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Abstract

:

The gut–brain–skin axis is important in wound healing. The aim of this study was to investigate the association between experiencing irritable bowel syndrome (IBS) symptoms, perceived immune fitness, and impaired wound healing. N = 1942 Dutch students (mean (SD) age 21.3 (2.1), 83.6% women) completed an online survey. They were allocated to one of four groups: (1) control group (N = 1544), (2) wound infection (WI) group (N = 65), (3) slow healing wounds (SHW) group (N = 236), or (4) a combination group (COMBI), which experienced both WI and SHW (N = 87). Participants rated their perceived immune fitness on a scale ranging from very poor (0) to excellent (10), and the severity of IBS symptoms (constipation, diarrhea, and pain) was assessed with the Birmingham IBS Symptom Questionnaire. Compared to the control group, perceived immune fitness was significantly poorer for the SHW group (p < 0.001) and COMBI group (p < 0.001), but not for the WI group. Compared to the control group, constipation was reported significantly more frequently by the SHW group (p < 0.001) and the WI group (p = 0.012), diarrhea was reported significantly more frequent by the SHW group (p = 0.038) and the COMBI group (p = 0.004), and pain was reported significantly more frequent by the SHW group (p = 0.020) and COMBI group (p = 0.001). Correlations between IBS complaints and perceived immune fitness were statistically significant (p < 0.001), and also a highly significant and negative association was found between the percentage of participants that reported impaired wound healing and perceived immune fitness (r = −0.97, p < 0.001). In conclusion, among participants with self-reported impaired wound healing, IBS complaints were significantly more severe, and accompanied by a significantly reduced perceived immune fitness.
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1. Introduction


Irritable bowel syndrome (IBS) is a functional bowel disorder characterized by recurrent abdominal pain, bloating, distention, and disordered bowel habits (e.g., constipation, diarrhea, or mixed constipation and diarrhea) [1]. IBS includes abnormalities, such as increased irregularity and frequency of luminal contractions [2,3], prolonged transit time in constipation-predominant IBS (C-IBS) [4], and an exaggerated motor response to cholecystokinin and meal ingestion in diarrhea-predominant IBS (D-IBS) [5]. Although the pathophysiology of IBS remains uncertain [6], research has focused on alterations in gastrointestinal motility and visceral hypersensitivity (increased sensation in response to stimuli). Several studies have evaluated the role of inflammation in IBS, including effects on fecal flora and bacterial overgrowth. In this context, the relevance of food sensitivity and genetic predisposition have also been investigated [7,8].



IBS is the most commonly diagnosed gastrointestinal condition and accounts for approximately 30% of all referrals to gastroenterologists [9]. Applying the ROME IV criteria, the worldwide prevalence of IBS is an estimated 4.1% and mostly women suffer from this syndrome [10]. Depending on the definition of IBS, when applying ROME III criteria higher prevalence rates of around 10% were reported [10,11,12]. IBS negatively affects quality of life in terms of psychological distress (e.g., increased levels of depression, anxiety, and stress), sleep disturbance, and restrictions to daily functioning [13,14,15]. However, it is likely that these associations are bidirectional, with a current lack of understanding as to which direction the association is strongest.



Understanding how IBS reduces mood and quality of life would enable healthcare professionals to target management and support.



The diagnosis of IBS requires the following four key features: clinical history, physical examination, laboratory tests, and if appropriate, a colonoscopy or other tests to exclude an organic etiology [1]. Alternatively, screening instruments have been developed to identify the presence or severity of IBS or IBS-related complaints.



However, the effectiveness of these patient-reported outcome measures (PROMs) is under debate. The US Food and Drug Administration (FDA) supports the use of PROMs to determine a patient’s health status [16]. At the patient level, PROM data can identify disease-related concerns, manage patient expectations of recovery, and tailor treatment decisions to an individual seeking help. At the population level, PROM data may standardize strategies to better understand comparative health and disease, identify outliers, and drive improvement. PROMs are thus a helpful addition to clinical measurements in IBS care [17]. There has been consistent consensus among the ROME trial committees that a PROM should be the primary outcome measure in IBS trials [7,18].



