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Abstract

Purpose—Maltodextrin (MDX) is a polysaccharide food additive commonly used as oral
placebo/control to investigate treatments/interventions in humans. The aims of this study were
to appraise the MDX effects on human physiology/gut microbiota, and to assess the validity of
MDX as a placebo-control.

Methods—We performed a systematic review of randomized-placebo-controlled clinical trials
(RCTs) where MDX was used as an orally consumed placebo. Data were extracted from study
results where effects (physiological/microbial) were attributed (or not) to MDX, and from study
participant outcomes data, before-and-after MDX consumption, for post-publication ‘re-analysis’
using paired-data statistics.
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Results—Of two hundred-sixteen studies on “MDX/microbiome’, seventy RCTs (n7= 70) were
selected for analysis. Supporting concerns regarding the validity of MDX as a placebo, the
majority of RCTs (60%, Cl 95% = 0.48-0.76; n= 42/70; Fisher-exact p=0.001, expected <

5/70) reported MDX-induced physiological (38.1%, 7= 16/42; p= 0.005), microbial metabolite
(19%, n=8/42; p=0.013), or microbiome (50%, n= 21/42; p=0.0001) effects. MDX-induced
alterations on gut microbiome included changes in the Firmicutes and/or Bacteroidetes phyla, and
Lactobacillus and/or Bifidobacterium species. Effects on various immunological, inflammatory
markers, and gut function/permeability were also documented in 25.6% of the studies (77 = 10/42).
Notably, there was considerable variability in the direction of effects (decrease/increase), MDX
dose, form (powder/pill), duration, and disease/populations studied. Overall, only 20% (7= 14/70;
p=0.026) of studies cross-referenced MDX as a justifiable/innocuous placebo, while 2.9% of
studies (n= 2/70) acknowledged their data the opposite.

Conclusion—Oirally-consumed MDX often (63.9% of RCTSs) induces effects on human
physiology/gut microbiota. Such effects question the validity of MDX as a placebo-control in
human clinical trials.

Keywords
Gut microbiome; Firmicutes. Bacteroidetes ratio; Food additive; Experimental design

Introduction

Food additive maltodextrin (MDX) is manufactured using hydrolysis, purification, and
spray-drying methods applied on a variety of starches to produce chains that typically range
from 3 to 20 D-glucose polymers which are linked primarily by alpha(1-4) or alpha(1-

6) glyosidic bonds. MDX has a dextrose equivalent of less than 20 [1]. There are two

types of MDX; digestible, and resistant-to-digestion MDX (RMD). Resistant-to-digestion
MDX are a non-viscous soluble fiber that is created via an additional conversion of the
alpha-1,4-glucose linkages to random 1,2-,1,3-, and 1,4-alpha or -beta linkages, which resist
the digestion process [2]. Being resistant to digestion, RMD is considered a prebiotic and
fermented by the intestinal bacterial flora and previous studies have reported its effect on
gastrointestinal homeostasis [3-5]. Since its production in the 1950’s, digestible MDX is
generally regarded as safe (GRAS) by the US Food and Drug Administration (FDA) and is
widely used as a retail food additive by the food industry [6].

The use of placebos in human clinical research is necessary for rigor and reproducibility.
However, depending on the situation, the selection of an appropriate placebo is challenging
and critical to determine the effect of the tested intervention where the placebo is used

as a referent comparator. A placebo is expected to be, by definition, an inert or harmless
substance that appears identical to the treatment being tested in a clinical trial, but that
contains no active ingredients present in the treatments compared [7-9].

Maltodextrin is present in a wide range of processed food and products including the
non-calorie sweetener Splenda™, sport drinks, baked goods and various fiber/dietary
supplements. It is supplied as a white, tasteless, water-soluble powder, which makes it
appreciated by food industries as a filler, and texturizer [1, 8].
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From a microbiological stand point, MDX is, however, a preferred class of nutrients for
Escherichia coliin environmental and animal hosts. Bacteria such as £.cofi metabolize
MDX through the maltose system, which offers an unusually rich set of enzymes,
transporters, and regulators [10].

