
INTRODUCTION 
With a prevalence of 7-21%, irritable bowel syndrome 
(IBS) is the widely diagnosed gastrointestinal disorder (1). 
The prevalence of IBS decreases with age, and young fe-
males have been found to be more commonly affected 
by IBS. Symptoms may vary with respect to the gender 
of the subject. While abdominal pain and constipation are 
frequent in females, diarrhea is a more common symp-
tom among male subjects with IBS (2). On the basis of 
predominant bowel habit, the Rome III diagnostic criteria 
has categorized IBS into four subtypes: IBS with diarrhea, 
IBS with constipation (IBS-C), mixed IBS, and unsub-
typed IBS (3).

Although the mechanisms underlying this disorder are 
unclear, emerging evidence indicates that the patho-
physiology of IBS-C is multifactorial and heterogeneous. 
Early life stressors such as abuse along with psychosocial 
stressors, food intolerance, inadequate use of antibiot-
ics, enteric infections, alterations in brain-gut interaction 

and pain perception, increased intestinal permeability, 
and intestinal inflammation have shown to contribute 
to the development of IBS-C (4, 5). There is also a cor-
relation between the development of the symptoms and 
low-grade inflammation in patients with IBS, which was 
demonstrated by a study that demonstrated the subclin-
ical levels of inflammation in the presence of abdominal 
pain and discomfort (6). Emergence and/or elevation of 
gastrointestinal symptoms following infectious gastro-
enteritis also supports this hypothesis. Current data show 
that an increased immune activity (subclinical and clin-
ical) is present to some degree in the intestinal mucosa 
and circulation of patients with IBS; however, no clear 
relationships with any inflammatory marker have been 
proven, despite that some studies showed increased 
proinflammatory cytokines, including interleukin (IL)-6 
and -8 in patients with IBS (7). Moreover, the association 
between symptom severity and the immune alterations 
along with positive responses to anti-inflammatory drugs 
supports the role proposed for inflammation in IBS (8).
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Reparation of damage and resolution of inflammation 
after an injury is the optimal outcome in post-inju-
ry recovery. This is an active process that involves the 
neutralization of injurious materials and phagocytosis 
of apoptotic polymorphonuclear leukocytes by mac-
rophages (9). Dysfunctions in any part of this process 
result in varying degrees of failure in the resolution of 
inflammation (10). Resolvin D1 (RvD1) functions in the 
resolution phase of inflammation and the blood level 
of RvD1 have been shown to decrease in several clinical 
settings that are predominantly presented with acute 
inflammation (11). However, there is currently a lack of 
data regarding the role of the resolvins in IBS - a disease 
that is suggested to be characterized by subclinical or 
clinical inflammation.

In this context and considering the lack of data regarding 
RvD1 levels in IBS, the purpose of this study is to deter-
mine the role of circulating RvD1 in patients with IBS-C 
and investigate whether RvD1 could assist in distinguish-
ing patients with IBS from healthy individuals with similar 
complaints and/or symptoms.

MATERIALS AND METHODS

Subjects
This study included all consecutive patients who were 
diagnosed with IBS-C in the outpatient clinic of the Gas-
troenterology Department between August and Septem-
ber 2019. The patients were diagnosed with IBS-C as per 
the Rome III criteria (12). A group of age-matched healthy 
controls who underwent colonoscopy at our institute and 
were diagnosed as negative for any bowel disease was 
selected as the control group. Exclusion criteria includ-
ed a history of major abdominal surgery, celiac disease, 
allergic diseases, hypo/hyperthyroidism, hyperlipidemia, 
chronic renal failure, diabetes mellitus, obesity, collagen 
tissue diseases, established inflammatory bowel diseases, 
malignancy, and psychiatric disorders. Written informed 
consent was obtained from all the participants in the 
study. The Institutional Ethical Committee granted ap-
proval for this study. This study was conducted in accor-
dance with the most recent version of the Helsinki Dec-
laration (101/07.08.2019 committee).

Resolvin D1 measurement 
Blood samples, following 12 hours of fasting, were drawn 
from all participants for the measurements of complete 
blood count, CRP and RvD1. After centrifugation (4000×g 
for 10 min), 1-2 mL serum samples were reserved for RvD1 
measurements. These samples were stored at -80°C until 

they were assayed. Enzyme-linked immunosorbent assay 
(ELISA) was performed to determine the serum levels 
of RvD1 with a commercially available kit (Human RvD1 
ELISA kit, SUNRED) by following the instructions of the 
manufacturer. The reference range of RvD1 as purported 
by the manufacturer was 0.15-30 ng/mL.