The Birmingham IBS Symptom Questionnaire is an example of such an instrument [19]. The Birmingham IBS Symptom Questionnaire has been used in various studies, including studies demonstrating the relationship between quality of life and IBS symptoms [20], studies evaluating the effect of nutritional intervention (e.g., fructose and lactose) and IBS discomfort [21], and the efficacy of treatments to reduce IBS symptoms [22,23].



Several studies found an association between IBS and dysbiosis of the human microbiome [24,25]. Microbiome dysbiosis is increasingly recognized through mechanisms, such as altered intestinal barrier function [26], triggering or exacerbating inflammation [27], and regulation of energy metabolism [28]. As with the gut, the skin microbiome is thought to play an important role in skin defense [29,30,31,32] and has the potential to regulate skin immune function and wound healing [33,34]. The bidirectional relationship between the gut microbiome and the skin microbiome is a concept that has been labeled the “skin-gut-axis” [35]. Alterations in the gut microbiome are expressed in clinically relevant changes in the manifestations of skin diseases, such as acne, atopic dermatitis, and psoriasis [36,37]. Similar associations have been suggested for intestinal dysbiosis and chronic wounds. A study in mice showed modification of the intestinal microbiome following oral administration of the antibiotic vancomycin, which also resulted in wound dysbiosis and slow healing wounds [38]. Conversely, modifications of skin integrity may lead to significant gut dysbiosis in mice [39]. The subsequent IBS-like signs and symptoms may contribute to reduced mood and impaired cognitive function [40,41]. Given these relationships with the brain, the concept is more accurately labeled as the “gut-brain-skin axis”.



Persistent inflammation is also a key characteristic of chronic wounds [42]. In healthy individuals, wound healing normally progresses through three overlapping phases: acute inflammation, proliferation and granulation tissue formation, and tissue remodeling [43,44]. The inflammatory phase lasts for 24 to 48 h and begins at the time of injury. This phase starts with hemostasis and results in inflammation. Platelets form the initial thrombus release growth factors that induce the proliferation of neutrophils and macrophages which remove necrotic tissue, debris, and bacteria from the wound. Fibroblasts proliferate and produce collagen to provide structure to the wound and wound contraction, and re-epithelization and angiogenesis occur. The remodeling phase of wound repair begins around 2 to 3 weeks after the first appearance of the wound and can last up to 2 years. This phase is characterized by collagen fibrillogenesis and the development of an extra-cellular matrix and lasts until the granulation tissue is replaced by scar tissue.



Up to now, limited research has been conducted on perceived immune status in relation to IBS and wound healing. Therefore, the aim of the present study is to evaluate the association between perceived immune functioning, IBS, and slow healing wounds. It was hypothesized that IBS contributes to a higher incidence of slow healing wounds and wound infections, which also results in immune dysfunction.




2. Materials and Methods


Dutch university students (18 to 30 years old) were invited via Facebook to complete an online survey on food and health. The survey was designed via www.surveymonkey.com, and conducted in November 2016. The University of Groningen Psychology Ethics Committee approved the study (Approval code: 16072-O, approval date 25 October 2016), and all participants provided online informed consent before starting the survey.



2.1. Control Group and Wound Healing Groups


In addition to demographics, participants indicated whether or not they had experienced wound infections or slow healing wounds in the year proceeding completion of the survey. Using the outcome of these questions, subjects were allocated to one of four groups: (1) a control group that answered no to both questions, (2) a wound infection (WI) group, (3) a slow healing wounds (SHW) group, or (4) a group that experienced both WI and SHW (the COMBI group).




