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Abstract

BACKGROUND

Population of patients with inflammatory bowel disease (IBD) is burdened by
various extraintestinal manifestations which substantially contribute to greater
morbidity and mortality. Growth-differentiation factor-15 (GDF-15) is often over-
expressed under stress conditions, such as inflammation, malignancies, heart
failure, myocardial ischemia, and many others.

AIM
To explore the association between GDF-15 and IBD as serum concentrations of
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GDF-15 were shown to be an independent predictor of poor outcomes in multiple diseases. An additional aim was
to determine possible associations between GDF-15 and multiple clinical, anthropometric and laboratory
parameters in patients with IBD.

METHODS

This cross-sectional study included 90 adult patients diagnosed with IBD, encompassing both Crohn’s disease (CD)
and ulcerative colitis (UC), and 67 healthy age- and sex-matched controls. All patients underwent an extensive
workup, including colonoscopy with subsequent histopathological analysis. Disease activity was assessed by two
independent gastroenterology consultants specialized in IBD, employing well-established clinical and endoscopic
scoring systems. GDF-15 serum concentrations were determined following an overnight fasting, using electro-
chemiluminescence immunoassay.

RESULTS

In patients with IBD, serum GDF-15 concentrations were significantly higher in comparison to the healthy controls
[800 (512-1154) pg/mL vs 412 (407-424) pg/mL, P < 0.001], whereas no difference in GDF-15 was found between
patients with CD and UC [807 (554-1451) pg/mL vs 790 (509-956) pg/mL, P = 0.324]. Moreover, multiple linear
regression analysis showed that GDF-15 levels predict CD and UC severity independent of age, sex, and C-reactive
protein levels (P = 0.016 and P = 0.049, respectively). Finally, an association between GDF-15 and indices of anemia
was established. Specifically, negative correlations were found between GDF-15 and serum iron levels (r = -0.248, P
= 0.021), as well as GDF-15 and hemoglobin (r = -0.351, P = 0.021). Accordingly, in comparison to IBD patients with
normal hemoglobin levels, GDF-15 serum levels were higher in patients with anemia (1256 (502-2100) pg/mL vs
444 (412-795) pg/mL, P < 0.001).

CONCLUSION

For the first time, we demonstrated that serum concentrations of GDF-15 are elevated in patients with IBD in
comparison to healthy controls, and the results imply that GDF-15 might be involved in IBD pathophysiology. Yet,
it remains elusive whether GDF-15 could serve as a prognostic indicator in these patients.

Key Words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Growth-differentiation factor-15; Anemia;
Extraintestinal manifestations

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Serum concentrations of growth-differentiation factor-15 (GDF-15) exhibit a significant elevation in inflammatory
bowel disease (IBD) patients compared to healthy controls, irrespective of Crohn’s disease or ulcerative colitis diagnosis.
GDEF-15 levels independently predict disease severity and demonstrate an association with anemia indices, indicating its
potential as a biomarker for IBD pathophysiology. Further exploration is nonetheless warranted to determine the prognostic
value of GDF-15 in predicting outcomes for patients with IBD.
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INTRODUCTION

