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Summary:  

Wnt1 inducible protein-1 signaling pathway (WISP-1) is a relatively new adipokine involved in many 

cellular processes, including epithelial mucosa healing. The aim of the study was to compare 

circulating levels of WISP-1 and other selected adipokines [adiponectin, resistin and retinol-binding 

protein 4 (RBP-4)] in children with inflammatory bowel disease (IBD) with healthy controls and to 

investigate possible differences between Crohn's disease patients. (CD) or ulcerative colitis (UC). The 

study was performed as a case-control study. In addition to adipokines, anthropometric, lipid 

parameters, markers of inflammation or disease activity were evaluated in all participants. Compared 

to healthy controls (n=20), significantly lower levels of adiponectin and higher levels of resistin and 

WISP-1 were found in patients with IBD (n=58). Elevation of WISP-1 was detected only in the CD 

group (n=31). There were no differences in RBP-4 levels between the groups. Adiponectin, WISP-1 

and RBP-4 were independently associated with body mass index only, resistin levels were associated 

with C-reactive protein levels and leukocyte counts. Adverse adipokines production reflects presence 

of dysfunctional fat tissue in IBD patients. Higher levels of WISP-1 in CD compared to patients with 

UC may indicate a specific role for mesenteric adipose tissue in WISP-1 production. 
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Introduction 

 

Inflammatory bowel diseases (IBDs) include Crohn’s disease (CD) and ulcerative colitis (UC). 

Pediatric IBD is considered more severe, extensive, and it is associated with more frequent 

complications [1]. The etiopathogenesis of IBD results from imbalance between genetic 

predisposition, environmental factors (infections, diet, smoking, drugs, stress and socioeconomic 

status), and the gut microbiome [2,3,4]. Adipose tissue is an endocrine and immune organ that 

significantly contributes to inflammatory processes. Visceral fat, especially mesenteric adipose tissue, 

appears to be involved in the pathogenesis of IBD, especially in CD patients. Mesenteric fat serves as 

a barrier to inflammation and controls immune responses to translocation of intestinal bacteria. At the 

same time, mesenteric adipose tissue may be a major source of cytokines and adipokines responsible 

for the inflammatory processes associated with IBD [5]. Adipokines are a group of mediators 

primarily released by adipocytes that modulate various metabolic functions in adipose tissue, liver, 

brain, muscle, pancreas, and the immune system. Regulatory immune function has been identified in 

many of them. The role of several adipokines in mesenteric adipose tissue as well as in intestinal 

inflammation has recently been investigated [6,7].  

Adiponectin exerts anti-inflammatory effects through the modulation of signaling pathways 

and may therefore play a critical role in IBD severity and its treatment [8]. The results of many studies 

suggest that adiponectin can promote the anti-inflammatory response through the modulation of 

phagocytosis or suppression of pro-inflammatory cytokines, such as tumor necrosing factor alpha 

(TNF-α) and interleukin (IL)-6, by suppressing nuclear factor-kappa B (NF-κB) signaling [9]. 

Adiponectin also increases the secretion of anti-inflammatory cytokines such as IL-10 and IL-1 

receptor antagonist by human monocytes, macrophages, and dendritic cells [6]. However, some 

studies have revealed that the role of adiponectin in intestinal inflammatory disease may be pro-

proliferative and pro-inflammatory through the activation of some kinases and NF-κB signaling in 

colonic epithelial cells [10]. Leptin has strong pro-inflammatory effects by synergizing with TNF-α, 

thereby activating macrophages and forming reactive oxygen species in neutrophils [6]. Inflamed 

colonic epithelial cells express and release leptin into the intestinal lumen. In response to luminal 

leptin, the model intestinal epithelium critically activates NF-κB, a key signaling system for pro-

inflammatory stimuli; luminal leptin can cause neutrophil infiltration into the colonic epithelium 

[10,11]. Resistin is also associated with inflammatory processes because its expression in adipose 

tissue is induced by pro-inflammatory cytokines (IL-1, IL-6 and TNF-α) via the NF-κB signaling 

pathway [12,13]. Anti-inflammatory therapy in patients with IBD significantly reduce serum levels of 

resistin [14]. There are reports that serum levels of retinol-binding protein 4 (RBP-4), another 

adipokine linked to the metabolic syndrome, has been reported to be elevated in IBD patients [15] and 
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inversely correlated with disease activity [16]. Many other adipokines, such as chemerin, visfatin, 

vaspin, apelin, omentin-1, or meteorin-like, may be also involved in IBD pathogenesis [5]. 