As a low-sweet food additive polysaccharide, MDX has been used to study the effect

of a wide variety of interventions, especially prebiotics [11, 12], probiotics [13, 14],

and numerous dietary supplements [15, 16]. Despite the adoption of such practice, we
hypothesized that MDX is, however, an inappropriate placebo since in vitro [17] and animal
studies have shown that MDX promotes intestinal injury [18], inflammation [19], and gut
microbiota changes [20].

To assess the validity of MDX as placebo and control comparator group in humans, herein
we performed a systematic review of randomized-placebo-controlled clinical trials (RCTSs)
to appraise MDX effects on human physiology and gut microbiota. The main objective of
this report is to describe and quantify the association between MDX and microbiological
outcomes assessed in human clinical trials where MDX was used as placebo or control
group, with special emphasis on microbiome studies.

Materials and methods

Reporting and protocol registration

The systematic review protocols used in this study were reported in accordance

with Preferred Reporting Items for Systematic Review and Meta-Analyses

(PRISMA) guidelines [21] and the Systematic Literature Review registration website
PROSPERO (CRD42021249173) https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID=249173.

Search strategy, eligibility and selection criteria

We conducted a systematic search of available and relevant RCTs using digestible MDX

as a control or placebo to interpret the effect of other dietary products on microbiome and
gut biology. The search strategy and terms used in electronic database PubMed was the
following: ‘(maltodextrin) AND (microbiome)’ or ‘(maltodextrin) AND (Bacteroide*)’. No
restrictions were imposed regarding study publication date, time period, or study origin. We
used the PubMed definition of a RCT as indicated by the option to select a box labelled
‘Randomized Clinical Trial’ which is present on the left-hand side of a PubMed search

page under the heading ‘ARTICLE TYPE’. RA and ARB selected articles independently for
eligibility. Titles and abstracts were independently screened/filtered using a Data Extraction
Tool (Supplementary Table 1). The search was updated on 21 May 2021, prior to manuscript
submission, and on November 23 prior to manuscript acceptance using also Scopus database
for verification of database coverage and assessment of publication bias. Herein, we verified
100% database coverage agreement between Scopus and PubMed. Of note, in 2007,

Falagas et al. [22] determined that for citation analysis, Scopus (suboptimal for citations
before 1996, and not readily updated for early online publications) offered about 20%

more coverage than other wide-scope databases such as Web of Science across all field
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of science. Despite these features for Scopus, PubMed which focuses on medicine and
biomedical sciences, remains the gold standard publications resource for clinicians and
researchers. Irrelevant records were excluded (e.g., duplicated records, study protocols,
reviews). Relevant full-text articles were exported using EndNote X9 reference management
software and eligibility assessed using our full-article Data Extraction Tool (Supplementary
Table 2). Articles were then retained or discarded when full agreement was reached.

No disagreements occurred during the selection phase. All citations discovered through

the manual searching method, which were not identified through electronic search, were
assessed in the same manner as electronic citations. For instance, citations that were cited
in our potential selected articles and believed to be relevant were retrieved. Studies without
subjects’ baseline (i.e., before MDX) data were excluded.

Data extraction and risk-of-bias assessment

Data were extracted by RA and ARB independent of each other and selection accuracy

was reviewed by ARP. Data from ‘before’ and *after’ MDX consumption was extracted.

To enable the comparison of data across studies, herein we used Bacteroidetes (B) and
Firmicutes (F) data (and their F:B ratio) as the primary study outcome for comparison,

since most microbiome methods provide such basic information at the phylum level [23],
and since changes in the B:F ratio has been used as a marker to express the degree of
dysbiosis in inflammatory bowel diseases (IBD) [24] and can be altered in response to diets
[25]. Other significant clinical parameters were also extracted for secondary analysis such

as alteration in immunological markers, inflammatory mediators, and microbiota metabolites
(i.e., short chain fatty acids; SCFAS) (Supplementary material 1—excel file).

