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Abstract
AIM: To investigate fiber and prebiotic supplementation of enteral nutrition (EN) for diarrhea, fecal microbiota and short-chain fatty acids (SCFAs). 

METHODS: MEDLINE, EMBASE, Cochrane Library, CINAHL, Academic Search Premier, and Web of Science databases were searched for human experimental and observational cohort studies conducted between January 1990 and June 2014. The keywords used for the literature search were fiber, prebiotics and enteral nutrition. English language studies with adult patient populations on exclusive EN were selected. Abstracts and/or full texts of selected studies were reviewed and agreed upon by two independent researchers for inclusion in the meta-analysis. Tools used for the quality assessment were Jadad Scale and the Scottish Intercollegiate Guidelines Network Critical Appraisal of the Medical Literature.

RESULTS: A total of 456 possible articles were retrieved, and 430 were excluded due to lack of appropriate data. Of the 26 remaining studies, only eight investigated the effects of prebiotics. Results of the meta-analysis indicated that overall, fiber reduces diarrhea in patients receiving EN (OR = 0.47; 95%CI: 0.29–0.77; P = 0.02). Subgroup analysis revealed a positive effect of fiber supplementation in EN towards diarrhea in stable patients (OR = 0.31; 95%CI: 0.19–0.51; P < 0.01), but not in critically ill patients (OR = 0.89; 95%CI: 0.41–1.92; P = 0.77). Prebiotic supplementation in EN does not improve the incidence of diarrhea despite its manipulative effect on bifidobacteria concentrations and SCFA in healthy humans. In addition, the effect of fiber and/or prebiotic supplementation towards fecal microbiota and SCFA remain disputable.

CONCLUSION: Fiber helps minimize diarrhea in patients receiving EN, particularly in non-critically ill patients. However, the effect of prebiotics in moderating diarrhea is inconclusive.
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Core tip: Despite the importance of enteral nutrition (EN) for patients, diarrhea is a common complication in those receiving EN. Meta-analysis conducted in this review revealed that fiber supplementation in EN reduces diarrhea incidence. However, the positive effect is only seen in stable patients, and is not observed in critically ill patients. In addition, the effect of fiber and prebiotic supplementation towards fecal microbiota and short-chain fatty acids remain disputable due to the mixed findings. The heterogeneity of study populations, antibiotics therapies, and variation of the dosage for fiber and prebiotics likely explain such outcomes.

Mazuin KZ, Chin KF, Vineya R, Majid HA. Fiber and prebiotic supplementation in enteral nutrition: a systematic review and meta-analysis. World J Gastroenterol 2015; In press


