatment for CD and UC at our tertiary 
care center between Jan. 1, 2012 and May. 1, 
2016 were reviewed. This study was approved 
by our Institutional Review Board. We included 
137 CD patients and 69 UC patients. The diag-
noses of UC and CD were made based on a 
combined assessment of endoscopy, symp-
tomatology, abdominal imaging, and histology. 
The pattern and distribution of UC and CD were 
obtained from endoscopic, radiological and his-
tological findings [14]. At the same time, we 
selected 274 healthy cases and 138 healthy 
cases which were 2:1 radio matched by gender, 
age, Body Mass Index (BMI) from international 
medical center. Due to some results of BMI in 
IBD were so low, we selected the lowest BMI in 
the group of the same age and sex and then 
random matched with each other.

In our study, informed consent was signed from 
all subjects and their privacy was respected. 
Experimental protocol was approved by the 
Ethics Committee of the First Affiliated Hospital, 
College of Medicine, Zhejiang University and 
the Reference Number was 2016-458. In addi-
tion, all methods were performed in accor-

tis, viral hepatitis, autoimmune liver disease, 
cirrhosis, liver cancer; 4) tuberculosis, cancer, 
cardiovascular and cerebrovascular diseases 
or other chronic diseases.

Data extraction

We extracted data of hepatic imaging, age,  
gender, BMI, albumin, globulin, gamma-glutam-
yltransferase (GGT), triglyceride (TG), choles-
terol, high-density lipoprotein (HDL), low density 
lipoprotein (LDL), very low density lipoprotein 
(VLDL), acidum uricum, c-reactive protein 
(CRP), cholinesterase, alkaline phosphatase 
(AKP). CRP was chosen to reflect the activity of 
disease [15]. All data were obtained when first 
diagnosed. 

Statistical analysis 

Univariate analysis was performed using 
Student’s t test for the continuous variables. 
Student’s t test was used to compare measure-
ment data between IBD with NAFLD patients 
and IBD patients. And chi-square test was used 
to compare categorical variables such as detec-
tive rate of NAFLD. Then we conducted sub-
group analysis according to gender, age, BMI 
respectively to compare the difference of 
NAFLD detective rate. Multivariate analysis was 
performed using logistic regression and coeffi-
cients of variables for multivariate model were 
estimated. The statistical significance was 
defined as P≤0.05. We used SPSS 21.0 (IBM, 
Chicago, IL, USA) to perform the statistical anal-
ysis. Another associated data was calculated 
and plotted using GraphPad Prism 5 (Graph 
Pad, San Diego, CA, USA).

Results

The difference of NAFLD detective rate be-
tween IBD patients and healthy controls

The basic characteristics of age, gender, BMI 
were listed in Table 1. The detective rate of 

Table 1. The basic characteristics of IBD patients and healthy controls

Group N Gender  
(male/female) Age BMI (kg/m2) Detective rate  

of NAFLD
CD 137 90/47 36.2±12.62 19.26±2.99 10.95% (15/137)
CD control 274 180/94 36.2±12.6 19.69±2.79 4.01% (11/274)
UC 69 43/26 48.94±15.26 20.42±3.54 10.14% (7/69)
UC control 138 86/52 48.94±15.21 20.78±3.2 9.42% (13/138)

dance with the relevant 
guidelines and regula- 
tions.

We excluded patients 
with: 1) age ≤18 years 
old; 2) history of alcohol 
intake and smoking-al- 
cohol abuse; 3) alcohol-
ic hepatitis, drug hepati-
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NAFLD in CD patients was 10.95% (15/137), 
and 4.01% (11/274) in healthy controls. There 
were statistically significant differences bet- 
ween them (P=0.006). In addition, the detec-
tive rate of NAFLD in UC patients was 10.14% 
(7/69), while 9.42% (13/138) in healthy con-
trols. There were no statistical differences 
(P=0.868). 

Then, we conducted a subgroup analysis ac- 
cording to gender. In CD patients, the detective 
rate of NAFLD was 6.67% (6/90) in male and 
19.15% (9/47) in female. While in healthy con-
trols it was 6.11% (11/180) in male and 0 
(0/94) in female. There was statistical differ-
ence between females (P<0.001), while there 
was no statistical difference between males 
(P=0.859). In UC patients, there was no statisti-
cal difference between males or females 
(P=0.854, 13.95% vs. 12.75%; P=0.21, 3.85% 
vs. 3.85%).

In addition, according to quartile of age, we 
conducted a subgroup analysis. We found 
detective rate of NAFLD was higher in every 
group in CD patients, but only group 44-79 
years old had statistical difference (13.16% vs. 
2.63%, P=0.027). In UC patients, there were no 
statistical differences between groups. More- 
over, we found that in the peak age of CD, the 
detective rate of NAFLD in CD patients was 
higher than healthy controls.

According to BMI, we defined underweight 
group (BMI<18.5 kg/m2), normal group (18.5≤ 

BMI<23 kg/m2), overweight group (23≤BMI<25 
kg/m2), obesity group (25≤BMI kg/m2). In un- 
derweight and normal group, detective rate of 
NAFLD was Significantly higher than controls 
(P=0.002, P=0.004) (Figure 1A). In obesity 
group, healthy controls had a higher rate of 
NAFLD. In UC patients, we found no statistical 
differences between groups (Figure 1B). 