Specifically, data were extracted from potential eligible citations using the following
parameters; (1) general study information (author’s name, publication year, PMID, trial
design, objective/s, subjects), (2) intervention details and comparison groups (MDX as
placebo/control, MDX dosage, number of comparison groups, whether or not a non-
chemical control was used, and duration of the intervention), and (3) outcomes; MDX
effect on gut microbiota focusing on markers and bacteria well-known to contribute

to gastrointestinal health or dysbiosis (i.e., F:B ratio, Bacteroidetes, Firmicutes, and
Proteobacteria at phylum level, Lactobacillus, Bifidobacterium and Streptococcus at genus
level and Escherichia coli species). Published data represented as boxplots were excluded
since individual data points or mean + SD cannot be extracted for analysis. MDX-infant
studies, when MDX was not given directly to the infants, were excluded, because the MDX
effect, where diet/behavior progressively change infant microbiota, could not be determined.
Publication bias was assessed by the Funnel plot and Egger’s test, correcting for funnel plot
asymmetry as we reported [26].

Meta-analysis and scope

We intended to conduct a meta-analysis on the effect of MDX on the F:B ratio. However,
with the study variability in RCT design, the number of comparable studies as described in
Table 1 was insufficient to conduct formal collective or subgroup meta-analyses. Because
of this, herein we report the study findings of the systematic review following a scoping
format for the MDX treatment regime as placebo and for the effects of MDX on different
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human physiological parameters, including body weight, glucose, gut microbiome, transit
time, microbial metabolites, and immunological markers, as available, in each RCT report.

Statistical analysis

Results

Before-and-after MDX data was compared using paired- 7 test with an appropriate method
that controls for data dispersion or variability including mean, standard deviation, and
standard error of the mean, using GraphPad Prism 9.1 software. Data integration for each
parameter was used for comparable studies. Data not integrated were reported descriptively.
To statistically determine whether the number of positive studies was significantly different
from the expectation of no effect due to MDX (0 + 5 studies out of 70 RCTs), we used count
Fisher exact statistics. Significance, p < 0.05.

Literature search

In accordance with PRISMA guidelines [21], Fig. 1 describes the selection process for
included studies. The initial PubMed and Scopus search identified two hundred-sixteen
articles. This number was reduced to seventy-seven (n= 77) after duplicates were removed.
After screening titles and abstracts for eligibility, a total of seventy RCTs (7= 70) were
included from the originally identified articles.

Study characteristics

Of the seventy studies, 87% (/7= 61/70) were double blindplacebo-control RCTs, of which
22.9% (n = 16/70) were crossover trials. The remaining 12.9% (7= 9/70) of RCTs were
either single or non-blinded trials. Table 1 lists the study design features for the final
selected seventy RCTs. With respect to the sample size, both experimental and control
groups ranged from 6 to 105 individuals in total per study. Overall, MDX was used as

a placebo to study between 1 and 3 other treatments/interventions (MDX vs. 1 group,
n=54/70; vs. 2 groups, n=13/70; vs. 3 groups, n= 3/70), mainly prebiotics and
probiotics. Collectively, these primarily microbiome-focused RCTs encompassed various
clinical fields and diseases, including type-2 diabetes mellitus, obesity, constipation, bone
fragility, kidney diseases, cancer, and intensive care conditions across a wide range of
participants that included pregnant women, lactating mother-and-infant pairs, children, and
adults. Considerable variability was observed across studies regarding MDX dosage regime
(0.3-42 g/d) and treatment duration (1-168 days).

Use of MDX as a placebo in humans

To interrogate whether the limitations or advantages of MDX as a placebo were common
knowledge in the scientific community, we determined which studies cited peer-reviewed
literature providing a rationale/justification for MDX use as placebo/control. Overall, 20%
(C195% = 0.11-0.31; n=14/70; p< 0.00001) of studies cross-referenced MDX as a
justifiable/innocuous placebo, while 2.9% of studies (77 = 2/70) acknowledged with their
data the opposite (see verbatim justifications in Table 2). Since the majority of the studies
(80%) provided no justification/rationale, we examined the reported effects of MDX across
all selected RCTs on human physiology and gut microbiota. Table 3 lists the studies that
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showed a significant effect, either reported or computed (e.g., paired 7 test, before-and-after
data) from MDX.

