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INTRODUCTION

Inflammatory bowel disease 
(IBD) is a chronic inflammatory 
gastrointestinal tract disease. 
C hronic  in f l ammat ion  i s 
associated with ulcerations and 
with malignancy development in 
untreated cases [1]. The optimal 
target in IBD is early diagnosis 
and close monitoring of the 
disease extent and severity for 
improved patient outcomes [2].

ORIGINAL PAPER DOI: http://dx.doi.org/10.15403/jgld-3504

ABSTRACT

Background & Aims: Inflammatory bowel diseases (IBD) have been reported to be caused by a complex 
interplay of immunological, infectious, and genetic factors. Previous studies have suggested that adipokines 
play a role in IBD by inducing proinflammatory cytokines. We aimed to evaluate the role of visfatin in the 
diagnosis algorithm of active IBD.
Methods: 85 newly diagnosed IBD patients [56 diagnosed with ulcerative colitis (UC) and 29 with Crohn‘s 
disease (CD)] and 30 healthy controls were included. IBD phenotypes were described accordingly to Montreal 
classification. Hemoglobin, total leucocytic count (TLC), erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), albumin, fecal calprotectin and serum visfatin were measured.
Results: The serum visfatin level was found to be significantly higher in patients with IBD than those in the control 
group (p<0.001). It was significantly positively correlated with CRP, ESR, and FC in both IBD groups. Receiver 
operating characteristic curve analysis of visfatin in diagnosis of UC revealed an area under curve of 0.911. At 
cutoff ≥1.4 ng/ml, the sensitivity was 92.9% and the specificity was 86.7%.. In CD group, at the same cutoff, AUC 
was 0.974, sensitivity was 96.6% and specificity was 86.7%. There was a statistically significant elevation of serum 
visfatin in extensive UC (E3) as compared to the other groups. A cutoff ≥3.25 ng/ml revealed 88.9% sensitivity, 
and 100% specificity in detection of E3 UC. Serum visfatin was significantly increased in CD stricturing phenotype 
(B2) as compared to non-stricturing non-penetrating CD (B1). A cutoff ≥3.5 ng/ml revealed 83.3% sensitivity, and 
100% specificity in detection of B2. 
Conclusions: The serum visfatin level were significantly higher in patients with IBD than in controls. Serum 
visfatin might be a novel noninvasive marker to detect activity in IBD patients and can be used as predictor 
of disease extension in patients with UC.
 
Key words: calprotectin – Crohn’s disease – inflammatory bowel disease – ulcerative colitis – visfatin.

Abbreviations: AUC: area under curve; BMI: body mass index; B1: non-stricturing non-penetrating Crohn’s 
disease; B2: stricturing Crohn’s disease; CD: Crohn‘s disease; CRP: C-reactive protein; E1: proctitis; E2: left-sided 
colitis; E3: extensive ulcerative colitis (beyond the splenic flexure); ESR: erythrocyte sedimentation rate; FC: 
fecal calprotectin; IBD: inflammatory bowel disease; IL: interleukin; ROC: receiver operating characteristic; 
TLC: total leucocytic count; TNF-α: tumor necrosis factor alpha; UC: ulcerative colitis. 

Endoscopy is the standard of care in diagnosis and 
monitoring patients with IBD [3, 4]. However, this procedure 
is time-consuming, expensive, and invasive and requires 
bowel cleansing. Furthermore, it is uncomfortable and 
inconvenient for many patients. Nonspecific biomarkers, such 
as erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), and fecal calprotectin (FC), have been widely used as 
noninvasive parameters to diagnose IBD with lack of specificity 
or sensitivity for disease extension [5]. Thus, searching for a 
non-invasive marker that can diagnose IBD and predict disease 
extension is a valuable target.

Individuals with IBD exhibit inflammation of the 
mesenteric adipose tissue lying in direct proximity to the 
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inflamed bowel as well as alterations in local or serum 
adipokine concentrations [6]. Visfatin, an adipokine that 
increases the epithelial expression of tumor necrosis factor 
alpha (TNF-α), interleukin (IL)-l, IL-6, and adhesion molecules 
would be noninvasive, easily measured, and an inexpensive 
marker to diagnose and monitor disease activity and severity 
[7, 8].