INTRODUCTION
Enteral nutrition (EN) is a beneficial support given to patients who are malnourished or at risk for malnutrition via oral nutritional supplements or tube feeding. Provision of nutrition through EN helps to maintain gut function by preventing mucosal atrophy[1], reducing endotoxin translocation[2], and preserving gut immunity[3]. However, despite its importance, diarrhea remains a common complication, affecting 2%–95% of patients who consume EN[4], with a higher incidence in critical care settings[5], depending on subjects and how diarrhea is defined[6]. Diarrhea not only inconveniences patients and their caretakers, but it also contributes to negative clinical consequences.
There are a number of factors involved in the pathogenesis of diarrhea during EN, including enteropathogenic infection, use of antibiotics, and altered physiologic response[4]. Enteral formulas used in EN are rich in nutrients and provide an excellent medium for bacteria proliferation, including pathogens. Poor handling during the preparation and administration of EN can contaminate the feed and cause infection[7]. Similarly, antibiotic treatment is strongly associated with diarrhea in patients receiving EN[8]. In fact, antibiotic use alters gut microbiota[9], which leads to increased risk of pathogen overgrowth[10]. In addition, the EN might also contribute to the occurrence of diarrhea by altering physiologic responses of the ascending colon where water is secreted into the lumen[11]. Traditionally, formulas used in EN were not comprised of a fiber component, thus allowing the gut to rest and preventing tube obstruction. However, fiber was gradually introduced in EN in response to accumulating evidence of its effects in modulating gut function and improving immune, blood glucose, and serum lipid regulation[12]. A meta-analysis showed that the introduction of fiber into the enteral formula was beneficial in reducing the incidence of diarrhea[13].
Physiologic effects exerted by the chemical composition of fiber are determined by its properties: viscosity, fermentability, and solubility. Fibers also include prebiotics that are fermentable, which lead to specific changes in the composition and/or activity of gut microbiota that benefit the well-being and health of the host[14]. For example, prebiotics that include fructo-oligosaccharides (FOS), oligofructose, and inulin were shown in multiple human studies to increase the concentrations of bifidobacteria[15]. A similar positive result was also demonstrated in healthy adults when fiber and oligosaccharides were added to the enteral formulas[16]. However, the effect was not clearly observed in patients receiving EN containing prebiotics[17]. 
Schneider et al[18] reported a favorable effect of fiber on short chain fatty acids (SCFAs). Bacterial fermentation of the ingested fiber in the colon produces SCFAs, primarily acetic, propionic and butyric acid. These SCFAs provide various health benefits to the host, such as supplying fuel to colonocytes, regulating proliferation and differentiation of epithelial cells, increasing colonic blood flow, reducing colonic pH, stimulating pancreatic secretions, other gut hormones and the autonomic nervous system, promoting sodium and water absorption, and possibly affecting gut motility[19].
Currently, there are three reviews investigating fiber in EN that have reported on the various types of fiber used, and the effect on healthy individuals and patients[13,20,21]. The aim of this review and meta-analysis was to evaluate recent evidence regarding the effect of dietary fiber and prebiotic supplementation in enteral formulas on diarrhea, fecal microbiota, and SCFAs.

MATERIALS AND METHODS
Literature search
Literature published between January 1990 to June 2014 that described the effect of EN supplemented with fiber on diarrhea, fecal microbiota, and SCFAs were systematically identified by searching MEDLINE, EMBASE, The Cochrane Library, CINAHL, Academic Search Premier and Web of Science databases. The following keywords and MeSH terms were used: artificial nutrition/feeding, nutritional support, enteral alimentation/formula, tube feeding, chemically defined diets, sips feeds, oral nutritional supplements, nutrition therapy, and dietary supplements. Additionally, fiber/fibre and specific types of fiber terms were searched individually: roughage, wheat brans, oligosaccharides, oligofructose, inulin, fructo-oligosaccharides, non-starch polysaccharides, soy polysaccharides, lignin, resistant starch, pectin, arabic gum, pectin, guar gum acacia gum, cellulose, pea fiber, oat, inulin-type fructans, and prebiotics. Lastly, local journals, follow-up reference lists of key papers, and relevant reviews were also hand-searched to locate additional publications that were not accessible through electronic databases. 

Study selection
Two reviewers independently assessed potentially relevant articles for eligibility after eliminating duplications. The selection of articles underwent three stages: selection based on titles, followed by abstract consideration, and finally by assessing the full text. Disagreements were resolved through discussion. Inclusion criteria for this review were: (1) primary research of randomized controlled trial (RCT), non-RCT studies, and observational cohort study designs; (2) studies conducted on adult patients of any health or nutritional status receiving EN; (3) studies assessing effects of fiber in EN on diarrhea and/or fecal microbiota and/or SCFAs; and (4) studies conducted from January 1990 to June 2014. Exclusion criteria included studies that: (1) did not use enteral formula as the sole or main source of nutrients, either orally or through a tube; (2) involved supplementation of synbiotics (prebiotics and probiotics) in the enteral formula; and (3) involved animal or in vitro experiments or were case control and cross-sectional studies, review articles or dissertations. This review also was limited to published and available full articles in the English language. 