Effect of MDX on human physiological parameters

Supporting concerns regarding the validity of MDX as a placebo, the majority of RCTs
(60%, CI 95% = 0.48-0.76; n=42/70; Fisher-exact p=0.001, expected < 5/70)

reported MDX-induced physiological (38.1%, Cl 95% = 0.24-0.54; n= 16/42; p = 0.005,
expected < 5/42), microbial metabolite (19%, Cl 95% = 0.09-0.34; n=8/42; p=0.013,
expected < 1/42), or microbiome (50%, CI 95% = 0.09-0.34; n=21/42; p=0.0001,
expected < 5/42) effects. For instance, the consumption of 3.3 g/d MDX for 16 weeks
significantly increased body weight and body mass index in overweight children [27],
whereas in healthy individuals, these parameters decreased following 6 g/d MDX for 15
days [28]. When provided for only one day, 24 g of MDX increased satiety and fullness
in healthy, overweight and obese men [29]. In elderly individuals, changes in frailty index
[30], body weight and suprailiac skinfold thickness [31] were reported following MDX
supplementation for 13 weeks (7.5 g/d) and 3 months (dosage not reported), respectively
[30, 31].

One RCT showed a significant decrease in systolic blood pressure in men with well-
controlled diabetes 2 following 5.5 g/d MDX for 12 weeks [32], while another RCT showed
an increase in post-oral glucose tolerance test glycaemia in obese women following 16 g/d
MDX for 3 months [12].

Several studies in healthy populations reported changes in gut motility following MDX
treatment [33-39], including changes in colonic transit time [37] and colonic volume [34,
37], the latter associated with a significant decrease in fasting breath hydrogen [34]. In
another population with impaired handling of gut gas loads, 8 g/d of an oral MDX for 4
weeks significantly reduced the abdominal girth score (p = 0.001) [34].

Of the three RCTs that evaluated diarrhea and constipation, one reported increased diarrhea
following MDX at dosages of 20 g/d [33]. Of the two RCTs that evaluated constipation, one
reported a significant reduction in constipation score (Agachan—-Wexner) combined with an

increased percentage of spontaneous bowel movements in tertiary care constipated patients

after 5.6 g/d MDX [40]. The other RCT reported a significant reduction in the percentage of
stools rated as constipation in children with irritable bowel syndrome (IBS) [36].

Effect of MDX on gut microbiome

Of the thirty-four RCTs studies which evaluated the effect of MDX on gut microbiota,
61.8% (7= 21/34) reported MDX-induced alterations in taxa profiles. Of these, one
reported a decrease in total bacterial load, following 12 weeks of 7 g/d MDX in pediatric
Celiac disease patients on a gluten-free diet [41]. In contrast, total bacterial load increased
following 3 daily pills of MDX (dosage not reported) for 3 weeks in lactating women [38].

Nine studies (7= 10/21, 47.6%) reported MDX-induced changes in Firmicutes, however, the
direction of effect varied. Six studies reported a significant increase in various Firmicutes
members following MDX dosages ranging between 0.5 and 15 g/d for 1-16 weeks [27,
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34, 39, 42-44]. In one study, increases in Ruminococcaceae (Firmicutes), Anaerotruncus,
Flavonifractor, Oscillibacter, and Oscillospira, occurred after one week of MDX + low
FODMARP diet (vs baseline) [34]. However, one pediatric RCT reported that 7 g/d of MDX
for 12 weeks significantly decreased the relative abundance of Clostridium leptum [41],
while another study (6 g/d MDX for 24 weeks) reported decreases in C. Perfringens and

C. difficile [45], suggesting that MDX effect varies based on the duration of administration

(Fig. 2).

While none of the latter studies reported concomitant changes within Bacteroidetes [27, 34,
39, 41-44], other studies have reported MDX-induced alterations in the phylum, albeit the
direction of the effect varied based on dosage and duration of administration. For example,
Bacteroidetes abundance decreased by 14% in healthy adults given 5 g/d MDX for 2 weeks
[46]. In another study, higher MDX doses (10 g/d) given to healthy adults for 3 weeks
significantly increased the Bacteroides—Prevotella abundance at the washout period [44]. In
both studies, MDX administration was associated with increased Firmicutes [44, 46].