We aimed to determine the serum concentrations of 
visfatin in newly diagnosed IBD patients, to evaluate its role 
in the diagnosis of IBD and correlate it with disease activity 
and colonoscopic findings.

METHODS

A prospective case–control study was conducted in 
Egyptian patients who visited Kafrelsheikh University Hospital, 
Egypt and were diagnosed with IBD in the period between 
November 2019 and May 2020. A total of 115 participants were 
enrolled in the study; they were classified into 3 groups: 56 
patients with UC, 29 patients with CD and 30 age, gender and 
body mass index (BMI) matched apparently healthy volunteer 
who did not have any gastrointestinal tracts symptoms, 
systemic disease or family history. Patients with IBD were 
diagnosed by clinical findings and lower gastrointestinal 
endoscopy with histopathological confirmation. We used 
the Montreal classification for IBD patients [9]. They were 
selected from 100 patients who attend the Outpatient Clinic of 
Gastrointestinal and Hepatology Department in Kafrelsheikh 
University Hospital, Egypt, complaining of gastrointestinal 
symptoms suggestive of IBD such as persistent diarrhea, 
abdominal pain or rectal bleeding. Ten of them were excluded 
(8 patients were with infectious colitis and 2 with microscopic 
colitis); the remaining 90 patients were proven by endoscopy 
and histopathological examination to have IBD, but we failed 
to get consent from 5 of them. 

Exclusion criteria included patients previously diagnosed 
with IBD and already had started treatment or who had refused 
follow-up and evaluation. Overweight and obese participants, 
patients with diabetes mellitus, metabolic syndrome, pregnant 
women were also excluded from the study.

This study was performed in accordance with the 
Declaration of Helsinki, Good Clinical Practice, and applicable 
regulatory requirements. A written informed consent was 
obtained from all patients after explanation of the research idea.

All patients were subjected to detailed medical history and 
complete clinical examination. Patients underwent abdominal 
ultrasound and ileocolonoscopic examination with biopsies 
from suspected lesions in the colon and terminal ileum for 
histopathological confirmation.

A venous blood sample was aseptically withdrawn from 
each subject by venipuncture, the samples were divided into 
K3EDTA and sodium citrate tubes for hemoglobin and ESR 
respectively. The remaining sample was delivered into two 
sterile plain vacutainer tubes, one for CRP and albumin and 
the other for visfatin, left to clot at 37°C for 10 minutes, then 
centrifuged for 10 minutes; serum samples were stored at -80°C 
until visfatin measurement. Stool samples were collected for 
measuring FC, extracted by using the BIOHIT extraction tubes 
and extraction buffer before measurement by enzyme-linked 

immunosorbent assay (ELISA) using a BIOHIT Calprotectin 
ELISA kit- Cat. No. 602 260 (Helsinki, Finland).

Serum visfatin level was measured by ELISA using a 
Human Visfatin ELISA kit from My BioSource- Cat. No. 
MBS723926 (San Diego, USA). Laboratory personnel were 
blinded from the current clinical and endoscopic disease 
activity of patients. 

Endoscopy was performed under conscious sedation, 
in spontaneous breathing with oxygen mask support. 
Colonoscopy was conducted by a single endoscopist at the 
same endoscopy unit using Pentax EG3890 colonoscope with 
complete examination performed up to the cecum with ileal 
intubation and biopsy from the ileum, also, complementary 
upper endoscopy using a Pentax EG29-i10 endoscope was 
performed for patients with CD to determine the Montreal 
classification [9]. The endoscopist was blinded from the FC 
results and other laboratory measurements.

Mucosal biopsies were obtained from each affected bowel 
segment, targeting the area with the most significant mucosal 
disease activity. Two pathologists assessed all biopsies and 
report histology utilizing a standardized scale that includes 
histologically normal, quiescent, mild, moderate, or severe 
disease [10].