Data extraction and outcome measures
Following the initial search, reference lists were imported to reference manager software (EndNote version 7.1; Thomson Reuters Corp., New York, NY, United States). Two reviewers extracted the data from each selected study, including: population descriptions (location, inclusion and exclusion criteria, method of recruitment, and consent), methodology (aim, design, study duration, and ethical approval), risk of bias assessment, participants (number of randomized, withdrawals and exclusions, and characteristics of the study participants), interventions (timing and delivery of EN, formula used, and fiber dosage and type), and outcomes (diarrhea incidence, fecal microbiota, and SCFA concentrations).

Quality assessment
Two reviewers independently assessed the methodological quality of the included studies using the Jadad Scale for Reporting Randomized Controlled Trials and the Scottish Intercollegiate Guidelines Network (SIGN) Critical Appraisal of The Medical Literature; disputes were resolved by discussion. The Jadad Scale considers criteria relating to randomization, blinding, withdrawals, and dropouts[22]. Scores ranging from 0 to 5 were given based on fulfillment of criteria addressed, with a higher score representing studies of better quality. The SIGN Critical Appraisal of The Medical Literature implements the Grading of Recommendations Assessment, Development and Evaluation approach within its guideline development[23]. The quality assessment for controlled trials in SIGN incorporates ten items: focused research question, randomization, adequate concealment, blinding of subjects and investigators, similar group characteristics, methodology of measuring relevant outcomes, study drop out, intention to treat analysis, and comparable results for multicenter research. Studies were assigned to one of three groups (high quality, acceptable or unacceptable) based on the methodology quality to minimize bias.

Statistical analysis
Binary outcomes were combined using the Mantel–Haenszel method with results presented as odds ratios (ORs) and 95% confidence intervals (CIs). An OR > 1 indicates that fiber supplementation in EN is associated with higher odds of outcome, i.e., diarrhea. Statistical heterogeneity was evaluated using the I2 statistic, an estimation of variation in the effect of treatment beyond chance. An I2 > 50% was regarded as substantial heterogeneity, in which case a random effects model was used with subgroup analysis, otherwise a fixed effects model was used. A visual appraisal of a Funnel plot was used to indicate the possibility of publication bias. A P < 0.05 was considered as statistically significant.