Wnt1-inducible signaling pathway protein 1 (WISP-1) is a member of the secreted 

extracellular matrix–associated proteins of the CCN family (originally abbreviated from the first three 

members CYR61/CCN1, CTGF/CCN2, and NOV/CCN3 and then officially renamed 

as cellular communication network factors) [17]. WISP-1 participates in many cellular processes, 

including proliferation, differentiation, apoptosis and adhesion.  It plays an important role in diverse 

pathophysiological processes, such as embryonic development, inflammation, mucosal healing, injury 

repairs and cancers [18]. Growing evidence links the WISP-1 to the regulation of adipogenesis and 

low-grade inflammation. Circulating WISP-1 levels were increased in obese persons and are directly 

related to adiposity [19]. Recently, WISP-1 was validated as a novel adipokine. Human adipocyte 

differentiation was associated with increased its expression and secretion. Stimulation of human 

macrophages with WISP-1 led to a proinflammatory response [20].  

Based on these facts we hypothesize, that circulating levels of WISP-1 could differ between 

children with IBD and healthy controls and could be related to clinical or laboratory markers of 

disease activity. Therefore, the aim of this study was to compare WISP-1 levels and other selected 

adipokines (adiponectin, resistin, and RBP-4) in children with IBD to healthy controls and also 

investigate possible differences between CD and UC patients. 

 

Methods 

 

Study design, IBD diagnosis, and disease activity index 

 

The study was undertaken as a case-control study of children with diagnosed IBD and healthy 

controls in accordance with the principles of the Declaration of Helsinki for experiments involving 

humans. It was reviewed and approved by the Ethics Committee of the Faculty of Medicine and 

University Hospital Olomouc (Approval number 136/90); informed consent was obtained from all 

participants and their parents. All IBD patients underwent endoscopy (esophagogastroduodenoscopy 

and ileocolonoscopy) with histological examination and imaging of the small bowel. The diagnosis of 

IBD was established for all patients according to the ESPGHAN Revised Porto Criteria for the 

diagnosis of IBD in children and adolescents [21]. Patients with ambiguous endoscopic and 

histological diagnoses were excluded. The control group consisted of sex- and age-matched healthy 

children. These children were free from any inter-current disease, trauma or chronic inflammation. 

Participants were asked about their medical history. According their weight and height body mass 

index (BMI = weight(kg) / height(m)2) was calculated.  

The Paediatric Crohn’s Disease Activity Index (PCDAI) was used to evaluate CD in children 

[22]. The Index includes clinical and laboratory assessments (abdominal pain, general well-being, 

number of stools per day, hematocrit, erythrocyte sedimentation rate, serum albumin level, weight, 
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height velocity, abdominal examination, perianal disease, extraintestinal manifestation). The PCDAI 

score ranges from 0 to 100. A score of ≤10 is consistent with remission, 11–30 indicates mild disease, 

and ≥30 means moderate to severe disease. The Paediatric Ulcerative Colitis Activity Index (PUCAI) 

was used for the evaluation of disease activity (abdominal pain, rectal bleeding, stool consistency, 

number of stools per 24 h, nocturnal stools and activity level) in children suffering from UC [20]. The 

PUCAI score ranges from 0 to 85; a score of <10 denotes remission, 10–34 mild disease, 35–64 

moderate disease and 65–85 severe disease.  

 

Laboratory analyses 

Venous blood samples were drawn in the morning after a 12-h fast. Concentrations of 

adipokines were measured in the sample aliquots stored at –80 °C, no longer than 6 months.  