Statistical analysis was conducted using the SPSS 21 (SPSS 
Inc., Chicago, IL, USA). Data are expressed as median (25th 

and 75th percentiles) or mean ± standard deviation. Multiple 
comparisons were performed using the Kruskal–Wallis or 
analysis of variance tests, respectively, and Mann–Whitney U 
or chi-square tests were used to analyze differences between 
the two groups. Correlations were calculated using Spearman’s 
rank-order correlation coefficient for non-parametric data. 
Receiver operating characteristic (ROC) curve analysis was 
performed to assess the diagnostic power of circulating visfatin 
as an IBD marker. Overall marker accuracy was defined as 
area under curve (AUC). Additionally, the optimal cut-off 
was established, and corresponding sensitivities, specificities, 
positive predictive values (PPV), negative predictive values 
(NPV), and accuracy were calculated. All tests with p-values 
of<0.05 were considered statistically significant.

RESULTS

Demographic data and colonoscopic findings are illustrated 
in Table I. IBD patients‘ groups showed significantly lower 
hemoglobin, and albumin and higher total leucocytic count 
(TLC), ESR, CRP, and FC levels compared to the control group. 
ESR was higher in CD group compared to UC group. Patients‘ 
groups had significantly higher visfatin levels than the control 
group while there was no significant difference in visfatin 
between patients’ groups (Table II, Fig. 1)

In patients with UC, serum visfatin was significantly 
positively correlated with the BMI, CRP, ESR, TLC, and FC 
and negatively correlated with serum albumin. Within the CD 
group, there was  a significant positive correlation between 
serum visfatin and ESR, CRP, and FC (Table III).

According to Montreal classification, serum visfatin levels 
were significantly higher in UC patients with extensive UC (E3) 
than patients with proctitis (E1) and left-sided colitis (E2) (Fig. 
2) as well as in patients with stricturing CD phenotype (B2) 
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compared to non-stricturing non-penetrating CD phenotype 
(B1) (Fig. 3, Table IV).

Table I. Demographic data and endoscopic findings of the studied groups

Characteristics UC CD Control p

N 56 29 30

Gender (male/female) 32/24 19/10 18/12 0.76

Age (years)* 38.3±11.7 (16 – 57) 33.8±11.8 (18 – 57) 36.2±10.6 (23 – 56) 0.22

BMI (kg/m2)* 23.9±1.9 (18 – 27) 23.2±2.5 (19 – 28) 24.1±2.2 (19 – 28) 0.28

IBD Phenotype

    E1/E2/E3 20/18/18

    B1/B2 19/10

UC: ulcerative colitis; CD: Crohn`s disease; BMI: body mass index; IBD: inflammatory bowel diseases; 
E1: proctitis; E2: left-sided colitis; E3: extensive UC (beyond the splenic flexure); B1: non-stricturing non-
penetrating; B2: stricturing; *Data are presented as number or mean ± standard deviation (range)

Table II. Comparison between the studied groups regarding laboratory data

Parameters UC CD Control p

Hemoglobin (g/L)* 12.1±1.6 (6.5 – 14.3) 11.1 ± 1.5 (8 – 13.9) 13.5 ± 1.2 (11.4 – 16) <0.001**

LSD comparison p1=1 p2=<0.001** p3=<0.001**

TLC (x103/mm3)* 7.6 ± 2.1 (4.2 – 15.3) 8.5 ± 2.2 (4.6 – 13.2) 6.2 ± 1.6 (4 – 10) <0.001**

LSD comparison p1=1 p2=<0.001** p3=<0.001**

ESR (mm/hr.)† 33.5 (5 – 95) 50 (15 – 90) 12 (4 – 20) <0.001**

Pairwise comparison p1 =0.014* p2=<0.001** p3 =<0.001**

CRP (mg/L)† 12 (0.8 – 110) 16 (1.1 – 65) 1.25 (0.8 – 4.2) <0.001**

Pairwise comparison p1 =0.541 p2=<0.001** p3=<0.001**

Albumin (g/dL)* 4.1± 0.5 (2.5 – 5.1) 3.9 ± 0.5 (2.8 – 4.6) 4.6 ± 0.4 (4 – 5.2) <0.001**

LSD comparison p1 =1 p2=<0.001** p3=<0.001**

Fecal calprotectin µg/mg)† 545 (26 – 2950) 711 (38 – 2950) 24 (13 – 56) <0.001**

Pairwise comparison p1=1 p2=<0.001** p3=<0.001**

Serum visfatin (ng/mL)† 3.5 (0.5 – 12.8) 4.3 (1.3 – 14.6) 1.0 (0.4 – 2.9) <0.001**