2.2. IBS Symptoms


The presence of IBS symptoms was assessed with the Dutch version of the Birmingham IBS Symptom Questionnaire [19,45,46]. The questionnaire consisted of 11 items, with 6-answer possibilities, ranging from 0 (‘none of the time) to 5 (‘all of the time’). Scores on three symptom specific scales representing the factors ‘diarrhea’ (5 items), ‘constipation’ (3 items), and ‘pain’ (3 items) were calculated. Higher scores corresponded to having more frequent IBS complaints. The Birmingham IBS Symptom Questionnaire is available at http://www.biomedcentral.com/content/supplementary/1471-230X-8-30-S2.pdf (accessed on 15 September 2021).




2.3. Perceived Immune Fitness


Immune fitness can be defined as the capacity of the body to respond to health challenges (such as infections and/or fever) by activating an appropriate immune response. Perceived immune fitness is the subjective assessment of this capacity. The assessment of perceived immune fitness was conducted with a 1-item scale ranging from very poor (0) to excellent (10) [47,48]. In addition, participants reported whether they experienced reduced immune fitness at the moment of completion of the survey (yes/no question). The 1-item perceived immune fitness scale has been successfully used in previous research [47,48], and in previous studies the 1-item perceived immune fitness scale score correlated significantly with those of the Immune Function Questionnaire (r = −0.423) [47] and the Immune Status Questionnaire (r = 0.383) [48].




2.4. Statistical Analysis


Statistical analyses were conducted with SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY, USA: IBM Corp.). Mean and standard deviation (SD) were computed for each variable. Data distributions were checked for normality with the Kolmogorov–Smirnov test and by visual inspection. Since the data were not normally distributed, nonparametric tests were conducted. Comparisons between the groups (control, SHW, WI, and COMBI) were conducted with the Kruskal–Wallis test. A Bonferroni’s correction was applied to account for multiple comparisons, and differences between the groups were considered significant if the adjusted p-value was <0.05. For data expressed as percentages, the groups were compared with the chi-square test, and applying a Bonferroni’s correction for multiple comparisons, differences between groups observed with the chi-square tests were considered statistically significant if p < 0.0083.





3. Results


N = 1942 subjects (83.6% women) completed the survey. Demographics of the four groups are summarized in Table 1.



Compared to the control group, the percentage of men in the COMBI group was significantly lower (p = 0.003). The percentage of women in the COMBI group was also significantly higher compared to the WI group (p = 0.003) and the SHW group (p = 0.008). No significant difference in sex distribution was found between the WI and SHW groups (p = 0.411). The groups did not differ significantly on age, weight, height, or BMI.



3.1. IBS Symptoms


The frequency of experiencing IBS symptoms differed significantly between the groups (See Table 2).



Compared to the control group, constipation was reported significantly more frequently by the SHW group (p < 0.001) and the WI group (p = 0.012). For the COMBI group, the difference with the control group did not reach statistical significance (p = 0.077). Compared to the control group, diarrhea was reported significantly more frequent by the SHW group (p = 0.038) and the COMBI group (p = 0.004), but not the WI group (p = 0.275). Finally, compared to the control group, intestinal bowel pain was reported significantly more frequently by the SHW group (p = 0.023), the WI group (p = 0.020), and the COMBI group (p = 0.001). Other comparisons between the groups were not statistically significant.




3.2. Perceived Immune Fitness


Perceived immune fitness scores are summarized in Table 3. Compared to the control group, perceived immune fitness ratings were significantly lower for the SHW group (p < 0.001) and COMBI group (p < 0.001), but not for the WI group (p = 0.211).



Compared to the control group, reduced immune fitness was significantly more frequently reported by the WI group (p < 0.001), SHW group (p = 0.006), and COMBI group (p = 0.008). Reduced immune fitness was most frequently reported by the WI group, and this rating was also significantly higher compared to the COMBI group (p = 0.010) and the SHW group (p = 0.001). No significant difference in reduced immune fitness ratings was found between the SHW and COMBI groups (p = 0.344).




