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Abstract

The gut microbiome is offered as a target for nutritional intervention across a large consumer market, and the published evidence
supports that framing much less evenly than the marketing implies. The strongest randomised result in the field concerns
transplanting a whole community rather than feeding one: donor faeces infusion resolved recurrent infection in 13 of 16 patients
against 4 of 13 on vancomycin alone, a trial stopped early for benefit. That intervention is not dietary. The best-supported dietary
exposure, fibre, was synthesised across 185 prospective studies and 58 trials and associated with 15 to 30 per cent lower
mortality, but its established route runs through fermentation substrate and metabolites rather than through any directed change
in community composition. Where supplementation has been examined mechanistically the direction is unfavourable: after
antibiotics, probiotics delayed and left incomplete the reconstitution that recovered rapidly with autologous transplant.
Regulatory assessment reflects this. Of 4,637 general function claims submitted in the European Union, no probiotic health claim
has been authorised, and the single authorised claim involving live cultures concerns lactose digestion in yoghurt. The mechanism
is established at one link in the chain and the commercial claim is made about another.
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Introduction
That the resident gut community influences host physiology is
not in dispute, and the sequencing methods that established it are
two decades old [1,2]. What follows from it for nutritional
practice is a separate question, and the gap between the two is
where a substantial consumer market operates [3,4].

The claim structure is usually the same. A mechanism is
demonstrated, generally in animals or in vitro; an association is
reported between some dietary exposure and an outcome; and a
product is offered on the implication that the first explains the
second and can be purchased [3,5]. Each step may be sound in
isolation while the chain is not [5,6].

This review separates the links. It asks which parts of the
diet-microbiome-outcome chain carry randomised evidence,

which carry association only, and which carry neither.

Objective
This review sets out to establish four things from the published
literature. First, where the strongest randomised evidence in the
field actually sits and whether it is nutritional. Second, what the
best-supported dietary exposure shows and by what route. Third,
what happens when supplementation is examined
mechanistically rather than by outcome. And fourth, what
regulatory assessment of the marketing claims has concluded.
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Literature Review
The strongest result is not a diet: A randomised trial in recurrent
infection assigned patients to donor faeces infusion after a short
vancomycin course and bowel lavage, to standard vancomycin,
or to vancomycin with lavage [7]. Resolution without relapse at
ten weeks occurred in 13 of 16 patients after a single infusion,
against 4 of 13 on vancomycin alone and 3 of 13 with lavage
added, with P below 0.001 for both comparisons; the study was
stopped at interim analysis [7]. Two of the three non-responders
resolved after a second infusion from a different donor [7].
Faecal diversity rose toward donor values and the shift persisted
[7].

Figure 1: Resolution without relapse by treatment arm [7]

Why that matters for the framing: The intervention transplanted
an entire community into a niche that antibiotics had emptied, in
a condition defined by that emptying [7,8]. It is the clearest
demonstration that community state can be causal, and it is also
the clearest demonstration that changing community state to
therapeutic effect required a transplant rather than a food [7,9].
Registry follow-up reports durable cure in routine use, with
relapse concentrated in patients given unrelated antibiotics
afterwards or who were immunocompromised [9]. Attempts to
extend the approach to indications not defined by community
depletion have produced weaker and less consistent results
[10,11].
Table 1: Where the evidence sits against whether the lever is nutritional

Intervention Best evidence Dietary?

Faecal transplant, recurrent
infection

Randomised, stopped
early [7] No

Dietary fibre intake 185 studies, 58 trials
[12] Yes

Yoghurt cultures, lactose digestion Authorised EU claim
[13] Yes

Multi-strain probiotic supplements No authorised claim
[13,14] Yes

Directed community modification
by diet Person-specific [15,16] Yes

What the fibre evidence shows: A synthesis drawing on 185
prospective studies covering just under 135 million person-years,
together with 58 controlled trials in 4,635 adults, reported a 15 to
30 per cent decrease in all-cause and cardiovascular mortality

and in the incidence of coronary heart disease, stroke, type 2
diabetes and colorectal cancer, comparing the highest with the
lowest consumers (Figure 2) [12]. Risk reduction was greatest
between 25 and 29 g per day, and the trials found lower body
weight, systolic pressure and total cholesterol at higher intakes
[12].