Adiponectin was determined by ELISA immunochemical kit: Human Adiponectin ELISA 

(Biovendor Laboratory Medicine Inc., Brno, Czech Republic), according to the manufacturer’s 

instructions. The antibodies used in this kit are specific for human adiponectin. Assay sensitivity was 

26 ng/ml, precision CV was 4.9 % (intra-assay) and 6.7 % (inter-assay). WISP-1 was measured by 

immunochemical kit: Human WISP1 ELISA kit (Biovendor Laboratory Medicine Inc., Brno, Czech 

Republic), according to the manufacturer’s instructions. The antibodies used in this ELISA are 

specific for human WISP-1. Assay sensitivity was 50 pg/ml. Coefficients of variation were below 10.0 

% (intra-assay), below 11.9 % (inter-assay), respectively. Resistin was obtained by ELISA 

immunochemical kit Human Resistin ELISA (Biovendor Laboratory Medicine Inc., Brno, Czech 

Republic) according to the manufacturer’s instructions. The antibodies used in this ELISA are specific 

for human Resistin. Assay sensitivity was 0.012 ng/ml, precision CV was 5.9 % (intra-assay) and 7.6 

% (inter-assay). The quantitative determination of RBP4 was performed using ELISA 

immunochemical kit Human RBP4 (High Sensitivity) ELISA (Biovendor Laboratory Medicine Inc., 

Brno, Czech Republic) according to the manufacturer’s instructions. The antibodies used in this 

ELISA are specific for human RBP4. Assay sensitivity was 380 pg/ml, precision CV was 2.7 % (intra-

assay) and 5.0 % (inter-assay). 

Total cholesterol (TC), TG and HDL-C were determined enzymatically on Cobas 8000 

system. Low density lipoprotein cholesterol (LDL-C) was calculated using Friedewald formula (LDL-

C = TC - TG*0.4537 - HDL-C for TG < 4.5 mmol/l). Glucose was determined using the GOD-PAP 

method (Roche, Diagnostics GmbH, Mannheim, Germany). Blood counts were measured with an 

automated analyzer. C-reactive protein (CRP) was assessed using an immunoturbidimetric method 

(CRPL3; Roche Diagnostics GmbH, Mannheim, Germany) on an automatic analyzer Cobas 8000, 

Roche. Interleukin 6 was determined by immunochemical method (IL-6; Roche Diagnostics GmbH, 

Mannheim, Germany) on an automatic analyzer Cobas 8000, Roche. Ferritin was determined by 

chemiluminescent immunoassay (Architect Ferritin Reagent Kit, Abbott Laboratories, Diagnostics 

Division, Chicago, USA) on an automatic analyzer Architect i2000SR, Abbott. The quantitative 
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determination of calprotectin in the stool was performed using a lateral flow immunoassay (Quantum 

Blue Calprotectin; Bühlmann Laboratories AG, Schönenbuch, Switzerland). 

 

Statistical analyses 

       Values were expressed as median and interquartile ranges. Differences in variables between 

groups were analyzed by the Mann-Whitney U test. Spearman correlation analyzes the tested 

correlations between parameters in all groups. Multivariate regression analyzes were used to test the 

independent association between dependent and independent variables (abnormally distributed 

variables were logarithmically transformed prior to analysis). Probability values of p <0.05 were 

considered statistically significant. 

 

Results  

Basic characteristics and provided therapy of investigated groups  

Fifty-eight children with IBD [age = 15 (13-15) years, number of boys = 32, number of girls = 

26)] and twenty healthy controls of the same sex and age [age = 15 (12-16), number of boys = 11, 

number of girls = 9)] were included in this study. Compared to healthy controls, patients with IBD had 

significantly higher levels of CRP, IL-6 and F-CPT; and lower levels of ferritin, total cholesterol, 

LDL-C and HDL-C. There were no significant differences between the baseline characteristics within 

the CD and UC groups. Table 1 shows the basic clinical and laboratory characteristics of the 

participants. 