Inflammatory bowel disease (IBD) represents a group of chronic inflammatory disorders that affect the gastrointestinal
tract, primarily manifesting as Crohn’s disease (CD) and ulcerative colitis (UC)[1]. Even though patients with IBD in
general exhibit lower prevalence of traditional cardiovascular risk factors, such as hypertension, obesity and dyslip-
idemia, ample data suggests that the cardiovascular risk by which these patients are burdened exceeds that of the general
population[2-6]. Moreover, the population of patients with IBD is burdened by various other extraintestinal manifest-
ations, such as anemia, arthritis, and cancer, which substantially contribute to greater morbidity and mortality[7-10].
Growth-differentiation factor-15 (GDF-15) is a divergent member of the transforming growth factor-p super family[11].
It has been consistently demonstrated that GDF-15 is weakly expressed in all tissue types (except for placenta) under
normal physiological states, where it plays a role in cell growth, signal transduction, and apoptosis regulation[11]. On the
other hand, GDF-15 is often over-expressed under stress conditions, such as inflammation, malignancies, heart failure,
myocardial ischemia and many others[12-15]. In fact, serum concentrations of GDF-15 were shown to predict poor
outcomes in conditions with very variegated pathogenesis, for instance colorectal cancer and heart failure[14,15].
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Although the exact function of GDF-15 is still not completely understood, it seems that the main function of overex-
pression in the aforementioned conditions is to maintain cell and tissue homeostasis[16]. Importantly, recent research
indicated that serum levels of GDF-15 are associated with subclinical indices of atherosclerosis development in patients
with rheumatoid arthritis (RA)[17]. On the other hand, although the data concerning the role of GDF-15 in IBD is limited,
recent research indicated a possible association between GDF-15 and indices of iron homeostasis/erythropoiesis in
patients with UCJ[18,19].

Therefore, the aim of the present study was to establish whether serum levels of GDF-15 are higher in patients with
IBD in comparison to healthy controls. Moreover, we aimed to determine possible associations between GDF-15 and
multiple clinical, anthropometric and laboratory parameters in patients with IBD.

MATERIALS AND METHODS

Study design and ethical considerations

The present cross-sectional study was conducted in the Laboratory for Cardiometabolic Research, University of Split
School of Medicine and Department of Gastroenterology, University Hospital of Split in the period from January 2022 to
January 2023.

The study was conducted in accordance with the ethical principles defined by the Declaration of Helsinki and its
amendments, as well as the Good Clinical Practice guidelines from the International Conference on Harmonisation.
Ethical approval for the present study was issued by the Ethics Committee of the University Hospital of Split (Class: 500-
03/21-01/186; No: 2181-147/01/06/M.S.-21-02; Date: 22 December 2021). Prior to study inclusion, each participant was
informed about the goal, procedures, and course of this study and has signed the written informed consent.

Study population

We consecutively enrolled 90 patients with IBD, 42 of which were diagnosed with UC and 48 with CD. Patients were
recruited from the outpatient clinic of the Department of Gastroenterology, University Hospital of Split. In addition, we
recruited 67 healthy volunteers with the purpose of forming a control group. The principal inclusion criteria, i.e., IBD
diagnosis, was established in the accordance with contemporary guidelines of the European Crohn’s and Colitis
Organization (ECCO) and the European Society of Gastrointestinal and Abdominal Radiology[20,21]. Specifically, we
included patients who fulfilled the following criteria: disease duration of at least one year and stable disease activity in
the past three months. The following exclusion criteria were applied: Age under 18 or over 65; established cardiovascular
or cerebrovascular disease (heart failure, myocardial infarction, stroke, and peripheral artery disease); history of
significant renal, pulmonary, or liver disease; diabetes mellitus; arterial hypertension; autoimmune/chronic inflam-
matory disorders (other than IBD); history of malignancy; use of corticosteroids in the last 3 months and acute inflam-
mation. The same exclusion criteria applied to the control group. Subjects from the control group were additionally
screened for irritable bowel syndrome symptoms according to the Rome IV criteria, as well as other abdominal symptoms
suggestive of lactose and/or gluten intolerance[21].

Clinical assessment and laboratory analysis

Physical examination and relevant items from past medical history were obtained from all participants. Height and
weight were measured using calibrated medical scale with integrated altitude meter (Seca, Birmingham, United
Kingdom) body mass index was calculated by dividing the value of body mass and the squared value of height. The hip
and waist circumferences were measured at standard positions while patients were standing. Waist-to-hip ratio was
calculated by dividing the two. Office blood pressure was measured in seating position, following the principles outlined
in the contemporary guidelines for management of hypertension[22].