RESULTS
The literature search identified 538 records. Forty-one studies were retrieved after excluding duplicates and titles that were not relevant to the research questions. A flow diagram describing the selection of studies is shown in Figure 1. Twenty-two experimental studies and four observational cohort studies that met the inclusion criteria were used for this review[17,18,24–47]. Characteristics of these studies are presented in Table 1. Eight studies were conducted on critically ill patients, 16 in mixed wards inclusive of medical, surgical and geriatrics wards, two in outpatient clinics, and two included studies did not explicitly mention the departments/units where the patients were hospitalized. SIGN methodological assessment classified two studies as unacceptable, which were therefore not used in this review.
Most studies that investigated fiber supplementation in EN used soy polysaccharide (n = 7), followed by mixed fiber (n = 6), partially hydrolyzed guar gum (n = 3), psyllium (n = 3), oat and soy fiber (n = 2), FOS (n = 1), inulin (n = 1), banana flakes (n = 1), and galactomannan (n = 1); one study did not mention the type of fiber used. Fiber was administered as an integrated component of the enteral formula in 14 studies, and added as supplementation in 10 studies. Two studies used fiber containing enteral formula with additional fiber supplementation as part of the intervention[17,28], for which diarrhea incidence among adult patients receiving EN ranged from 10.5 to 90.0%. There was variability in the definition of diarrhea among studies, taking into account partly or all of the stool properties: volume, consistency, and frequency. Diarrhea definitions were based on diarrhea score, number of liquid stools per day and/or volume, number of loose or watery stools, with a scale based on consistency and frequency, and use of stool chart, i.e., Bristol and King’s stool chart. 
Fourteen experimental studies with data on diarrhea incidence during EN (fiber-containing EN vs fiber-free EN) were included for meta-analysis. As shown in Figure 2, pooling of the studies under a random effects model confirmed the protective effect of fiber in reducing incidence of diarrhea among adult patients requiring EN (P < 0.01). Subgroup analysis was conducted due to statistically significant heterogeneity of the data (I2 = 54%). The analysis revealed homogeneity among studies conducted in non-critically ill patients (I2 = 28%), but studies conducted among critically ill patients were heterogeneous (I2 = 52%). Additionally, a positive effect of fiber supplementation during EN on reducing the incidence of diarrhea was not seen in the critically ill patients, but was significant in the non-critically ill patients (P < 0.01). 
Asymmetry presentation of the funnel plot in Figure 3 revealed that inter-study heterogeneity existed and this may be an indication of potential publication bias. Of the 26 studies investigating the effect of fiber in EN on the three main outcomes, only eight studies had prebiotics in the intervention. An additional meta-analysis failed to indicate any protective effect of prebiotic supplementation in EN against the incidence of diarrhea (Figure 4). 
The effect of fiber supplementation in EN towards fecal microbiota was only investigated in four studies[17,18,40,44] (Table 2). Only one study had shown a significant increase in total bacteria when patients were given fiber (mixed fiber with prebiotics)-supplemented EN[18]. Likewise, the same study found no changes in regard to the composition of the dominant bacteria group (gram positive/negative, aerobic and anaerobic). On the contrary, the study by Nakao et al[40] reported a significant decrease in aerobic bacteria with galactomannan supplementation. There were no reports of significant changes in fecal bifidobacteria concentrations in patients receiving fiber-supplemented EN[17,18,44]. 
Five studies investigated the effect of fiber supplementation in EN on SCFAs[17,18,34,40,46] (Table 3). Fiber supplementation increased total SCFA in two studies[18,46], whereas three studies found no changes in the SCFA concentration[17,34,40]. In addition, prebiotic supplementation in EN did not increase the concentration of SCFA[17,34], with the exception of one positive result[18]. 