The F:B ratio is a relevant marker of gut dysbiosis [24, 47], and several pathological
conditions [48, 49] such as obesity (increased F:B ratio) [50] and IBD (reduced F:B ratio)
[51]. Of the sixty-one total studies, none reported the F:B ratio before vs. after MDX
consumption. However, we were able to infer the F:B ratio from studies that reported both,
Firmicutes and Bacteroidetes, phyla. Five RCTs reported significant increases in Firmicutes
with no changes within the Bacteroidetes, suggesting increase in the F:B ratio [27, 34, 39,
42]. Similar findings were reported in another RCT, albeit these did not reach statistical
significance [46]. In contrast, one RCT reported a significant decrease in Firmicutes with no
changes within Bacteroidetes, indicating a reduction in F:B ratio [41].

Lactobacillus and Bifidobacterium are health-promoting [52], immunomodulatory bacteria
[53]. Of the seven studies that reported alterations in Lactobacillus, 42.9% (n= 3/7) found
that MDX, in dosages ranging from 10 to 25 g/d, for as little as 30 days up to three

months respectively, significantly reduced Lactobacillus abundance in healthy adults [54]
and constipated patients [55]. Similar findings were reported in other studies, although these
did not reach statistical significance [40]. Two studies, wherein MDX (8-10 g/d) was given
for 2 or 3 weeks, reported increases in Lactobacillus [44] and Lactobacillus- Enterococcus
[39].

Alterations in Proteobacteria were reported in two RCTS. In one study, total
Enterobacteriaceae was significantly reduced in healthy children after 6 g/d of MDX for
24 weeks [45]. However, in another RCT, Bilophilaand Deltaproteobacteria significantly
increased in healthy adults following 1 week of 14 g/d MDX plus low FODMAP diet [34].
Together, findings on microbiome responses suggest that the effect of MDX varies with the
diet.

Effect of MDX on microbial metabolites

Of the thirty-nine RCTs which evaluated MDX effect on microbial parameters, 19% (7
= 8) reported MDX-induced alterations in microbial metabolites. SCFAs, products of non-
digestible carbohydrate fermentation by gut bacteria [55], are known to play key roles in

Eur J Nutr. Author manuscript; available in PMC 2023 January 12.
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maintaining gut homeostasis through different mechanisms (i.e., anti-inflammatory [56],
maintaining the integrity of intestinal barrier [57] mucus production [58]). In healthy adults,
MDX (15 g/d, 3 weeks) increased fecal levels of the SFCAs acetate and propionate, an effect
which continued through the washout period [5]. The effect of MDX on butyrate levels has
varied between studies. In overweight individuals, fecal butyrate levels increased following
an MDX dosage providing 15% of their own energy intake for 3 weeks [59]. However, in
another study, when given at lower dosages (7.5 g/d) for a shorter period of time (12 days)
butyrate levels decreased in healthy individuals [60]. Of note, in the latter study, participants
were given 1125 mg amoxicillin for 5 days at the beginning of the study making results
difficult to interpret.

In constipated females, MDX (15 g/d, 3 weeks) increased fecal isovaleric levels [43],
whereas fecal valerate and isovalerate levels increased in adult ICU patients given an
MDX-containing enteral nutrition formulation for 7 days [61] (Table 3). In another study,
reductions in fecal valeric acid were associated with a 15% increase in branched-chain fatty
acids in pediatric Celiac disease patients on a gluten-free diet + 7 g/d MDX for 12 weeks
[41]. In obese women, MDX (16 g/d for 3 months) increased fecal caproate levels compared
to women given a prebiotic treatment [62].

Bile acids mediate intestinal homeostasis and inflammatory diseases by regulating gut
microbiota [48]. In the context of primary bile acids, cholic acid and chenodeoxycholic
acid significantly increased in overweight and obese children who consumed 3.3 g/d MDX
for 16 weeks [27].