Blood samples for the present analysis were obtained after an overnight fast by an experienced laboratory technician. A
maximum of 25 mL of blood was obtained from the cubital vein using a sterile disposable needle. Sampled blood was
either immediately analyzed, or aliquoted and stored at -80 °C for subsequent analysis of biomarkers, including GDF-15.
GDF-15 serum concentrations were determined using an electrochemiluminescence immunoassay on Cobas e8000
analyzer (Elecsys, Roche Diagnostics). The reported sensitivity for GDF-15 was 400 pg/mL, with a linear range of 400-
20000 pg/mL. The inter-assay coefficient of variability was 5%. Fecal calprotectin (FC) concentrations were measured by
turbidimetric method (Beckman Coulter AU 680). Reported sensitivity for FC was 15 pg/ g, with a linear range of 20-1500
pg/g, and intra-assay coefficient of variability < 20%. The rest of biochemical analyses were conducted by standard
laboratory methods by an experienced biochemist. All biochemical analyses in the same certified institutional laboratory,
using standard operating procedures, with the biochemist being blinded to the participant’s assignment to the IBD or
control group.

Disease activity was assessed by two independent gastroenterology consultants specialized in IBD, using well-
established clinical and endoscopic scoring systems. In case of score difference between the two, a consensus was made.
For CD activity, simple endoscopic score for CD (SES-CD), and CD activity index[23,24]. For patients with UC, we
reported Mayo score/disease activity index for UC (Mayo/DAI) and UC endoscopic index of severity (UCEIS)[23,24]. In
light of the latest recommendations by ECCO, we used endoscopic index scores (UCEIS and SES-CD, respectively) in
assessment of association between GDF-15 and disease severity, whereas other clinical index scores were descriptively
reported[20]. Anemia was defined as Hgb <130 g/L for male, and Hgb <120 g/L for female patients.
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Statistical analysis
MedCalc version 20.113 (MedCalc Software BV, Ostend, Belgium) and GraphPad Prism version 9.4.1 (GraphPad, La Jolla,
CA, United States) were used for statistical data analysis and visual representation of data. Qualitative data was
presented as whole number (1) and percentage (%), with the Chi-squared (x?) test being used for the comparison of
categorical variables. Quantitative data was expressed as mean * SD or median and interquartile range, depending on
data distribution. Accordingly, quantitative variables were compared with either Welch’s t-test or Mann-Whitney U test.
In light of non-normal distribution of the main parameter of interest, Spearman’s rank correlation analysis was used to
establish the association between GDF-15 and multiple clinical, laboratory and anthropometric variables. To ascertain that
GDF-15 levels differ between IBD and control group independently of the possible confounders, we conducted multiple
logistic regression analysis. Covariates for the above-noted analysis were age, sex, C-reactive protein (CRP), low-density
lipoprotein (LDL)-cholesterol and albumin levels. Finally, multiple linear regression analysis was used to determine
whether GDF-15 serum concentrations might predict disease activity independent of age, sex, and CRP levels. Variance
inflation factor was used for detection of multicollinearity in linear regression analysis. Statistical significance was set at P
< 0.05 for all comparisons.

The sample size was determined based on the analysis of GDF-15 serum levels in a pilot study involving 10 IBD
patients and 10 control subjects. Our calculations, with a power of 90% and a type I error of 0.05, indicate that 40 subjects
are required to detect a significant difference in GDF-15 serum levels.

RESULTS

In comparison to the control group, patients with IBD were more likely to have a positive family history of IBD (P =
0.003), and less likely to have a positive family history of cardiovascular disease (CVD) (P = 0.041). Additionally, patients
with IBD had higher CRP levels (P < 0.001), but lower serum iron (P = 0.009), total cholesterol (P = 0.008), LDL-cholesterol
(P <0.001), and albumin levels (P < 0.001) compared to the control group. No significant differences were noted in other
variables of interest. The baseline characteristics of patients are summarized in Table 1.