DISCUSSION
The results of this updated meta-analysis of prospective studies confirm previous evidence showing that fiber supplementation decreases diarrhea incidence for adult patients requiring EN[13]. The dosage of fiber used in the included studies ranged from 5.2 to 39.0 g/d[41,46]. In this review, soy polysaccharide emerged as the most extensively studied fiber in EN for patients. Likewise, it is also the most common fiber added in the enteral formula. The mechanisms of action for minimizing diarrhea incidence include the ability of fiber to hold water[48], increase bulk[49], and improve gut barrier function[12]. However, this effect of fiber varies based on the type of patients studied[13]. Subgroup analysis conducted in this current review shows that the incidence of diarrhea was only reduced in non-critically ill patients, consistent with previous reviews[13,21]. It is possible that the severity of illness and the antibiotics therapy undertaken by the critically ill patients counters the beneficial effect of fiber supplementation. The use of antibiotics or antifungal drugs is an independent factor that contributes to higher prevalence of diarrhea in critically ill patients[50]. Moreover, critically ill patients often suffer from gastrointestinal dysfunction with abnormal motility patterns and impaired barrier integrity[51]. Although the potential benefits are not clearly observed in the critically ill patients, the main finding of this review has significant implications for health care professionals, and advocates the use of fiber-containing over fiber-free enteral formulas to other groups of patients.
Prebiotic components of fiber meet three distinct criteria: (1) are resistant to gastric acidity, hydrolysis by mammalian enzymes, and gastrointestinal absorption; (2) can by fermented by intestinal microbiota; and (3) selectively stimulate the growth and/or activity of intestinal bacteria associated with health and well-being[52]. Our results show that prebiotic supplementation in enteral formulas did not minimize the incidence of diarrhea in adult patients receiving EN. The prebiotic dosage reported by studies included in this meta-analysis ranged from 5.3 to 15.4 g/L of FOS[37,45]. Two of the three studies included in the meta-analysis were conducted in an intensive care unit setting, which may explain the lack of a significant benefit from prebiotic supplementation in EN for diarrhea.
Ingested fiber influences the intestinal microbiota by providing the required substrate for colonic fermentation, and consequently assists in microbiota proliferation. Over the years, reports revealed that the introduction of prebiotics in healthy humans increases the concentrations of bifidobacteria when EN is given as the sole source of nutrition[16]. However, the effect of fiber and prebiotic supplementation on fecal microbiota in adult patients receiving EN could not be concluded due to conflicting findings[17,18,40,44]. These inconsistent results might be due to the heterogeneity of study populations, e.g. the inclusion of stable and critically ill patients. Additionally, concurrent use of antibiotics with EN might alter the colonic microbiota composition. Most antibiotics alter the bacterial composition of gut microbiota as reflected by the suppression of anaerobic bacteria and an increased incidence of Clostridium difficile-associated diseases[10]. However, by controlling the confounding factor, antibiotics therapy remains difficult, as it is part of a medical treatment received by patients who are critically ill. The range of prebiotics dosages (5.20–13.75 g/d) may also have contributed to the lacking of a bifidogenic effect. Healthy people require 10 g of prebiotics to increase fecal bifidobacteria concentration[53], thus patients might require a higher dosage to exert such an effect. Most studies that investigated prebiotics were conducted in patients receiving EN supplemented with a mixture of various types of fiber (inclusive of prebiotics) instead of a single source of fiber; only two studies used FOS as its sole source of fiber in the intervention[34,37]. Due to the limited numbers of RCTs, a meta-analysis investigating the role of fiber, specifically prebiotics on fecal bifidobacteria, other microbiota, and SCFAs, could not be conducted.
Fermentation of fiber yields SCFAs, which are a source of nutrients for colonic mucosal cells. Therefore, the luminal acidity produced by the increased concentrations of SCFAs helps maintain an environment with a low pH for the colonic microbiota, subsequently preventing an enteropathogenic infection[19]. While provision of fermentable fiber increases SCFAs in healthy humans[54], mixed results emerged in this review for studies investigating the effect of fiber supplementation in EN in patients. Despite two studies displaying no changes in SCFA concentrations, a significant increase in SCFA concentrations was observed in studies conducted on stable patients (geriatrics, long-term EN, and medical patients)[18,40,46]. Similarly, supplementation of fiber in EN given to the critically ill patients did not cause an increase in the SCFA concentration[17]. According to a recent study, critically ill patients suffered from a low SCFA concentration as compared to healthy individuals, possibly due to the reduction in total obligate anaerobes throughout the intensive care unit admission[55]. Moreover, fiber fermentation varies depending on the source of fibers used in the studies[56]; different fibers yield different concentrations of total SCFA.
The main limitation of this review is the heterogeneity of the patients, such as the inclusion of patients with varying severity of illness, mainly the critically ill and the non-critically ill patients, and the use of antibiotics, which could confound the results. However, these factors are inevitable when conducting research in patients. Secondly, this review also lacks uniformity with regard to the definition of diarrhea[57,58], for which objective and subjective considerations might influence the results of the studies in terms of the incidence of diarrhea. As such, the use of a validated tool in defining diarrhea should be considered in future research. Some studies were excluded from the meta-analysis, as the definition of diarrhea was not mentioned explicitly despite indicating a measurable outcome. Lastly, this review only incorporates publications written in English, and therefore may introduce language bias to the review.
This systematic review demonstrates that fiber assists in minimizing diarrhea in adult patients receiving EN, particularly those who are not critically ill. However, prebiotics (part of the fiber component) may not provide the same impact as fiber based on current evidence. Therefore, the alteration of microbiota and SCFAs using fiber and/or prebiotics in minimizing diarrhea remains inconclusive. 

COMMENTS
Background
Enteral nutrition (EN) provides nutrients crucial for patient recovery. However, diarrhea is one of the common complications of EN. Fiber supplementation in EN has been shown to regulate bowel function. The undigested fiber increases proliferation of colonic microbiota, including bifidobacteria, and its fermentation yields short chain fatty acids (SCFAs), which enhance the absorption of water and sodium in the colon. 