3.3. Relationship IBS Complaints and Perceived Immune Fitness


Correlations between the frequency of experiencing IBS complaints and perceived immune fitness were statistically significant (p < 0.001) and are depicted in Figure 1A. Figure 1B shows the percentage of participants that reported impaired wound healing (i.e., the combined group of participants having WI, SHW, or both) in relation to their perceived immune fitness rating. The best fitting linear trendline reveals a very strong negative association between the percentage of individual that reported having impaired wound healing and their perceived immune fitness (r = −0.97, p < 0.001).





4. Discussion


This study demonstrated significant associations between self-reported impaired wound healing, IBS-like symptoms, and perceived immune fitness. It extends the current literature which predominantly investigated these relationships by biomarker assessments of immune functioning [42,49,50] and microbiome investigations [24,25], by providing PROM data confirming these associations.



The analysis revealed that compared to the control group, IBS symptoms of constipation, diarrhea, and intestinal bowel pain were experienced significantly more often by individuals with self-reported impaired wound healing. No significant differences were found between the SHW, WI, and COMBI group. A highly significant correlation was found between the percentage of individuals that reported impaired wound healing and their perceived immune fitness.



The observed relationship between self-reported impaired wound healing and reduced immune fitness supports the concept of the gut–brain–skin axis. Previous research has shown how the gut microbiome contributes to host homeostasis, allostasis, and the pathogenesis of disease [35]. Furthermore, clinical studies have suggested alterations in delayed wound healing as a result of intestinal dysbiosis [36,37]. Conversely, modified skin integrity may lead to significant changes of the gut microbiome [38,39]. The resulting intestinal dysbiosis may contribute to psychological distress in terms of depression and anxiety, which may significantly and negatively impact quality of life, perceived health and immune fitness, and complicate therapeutic treatment strategies. However, the pathobiology underlying the interaction between IBS, wound healing and immune functioning, including its associations with psychological wellbeing, remain poorly understood, and thus additional research is warranted. In this context, intervention studies could evaluate the effect on wound healing of treatments that aim to improve gut health. In addition, it is important to investigate to what extent factors that improve immune fitness, such as exercise, reducing stress, a healthy diet, or improving sleep [46,48,51,52], also have a positive impact on the microbiome and wound healing.



Several limitations should be taken into account when interpreting the results of this study. First, all assessments in this study were self-reported and retrospective. Therefore, the answers may be biased by individual perceptions and recall bias may also have affected the accuracy of the data. The allocation of participants to the impaired wound healing groups or the control group was based on subjective reports by the participants. It is recommended that future studies should confirm wound healing status by diagnosis made by a clinician. In addition, perceived immune functioning could be confirmed by the assessment of immune biomarkers (e.g., determining blood cytokine concentrations). Further, while IBS was evaluated by the Birmingham IBS Symptom Questionnaire, it should be noted that this PROM was developed for screening purposes and not to diagnose patients [19]. The PROM offers severity scores on IBS related symptoms of pain, diarrhea, and constipation, but it does not have cut-off values for screening positive or negative for IBS. The latter requires a formal diagnosis by a physician. It is unknown to what extent relying on self-reported data has had an impact on the study outcome. Second, the study was conducted among students aged 18 to 30 years old. As this is a relative healthy part of the population, it is questionable if the findings are representative for the older age groups or the general population. However, we do believe that the current results obtained in young adults could potentially be applicable to the elderly. Although IBS is more frequently reported by younger adults, it is a chronic condition and as such IBS-like complaints are also reported by the elderly [53]. At the same time, the literature reveals that advanced age is a risk factor for having poorer immune fitness [54]. Given this, we hypothesize that the negative impact on wound healing may be greater in the elderly compared to young adults. It is therefore important to verify the current findings and further investigate the gut–brain–skin axis in older age samples. In the current sample, females were overrepresented. This reflects the sex distribution at universities in The Netherlands. With regard to IBS, it reflects the fact that IBS complaints are much more common among females than males [10]. However, the number of included males in the impaired wound healing groups was too small to allow well-powered analyses to evaluate potential sex differences. Third, lifestyle factors that may play an essential role in wound healing, such as nutrition or physical activity were not considered in the current study.




