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Abstract
The findings of the prior studies investigating the resistin levels in Crohn’s disease (CD) patients and ulcerative colitis (UC)
patients are inconsistent. Hence we performed the meta-analysis to systematically evaluate the serum levels of resistin in CD and
UC, as well as in healthy individuals. PubMed, Web of Science, Embase, Cochrane Library and Chinese National Knowledge
Infrastructure (CNKI) (as of April 30, 2020) were searched to collect all relevant published articles. We calculated the pooled
standard mean difference (SMD) and 95% confidence interval (CI) by R software. Eight articles including 438 CD patients and
358 controls, and 9 articles including 391 UC patients and 438 controls were enrolled. The results showed that resistin levels
were significantly elevated in patients with CD (SMD = 1.76, 95% CI: 0.64 to 2.88, p = 0.002) and UC (SMD = 2.10, 95% CI:
1.03 to 3.17, p < 0.001) compared with healthy controls. Our findings indicate that the elevated levels of serum resistin were
associated with CD and UC.

Introduction
Inflammatory bowel disease (IBD) is a chronic inflammatory condition involving the gut primarily, encompasses two major groups of idiopathic disorders: Crohn’s disease (CD) and ulcerative colitis (UC) 1 .
Extraintestinal manifestations are also frequently observed and involve the joints, eyes, hepatobiliary tract
as well as skin2 . CD is characterized by transmural inflammation of the intestine. Studies have shown that
approximately 50% of the CD patients have ileocolitis and the incidence is 3.1–20.2 per 100 000. Furthermore, UC is more prevalent than CD with incidence of 9-20 per 100 000 3 . It starts in the rectum and
usually extends proximally through part or the entire colon in a continuous manner4 . Currently, there is a
general agreement that IBD is a result of an interaction of genetic, gut microbiota, intestinal mucosal immune
response factors and surrounding environment 5 , and causes suffering, mortality and economic loss every
year6 . Immunopathogenesis of IBD induces an inflammatory response involving both the innate immune
cells and the adaptive immune cells7 . In particular, T-helper 1 and T-helper 2 responses are thought to
drive the pathogenesis of CD and UC, respectively 8 .
Furthermore, adipose tissues can secrete adipokines that play major roles in metabolism, immunity, and
inflammation. Meanwhile, resistin is one of the adipokine, mainly produced by macrophages and detectable
in human serum. It is a cysteine-rich peptide with different biological effects and initially proposed to regulate
obesity, glucose metabolism and insulin sensitivity 9 . Some researchers reported that human resistin may
also play a major role in regulating inflammation 10 . Resistin expression has been identified in the nonadipocyte stromal vascular parts of white adipose tissue 11 , moreover, IBD is typically characterized by
malnutrition, body composition changes and mesenteric white adipose tissue hypertrophy12 . And previous
studies have investigated the serum levels of resistin in IBD patients and healthy controls13-22 . However,
the results are inconsistent. In light of these inconsistent findings, we made a meta-analysis of published
studies that studied serum levels of resistin in patients with CD and UC compared with healthy controls.
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Methods
Search strategy
The present meta-analysis was performed according to the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines23 and Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA). We conducted a systematic literature search in PubMed, Web of Science, Embase, Cochrane
Library and Chinese National Knowledge Infrastructure (CNKI) databases. The last search was conducted
on April 30, 2020. We searched with a combination of keywords, including “adipokines” or “resistin” or
“RETN” combined with “Crohn’s disease” or “CD” or “ulcerative colitis” or “UC” or “inflammatory bowel
disease” or “IBD”. The corresponding Chinese terms were applied for CNKI. We also checked other relevant
publications on the references of the retrieved studies.
Inclusion criteria and exclusion criteria
All included studies meet the following criteria: (1) studies published in English or Chinese; (2) studies used
a cross-sectional, case–control or clinical cohort design; (3) studies that measured resistin levels in both case
and healthy control groups; (4) studies offered sufficient data; and (5) only the most recent or largest sample
size study was included for duplicated publications.
The exclusion criteria were as follows: (1) review articles, conference abstracts and case reports; (2) articles
did not contain plasma/serum resistin levels of CD or UC patients or healthy controls; (3) duplicate reports
or ambiguous data; and (4) studies were not performed in humans.
Quality assessment and data extraction
Two authors (Jixiang Deng and Yuting Chen) independently screened the manuscripts and extracted data.
The Newcastle-Ottawa quality assessment scale (NOS) was performed to assess the methodological quality.
The relevant data were extracted from the included studies: first author’s name, publication year, study
type, study population, sample size, gender, age, body mass index (BMI) and detection methods of resistin
levels. Additional, we e-mailed the corresponding author to obtain available information.
Statistical analysis
For raw data presented as the median and range or the median and interquartile range, the data were
transformed to speculate the mean and standard deviation24 .
The pooled standardized mean difference (SMD) and its 95% confidence interval (CI) were used to assess the
resistin in patients and healthy controls. Moreover, Cochran Q-statistic was applied to evaluate the heterogeneity among the included studies, andI 2 test was applied to further evaluate the extent of heterogeneity.