Pairwise comparison p1=0.625 p2=<0.001** p3=<0.001**

UC: ulcerative colitis; CD: Crohn`s disease; TLC: total leucocyte count; ESR: erythrocyte sedimentation rate; CRP: C 
reactive protein; *mean ± standard deviation (range); †median (range); p < 0.05 is statistically significant; **p≤0.001 
is statistically highly significant; p1 the difference between UC and CD groups; p2 the difference between healthy 
control and CD groups; p3 the difference between UC and healthy control groups.

Fig. 1. Boxplot showing serum visfatin level among the studied groups

In linear stepwise regression, only FC level was significantly 
independently associated with serum visfatin level among 
patients with UC and CD (unstandardized β=0.002, p < 
0.001).

ROC curve analysis of visfatin in diagnosis of UC revealed 
an AUC of 0.911. At cutoff ≥1.4 ng/ml, the sensitivity was 
92.9%, the specificity was 86.7%, the positive predictive value 
was 92.9%, the negative predictive value was 86.7% and the 
accuracy was 90.7%.  

For diagnosis of CD, visfatin ROC curve-AUC is 0.974. 
At ≥1.4 ng/ml cutoff, the sensitivity was 96.6%, the specificity 
was 86.7%, the PPV was 87.5%, the NPV was 96.3%, and the 
accuracy was 91.5% (Fig. 4, 5).

We used a ROC curve to determine the best cutoff for 
visfatin in the detection of E3 UC (Fig. 6). At ≥3.25 ng/ml, the 
sensitivity was 88.9%, the specificity was 100%, the PPV was 
100%, the NPV was 93.7%, and the accuracy was 95.8%. In CD, 
when the cutoff of ≥3.5 ng/ml was chosen for differentiating 
the B2 from B1 phenotype, the sensitivity was 83.3%, the 
specificity was 100%, the PPV was 100%, the NPV was 90.9% 
and the accuracy was 93.8% (Fig. 7).
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DISCUSSION

Inflammatory bowel diseases refers to chronic, complex 
diseases of uncertain pathogenesis, affecting >5 million people 
worldwide and lacks an ideal gold standard for diagnosis and 
monitoring [11]. In our study, we measured FC levels as a gut 
inflammatory marker, and results showed highly significant 
elevation in patients with IBD as compared with a control 
group with a higher level in CD compared to UC. FC is an 
abundant neutrophil protein found in both plasma and stool 
and is markedly elevated in infectious and inflammatory 
conditions. Accumulation of neutrophils at the site of inflamed 

Table III. Correlation between serum visfatin and other studied parameters

Parameter Serum visfatin (ng/mL)

UC group CD group

r p r p

Age (year) 0.11 0.42 -0.03 0.87

BMI (kg/m2) 0.31 0.02* 0.21 0.28

Hemoglobin (g/dL) -0.16 0.23 -0.04 0.83

TLC (x103/mm3) 0.28 0.04* -0.21 0.29

Serum albumin (g/dL) -0.54 <0.001** -0.11 0.62

CRP (mg/L) 0.58 <0.001** 0.48 0.01*

ESR (mm/hr.) 0.58 <0.001** 0.44 0.02*

Fecal calprotectin (µg/mg) 0.69 <0.001** 0.64 <0.001**

BMI: body mass index; TLC: total leucocyte count; CRP: C reactive protein; ESR: erythrocyte 
sedimentation rate; r=Spearman rank correlation coefficient; *p<0.05 is statistically 
significant; **p≤0.001 is statistically highly significant.

Fig. 2. Serum visfatin and phenotypes of ulcerative colitis. Fig. 3. Serum visfatin and phenotypes of Crohn’s disease.