In Jørgensen’s article, they defined CRP<8 
mg/L was in remission, 8≤CRP<16 mg/L was in 
activity, CRP≥16 mg/L was in severe activity 
[16]. We found that with the increase of CRP, 
detection rate of NAFLD in CD group had a ris-
ing trend (5.56%, 11.11%, 13.16%), but there 
were no statistical differences (P=0.479) 
(Figure 2A). This result suggested that develop-
ment of NAFLD in CD patients is closely related 
to the degree of inflammatory activity. Moreover, 
in patients with severe activity, the detective 
rate of NAFLD was higher in underweight and 
normal group (14.28%, 13.33%). In patients 
with remission, the detective rate of NAFLD was 
higher in obesity group (33.33%) (Figure 2B). 
These results showed that in the different peri-
ods of CD, the cause of NAFLD development 
may be different. In remission, malnutrition or 
intestinal endotoxin disorders may be the main 
pathogenesis; in activity, inflammation and 
immune active controls are the dominant 
factors.

In addition, we found that there were no statisti-
cal differences between colon CD and intesti-
nal CD (12.5 vs. 10.48%, P>0.05).

Figure 1. A: Comparison of detective rate of NAFLD under different BMI between CD patients and healthy controls; 
B: Comparison of detective rate of NAFLD under different BMI between UC patients and healthy controls.
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Differences between NAFLD in IBD patients 
and in healthy controls

Some indexes including BMI (P=0.003), gender 
(P=0.001), albumin (P<0.001), GGT (P=0.039), 
Uric Acid (P<0.001), TG (P=0.026), cholesterol 
(P<0.001), LDL (P<0.001), VLDL (P<0.001) all 
had significantly statistical differences between 
NAFLD in CD patients and NAFLD in healthy 
controls. While NAFLD in UC patients, only albu-
min (P=0.001) had statistical difference. These 
results suggested that development of NAFLD 
had more influence factors in CD.

Multivariate influences factors of NAFLD in IBD 
patients

By stepwise logistic regression, we found BMI 
(P=0.034, OR=3.70), gender (P=0.047, OR= 
1.272), TG (P=0.026, OR=4.20), LDL (P=0.01, 

OR=0.197) had significantly statistical differ-
ences between CD patients and NAFLD with CD 
patients (Table 2). While GGT (P=0.05, OR= 
0.985), TG (P=0.032, OR<0.001), VLDL (P= 
0.043, OR>10) had significantly statistical dif-
ferences between UC patients and NAFLD with 
UC patients (Table 3).

Discussion

Previous IBD parenteral complication mainly 
focused on the joints, skin, mouth, eye which 
may be more easily to be involved. Parenteral 
complications were often associated with dis-
ease activity, while complication about liver 
was rarely reported. In 1873, Thomas et al 
reported the relationship between colonic 
ulcers and fatty liver for the first time. Bargiggia 
et al found that detective rate of NAFLD was 
39.5% in CD and 35.5% in UC, which was higher 
than healthy controls (P<0.001) [17]. In our 
paper, we found that incidence of NAFLD in CD 
is higher than controls, while no statistical dif-
ference was found in UC. In CD group, female, 
44-79 age group, underweight group and nor-
mal group had a higher rate than healthy con-
trols, while no statistical difference was found 
in UC. In addition, NAFLD combined CD patients 
had lower BMI, albumin, globulin, GGT, TG, cho-
lesterol, HDL, LDL than NAFLD patients. NAFLD 
combined UC patients only had lower albumin. 
By multivariable analyses, development of 
NAFLD in CD was related to BMI, TG, LDL, gen-
der, while development of NAFLD in UC was 
related to GGT, TG, VLDL. Due to the lack of 

Table 2. Risk factors of NAFLD in CD patients
Variable β S.E. Wald χ2 P OR 
Gender 1.31 0.658 3.961 0.047 3.706
BMI 0.24 0.113 4.5 0.034 1.272
TG 1.435 0.644 4.965 0.026 4.201
LDL -1.626 0.63 6.662 0.01 0.197

Table 3. Risk factors of NAFLD in UC patients
Variable β S.E. Wald χ2 P OR 
GGT -0.015 0.008 3.857 0.05 0.985
TG -10.757 5.022 4.587 0.032 <0.001
VLDL 17.672 8.731 4.097 0.043 >10

Figure 2. A: Comparison of detective rate of NAFLD under different CRP between CD patients and UC patients; B: 
Variation of detective rate of NAFLD under different BMI with the variation of CRP.
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large sample epidemiological evidence, our 
data can’t be compared. The development of 
NAFLD caused by IBD is still unclear.