Compared to patients with UC, those with CD exhibited a higher prevalence of smoking (P < 0.001), extraintestinal
manifestations (P < 0.001), and a greater likelihood of undergoing IBD-related surgery previously (P < 0.001).
Furthermore, CD patients showed higher FC levels (P = 0.009) but lower levels of albumin (P < 0.001), total cholesterol (P
= 0.005), LDL-cholesterol (P < 0.001), and high-density lipoprotein-cholesterol (P = 0.045). A comprehensive comparison
of relevant basic characteristics, laboratory parameters, and disease features between patients with CD and UC is
delineated in Table 2.

In comparison to the healthy age and sex-matched control group, GDF-15 serum concentrations were significantly
higher in patients with IBD (P < 0.001) (Table 3). Additionally, multiple logistic regression analysis revealed that GDF-15
serum levels predict the presence of IBD independently of age, sex, CRP, albumin, and LDL serum levels (odds ratio: 1.17,
95% confidence interval: 1.05-1.19, P < 0.001). Serum concentrations of GDF-15 did not exhibit a significant difference
between patients with CD and UC (P = 0.324) (Table 3).

Significant correlations were noted between GDEF-15 serum levels and IBD endoscopic disease activity indices.
Specifically, GDF-15 serum levels in patients with CD were found to correlate with SES-CD (r = 0.405, P = 0.004)
(Figure 1A), whereas in UC, a positive correlation was noted between GDF-15 levels and UCEIS (r = 0.391, P = 0.010)
(Figure 1B). Moderate positive correlation was also found between CRP and GDF-15 in the total studied population (r =
0.406, P < 0.001) (Figure 1C). Nonetheless, it is worth noting that multiple linear regression analysis showed that GDF-15
levels predict CD and UC severity independent of age, sex, and CRP levels (P = 0.016 and P = 0.049, respectively).

On the other hand, negative correlations were found between GDF-15 and serum iron levels (r = -0.248, P = 0.021), as
well as GDF-15 and hemoglobin (r = -0.351, P = 0.021) (Figure 1D and E). Accordingly, in comparison to IBD patients with
normal hemoglobin levels, GDF-15 serum levels were higher in patients with anemia [1256 (502-2100) pg/mL vs 444 (412-
795) pg/mL, P < 0.001] (Figure 1F). However, when analyses for UC and CD were conducted separately, the difference in
GDEF-15 with respect to the presence of anemia [859.5 (502.0-2464.0) pg/mL vs 787.0 (531.0-940.3) pg/mL, P = 0.396], as
well as correlations with the aforementioned variables (serum iron and hemoglobin), were lost (r = -0.147, P = 0.359 and r
=0.003, P = 0.984, respectively).

Finally, we performed a correlation analysis between serum concentrations of GDF-15 and multiple anthropometric
and laboratory variables. Significant correlations with serum GDEF-15 were observed for albumins (r = -0.338), total
cholesterol (r = -0.196) and LDL-cholesterol (r = -0.216). The results of the analysis are presented in Table 4.

DISCUSSION

To the best of our knowledge, this is the first study in which serum concentrations of GDF-15 were compared between
patients with IBD and healthy age and sex-matched controls, and the only report in which the association between GDF-
15 and IBD severity was explored.

There is a paucity of data concerning the role of GDF-15 in IBD, especially in human subjects. In a recent study,
Yamamoto et al[18] reported that GDF-15 serum levels are significantly higher in CD patients with low skeletal muscle
mass index (SMI) in comparison to high SMI, even after adjusting for possible confounders. Accordingly, negative
correlation was established between GDF-15 and SMI. A possible explanation of this association is that GDF-15 may
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Table 1 Baseline characteristics of the studied population