Table IV. Relation between serum visfatin and IBD phenotypes

Parameter UC phenotype CD phenotype

E1 E2 E3 p B1 B2 p

Serum visfatin (ng/mL) 2.3 (0.5-6.3) 3.2 (1.5-6.3) 6.2 (2.6-12.8) 3 (1.3 – 11.8) 6.25 (2.3 – 14.6) 0.013

Pairwise comparison p1=0.103 p2 =0.002 p3=<0.001 <0.001

UC: ulcerative colitis; CD: Crohn’s disease; E1: proctitis; E2: left-sided colitis; E3: extensive UC (beyond the splenic flexure); B1: non-
stricturing non-penetrating CD; B2: stricturing CD; Data expressed as median (range); p1: the difference between E1 and E2 groups ; p2: 
the difference between E2 and E3 groups; p3: the difference between E1 and E3 groups.

mucosa in the gastrointestinal tract results in the release of 
calprotectin into the feces where it is stable and resistant to 
bacterial degradation [12].

Although FC results were promising, some drawbacks 
exist in its use; an elevated FC is nonspecific for IBD. Any 
inflammatory process within the gastrointestinal tract will 
result in the activation of the innate immune response and 
release of calprotectin. Previous studies have shown that FC 
concentration has been elevated in many diseases‘ conditions, 
including infection, colorectal cancer, untreated coeliac disease, 
microscopic colitis, and diverticulitis [13]. Nonsteroidal anti-
inflammatory drugs have been shown to cause significant 
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increases in FC levels within 7 days because they induced 
intestinal inflammation with endoscopic correlation [14]. 

Because of the lack of specificity of FC, another noninvasive 
marker should be identified to replace the invasive colonoscopic 
technique; one of the adipokines has been chosen, visfatin. 
Many adipokines with a bidirectional interaction between 
inflammation of the gut and visceral fat may exist in patients 
IBD [15]. Inflammatory reactions localized in the bowel wall 
may penetrate the surrounding visceral adipose tissue. Imaging 
methods provide evidence for hypertrophy of the mesenteric 
adipose tissue in patients with CD [6]. Moreover, submucosal 
fat deposition in the bowel is observed both in patients with 
CD and UC. The anatomic proximity of the bowel and visceral 
fat favors the activation of adipocytes [16].

This study revealed a significant increase in visfatin levels 
among patients with IBD compared to controls with a higher 
level in CD than UC although it did not reach the statistical 
significance. These results are in agreement with that of 
Waluga et al. [17] who found that baseline serum visfatin 
was significantly higher in subjects with CD and UC than in 
healthy controls which indicated that bowel inflammation was 
responsible for elevation of serum visfatin. They suggested that 

adipokines are involved in the pathogenesis of IBD. However, 
the lack of a direct correlation between serum levels and IBD 
activity implies that adipokines are modulators rather than 
determinants of IBD severity. Our results are also close to that 
of Terzoudis et al. [18] who reported that serum visfatin levels 
were higher in CD than in UC patients. 

Visceral adipose tissue is not only an energy storage site 
but also an active endocrine organ. Adipokines influence 
the immunologic system of the gastrointestinal tract, in 
some cases, worsening IBD by amplifying inflammation via 
the secretion of proinflammatory interleukins, TNF-α, and 
adhesion factors. Visfatin is an example of an adipokine that 
increases the epithelial expression of TNF-α, IL-l, IL-6, and 
adhesion molecules [19, 20]. Visfatin is proposed as important 
pro-inflammatory mediators, which interfere with the central 
regulation of insulin sensitivity. It has been suggested to be 
a beneficial adipokine with insulin-mimicking/-sensitizing 
effects by activating the insulin signal transduction pathway, 
achieved by binding to the insulin receptor at a site different 
from that of insulin [21]. Other studies demonstrated that 
visfatin was also synthesized and released by neutrophils in 
response to inflammatory stimuli and that it functioned as an 

Fig. 4. Receiver operating characteristic curve showing performance 
of serum visfatin to detect active ulcerative colitis among studied 
patients (AUC 0.91).

Fig. 5. Receiver operating characteristic curve showing performance 
of serum visfatin to detect active Crohn’s disease among studied 
patients (AUC 0.97).

Fig. 6. Receiver operating characteristic curve showing performance 
of serum visfatin to detect extensive colitis (E3) among studied 
patients with ulcerative colitis (AUC 0.92).