  Induction therapy in the CD group (n=31) included: exclusive enteral nutrition (84%), 

corticosteroids (9,7%) or Crohn´s Disease Exclusion Diet (6.3%). Maintenance treatment consisted of 

azathioprine (32%), biologic therapy plus azathioprine (64.5%), azathioprine plus mesalamine (3.5%). 

Patients with UC (n=27) were treated with mesalamine (44.3%), corticosteroids (52%) or 

corticosteroids plus infliximab (3.7%) in the induction phase. Their maintenance treatment included 

mesalamine alone (22.6%), azathioprine alone (7.4%), azathioprine plus mesalamine (37%), 

azathioprine + biologic therapy (33%). The majority of IBD patients were in remission (mean PUCAI 

in the UC group was 6.9, mean PCDAI in the CD group was 6.0). 

Adipokines in individual groups, their relation to metabolic parameters     

Levels of adiponectin were significantly decreased, and levels of resistin were significantly 

increased in IBD children (both in CD and UC patients) compared to healthy controls. WISP-1 levels 

were also significantly increased in IBD children, namely in CD group (WISP-1 was higher in this 

group compared to UC group). UC patients did not differ in WISP-1 levels compared to healthy 
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children. There were no significant differences between levels of RBP-4 within the groups – see table 

2 and figure 1. 

Adiponectin significantly (p <0.05) positively correlated with HDL-C (rho = 0.23); negatively 

with BMI (rho = -0.37), CRP (rho = -0.28), IL-6 (rho = -0.24) and F-CPT (rho = -0.31). Resistin 

correlated positively with CRP (rho = 0.52), IL-6 (rho = 0.47), F-CPT (rho = 0.52), platelet count (rho 

= 0.36), leukocyte count (rho = 0.46) as PUCAI -1 (rho = 0.43); negatively correlates with HDL-C 

(rho = -0.22). There was an inverse correlation between adiponectin and resistin (rho = -0.35). WISP-1 

positively correlated with BMI (rho = 0.26); negative with ferritin (rho = -0.25) and HDL-C (rho = -

0.23). RBP-4 correlated only positively with total cholesterol (rho = 0.28), TG (rho = 0.28) and BMI 

(rho = 0.30). 

Table 3 shows a multivariate logistic regression analysis of independent factors affecting 

adiponectin, resistin, WISP-1 and RBP-4 as dependent variables. Adiponectin, WISP-1 and RBP-4 

were independently associated with BMI only, resistin was independently associated with CRP and 

leukocyte count. 

Discussion 

 Children with IBD had significantly lower levels of adiponectin, and higher levels of resistin 

and of WISP-1 compared to heathy controls. WISP-1 elevation was detected only in CD group. There 

were no differences in RBP-4 levels within groups. 

A little is known about the possible role of WISP-1 in IBD pathogenesis. Zang et al. 

demonstrated increased WISP-1 epithelial expression in colonic biopsies and lamina propria 

mononuclear cells of IBD patients [24]. This expression was induced by TNF-α in healthy controls 

and downregulated in colonic biopsies from IBD patients who had achieved clinical remission with 

infliximab. The authors presume WISP1 may contributes to the proinflammatory cascades in the gut in 

IBD patients. There is evidence that Wnt signaling pathway is highly interconnected with numerous 

other inflammatory cascades (NF-κB, mitogen activated protein kinase, protein kinase B, or signal 

transducer and activator of transcription signaling pathways) [25]. WISP-1 induced epithelial cell 

proliferation is mediated by IL-10 and interpheres to an important phase of intestinal mucosal healing 