Effect of MDX on intestinal or immunological parameters

Overall, 23.8% of the RCTs (7= 10/42) reported MDX-induced alterations in
immunological parameters. In one study, MDX (12 g/d) increased gastroduodenal
permeability in healthy elderly adults challenged with indomethacin [63]. In healthy
females, a study assessing the response of human volunteers to a cold pressor test, MDX
treatment (12.5 g/d) significantly increased expression of adhesion receptor CD62L on
classical monocytes [64]. In healthy adults, MDX (15 g/d) for 4 weeks significantly
increased serum IgA, IgM, IgG1, 1gG2, 1gG3, 1gG4, fecal IgG and IgM [65], whereas in
adult atopic dermatitis patients, plasma lipopolysaccharide (LPS) increased after 12 weeks
of MDX, and levels remained higher 2 months after MDX discontinuation (vs baseline)
[66]. In infants, milk formula containing 8 g MDX/L for 6 weeks reduced T lymphocytes,
which persisted until the 12 months of age following MDX discontinuation [11].

Long-term MDX consumption provided either in dosages of 3.3 g/d or in capsule format
(dosage not reported) was found to increase serum proinflammatory cytokine levels in
overweight children (IL-6) [27] and adult rheumatoid arthritis patients (IL-12) [67]. By
contrast, decreased serum IL-6 following 5.5 g/d MDX for 12 weeks was observed in men
with well-controlled type 2 diabetes mellitus [32]. In another RCT, 6 g/d of MDX for 15
days reduced plasma IL-1b and serum CRP/Albumin ratio in healthy adults (p= 0.063) [28].

Eur J Nutr. Author manuscript; available in PMC 2023 January 12.
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Discussion

In this systematic review comparing ‘before vs. after MDX’ published data, we found,
across several outcomes, evidence questioning the validity of MDX as placebo/control

in human RCTSs. Over 63% of the studies reported changes due to MDX, while the
remaining reported no effects. This variable presentation of biological or clinical effects
may be attributed to differences in the molecular structure of MDX, the dosage/duration

of treatment and the disease populations studied. We found that consumption of digestible
MDX at various dosages affected microbiome, immunological markers, and other measured
clinical outcomes. We also found heterogeneity within our primary and secondary outcomes
irrespective of the MDX dosage, duration of administration, age or gender of participants.
Of note, it is important to highlight that the MDX effects observed in our analysis,
comparing before and after supplementation, is a phenomenon that could also be observed
in other treatment groups if external factors are not controlled. Under appropriate study
design, significant results would only be possible to be observed due to the true effect of
the compound given to participants (e.g., MDX), and/or due to the effect of a non-controlled
external factor synchronically influencing all participants in the treated group within the
‘before-after’ time frame of the study (e.g., a weather effect); the latter which is very
unlikely to occur since participant recruitment often takes time to complete for most

RCTs, making treatment evaluation not synchronized for all participants. Although we have
examined the statistical influence of randomness in statistical reproducibility, it is unlikely
that the observed effects for MDX are random, since the allocation of random factors also
unique to each participant (i.e., diet, lifestyle) are also unlikely.

In the case of MDX-infant studies, it is important to consider that the net effect from

MDX as a placebo may be attributed, at least in part, to changes in gut microbiota and

gut physiology which occur in infants following birth and throughout childhood, and which
are primarily mediated by diet changes, physical activity, and exposure to environmental
microorganisms. Herein, we acknowledged that such complexity confounds the effect of
the placebo MDX in infant and toddler clinical trials [68, 69]. In the case where capsules
are used as the delivery method for MDX, we noted that few studies reported the MDX
concentration per volume of capsule. Nevertheless, the MDX dosage is expected to differ
from that of the treatments because prebiotics/probiotics per volume would occupy a major
fraction of the capsule rendering the total volume of MDX per day significantly lower [42,
67]. For example, if a fixed number of capsule/powder volume are needed per participant
(e.g., 1-cm3), there would likely be differences for MDX between “capsule 1 lyophilized
bacteria volume + MDX volume, and ‘capsule 2’ with only MDX volume.