Parameter Control group (n = 67) IBD group (n = 90) P value'
Age, yr 385+123 412158 0.195
Male sex, 1 (%) 43 (64.2) 53 (58.9) 0.503
Body mass index, kg/m? 24.7+28 23.8+42 0.070
Waist-to-hip ratio 0.91 £0.36 0.87 £ 0.08 0.368
Hypertension, n (%) 1(1.5) 6 (6.7) 0.122
Dyslipidemia, n (%) 2(3.0) 7 (7.8) 0.203
Family history of IBD, n (%) 3 (4.5) 16 (17.8) 0.012
Family history of CRC, 2 (%) 9(13.4) 17 (18.9) 0.365
Family history of CVD, 1 (%) 31 (46.3) 29 (32.2) 0.074
Smoking, 11 (%) 12 (18.5) 17 (18.9) 0.947
C-reactive protein, mg/L 0.7 (0.4-1.6) 1.6 (0.7-3.8) <0.001
Serum iron, pmol/L 18.1+6.7 152+78 0.009
Albumins, g/L 439+25 404+49 <0.001
Serum urate levels, mmol/L 296.1+76.0 275.5+70.9 0.064
Fasting blood glucose, mmol/L 51+0.7 52+1.6 0.691
Total cholesterol, mmol/L 52+1.2 47+13 0.008
LDL-C, mmol/L 33+1.1 27+11 <0.001
HDL-C, mmol/L 14+03 14+04 0.409
Triglycerides, mmol/L 1.2+£0.6 14+11 0.158

1Welch's t-test, Mann-Whitney U test or chi squared test, as appropriate.
Data presented as mean * SD, median (IQR) or n (%). CRC: Colorectal carcinoma; CVD: Cardiovascular disease; HDL-C: High-density lipoprotein
cholesterol; IBD: Inflammatory bowel disease; LDL-C: Low-density lipoprotein cholesterol.

promote muscle wasting. Aside from the direct catabolic effects, it has been reported that the binding of GDF-15 to the
receptors in the brainstem may lead to the loss of appetite and concurrent weight loss[25-30]. Although Yamamoto et al
[18] did not have a control group, GDF-15 levels were similar to that of our CD population, and significantly higher than
in healthy controls from our study or from previous reports[31,32]. In contrast to our results, a recent study failed to
demonstrate a difference in GDF-15 serum levels between patients with UC and healthy controls[19]. The probable cause
of the disparity is the fact that our study included significantly higher proportion of severe UC cases (approximately 30%
vs approximately 10%). Since patients in the above-noted study were appropriately matched with controls, and as control
subjects seem to be concordant with ours in terms of age and sex distribution, another possible explanation of conflicting
results is ethnicity difference. Specifically, all our patients were of European ancestry, in contrast to the study by
Ramasamy ef al[19] that included Indian population exclusively. Although a conclusive answer on why the GDF-15 levels
is elevated in IBD regardless of the CRP levels cannot be reached with the current study design, in line with the available
data in other autoimmune disorders, we hypothesized that the elevated GDF-15 reflect its protective role in IBD. For
instance, preclinical studies demonstrated that mice deficient in GDF-15 exhibited a more pronounced systemic inflam-
matory response, marked by increased levels of IL-6, IL-12, tumour necrosis factor alpha, and interferon-gamma in the
serum, as well as enhanced local inflammatory response characterized by increased T-cell infiltration and upregulation of
CXCR3 in a model of membrane glomerulonephritis[33].

Positive correlation between GDF-15 and endoscopic indices of CD and UC is concordant with previous reports in
other chronic diseases[34]. In patients with RA, multiple authors demonstrated a positive correlation between the disease
severity and the GDF-15 serum levels[17,35]. Brown et al[35] even demonstrated that applying GDF-15 in algorithms may
aid in predicting response to hematopoietic stem cell transplantation, the presence of severe form, and joint erosions in
RA. A preliminary report in patients with spondyloarthritis is in line with the data from RA studies, as a pilot study
showed a moderate correlation between GDF-15 and multiple indices of spondyloarthritis severity[36]. Of note, in
idiopathic inflammatory myopathy, GDF-15 serum levels correlated with the extent of myocardial injury[37]. Unfortu-
nately, in previously conducted studies that measured GDF-15 serum levels in IBD patients, an association between
disease severity and GDF-15 was not explored.