[26]. WISP-1 is a marker of systemic and adipose tissue inflammation [19], thus it may also represent 

pro-inflammatory mediator by which adipose tissue participates on IBD pathogenesis. In this study, 

we did not observe an association between WIPS-1 and markers of inflammation or disease activity, 

possibly because most patients with IBD were in remission. WISP-1 correlated positively with BMI, 

negatively with ferritin and HDL-C. Because ferritin levels were significantly decreased in IBD 

patients compared to healthy controls, they served as marker of low iron storage. Only BMI remained 

an independent predictor of WISP-1 levels in the multivariate regression analysis. According some 
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results circulating WISP-1 levels may be used as a suitable biomarker of obesity and BMI has been 

identified as a strong predictor for WISP-1 levels [20,27]. The difference between children with CD 

and UC in this study may indicate a specific role for visceral adipose tissue (VAT) in WISP-1 

production. Uko et al. demonstrated pediatric CD patients had a higher adjusted VAT volumes than 

age- and BMI-matched controls [28]. Higher VAT was associated with fistulizing or fibrostenotic 

disease, higher disease activity, and shorter intervals from diagnosis to surgery. Therefore, we could 

assume that the intestinal process in patients with CD, where intestinal inflammation penetrates the 

surrounding adipose tissue along the mesentery [5], is associated with activation of the Wnt signaling 

pathway leading to increased WISP-1 expression more than in patients with UC. These findings 

support differences in dysfunctional adiposity in IBD. Accumulation of mesenteric fat in form of 

creeping/wrapping fat around the bowel wall infiltrated by inflammatory macrophages and T-

lymphocytes is typical for CD, especially for its ileal forms. While in case of UC, there is visceral 

adiposity with accumulation of fat mainly localized in omental region [13].  

Serum adiponectin levels were found decreased [15,29,30], increased [31,32], or unchanged 

[33,34,35] in different studies focusing on IBD patients. The discrepancy in these results in part could 

be explained by small data cohorts used in some of the studies, inadequate controls, and/or different 

treatment status of the patients. Controversial reports support the concept that adiponectin plays an 

important role in maintaining intestinal homeostasis, but its exact action in bowel inflammation 

remains unclear [5]. Decreased adiponectin levels negatively correlated with markers of inflammation 

(CRP, IL-6) and F-CPT in our study. These findings are compatible with results suggesting 

adiponectin can promote the anti-inflammatory response via decreased production of pro-

inflammatory cytokines, such as TNF-α and IL-6, by suppressing NF-κB signaling [9]. Negative 

association between adiponectin and F-CTP was also detected in patients with diverticulosis and 

pointed on contribution of VAT to intestinal inflammation not only in IBD patients [36]. The fact that 

BMI was the only independent predictor of adiponectin in this study again underlines the role of 

adipose tissue in its production. 

Resistin was inversely associated with adiponectin, and positively correlated with markers of 

inflammation, diseases activity (only in UC patients) and F-CPT in children with IBD. CRP levels and 

leukocyte counts were identified as independent predictors of resistin levels. Resistin used to be 

associated with inflammatory processes because its expression in adipose tissue is induced by pro-

inflammatory cytokines (IL-1β, IL-6, and TNF-α) via the NF-κB signaling pathway [12,13]. Several 

studies have demonstrated circulating resistin levels increased in IBD patients [31,33] and anti-

inflammatory therapy IBD significantly reduced its levels [14]. Resistin was an independent predictor 

of disease activity in patients with CD according to one study [37]. However, there was no apparent 

differences in serum resistin between IBD and other diseases characterized by chronic inflammation, 

which may indicate it is a non-specific marker of inflammation [13]. Resistin negatively correlated 
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with HDL-C in this study. Similar findings were observed in healthy individuals [38], in patients with 

metabolic syndrome [39], type 2 diabetes, and individuals with acute inflammatory disease [40]. Some 

data suggest that cholesterol downregulates resistin expression in human white adipose tissue [41]. 