Fig. 7. Receiver operating characteristic curve showing performance 
of serum visfatin to diferentiate sticturing CD phenotype (B2) from 
non-stricturing/non-penetetring CD (AUC 0.91).
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inhibitor of apoptosis resulting from a variety of inflammatory 
stimuli [22].

 The results of the present study revealed a highly significant 
correlation between serum visfatin and ESR, CRP, and FC in 
both IBD groups. A better understanding of the molecular 
mechanism of the association between the adipose tissue 
function and intestinal inflammatory pathological condition 
development can be achieved by investigating the potential 
involvement of adipokines in generating these responses [23]. 
Additional evidence for a potential crosstalk between adipose 
and intestinal tissues as they were involved in the development 
of intestinal inflammation is provided by a biomarker of 
intestinal inflammation and increased risk for the development 
of colorectal cancer. Higher levels of FC were associated with 
obesity [24].

ROC curve analysis of visfatin to detect active UC revealed 
a high diagnostic efficacy with an AUC 0.911. At the level of 
≥1.4 ng/ml, it had 92.9% sensitivity and 86.7% specificity. 
In CD, ROC-AUC was 0.974. At the same cutoff, sensitivity 
was 96.6%, while specificity was 86.7%. Our results regarding 
UC are better than those published by Dogan et al. [25] who 
reported 72% sensitivity and 52% specificity in patients with 
active UC achieved remission with specific anti-inflammatory 
therapy. The difference between our results and those reported 
by Dogan et al. [25] may be due to the difference in disease 
status of patients and the genetic difference between the two 
populations.

In our study, serum visfatin presented higher levels in UC E3 
as compared to E1 and E2 and higher level in CD B2 phenotype 
compared with B1 phenotype. The significant change in the 
circulating visfatin levels is suggesting the suitability of serum 
visfatin as a non-invasive marker to predict the IBD activity 
as well as disease extension in UC. One recent study related 
leptin level, one of the adipokines, with disease activity on 
endoscopy. They found significantly decreased leptin in active 
IBD patients compared to those without disease activity on 
endoscopy, suggesting the involvement of a defective regulation 
of the leptin pathway in the pathogenesis of IBD [26].

Our results should be interpreted with caution due to some 
limitations. The sample size of studied groups was small, which 
may have affected our statistical power. The insulin resistance 
was not evaluated. In addition, the study was performed on 
Egyptian „Caucasian” population and cannot be generalized 
to all populations.

CONCLUSIONS

The serum visfatin level was significantly higher in newly 
diagnosed patients with IBD than in controls. Serum visfatin 
might be a novel noninvasive marker to detect activity in IBD 
patients and can be used as a predictor of disease extension 
in patients with UC. Further studies on big sample sizes and 
on different populations are recommended to confirm these 
results.

Conflicts of interest: None to declare.

Authors’ contribution: M.M.S, N.A.N, H.A.A and M.H.A conceived 
and designed the study. M.M.S, S.M.S, H.A.A performed the analyses. 

M.M.S, M.H.A and S.M.S collected the data, performed the statistical 
analysis, interpreted the results and drafted the manuscript. M.H.A, 
S.M.S, H.A.A revised the manuscript. All the authors critically revised 
the manuscript, approved the final version to be published, and agree 
to be accountable for all aspects of the work.

 

REFERENCES

 1. Rutter M, Saunders B, Wilkinson K, et al. Severity of inflammation is a 
risk factor for colorectal neoplasia in ulcerative colitis. Gastroenterology 
2004;126:451-459. doi:10.1053/j.gastro.2003.11.010 

 2. Gonczi L, Bessissow T, Lakatos PL. Disease monitoring strategies in 
inflammatory bowel diseases: What do we mean by “tight control”? 
World J Gastroenterol 2019;25:6172-6189. doi:10.3748/wjg.v25.i41.6172 

 3. IBD Working Group of the European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition. Inflammatory bowel 
disease in children and adolescents: recommendations for diagnosis-
-the Porto criteria. J Pediatr Gastroenterol Nutr 2005;41:1-7. 
doi:10.1097/01.mpg.0000163736.30261.82

 4. Stange EF, Travis SP, Vermeire S, et al; European Crohn’s and Colitis 
Organisation. European evidence-based consensus on the diagnosis 
and management of Crohn’s disease: definitions and diagnosis. Gut 
2006;55 Suppl 1:i1-i15. doi:10.1136/gut.2005.081950a 