As anemia is a well-established extraintestinal manifestation of IBD, the presence of higher GDF-15 levels in anemic
patients, as well as negative correlations of GDF-15 with both hemoglobin and serum iron, deserve particular attention.
However, inferring about causative relation between any biomarker and anemia in IBD is challenging owing to its dual
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Table 2 Basic anthropometric and disease characteristics of ulcerative colitis and Crohn’s disease group

Parameter Crohn’s disease (n = 48) Ulcerative colitis (n = 42) P value'

Basic characteristics

Age, yr 40.7 £16.0 427159 0.567
Male sex, 1 (%) 31 (64.6) 22 (52.4) 0.243
Body mass index, kg/m? 23.2+3.6 23.9+49 0.459
Waist-to-hip ratio 0.86 £0.08 0.86 £0.08 0.495
Hypertension, n (%) 2(4.2) 4(9.5) 0.312
Dyslipidemia, 7 (%) 3(6.2) 4 (9.5) 0.565
Family history of IBD, n (%) 10 (20.8) 6 (14.3) 0.420
Family history of CRC, 2 (%) 10 (20.8) 7 (16.7) 0.616
Family history of CVD, n (%) 12 (28.6) 17 (35.4) 0.491
Smoking, 7 (%) 16 (33.3) 1(24) <0.001

Laboratory parameters

C-reactive protein, mg/L 1.9 (0.6-7.6) 1.4 (0.8-2.2) 0.153
Serum iron, pmol/L 14.6 +7.6 16.5+7.9 0.247
Albumins, g/L 39.5+£55 416+3.6 0.018
Fasting blood glucose, mmol/L 49+08 56+25 0.100
Total cholesterol, mmol/L 44+1.2 51+£1.3 0.005
LDL-C, mmol/L 2309 3111 <0.001
HDL-C, mmol/L 1.3+04 14+04 0.045
Triglycerides, mmol/L 1.7+£15 1.2+£0.7 0.079

Disease characteristics

Disease duration, yr 7 (3-14) 9 (5-13) 0.397
IBD-related surgery, 1 (%) 20 (41.7) 0(0.0) <0.001
ExtraintestiN/ Al manifestations, n (%) 27 (56.3) 7 (16.7) <0.001
SES-CD 10 (5-13) N/A N/A
CDAI 55 (34-84) N/A N/A
UCEIS N/A 5.0 (1.5-6.5)

Mayo/DAI N/A 3 (2-5) N/A
Fecal calprotectin, pg/g 232 (80-589) 85 (10-246) 0.009

Therapy, n (%)

Aminosalicylates 22 (45.8) 23 (54.8) 0.421
DMARDs 18 (37.5) 17 (40.5) 0.826
MonocloN/ Al antibodies 36 (75.0) 32(76.2) 0.896

Welch's t-test, Mann-Whitney U test or chi squared test, as appropriate.

Data presented as mean * SD, median (IQR) or 1 (%). CDAI: Crohn’s disease activity index; CRC: Colorectal carcinoma; CVD: Cardiovascular disease;
DMARD: Disease-modifying anti-rheumatic drugs; HDL-C: High-density lipoprotein cholesterol; IBD: Inflammatory bowel disease; LDL-C: Low-density
lipoprotein cholesterol; Mayo/DAI: Mayo score/disease activity index; SES-CD: Simple endoscopic score for Crohn’s disease; UCEIS: Ulcerative colitis
endoscopic index of severity; N/A: Not applicable.