Figure 2: Reported reductions with higher fibre intake, as ranges [12]

But by which route: The established mechanism runs through
fermentation of substrate to short-chain fatty acids and their
systemic effects, a chain in which the community is the
intermediary rather than the target [12,17,18]. The same
synthesis reports effects on weight, pressure and cholesterol that
do not require a microbial step at all, and dietary fibre intake
correlates strongly with whole dietary pattern, which the
observational component cannot separate [12,19]. So the
exposure is dietary and its benefit is well supported, while the
proposition that the benefit is obtained by reshaping the
community is an inference rather than a finding (Figure 6)
[12,17,20].

Figure 6: Two routes from diet to outcome, with the evidenced links marked
[12,17]

The honest complication: Where supplementation has been
examined mechanistically rather than by symptom outcome, the
direction is unfavourable. In a study using endoscopic sampling
rather than stool alone, colonisation by an eleven-strain
preparation was person-specific, with some participants
permissive and others resistant, so identical products produced
different exposures [15]. After broad-spectrum antibiotics,
probiotic supplementation produced a markedly delayed and
persistently incomplete return of the indigenous community and
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host transcriptome toward baseline, while autologous transplant
of the participant's own pre-antibiotic sample restored both
within days, and spontaneous recovery lay between the two [16].
The authors concluded that any benefit of post-antibiotic
probiotics may be offset by compromised mucosal recovery [16].

Figure 5: Regulatory framework and the trials that followed it
[7,13,15,16,21]

What regulators concluded: Under the European claims
regulation, 4,637 general function claims were consolidated for
assessment, and published opinions covered 2,758 of them [13].
Ninety-one claims were referred for further assessment, 74 of
those concerning micro-organisms [13]. No probiotic health
claim has been authorised in the European Union, and the
probiotic claims that completed evaluation are listed as
non-authorised [13,14]. The single authorised claim involving
live cultures concerns improved lactose digestion from yoghurt,
conditional on the presence of the two starter organisms at
defined concentration, which is a claim about digesting a sugar
in the product rather than about the resident community (Figure
3) [13].

Figure 3: European claims for micro-organisms, submitted to authorised
[13]

Why the rejections happened: The recorded grounds were
insufficient characterisation of the organism, or failure to
establish a cause and effect relationship between consumption
and the claimed effect, and in several cases the outcome
measures used were judged not to yield reproducible estimates
[13,14,22]. Commentary from the field argued that rejection on
characterisation alone was too strict and that the totality of
evidence exceeded the sum of individual dossiers [22,23]. That
disagreement is about the standard of proof rather than about

what the individual trials showed, and both positions are
represented in the literature [22,23].

Figure 4: Evidence strength against whether the lever is dietary
[7,12,13,15,16]

Strain and indication do not generalise: The consensus definition
specifies adequate amounts of live organisms conferring a health
benefit, and the field's own guidance is that effects are specific to
strain and to indication [21,24]. A result obtained with one
organism at one dose in one condition is therefore not evidence
for a different organism, and a multi-strain product is not the
sum of its strains' separate literatures [21,24,25]. This is the point
at which published trials and marketed products diverge most
sharply, because products are formulated and named at the genus
level while the evidence, where it exists, attaches to the strain
[21,25,26].
Table 2: Common product claims against the published position

Claimed basis What the evidence supports

Restores healthy flora No authorised claim [13,14]

Species named on the label Effects are strain-specific [21,24]

Works after antibiotics Reconstitution delayed [16]

Personal microbiome testing Colonisation person-specific [15]

Fibre feeds good bacteria Substrate route established [12,17]