 5. Menees SB, Powell C, Kurlander J, Goel A, Chey WD. A meta-analysis 
of the utility of C-reactive protein, erythrocyte sedimentation rate, fecal 
calprotectin, and fecal lactoferrin to exclude inflammatory bowel disease 
in adults with IBS. Am J Gastroenterol 2015;110:444-454. doi:10.1038/
ajg.2015.6 

 6. Schäffler A, Schölmerich J, Büchler C. Mechanisms of disease: 
adipocytokines and visceral adipose tissue--emerging role in 
nonalcoholic fatty liver disease. Nat Clin Pract Gastroenterol Hepatol 
2005;2:273-280. doi:10.1038/ncpgasthep0186 

 7. Carbone F, Liberale L, Bonaventura A, et al. Regulation and Function of 
Extracellular Nicotinamide Phosphoribosyltransferase/Visfatin. Compr 
Physiol 2017;7:603-621. doi:10.1002/cphy.c160029 

 8. Daperno M, Castiglione F, de Ridder L, et al. Results of the 2nd 
part Scientific Workshop of the ECCO. II: Measures and markers 
of prediction to achieve, detect, and monitor intestinal healing 
in inflammatory bowel disease. J Crohn’s Colitis 2011;5:484-498. 
doi:10.1016/j.crohns.2011.07.003

 9. Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal 
classification of inflammatory bowel disease: controversies, consensus, 
and implications. Gut 2006;55:749-753. doi:10.1136/gut.2005.082909 

 10. Colombel JF, Mahadevan U. Inflammatory Bowel Disease 2017: 
Innovations and Changing Paradigms. Gastroenterology 2017;152:309-
312. doi:10.1053/j.gastro.2016.12.004 

 11. Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, Bjarnason I. Surrogate 
markers of intestinal inflammation are predictive of relapse in patients 
with inflammatory bowel disease. Gastroenterology 2000;119:15-22. 
doi:10.1053/gast.2000.8523 

 12. Limburg PJ, Ahlquist DA, Sandborn WJ, et al. Fecal calprotectin levels 
predict colorectal inflammation among patients with chronic diarrhea 
referred for colonoscopy. Am J Gastroenterol 2000;95:2831-2837. 
doi:10.1111/j.1572-0241.2000.03194.x

 13. Summerton CB, Longlands MG, Wiener K, Shreeve DR. Faecal 
calprotectin: a marker of inflammation throughout the intestinal tract. 
Eur J Gastroenterol Hepatol 2002;14:841-845. doi:10.1097/00042737-
200208000-00005 

https://dx.doi.org/10.1053/j.gastro.2003.11.010
https://dx.doi.org/10.3748/wjg.v25.i41.6172
https://dx.doi.org/10.1097/01.mpg.0000163736.30261.82
https://dx.doi.org/10.1136/gut.2005.081950a
https://dx.doi.org/10.1038/ajg.2015.6
https://dx.doi.org/10.1038/ajg.2015.6
https://dx.doi.org/10.1038/ncpgasthep0186
https://dx.doi.org/10.1002/cphy.c160029
https://dx.doi.org/10.1016/j.crohns.2011.07.003
https://dx.doi.org/10.1136/gut.2005.082909
https://dx.doi.org/10.1053/j.gastro.2016.12.004
https://dx.doi.org/10.1053/gast.2000.8523
https://dx.doi.org/10.1111/j.1572-0241.2000.03194.x
https://dx.doi.org/10.1097/00042737-200208000-00005
https://dx.doi.org/10.1097/00042737-200208000-00005


Serum Visfatin and IBD activity  345

J Gastrointestin Liver Dis, September 2021 Vol. 30 Vol. 30 No. 3: 339-345

 14. Meling TR, Aabakken L, Røseth A, Osnes M. Faecal calprotectin shedding 
after short-term treatment with non-steroidal anti-inflammatory drugs. 
Scand J Gastroenterol 1996;31:339-344. doi:10.3109/00365529609006407