pathophysiology: Iron deficiency anemia develops as a result of chronic blood loss in IBD, whereas chronic inflammation
underlies the development of anemia of chronic disease[38]. Previous research has indicated that GDF-15 levels correlate
with anemia severity in patients with cancer, and that GDF-15 is in fact a negative regulator of hepcidin, a central
regulator of iron homeostasis[39-41]. However, a recent study failed to demonstrate a correlation between GDF-15 and
hepcidin in patients with UC[19]. In addition, the authors did not find any difference in the GDF-15 serum levels between
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Figure 1 Correlation and comparison. A: Correlation between growth-differentiation factor-15 (GDF-15) serum levels and simple endoscopic score for Crohn's
disease (CD) in patients with CD (Spearman’s rank correlation coefficient); B: Correlations between GDF-15 serum levels and ulcerative colitis endoscopic index of
severity in patients with ulcerative colitis (Spearman’s rank correlation coefficient); C: Correlation between GDF-15 and C-reactive protein in the total studied
population (Spearman’s rank correlation coefficient); D and E: Correlation between GDF-15 and indicators of anemia in the total studied population: Serum iron levels
(D) and hemoglobin (E) (Spearman’s rank correlation coefficient); F: Comparison of serum GDF-15 concentrations with respect to the presence of anemia in patients
with inflammatory bowel disease (Mann-Whitney U test). GDF-15: Growth-differentiation factor-15; SES-CD: Simple endoscopic score for Crohn’s disease; UCEIS:
Ulcerative colitis endoscopic index of severity; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; Hb: Hemoglobin; CRP: C-reactive protein.
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Table 3 Comparison of serum growth-differentiation factor-15 concentrations between the study groups

Parameter Study groups P value'
GDF-15, pg/mL Control group (1 = 67) IBD group (1 = 90)
412 (407-424) 800 (512-1154) <0.001
Crohn'’s disease (1 = 48) Ulcerative colitis (n = 42)
807 (554-1451) 790 (509-956) 0.324

"Mann-Whitney U test. Data are presented as median (interquartile range).
GDF-15: Growth-differentiation factor-15; IBD: Inflammatory bowel disease.

Table 4 Correlation analysis between growth-differentiation factor-15 and various anthropometric and laboratory variables

Parameter r-correlation coefficient' P value
Age, yr 0.117 0.145
Albumins -0.338 <0.001
Fecal calprotectin” 0.143 0.178
Fasting glucose 0.021 0.796
Total cholesterol -0.196 0.014
LDL-~cholesterol -0.216 0.007
Waist-to-hip ratio -0.044 0.584

ISpearman’s rank correlation coefficient.
2Measured only in patients with inflammatory bowel disease.
IBD: Inflammatory bowel disease; LDL-cholesterol: Low-density lipoprotein cholesterol.

anemic and non-anemic UC patients, which is in line with our sub-analysis on UC patients, but not on the overall IBD
population. The authors argued that lack of change reflects insufficient anemia severity needed to induce GDF-15
secretion, which is also consistent with our data, i.e., negative correlation between GDF-15 and hemoglobin levels.
Significant correlations in CD but not UC, are challenging to interpret in the absence of data for comparison and limited
sample size, but since hemoglobin, serum iron and GDF-15 levels in our study were similar between UC and CD patients,
we argue that there is a possibility that pathophysiological mechanisms underlying anemia in our UC and CD population
may not be completely concordant.

Although GDEF-15 has been shown to be a very successful prognostic indicator in multiple diseases, especially those of
cardiovascular origin, current study design prevents us from making inferences about prognostic value of GDF-15 in IBD
population. Yet, in light of the fact that serum concentrations of GDF-15 were associated with disease severity and anemia
in patients with IBD, both of which could potentially contribute to morbidity and mortality, GDF-15 might serve as a
predictor of poor outcomes beyond traditional risk factors in IBD population, providing a strong basis to explore such
association in future studies. Of important note, the pathophysiological processes that underlie the relationship between
GDF-15 and CVD are still elusive, rendering the interpretation difficult[33]. In fact, as GDF-15 appears to produce both
beneficial and adverse effects depending on the microenvironment, it remains unclear whether GDF-15 offers protective
or detrimental role.