There are different reports of RBP-4 levels in IBD patients. One study reported increased 

serum levels of RBP-4 in adult patients [15]. On the contrary, no difference in the RBP-4 levels 

between pediatric IBD patients and healthy controls as well as between active and remission state of 

the disease was noticed in another study. Although, RBP-4 negatively correlated with IBD activity of 

children that maybe indicating a protective anti-inflammatory mechanism of action in addition to 

transport of vitamin A [16]. In this presented study, there was no associations between RBP-4 and 

disease activity or markers of inflammation, maybe due to most of investigated children was in IBD 

remission. Levels of RBP-4 correlated with BMI, total cholesterol, and TG. These findings probably 

reflect RBP-4 contribution to a plasma lipoprotein profile. According to some authors RBP-4 could 

directly interfere with the metabolism of triglyceride-rich apoB-containing lipoproteins [42,43]. 

There are some limitations of the presented study. In addition to the relatively small size of 

patient groups (although similar for pediatric cohorts) one of the limitations is a fact that most of IBD 

patients was successfully treated and was in disease remission. This could influence the determination 

of the relation between examined adipokines and disease activity. Despite this, significant differences 

in adipokine levels indicate the persistence of dysfunctional adipose tissue and its association with 

chronic inflammation in children with IBD. Due to the cross-sectional design, the study could only 

demonstrate significant correlations, but not causality or the potential effect of treatment. This may be 

a suitable target for prospective studies examining the longitudinal changes of these adipokines in 

patients with IBD, including testing different intervention approaches. 

 

Conclusion  

Significantly lower levels of adiponectin and higher levels of resistin and WISP-1 in children 

with IBD reflect the persistence of dysfunctional adipose tissue and its potential contribution to 

chronic inflammation. In addition, higher WISP-1 levels in CD patients compared to the UC group 

may indicate a specific role for visceral adipose tissue in WISP-1 production and may reflect 

activation of the Wnt signaling pathway leading to increased WISP-1 epithelial expression. Further 

studies are needed to elucidate the role of these adipokines in the pathogenesis of IBD. 
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Table 1 - Basic clinical and laboratory characteristics in individual groups 

 IBD group 

(n=58) 

CD group 

(n=31) 

UC group 

(n=27) 

healthy controls 

(n=20) 

age 

(years) 

15 (13-15) 15 (13-16) 15 (13-15) 15 (12-16) 

BMI 

(kg/m2) 

20.3 (17.2-22.5) 20.3 (17.3-24.0)  20.0 (17.0-22.1)  19.1 (16.1-21.5) 

CRP 

(mg/l) 

1.1 (0.5-4.2)*** 1.1 (0.5-8.4)***  0.8 (0.5-2.0)** 0.5 (0.5-0.7) 

IL-6 

(ng/l) 

2.3 (1.4-4.6)*** 2.4 (1.4-4.1)*** 1.9 (1.4-4.7)** 1.4 (1.4-1.6) 

F-CPT 

(μg/g) 

419 (145-1071)*** 532 (111-1636)*** 403 (183-723)*** 46 (35-74) 

ferritin 

(μg/l) 

14.0 (7.5-33.6)* 14.0 (7.1-32.4)* 16.5 (7.8-36.8)*  29.0 (15.4-39.0) 

hemoglobin 

(g/l) 

137 (125-147) 139 (128-148)  135 (121-146)  131 (129-136) 

thrombocytes 

(×109/l) 

318 (272-371) 317 (283-366) 319 (235-373)   293 (247-326) 

leucocytes 

(×109/l) 

7.2 (5.4-9.4) 7.5 (6.1-9.0)  6.6 (4.8-10.4) 6.5 (5.6-7.8) 

TC 

(mmol/l) 

3.5 (3.0-3.9)** 3.5 (3.1-3.9)** 3.6 (3.0-4.2)* 4.1 (3.7-4.7) 

LDL-C 

(mmol/l) 

1.7 (1.4-2.1)** 1.8 (1.5-2.1)* 1.7 (1.3-2.2)* 2.2 (1.9-2.6) 

HDL-C 

(mmol/l) 

1.3 (1.0-1.5)* 1.2 (1.0-1.4)* 1.4 (1.1-1.5) 1.5 (1.2-1.7) 

TG 

(mmol/l) 

0.9 (0.7-1.4) 1.0 (0.7-1.4) 0.9 (0.6-1.4) 1.1 (0.7-1.6) 