Malnutrition is likely to be a potential factor. 
Weight loss is one of important clinical charac-
teristics of CD. Serious malnutrition was likely 
to be key role in the development of NAFLD in 
underweight BMI group and normal BMI group 
in CD. Mikolasevic et al reported that elderly 
hemodialysis patients occurred NAFLD is due 
to its malnutrition, low protein [18]. Sanada et 
al also reported a case about nonalcoholic 
fatty hepatitis caused by malnutrition after liver 
transplantation [19]. The potential mechanism 
is likely that decreased insulin sensitivity of 
peripheral tissue led to insulin resistance and 
peripheral fat decomposition. Hepatocyte lipid 
metabolic abnormalities and elevated inflam-
matory mediators such CRP, TNF led to activa-
tion of Kupffer cells (KCs), hepatic stellate cell 
(HSC). Finally, oxidative stress and aggravation 
of lipid metabolic abnormalities resulted in the 
development of NAFLD [20, 21]. 

In addition, the pathogenesis of IBD is closely 
related to immunoreaction. The activity of 
immunoreaction can be partly reflected by CRP. 
We found detective rate of NAFLD has a ten-
dency to rise with increasing of CRP in CD 
patients. Th1/Th2 cell-mediated immune re- 
sponse plays an important role in the develop-
ment of IBD, while it is also a key factor in 
development of NAFLD. Relative excess or defi-
ciency of Th1 cytokines can affect the process 
of fatty liver [22]. Th1/Th2 cells mediated NKT 
cells and then release perforin and granzyme 
which can injure hepatic cells directly [23]. Th1 
cytokines can also mediate TNF-α and IL-6, and 
their immune disorders is important factors to 
development of IBD [24]. In NAFLD, TNF-α can 
active KCs, which can release TNF-α, IL-12, IL-6 
and reactive oxygen species (ROS) resulting  
in insulin resistance and lipid peroxidation  
[10]. Some papers had reported that TNF-α 
inhibitor- oxpentifylline can improve the progno-
sis of NAFLD [25-27]. In addition, infliximab  
has prominently curative effect in IBD, and it 
also has good curative effect in NAFLD [28]. So 
to speak, IBD patients have some abnormal 
immune adjustment, which also acts on liver 
immune cells lead to high detective rate of 
NAFLD in IBD patients.

Intestinal endotoxemia is also a potential 
mechanism. IBD patients often have intestinal 
microecological disorders. Gut bacteria and 
their products can promote swollen intestinal 
mucous and increased membrane permea- 
bility. Bacterial endotoxin (lipopolysaccharide) 
combine with lipopolysaccharide binding pro-
tein (LBP) into circulation. The complex trans-
ports to KCs surface membrane receptor CD14 
and then combine to toll-like receptor 4 (TLR4). 
Next, activated KCs active transcription, ex- 
pression, release of TNF-α, IL-6, ROS, TGF-β1 
resulting in insulin resistance, lipid peroxida-
tion and activation of HSC. Finally, it promotes 
the development of NAFLD even hepatic fibro-
sis [29].

Our study found that the incidence of NAFLD 
was higher in female CD patients while men 
was relatively little. Whether estrogen receptor 
in female is affected by the IBD related factors 
which play a role in NAFLD development. In IBD 
animal model, RNA expression level of estrogen 
receptor β (ERβ) had low expression along with 
increased intestinal permeability [30]. In IBD 
patients, low estrogen level is closely related to 
the severity of the disease [31, 32]. It may be 
related to the retroegulation between IL-6 and 
estrogen. We know the incidence of NAFLD of 
female is lower than male [33]. We thought that 
ERβ up-regulated the miR-125b, then down- 
regulated PPAR-γ, DGAT1/2, CD36, FAS. Finally, 
it prevented hepatocyte fatty-changed [34]. 
Therefore, elevated IL-6 in IBD patients may 
down- regulate ERβ and then influence the liver 
leading to the activation of pathway promoting 
the occurrence and development of NAFLD.

Our research still had many deficiencies. Firstly, 
ultrasound is widely used in physical examina-
tion instead of abdominal CT, MRI, liver biopsy. 
It was used as diagnostic criteria for the diag-
nose of NAFLD, which may exist missed diagno-
sis of NAFLD [35]. Ultrasonic diagnosis is overly 
dependent on instrument and doctor. Multiple 
examine may reduce the bias, while a practical 
perspective cannot reach such examine. 
Second, the difference of life-style, dietary, 
region of included people may affect the results 
of NAFLD detection. Our study is a single center 
study with small sample size, and multi-center 
large sample research is needed to support our 
results. 
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In conclusion, through our retrospective analy-
sis, we found that the detective rate of NAFLD 
was significantly higher in CD patients than that 
of normal people, while there was no significant 
difference between UC patients and health 
controls. Furthermore, gender, age, BMI influ-
ence the development of NAFLD. In addition, 
with elevated of CRP, the detective rate of 
NAFLD had a rising trend in CD patients. By 
multi-factor variable analysis, we found that in 
CD patients, the detective rate of NAFLD is 
closely related to BMI, which indicated that mal-
nutrition, intestinal endotoxemia could be the 
main cause of the development of NAFLD. In 
the later study, we need for basic research and 
more large sample prospective studies to pro-
vide more evidence of the relationship of IBD 
and liver fat.
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