The present study has several limitations. Cross-sectional design prevents us from establishing causality. Furthermore,
relapsing, and remitting nature of IBD alongside non-constant secretion of GDE-15 further impedes the establishment of
causality by single point measurement. Nonetheless, it is worth noting that patients were equally distributed with respect
to disease activity in both UC and CD. The study might benefit from concurrent measurement of serum hepcidin and
soluble transferrin receptor concentrations. Finally, although sample size was somewhat limited, we aimed to create IBD
and control groups devoid of any other pathologies that might violate the assumptions about the role of GDF-15 in IBD.

CONCLUSION

For the first time, we demonstrated that serum concentrations of GDF-15 are elevated in patients with IBD in comparison
to age and sex-matched healthy controls independently of the factors that might affect GDF-15 levels. Moreover, in
patients with both CD and UC, a positive correlation was found between GDF-15 and endoscopic disease activity indices,
whereas no significant difference in GDF-15 serum levels was found between CD and UC groups. In addition, an
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association between the serum iron and hematological parameters of anemia with GDF-15 serum levels was established
in patients with CD. Overall, although the present results implicate that GDF-15 might be involved in pathophysiology of
IBD and its extraintestinal manifestations, currently there is insufficient data to establish whether serum GDF-15 levels
might predict outcomes in patients with IBD. Exploring molecular pathways associating GDF-15 and IBD, and adequately
powered prospective studies that assess crude outcomes represent the two crucial tools required to put these premises to
the test. Finally, given the well-established role of GDF-15 in predicting cardiovascular outcomes, future research needs
to elucidate whether GDF-15 explains paradoxically worse cardiovascular outcomes in patients with IBD.

ARTICLE HIGHLIGHTS

Research background

Although commonly perceived as disease of the gastrointestinal system, inflammatory bowel disease can affect other
organ systems, including cardiovascular, potentially leading to increased morbidity and mortality. Growth-differen-
tiation factor-15 (GDF-15) is often over-expressed in stress conditions, including inflammation, malignancies, heart
failure, and myocardial ischemia. In fact, elevated serum concentrations of GDF-15 have been linked to poor outcomes in
conditions with diverse pathogenesis, such as colorectal cancer and heart failure.

Research motivation

As serum concentrations of GDF-15 were shown to be an independent predictor of poor outcomes in diverse ailments, we
aimed to explore whether such association is present in the setting of inflammatory bowel disease (IBD) and its
consequences. Establishing the role of GDF-15 in IBD might be relevant since poor long-term outcomes in IBD population
are currently not fully elucidated.

Research objectives

To establish whether serum levels of GDF-15 in patients with IBD are different then in the healthy controls. Furthermore,
we aimed to establish whether GDF-15 level correlate with disease severity, thus providing a rationale for the future
assessment of its prognostic role in IBD. Finally, we investigated if association between indices of anemia and GDF-15
serum levels exists in this population.

Research methods

In this cross-sectional study, patients with IBD and healthy age- and sex-matched participants underwent an extensive
diagnostic workup. IBD group also underwent colonoscopy with subsequent histopathological analysis, and the disease
activity was assessed using well-established clinical and endoscopic scoring systems. GDF-15 serum concentrations were
determined using electrochemiluminescence immunoassay.

Research results

The principal findings of the present study reveal significantly elevated levels of GDF-15 in patients with IBD compared
to the control group, and these levels increase with greater disease severity. Since no similar data have been previously
published, the reasons behind this observation remain elusive. Nevertheless, considering the independent association
between GDEF-15 and indices of anemia, it is plausible that pathophysiological changes in anemia and iron metabolism
might, to some extent, explain the observed difference.

Research conclusions

This study marks the first demonstration of significantly elevated serum concentrations of GDF-15 in patients with IBD.
While mechanistic studies and prospective trials are essential for firm conclusions, these preliminary findings suggest
that exploring the role of GDF-15 as a biomarker in IBD could be worthwhile.

Research perspectives
Future research should delve into the prognostic role of GDF-15, with a specific focus on its relationship with disease

severity. Furthermore, investigating the mechanisms underlying these preliminary results will contribute to a deeper
understanding of the role of GDF-15 in IBD.
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