Symptom questionnaire
The subjects were asked to score the frequency and se-
verity of their abdominal symptoms over the last three 
months by using the Bowel Disease Questionnaire (13). 
The severity of abdominal pain/discomfort was graded 
on a Likert scale ranging from 0 to 4 according to the 
impact on patients’ daily activities: (0) absent; (1) mild 
(not influencing activities); (2) relevant (causing some 
influence but not necessarily resulting in modification of 
activities); (3) severe (influencing activities at a level that 
urges modification of activity); and (4) extremely severe 
(significantly influencing daily activities). Additionally, the 
weekly frequency of defecation was also recorded.

Statistical analysis
The Statistical Package for Social Sciences (SPSS) for 
Windows, version 21.0 (IBM Corp.; Armonk, NY, USA) was 
employed to conduct all the analyses of this study. The 
Shapiro-Wilk test was employed for normality check. 
Data were presented as mean±standard deviation or me-
dian (minimum-maximum) values for continuous vari-
ables regarding distribution normality, whereas it were 
presented as frequency (with percentage) for categori-
cal variables. The independent samples t-test analyzed 
the normally distributed variables (height, weight, body 
mass index (BMI), and hemoglobin). The Mann-Whitney 
U test analyzed the non-normally distributed variables. 
Chi-square tests evaluated the categorical variables of 
this study, whereas the calculation of Spearman correla-
tion coefficients determined the correlations between 
parameters. The receiver operating characteristic (ROC) 
curve analysis assessed the diagnostic performance of 
the variables. A two-sided p values of less than 0.05 was 
accepted as statistically significant.

RESULTS
This researchers of study employed 55 patients [medi-
an age 39 (18-68) years, 40% male] with IBS-C and 36 
healthy controls [median age 40.5 (18-63) years, 47% 
male]. The two groups were similar with respect to age, 
sex, and BMI (Table 1). The frequency of bowel move-
ments was lower in patients than controls, whereas ab-
dominal discomfort was more frequent among patients 
with IBS than healthy controls (p<0.001). 
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There were no significant differences between the groups 
regarding the hemoglobin levels along with neutrophils, 
lymphocytes, and platelet counts. The median CRP con-
centration in patients with IBS-C was significantly higher 
than that of the controls [3.65 (0.44-25.30) mg/L vs 2.46 
(0.16-32.97) mg/L, p=0.003]. However, the median RvD1 
concentration was significantly lower in the IBS-C group 
than that of the control group [0.45 (0.11-1.65) ng/mL vs. 
0.79 (0.36-2.23) ng/mL, p<0.001].

The ROC curve analyses revealed that RvD1 concentra-
tion lower than 0.47 ng/mL (AUC: 0.736, 95% CI: 0.636-

0.836, p<0.001) may be effective in diagnosing IBS-C 
with an accuracy of 65.9% (sensitivity: 54.5%, specific-
ity: 83.3%, positive predictive value: 83.3%, and negative 
predictive value: 54.6%. Figure 1). Furthermore, although 
less successful, a CRP concentration of higher than 3.40 
mg/L may also be effective in identifying patients with 
IBS-C with a high specificity (75%) (Table 2, Figure 2). 

Correlation analyses revealed that there was a strong 
negative correlation between abdominal pain severity 
and RvD1 concentration (r=-0.766, p=0.001) in the IBS 
group. In the control group, there was no significant rela-
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Table 1. Summary of subjects’ characteristics with regard to groups.

 IBS HCs Total p

N 55 36 91 N.A

Age 39 (18-68) 40.5 (18-63) 40 (18-68) 0.578

Sex 0.643

    Female 33 (60.00%) 19 (52.78%) 52 (57.14%)

    Male 22 (40.00%) 17 (47.22%) 39 (42.86%)

Height (cm) 165.36±9.86 162.75±10.51 164.33±10.15 0.232

Weight (kg) 64.59±10.71 62.09±11.01 63.60±10.84 0.284

BMI (kg/m2) 23.64±3.53 23.49±3.86 23.58±3.65 0.848

Bowel Movements 2 (1-3) 7 (7-9) 3 (1-9) <0.001

Abdominal Pain/Discomfort <0.001

    Absent 0 (0.00%) 29 (80.56%) 29 (31.87%)

    Mild 12 (21.82%) 6 (16.67%) 18 (19.78%)

    Relevant 16 (29.09%) 1 (2.78%) 17 (18.68%)

    Severe 17 (30.91%) 0 (0.00%) 17 (18.68%)

    Extremely Severe 10 (18.18%) 0 (0.00%) 10 (10.99%)