5. Conclusions


Significant associations were found between self-reported impaired wound healing, IBS, and perceived immune functioning. These findings justify further research on the role of the gut–brain–skin axis in relation to wound healing and immune functioning, preferably combining both PROMs with objective assessments (e.g., biomarkers) in patients with a confirmed diagnosis of IBS. These studies should also evaluate the impact of potentially important health correlates of wound healing, such as nutrition, sleep, and mood.
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Figure 1. Gut–brain–skin axis. (A) shows the significant correlations (p < 0.05) between the frequency of experiencing intestinal bowel complaints and perceived immune fitness. (B) shows the percentage of subjects reporting wound infection (WI) and/or slow healing wounds (SHW) for each perceived immune fitness score, and the best fitting linear trend line. 
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Table 1. Demographics.






Table 1. Demographics.












	
	Control Group
	WI Group
	SHW Group
	COMBI Group





	N
	1544
	65
	236
	87



	Sex (m/f)
	263/1291
	13/52
	37/199
	4/83 *γ†



	Age
	21.4 (2.1)
	21.2 (2.0)
	21.2 (2.1)
	21.0 (2.0)



	Weight (kg)
	66.9 (11.6)
	68.9 (14.5)
	67.1 (11.4)
	64.8 (12.0)



	Height (m)
	1.73 (0.1)
	1.72 (0.1)
	1.72 (0.1)
	1.71 (0.1)



	BMI (kg/m2)
	22.3 (3.1)
	23.3 (3.6)
	22.6 (3.3)
	22.0 (3.3)







Significant comparisons with the control group (p < 0.05) are indicated by *. significant differences (p < 0.05) between the WI and COMBI groups are indicated by γ; significant differences (p < 0.05) between the SHW and COMBI groups are indicated by †. No significant differences were found between the SHW and WI groups. Abbreviations: SHW = slow healing wounds, WI = wound infection, COMBI = combination of slow healing wounds and wound infection, BMI = body mass index.
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Table 2. Irritable bowel complaints.
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	Control Group

(N = 1554)
	WI Group

(N = 65)
	SHW Group

(N = 236)
	COMBI Group

(N = 87)





	IBS–Constipation
	3.2 (3.0)
	4.0 (2.5) *
	4.0 (3.2) *
	3.8 (2.9)



	IBS–Diarrhea
	3.9 (3.1)
	4.3 (2.3)
	4.6 (3.4) *
	4.9 (3.0) *



	IBS–Bowel pain
	3.3 (2.7)
	4.0 (2.2) *
	3.9 (3.0) *
	4.4 (2.9) *







Significant comparisons with the control group (p < 0.05) are indicated by *. No significant differences were found between the other groups. Abbreviations: IBS = irritable bowel syndrome, SHW = slow healing wounds, WI = wound infection, COMBI = combination of slow healing wounds and wound infection.
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Table 3. Perceived immune fitness.






Table 3. Perceived immune fitness.












	
	Control Group

(N = 1554)
	WI Group

(N = 65)
	SHW Group

(N = 236)
	COMBI Group

(N = 87)





	Perceived immune fitness
	7.7 (1.3)
	7.3 (1.4)
	6.9 (1.5) *‡
	6.9 (1.7) *



	Reduced immune fitness (%)
	31.1%
	69.2% *
	42.4% *‡
	48.3% *γ







Significant comparisons with the control group (p < 0.05) are indicated by *. significant differences (p < 0.05) between the WI and COMBI groups are indicated by γ; significant differences (p < 0.05) between the SHW and WI groups are indicated by ‡. No significant differences were found between the SHW and COMBI groups. Abbreviations: SHW = slow healing wounds, WI = wound infection, COMBI = combination of slow healing wounds and wound infection.
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