Research frontiers
Even though fiber is considered to improve diarrhea during EN, the effect of prebiotics remains unknown. To the best of our knowledge, this is the first systematic review to investigate the effect of both fiber and prebiotics in minimizing diarrhea in EN. Additionally, the impact of fiber supplementation in EN on fecal microbiota and SCFA was also explored.

Innovations and breakthroughs
Fiber added in EN has been shown to reduce the incidence of diarrhea in non-critically ill, tube-fed patients. This effect can be due to alterations in SCFAs and colonic microbiota. However, such an effect was not seen if prebiotics are added in EN, despite the fact that prebiotics increase bifidobacteria concentrations in healthy human subjects who consumed at least 10 g/d. Thus, the evidence to support the use of fiber and/or prebiotics in the manipulation of fecal microbiota and SCFA in patients receiving EN is limited. 

Applications 
Fiber-containing enteral formulas should be considered for patients receiving EN to help minimize diarrhea, and the use of prebiotics as first-line feeding management requires further scientific evidence.

Terminology
Prebiotics are selectively fermented ingredients that allow specific changes, both in the composition and/or activity of the gut microbiota, thereby conferring benefits upon host well-being and health.

[bookmark: _GoBack]Peer- review
This is a good review in which the authors conducted meta-analyses of the effects of fiber or prebiotic supplementation on diarrhea observed in patients receiving EN. It was concluded that fiber alleviates diarrhea in non-critically ill patients, and prebiotics may not provide the same impact as fiber, based on the current evidence. The results are interesting and suggest that the alteration of microbiota and SCFAs using fiber and/or prebiotics in minimizing diarrhea remains inconclusive.
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Table 1 Characteristics of included studies (1990–2013)
	Ref.
	Study design
	Study population
	Dose and type of fiber
	Study duration
	SIGN category
	Jadad score

	Dobb et al[24], 1990
	Double-blind RCT
	91 adult patients in ICU, The Royal Perth Hospital, Australia
	Soy polysaccharide, 21 g/L
	Max of 18 d/ discharge ICU
	High quality
	4

	Shankardass et al[25], 1990
	Double-blind, cross-over RCT
	28 long-term EN patients, Multicenter: Chedoke-McMaster Hospital, Queen Elizabeth Hospital, Riverdale Hospital, Sunnybrook Medical Centre, University of Toronto, Toronto, Ontario, Canada
	Soy polysaccharide, 12.8 g/1000 kcal
	12 wk
	Acceptable
	3

	Guenter et al[26], 1991
	Non-RCT
	100 ICU patients, Graduate Hospital Pennsylvania, USA
	Soy polysaccharide, 14.4 g/L
	Not mentioned
	Acceptable
	0

	de Kruif et al[27], 1993
	RCT
	60 surgical patients, University Hospital, Netherlands
	Soy polysaccharide, 20 g/L
	5 d
	Acceptable
	3

	Collier et al[28], 1994
	Pre-post observational study
	57 surgical patients, Regional Medical Centre, Memphis Tennessee, USA
	Soy polysaccharide, 21 g/L
	Not mentioned
	NA
	0

	Homann et al[29], 1994
	Double-blind RCT
	100 surgical and medical patients, Germany
	Partially hydrolyzed guar gum, 20 g/L
	10 d
	Acceptable
	2

	Zarling et al[30], 1994
	Cross-over RCT
	10 recovering stroke patients, Extended Care facilities, Hines VA Hospital, Illinois, USA
	Oat and soy fiber, 14.4 g/L
	23 d
	Acceptable
	2

	Reese et al[31], 1996
	Double-blind RCT
	80 surgical patients (head and neck cancer), University of Iowa Hospital, USA
	Soy polysaccharide, 7 or 14 g/L
	Until patient changed to oral/discharged
	High quality
	5