Hemoglobin (g/dL) 14.08±1.78 13.69±1.76 13.93±1.77 0.301

WBC (*1000/mm3) 7.45 (3.68-14.67) 7.41 (4.43-12.18) 7.45 (3.68-14.67) 0.721

Platelets (*1000/mm3) 256 (114-486) 267 (38.4-570) 260 (38.4-570) 0.318

Neutrophils (*1000/mm3) 4.68 (2.55-9.20) 4.69 (1.75-8.44) 4.68 (1.75-9.20) 0.910

Lymphocytes (*1000/mm3) 1.90 (1.23-4.90) 2.18 (1.06-3.62) 2.00 (1.06-4.90) 0.328

CRP (mg/L) 3.65 (0.44-25.30) 2.46 (0.16-32.97) 3.00 (0.16-32.97) 0.003

Resolvin D1 (ng/mL) 0.45 (0.11-1.65) 0.79 (0.36-2.23) 0.54 (0.11-2.23) <0.001

Data given as mean ± standard deviation or median (minimum-maximum) for continuous variables regarding normality and frequency (percentage) for 
categorical variables
BMI: Body Mass Index; WBC: White Blood Cell; CRP: C-Reactive Protein; HCs: Healthy Controls; IBS: Irritable bowel syndrome



tionship between abdominal pain severity and RvD1 con-
centration (r=0.188, p=0.272).

When we compared the means of RvD1 concentrations 
regarding the groups formed according to abdominal pain 
severity, it was found that an increased symptom sever-
ity translated to reduced RvD1 concentration (p=0.001). 
Figure 3 shows the boxplot graph of RvD1 concentrations 
with regard to pain severity groups. 

DISCUSSION
In recent years, the discussion pertaining to the pathophys-
iological background of IBS has been heavily influenced by 
the suggested role of inflammation in the development 
and progression of the disease (14). Despite the lack of 
conclusive results and only a few studies on this topic that 
have been unsuccessful in pinpointing any inflammatory 
parameter, many authors have explored this relationship 

in most of the narrative reviews (15). This study demon-
strates that patients with IBS-C have higher CRP levels 
and lower RvD1 concentrations than healthy controls. Fur-
thermore, RvD1 concentrations were found to reduce with 
an increased severity of abdominal pain, which is perhaps 
the most remarkable finding of this study. We also found 
that both CRP and RvD1 predicted the diagnosis of IBS-C. 
For example, a RvD1 concentration of less than 0.47 ng/
mL was found to identify the patients with IBS-C with high 
specificity and moderate accuracy.

Irritable bowel syndrome is one of the most frequent 
functional gastrointestinal disorders, particularly in the 
western world. The distinctive symptoms of IBS are 
abdominal pain and discomfort, which demonstrate a 
chronic relapsing course. The abdominal discomfort, 
bloating, and constipation observed in patients with IBS 
have been shown to considerably impair the health-re-

Figure 2. ROC curve of C-reactive protein for determining the 
presence of irritable bowel syndrome.

Figure 1. ROC curve of resolvin D1 for determining the presence of 
irritable bowel syndrome.
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Table 2. Performance of resolvin D1 and CRP for the diagnosis of IBS.

 Cut-off Sensitivity Specificity Accuracy PPV NPV AUC 95.0% CI p

Resolvin D1 (ng/mL) <0.47 54.50% 83.30% 65.93% 83.33% 54.55% 0.736 0.636 0.836 <0.001

C-Reactive Protein (mg/L) >3.40 56.40% 75.00% 63.74% 77.50% 52.94% 0.688 0.575 0.800 0.003

PPV: Positive Predictive Value; NPV: Negative Predictive Value; AUC: Area Under ROC Curve; CI: Confidence Intervals; CRP: C-Reactive Protein; IBS: Irritable 
bowel syndrome



lated quality of life in the Longitudinal Outcomes Study 
of Gastrointestinal Symptoms study (16). This study re-
vealed a 34.6% loss in overall work productivity. Among 
patients with IBS, up to 88% have been reported to seek 
and require close care, in particular, those with profound 
distress and limited social support.

Despite impairment in the individuals’ quality of life and 
the considerable burden loaded on the healthcare sys-
tem, no curative agents have been described for the 
treatment of the IBS. The multifactorial and heteroge-
neous pathophysiology of IBS-C is the primary reason for 
the lack of curative treatment; therefore, the manage-
ment of IBS is largely based on the control of symptoms 
and complaints in the majority of subjects. Abnormalities 
in motility, visceral sensation, brain-gut interaction, and 
psychosocial distress have shown to play crucial roles 
in the development of IBS. Recently, functional and an-
atomical evidence for abnormal neuroimmune interac-
tions resulting from altered gut flora, increased intes-
tinal permeability and intestinal inflammation has also 
been described in patients with IBS (8, 17). The increased 
prevalence of IBS subsequent to infectious gastroenteri-
tis supports the role of low-grade inflammation in the 
pathogenesis of this disorder. A previous meta-analysis 
of eight studies has indicated a sevenfold increase in the 
probability of IBS following infectious gastroenteritis (18). 
The augmentation of innate immune activity in patients 
with IBS has also become an attractive field of research in 
recent years. The roles of the monocytes, mast cells, neu-
trophils, eosinophils, neutrophils, as well as epithelial bar-
rier function have been closely investigated in this con-