 15. Mendall MA, Gunasekera AV, John BJ, Kumar D. Is obesity a risk factor 
for Crohn’s disease? Dig Dis Sci 2011;56:837-844. doi:10.1007/s10620-
010-1541-6

 16. Ahualli J. The fat halo sign. Radiology 2007;242:945-946. doi:10.1148/
radiol.2423041600

 17. Waluga M, Hartleb M, Boryczka G, Kukla M, Zwirska-Korczala K. 
Serum adipokines in inflammatory bowel disease. World J Gastroenterol 
2014;20:6912-6917. doi:10.3748/wjg.v20.i22.6912

 18. Terzoudis S, Malliaraki N, Damilakis J, Dimitriadou DA, Zavos C, 
Koutroubakis IE. Chemerin, visfatin, and vaspin serum levels in relation 
to bone mineral density in patients with inflammatory bowel disease. 
Eur J Gastroenterol Hepatol 2016;28:814-819. doi:10.1097/MEG. 
0000000000000617

 19. Moschen AR, Kaser A, Enrich B, et al. Visfatin, an adipocytokine with 
proinflammatory and immunomodulating properties.  J Immunol 
2007;178:1748-1758; doi:10.4049/jimmunol.178.3.1748

 20. Luk T, Malam Z, Marshall JC. Pre-B cell colony-enhancing factor 
(PBEF)/visfatin: a novel mediator of innate immunity. J Leukoc Biol 
2008;83:804-816. doi:10.1189/jlb.0807581 

 21. Fukuhara A, Matsuda M, Nishizawa M, et al. Visfatin: a protein secreted 
by visceral fat that mimics the effects of insulin. Science 2005;307:426-
430. doi:10.1126/science.1097243 

 22. Jia SH, Li Y, Parodo J, et al. Pre-B cell colony-enhancing factor 
inhibits neutrophil apoptosis in experimental inflammation and 
clinical sepsis. J Clin Invest 2004;113:1318-1327. doi:10.1172/
JCI19930 

 23. Fink C, Karagiannides I, Bakirtzi K, Pothoulakis C. Adipose tissue 
and inflammatory bowel disease pathogenesis. Inflamm Bowel Dis 
2012;18:1550-1557. doi:10.1002/ibd.22893 

 24. Poullis A, Foster R, Shetty A, Fagerhol MK, Mendall MA. Bowel 
inflammation as measured by fecal calprotectin: a link between 
lifestyle factors and colorectal cancer risk. Cancer Epidemiol 
Biomarkers Prev 2004;13:279-284. doi:10.1158/1055-9965.epi-03-
0160 

 25. Dogan S, Guven K, Celikbilek M, Deniz K, Saraymen B, Gursoy S. Serum 
Visfatin Levels in Ulcerative Colitis. J Clin Lab Anal 2016;30:552-556. 
doi:10.1002/jcla.21901

 26. Trejo-Vazquez F, Garza-Veloz I, Villela-Ramirez GA, et al. Positive 
association between leptin serum levels and disease activity on 
endoscopy in inflammatory bowel disease: A case-control study. Exp 
Ther Med 2018;15:3336-3344. doi:10.3892/etm.2018.5835

https://dx.doi.org/10.3109/00365529609006407
https://dx.doi.org/10.1007/s10620-010-1541-6
https://dx.doi.org/10.1007/s10620-010-1541-6
https://dx.doi.org/10.1148/radiol.2423041600
https://dx.doi.org/10.1148/radiol.2423041600
https://dx.doi.org/10.3748/wjg.v20.i22.6912
https://dx.doi.org/10.1097/MEG.%200000000000000617
https://dx.doi.org/10.1097/MEG.%200000000000000617
https://dx.doi.org/10.4049/jimmunol.178.3.1748
https://dx.doi.org/10.1189/jlb.0807581
https://dx.doi.org/10.1126/science.1097243
https://dx.doi.org/10.1172/JCI19930
https://dx.doi.org/10.1172/JCI19930
https://dx.doi.org/10.1002/ibd.22893
https://dx.doi.org/10.1158/1055-9965.epi-03-0160
https://dx.doi.org/10.1158/1055-9965.epi-03-0160
https://dx.doi.org/10.1002/jcla.21901
https://dx.doi.org/10.3892/etm.2018.5835