	Heather et al[32], 1991
	RCT
	49 mixed wards patients, Portland Veterans Affairs Medical Centre, Portland, USA
	Psyllium, 15 g/d
	6 d
	Acceptable
	2

	Belknap et al[33], 1997
	RCT
	60 medical, surgical, and ICU patients, Department of Veterans Affairs Medical Center, Oklahoma, USA
	Psyllium hydrophilic mucilloids, 14 g/d
	7 d
	Acceptable
	3

	Sobotka et al[34], 1997 
	Single-blind, pre-post single group trial
	9 patients, Charles University, Hradec Krdlove, Czech Republic

	Inulin 15 g/L
	2 wk
	Acceptable
	0

	Emery et al[35], 1997 
	RCT
	31 ICU patients, Pennsylvania Hospital, USA
	Banana flakes, 1.5 g/d
	7 d
	Acceptable
	0

	Khalil et al[36], 1998 
	Single-blind RCT
	16 surgical patients, National University Hospital, Singapore
	Oat and soy polysaccharides, 14.4 g/L
	10 d
	Acceptable
	2

	Cockram et al[37], 1998
	Single-blind RCT
	79 hemodialysis patients from three outpatients hemodialysis clinics, USA
	FOS, 15.4 g/L
	3 wk
	Acceptable
	2

	Schultz et al[38], 2000
	Double-blind, 2  2 factorial RCT
	44 critically ill patients, Maine Medical Center, Portland, USA
	Mixed fibera and pectin, up to 17 g/day, inclusive of 10 g/L FOS
	9 d
	High quality
	4

	Spapen et al[39], 2001
	Double-blind, RCT
	25 critically ill patients, Academic Hospital, Vrije, Brussels, Belgium
	Partially hydrolyzed guar gum, 22 g/L
	21 d /withdrawal of EN
	High quality
	4

	Nakao et al[40], 2002
	Pre-post single group trial
	20 geriatric patients, Nagoya University Hospital, Japan
	Galactomannan, 7–28 g/d
	6 wk
	Acceptable
	0

	Rushdi et al[41], 2004
	Double-blind RCT
	20 critically ill patients, Teaching Hospital, Cairo University, Egypt
	Guar gum, 22 g/L
	4 d
	High quality
	5

	Vandewoude et al[42], 2005
	RCT
	172 geriatric patients, Universitair Centrum Geriatrie, Belgium
	Mixed fiberb, 30 g/d inclusive of inulin
	Not mentioned, measured weekly
	Acceptable
	1

	Schneider et al[18], 2006
	Double-blind, cross-over, RCT
	15 long-term EN patients, University Hospital, Nice, France
	Mixed fiberc, 15 g/L inclusive of 3.45 g/L of FOS
	5 wk
	High quality
	3

	Shimoni et al[43], 2007
	Non-RCT
	148 elderly patients from general internal medicine wards, Gastroenterology Laniado Hospital, Natanyia, Ramat Aviv, Israel
	Soy polysaccharides, 13.6 g/1000 kcal
	5 d
	Acceptable
	1

	Wierdsma et al[44], 2009
	Double-blind RCT
	19 patients, Outpatients Clinic of the VU University Medical Centre, Amsterdam, The Netherlands
	Mixed fiber1, 17.6 g/L inclusive of 7 g of FOS
	8 wk
	Acceptable
	3

	Chittawatanarat et al[45], 2010
	Double-blind RCT
	34 septic patients in ICU, Maharaj Nakorn Chiang Mai Hospital, Thailand
	Mixed fiber2, 15.1 g/L inclusive of 5.3 g of FOS
	14 d,  5 d
	High quality
	4

	Kato et al[46], 2012
	Pre-post single group trial
	15 patients from medical wards of Kameyama Kaisei Hospital, Japan
	Psyllium, 5.2 g/d
	4 wk
	Acceptable
	0