FG 

(mmol/l) 

4.9 (4.6-5.1) 4.8 (4.5-5.1) 5.0 (4.8-5.2) 4.8 (4.7-5.0) 

 

IBD = inflammatory bowel disease; CD = Crohn’s disease; UC = ulcerative colitis; BMI = body mass 

index; CRP = C-reactive protein; IL-6 = interleukin-6; F-CPT = fecal calprotectin; TC = total 

cholesterol; LDL-C = LDL-cholesterol; HDL-C = HDL-cholesterol; TG = triglycerides; FG = fasting 

glycemia  

Values are expressed as median and interquartile range (25-75 percentile). Significant differences of 

patients group versus controls: * p<0.05; ** p<0.01; *** p<0.001 according to Mann-Whitney U test.    
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Table 2 – Adipokines in individual groups 

 

 IBD group 

(n=75) 

CD group 

(n=44) 

UC group 

(n=31) 

healthy controls 

(n=20) 

adiponectin 

(μg/ml) 

10.6 (8.2-13.3)* 11.1 (8.5-13.3)* 10.0 (7.8-13.3)* 12.8 (11.0-14.1) 

resistin 

(ng/ml) 

6.3 (4.8-8.5)** 6.3 (5.1-8.4)* 6.1 (4.8-8.9)* 4.3 (3.0-5.7) 

WISP-1 

(pg/ml) 

1296 (146-4286)** 2917 (740-5198)** 

 ¶ 

373 (49-3004) 311 (38-1905) 

RBP-4 

(μg/ml) 

37.0 (27.0-48.4) 37.6 (27.2-44.2) 35.2 (26.4-52.4) 42.9 (32.5-52.9) 

 

IBD = inflammatory bowel disease; CD = Crohn’s disease; UC = ulcerative colitis; WISP-1 = Wnt1-

inducible signaling pathway protein-1; RBP-4 = retinol-binding protein-4  

 

Values are expressed as median and interquartile range (25-75 percentile). Significant differences of 

patients group versus controls: * p<0.05, ** p<0.01, *** p<0.001; or CD versus UC groups: ¶ p<0.05 

according to Mann-Whitney U test.    
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Table 3 -Multivariate logistic regression analysis of independent factors affecting adipokines as 

dependent variables 

 
 adiponectin 

 

resistin WISP-1 RBP-4 

 B Std. 

Error 

Sig. B Std. 

Error 

Sig. B Std. 

Error 

Sig. B Std. 

Error 

Sig. 

BMI -0.37 0.11 0.001 - - - 0.26 0.11 0.020 0.28 0.11 0.011 

CRP -0.11 0.13 0.399 0.37 0.12 0.003 - - - - - - 

IL-6 -0.07 0.13 0.576 -0.05 0.11 0.676 - - - - - - 

F-CPT -0.19 0.12 0.111 0.18 0.11 0.104 - - - - - - 

ferritin - - - - - - -0.21 0.11 0.052 - - - 

thrombocytes - - - 0.07 0.10 0.515 - - - - - - 

leucocytes - - - 0.27 0.10 0.013 - - - - - - 

TC - - - - - - - - - 0.11 0.13 0.422 

HDL-C 0.14 0.11 0.205 -0.13 0.09 0.222 -0.20 0.11 0.071 - - - 

TG - - - - - - - - - 0.17 0.14 0.203 

 

WISP-1 = Wnt1-inducible signaling pathway protein-1; RBP-4 = retinol-binding protein-4; BMI = 

body mass index; CRP = C-reactive protein; IL-6 = interleukin-6; F-CPT = fecal calprotectin; TC = 

total cholesterol; HDL-C = HDL-cholesterol; TG = triglycerides  
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Figure 1 – Adipokines levels in individual groups: a) adiponectin; b) resistin; c) Wnt1-inducible 

signaling pathway protein-1; d) retinol-binding protein-4. Boxes represent a median and interquartile 

range.  

 

 

 