When heterogeneity existed among studies (p < 0.05 for the Q test or I 2 > 50%), a random-effect model was
used; otherwise a fixed-effect model was utilized. Meta-regression and subgroup analysis were used to explore
the possible sources of heterogeneity. The sensitivity analysis was conducted by removing any single study
at a time to assess the reliability of the results. Egger’s weighted regression were used to estimate potential
publication bias. A two-tailed p < 0.05 were deemed statistically significant. All statistical analyses were
performed by R (version 3.6.0) software.
Results
Characteristics of the Included Studies
We identified a total of 162 articles through database search (Figure 1 presents the flow chart of the study
selection process). After screening, 10 articles were finally included. Among them, 8 articles (438 CD patients
and 358 healthy controls) and 9 articles (391 UC patients and 438 healthy controls) have studied the serum
resistin levels. Table 1 presents the basic characteristics of the enrolled studies.
Results of meta-analysis
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There were significant differences in serum resistin levels between CD patients and healthy controls, and CD
patients had higher resistin concentrations (SMD = 1.76, 95% CI = 0.64 to 2.88, p = 0.002). Meanwhile,
serum resistin levels in UC patients were also higher than that in healthy controls (SMD = 2.10, 95%
CI = 1.03 to 3.17, p < 0.001 ) (Figure 2). In addition, subgroup analyses stratified by region showed that
resistin levels of CD or UC patients had differences in Europe when compared with healthy controls, whereas
no significant differences were found in non-Europe (Figure 3). Meta-regression analysis was applied for
detecting additional sources of heterogeneity, indicated that publication year may be a source of heterogeneity
across studies (Table 2).
Publication bias and sensitivity analysis
Egger’s test (t =1.35, p =0.226) indicated no significant publication bias was found across the included
studies for CD. Meanwhile, Egger’s test (t =1.92, p =0.097) also did not find significant publication bias in
studies for UC.
Figure 4 shows the outcomes of the sensitivity analysis. The results were not significantly changed after
checking the overall effect by the leave one out method, suggesting that the meta-analysis results were
stable.
Discussion
The aim of the present meta-analysis was to investigate possible differences between CD or UC patients and
healthy controls in serum resistin levels. The result confirmed that higher resistin levels in CD, UC patients
than in healthy individuals. In subgroup analyses stratified by region, we observed that the serum resistin
levels of CD and UC patients in Europe were higher, indicating region may be associated with serum resistin
concentrations. Moreover, meta-regression for serum resistin levels indicated that publication year may be
an explanation for the high heterogeneity across the studies.
Adipokines appear to drive metabolic alterations, pro-inflammatory as well as anti-inflammatory, and human
resistin can stimulate the pro-inflammatory cytokines by NF-kappaB (NF-k B) pathway25 . Resistin was
extensively studied in rheumatoid arthritis, ankylosing spondylitis, systemic lupus erythematosus, psoriasis
and osteoarthritis26-28 . It can bind toll-like receptor 4 (TLR4) on human leukocytes and increase the
producing of pro-inflammatory cytokines, such as interleukin(IL)-6, IL-12 and IL-1β, in turn, these cytokines
also enhance resistin expression 29 . It also can stimulate tumor necrosis factor(TNF)-α secretion and activate
NF-k B25 . Furthermore, resistin is associated with disease activity, drug use, blood glucose level, glucose
tolerance and insulin resistance30 ,31 . Taken together, the resistin has been comfirmed to play a crucially
role in autoimmune diseases, inflammatory as well as various metabolic.
The causes of the aberrant immune response in IBD patients is unclear, CD might result from the interaction
between enetic predisposition, environmental factors, and altered gut microbiota, leading to hyperactive gutassociated immune response32 . In contrast with CD, the UC inflammation is limited to the colonic mucosa
and genetic, dietary, and environmental risk factors may also play an pivotal role in the etiology33 . IBD
patient is typically characterized hypertrophy of the mesenteric adipose tissue and alterations in local or
serum adipokine concentrations34 . Our result confirmed that higher resistin concentrations in CD, UC
patients. Although the etiology of IBD remains unkonwn, resistin may act as a new serological biomarkers
of IBD.
Subgroup analyses stratified by region showed elevated serum resistin levels in CD and UC patients in the
studies conducted in Europe, indicating the presence of regional differences. However, heterogeneity was
high in the meta-analysis that compared serum resistin levels between CD and UC patients and healthy controls. Meta-regression and subgroup analysis were performed to detect the potential reasons of heterogeneity.
Studies have demonstrated positive relationships between obesity and IBD risk35 . In meta-regression analysis, year of publication, size of sample, age of cases, BMI of cases were incorporated as covariates, the results
suggested that the source of heterogeneity may come from publication year.
To our knowledge, the current study shows the first meta-analysis that combines all published studies and
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presents the differences of resistin concentrations in CD, UC patients. Several limitations deserve to be
considered in our study. Firstly, the heterogeneity among studies was high. Secondly, studies evaluating
resistin in CD and UC are limited and insufficient data might account for the high heterogeneity among these
studies. Future studies examining the resistin concentrations in a larger number of CD and UC patients are
required.
In summary, the levels of resistin are significantly elevated in CD and UC patients compared with healthy
controls, suggesting a pivotal role of resistin in IBD pathogenesis.
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