	Bittencourt et al[47], 2012
	Sequential and observational study
	110 adult patients, São Joaquim Hospital of Beneficência Portuguesa, Brazil
	Soluble and insoluble fiber3, 15 g/L
	 5 d
	NA
	0

	Majid et al[17], 2013 
	Double-blind RCT
	22 critically ill patients, Guy’s and St Thomas’ NHS Foundation Trust and King’s College Hospital NHS Foundation Trust, London, United Kingdom
	Mixed fiber4, 15 g/L and additional 7 g/d oligofructose/inulin
	7–14 d
	High quality
	5


1Oat, soy polysaccharide, gum arabic, cellulose, and FOS; 2Cellulose, hemicellulose A, pectin, hemicellulose B, and inulin; 3Cellulose, lignin, hemicellulose, pectin, and FOS; 4Soy polysaccharide, alpha-cellulose, arabic gum, inulin, oligofructose, and resistant starch. EN: Enteral nutrition; FOS: Fructo-oligosaccharides; ICU: Intensive care unit; RCT: Randomized controlled trial; SIGN: Scottish Intercollegiate Guidelines Network.



Table 2 Studies investigating the effect of fiber supplementation in enteral nutrition on fecal microbiota
	Ref.
	Total microbiota count
	Dominant group
	Bifidobacteria
	Others

	Nakao et al[40], 2002 
	No change
	↓ in aerobic bacteria
	Not measured
	Not measured

	Schneider et al[18], 2006
	↑
	No change in composition of aerobic and anaerobic, gram positive and gram negative bacteria
	No change
	↑ in the numbers of enterococci at the end of the fiber-free EN

↑ in the numbers of bacteroides at the end of the mixed fiber EN

	Wierdsma et al[44], 2009
	Not measured
	Not measured
	↓ in patients compared to healthy controls

Concentration remained stable in the FOS group but ↓ in the non-FOS group during intervention
	Not measured

	Majid et al[17], 2013
	No change
	No change
	No change
	↓ Faecalibacterium prausnitzii and Bacteroides-Prevotella in the prebiotics group


EN: Enteral nutrition; FOS: Fructo-oligosaccharides.


Table 3 Studies investigating the effect of fiber supplementation in enteral nutrition towards short-chain fatty acids
	Ref.
	Total SCFA
	Acetate
	Propionate
	Butyrate

	Sobotka et al[34], 1997
	No change
	No change
	No change
	No change

	Nakao et al[40], 2002
	No change
	↑
	↑
	No change

	Schneider et al[18], 2006
	↑
	↑
	No change
	↑

	Kato et al[46], 2012
	↑
	↑
	No significant amount detected
	No significant amount detected

	Majid et al[17], 2013
	No change
	No change
	No change
	No change


EN: Enteral nutrition; SCFA: Short-chain fatty acid.




529 records identified through database searching 
(MEDLINE, EMBASE, Cochrane Library, CINAHL, Academic Search Premier, Web of Science)





9 additional records identified through other sources


447 records after duplicates removed






415 records excluded due to:
· Irrelevant reports
· Animal/in-vitro studies
· Review/meta-analysis
· Subjects were children
· Subjects were healthy people
456 records screened on basis of title and/or abstract








41 full-text articles assessed for eligibility


15 full-text articles excluded due to:
· Full text not available
· Full text in foreign language
· Study Design
· No outcome measured
· Intervention was synbiotics
· Subjects not on exclusive EN
· Poor methodology quality




26 studies included in qualitative synthesis






14 studies included in quantitative synthesis (meta-analysis)




Figure 1 Flow diagram of included and excluded studies for the systematic review. EN: Enteral nutrition.
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Figure 2 Meta-analysis of the effect of fiber supplementation in enteral nutrition on incidence of diarrhea.
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Figure 3 Funnel plot for the effect of fiber supplementation in enteral nutrition on incidence of diarrhea.
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Figure 4 Meta-analysis of the effect of prebiotics supplementation in enteral nutrition on incidence of diarrhea.
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