text. In complete blood counts, the levels of monocytes 
and macrophages (and secreted cytokines such as IL-6 
and IL-8), which are the triggers of acute inflammation 
in response to infectious and injurious agents, are also 
reportedly increased in patients with IBS (7). Moreover, 
CD4+ T cells, which reflect an activated adaptive immune 
response, are also increased in the colonic mucosa of pa-
tients with IBS (19). Conflicting results have been report-
ed regarding the role of B cells in patients with IBS. Nev-
ertheless, a study has shown an increase in the frequency 
of IgG+ B cells in the blood of patients with IBS (20). The 
ultimate evidence proving the involvement of low-grade 
inflammation in the generation of symptoms in IBS is the 
positive response to anti-inflammatory agents used for 
treatment (8). Ketotifen, a mast-cell stabilizer, has also 
been shown to alleviate IBS symptoms, possibly through 
the reduction of visceral hypersensitivity (21).

The aforementioned body of evidence demonstrates 
the presence of immunological dysfunction at base-
line in patients with IBS. However, the mechanism(s) by 
which immune dysfunction leads to IBS symptoms are 
not clear. Alterations in the gut microbiota due to local 
and systemic immunological changes, food hypersensi-
tivity mediated by B cells, increased permeability of the 
intestinal epithelial layer, and accumulation of mediators 
secreted by these activated mast cells that stimulate 
nerve endings have been considered to contribute to the 
immunopathogenesis of IBS (22). Additionally, as shown 
in the study of Akbar et al. (23), the number of transient 
receptor potential vanilloid type-1 nerve fibers that are 
essential in the transmission of visceral pain has been 
demonstrated to be increased in the biopsy specimens of 
the rectosigmoid in patients with IBS.

Despite the presence of sufficient evidence that indicates 
the role of the immune alterations in the development of 
abdominal symptoms, there are only a few studies that 
have been conducted to investigate whether the resolu-
tion of inflammation is impaired in patients with IBS, even 
though the disruption of any of the resolution parame-
ters in a disease with chronic inflammation such as IBS, 
could lead to persistence of symptoms and progression 
of disease (24). Resolution of the inflammation is an ac-
tive process and may be affected by the lower levels of 
RvD1 that has been determined in our study. This reduc-
tion may limit the stimulation of resolution in patients 
with IBS and may lead to the progression of complaints. 

Recent evidence shows that resolvins directly regulate the 
resolution of inflammation (25). RvD1, a member of re-
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Figure 3. Boxplot graph of RvD1 concentrations regarding pain 
severity groups.



solvins family which is synthesized from polyunsaturated 
fatty acids (26), is considered to be a specialized lipid me-
diator that stimulates inflammatory resolution. Resolvins 
restrict the inflammatory process by limiting further leu-
kocyte infiltration and preventing acute inflammation 
within physiological barriers, thereby reducing the reach 
and activity of inflammatory cells and mediators (27).

This study demonstrates that RvD1 concentration is 
significantly lower in patients with IBS-C than that of 
healthy controls. This study also indicates that RvD1 
concentration of less than 0.47 ng/mL may distinguish 
patients with IBS-C from controls with a high specificity 
(83.3%). This result may be somewhat explained by the 
disappearance of selective blockage on TRVP1-mediat-
ed signals due to the absence of RvD1. Another possible 
explanation for this is that RvD1 plays a critical role in the 
resolution of the inflammation; therefore, the lack of the 
RvD1 might also be responsible for the development of 
the symptoms in patients with IBS-C. This suggestion 
is supported by the fact that RvD1 concentrations were 
found to considerably decrease with the increase in the 
severity of abdominal pain in our group of patients. Our 
findings are also consistent with the data derived from 
previous studies, which found decreased RvD1 concen-
trations in acute inflammation and symptomatic carotid 
artery disease (11, 28). Considering the benefit derived 
with resolvin analogs in experimental myocardial isch-
emia, Alzheimer’s disease, and periodontal disease, we 
believe that the utilization of RvD1 analogs might facil-
itate the resolution of inflammation and could conse-
quently reduce the severity of abdominal symptoms in 
patients with IBS-C (29, 30). Further research should be 
undertaken to investigate the role of the RvD1 analogs in 
the treatment of IBS. 

This study demonstrates that patients with IBS-C have 
lower RvD1 and CRP concentrations than that of healthy 
controls. Moreover, abdominal pain severity was found 
to be worse in those patients with lower RvD1 levels. Our 
data also show that RvD1 and CRP might be utilized in 
identifying the patients with IBS-C from those with sim-
ilar abdominal symptoms/diseases. Further research is 
required to understand how RvD1 contributes to inflam-
matory activity in IBS.
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