The use of MDX has increased markedly in the United States and the global market over
the past decades. In a 2015 survey of grocery store ingredients, Nickerson et al., found that
60% of all packaged items included “maltodextrin” or “modified (corn, wheat, etc.) starch”
in their ingredients list [70]. Moreover, they showed a positive correlation between the
increasing dietary prevalence of MDX and a dramatic rise in IBD incidence in Rochester,
NY [70, 71]. In this regard, the safety of such widely spread additive needs to be formally
revisited, especially in people with susceptibility to digestive diseases, such as IBD, which
may exert prominent responses.
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Although our analysis was focused on studies examining microbiological factors
(microbiome, or Bacteroide*), we used a narrative review of studies on nutrition and dietary
fibers [72] to identify RCTs reporting before-after data for MDX to validate observations
identified in our search. Of assurance, RCTs in the field of nutrition science have also
documented the effect of MDX in breath analysis [73], body weight [73, 74], and glucose
concentrations [74] in agreement with our findings.

To further validate our results, we lastly updated the search to identify new studies prior to
manuscript acceptance. After screening 32 titles/abstracts for eligibility on Nov 23 2021, a
total of nine RCTs (n7=9) were included in the analysis. Overall, three new RCTs (n7= 3)
reported gut microbiome changes due to MDX compared to baseline data. Of these, two
RCTs reported that placebo MDX significantly decreased alpha diversity in both stressed
and healthy adults (e.g.; increase of Ruminococcaceae after 10 g/d MDX for 3 weeks) [75,
76]. Supporting our concerns regarding the validity of MDX as a placebo, Calgaro et al.
observed a bifidogenic effect of MDX in a 6-week RCT where 2.5 g/d of MDX was used
as control [77]. They found that some Bifidobacteriun-related strains such as structural
variants (SVs) SV34-B./ongum and SV228- Bifidobacterium significantly increased in the
MDX cohort. These results are in line with data reported in a previous work [78] where
authors observed that the majority of the culturable bifidobacterial strains (including 10
strains of B. longum) were capable of growing in MDX rich media. As a result, Calgaro
et al., recommended that MDX bifidogenic effect needs to be deeply evaluated in future
clinical trials [77], since MDX is broadly used as placebo.

In addition to the net effect that MDX has on hots as a function of dose, and/or diet or
lifestyle, it is important to highlight that the variability of MDX structures available in the
market could also play a role on the net effects reported. MDX structure-effect relationships,
not thoroughly discussed, could hypothetically help explain studies reporting opposing
results; e.g., increasing vs. decreasing specific bacterial taxa.

In conclusion, MDX can induce various modifications in gut microbiota configurations,
and immunological factors. Our findings question the validity of using MDX as a placebo
in human clinical trials. As placebos are supposed to be pharmaceutically non-influential
substances on body functions, it would be important in the future to consider and revise the
ethical possibility of using a group of study participants receiving no-supplementation (or
possible water) to help determine the biochemical role of tested compounds in biochemical/
immunological body functions. Our data also question the appropriateness of using MDX
as a widely used food additive. Since MDX as a filler contributes to a large fraction of

the volume in numerous processed foods or supplements, our findings highlight the need to
reassess the impact of this compound on human intestinal health.
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Flow diagram for study selection (PRISMA). A total of nine RCTs (7= 9) from Scopus

search published on 2021were included in the analysis
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Fig. 2.

Example of ‘before-and-after’ data re-analysis to illustrate the significant effect of MDX on
the human immunological markers and gut microbiome. a MDX significantly reduced total
Clostridium difficile in healthy children who consumed 6g/d digestible MDX for 24-weeks
(vs baseline)[45]. b Reanalysis of individual paired data from Shadid et al. [68] revealed that
6g/d digestible MDX for 15-weeks given for pregnant women from gestation week 25 until
delivery increased proportion of specific Bifidobacterium and Lactobacillus (p = 0.0031).

c Fecal valerate increased in adult ICU patients given an enteral nutrition formulation
containing 4.5g/L of prebiotics + 7g/d MDX for at least 7 days. Published data from Majid
etal. [61]. d MDX (12g/d, for at least 5 days) significantly increased Creactive protein
(CRP) in head and neck cancer surgical patients. Published data from Lages et al. [87]
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