What the supporting literature adds: Reviews of dietary
modulation describe reproducible short-term shifts in community
composition with large dietary changes, which return toward
baseline when the diet does [17,20,27]. Fermented food intake
and high-fibre intake have been compared directly and produced
different immune and microbial signatures, indicating that even
within dietary interventions the route is not interchangeable
[27,28]. Work on short-chain fatty acid production establishes
the metabolite step, while the mapping from a given intake in a
given person to a given metabolite yield remains variable
[18,29,30]. Reviews of testing services conclude that no
validated reference range exists against which an individual
result can be interpreted [15,31,32].
Table 3: The chain link by link, with the evidence attaching to each

Link in the chain Status in the reviewed evidence

Community state can be causal Randomised, one indication [7]
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Diet changes composition Reproducible but transient [17,27]

Change can be directed Person-specific [15,16]

Substrate to metabolite Established, yield variable [18,29]

Dietary exposure to outcome Large synthesis, observational [12]

There is no agreed reference state: A commercial report that
describes a microbiome as unbalanced presupposes a definition
of balance, and reviews addressing that question directly
conclude that no single healthy configuration has been
established [33]. Composition varies widely between healthy
people, varies within the same person over time, and overlaps
substantially between health and disease, so deviation from a
population average is not in itself a finding [33,34]. Mechanistic
syntheses describe well-characterised pathways from microbial
metabolites to host physiology while noting that the step from
composition to clinical outcome is where the evidence thins [34].
The absence of a reference state is what makes the commercial
claim unfalsifiable rather than merely unproven [32,33].

Why the distinction matters in a clinic: A patient arriving with a
commercial report is asking about a measurement that has no
established normal range, generated by a method whose
analytical validity varies between providers, interpreted against a
definition of balance that does not exist in the literature [32,33].
The useful response is not to dispute the biology, which is sound,
but to separate the two claims that the report conflates: that
microbial metabolism affects health, which the fibre and
transplant evidence supports, and that a given product or test can
direct that metabolism in a named individual, which it does not
[12,20,32,34].

Method
This is a narrative review of published literature. Sources were
assembled by searching the indexed literature for randomised
trials, mechanistic human studies, large syntheses of dietary
exposure, consensus definitions and published regulatory
assessments concerning the gut microbiome as a target of
nutritional or supplement intervention in adults, giving
precedence to randomised and mechanistic human evidence over
animal work [7,12,15,16].

Regulatory positions are reported as the assessing body
recorded them, including the stated grounds for rejection and the
published disagreement with those grounds, because in this field
the standard of proof is itself contested [13,22]. Where a claim
has no authorised status, that is stated rather than described as
unproven.

No new patient data were collected and no search protocol
was registered, so this is not a systematic review. Nothing here
constitutes guidance on supplement use for any individual.

Where regulators and clinicians diverge: The regulatory record
and the clinical literature reach the same conclusion by different

routes and are often quoted as though they conflicted. A refused
claim means the submitted dossier did not establish cause and
effect to the standard required for a label, which is not a finding
that the product is inert [13]. Equally, a published trial reporting
a compositional change is not a substantiated claim [20,33]. The
reason so many micro-organism claims were referred rather than
refused outright was insufficient characterisation of the organism
itself, a documentation failure distinct from absent efficacy [13].
Reading either record as a verdict on the other overstates both.

Specificity is the recurring problem: Strain, dose and host state
all condition whether an effect appears, and results obtained with
one strain do not transfer to another sold under the same generic
name [13,20,30]. The colonisation work makes the host-state
dependence concrete, since the same preparation given to
different people produced permissive or resistant mucosal
responses [20]. A claim attached to the category rather than to a
characterised strain at a stated dose is therefore not a weaker
version of a supported claim but a different kind of statement
[13,30,32].

Concluding Remarks
The field contains one clearly causal randomised demonstration
that community state matters clinically, and it required a faecal
transplant in a condition created by antibiotics. It contains one
well-supported dietary exposure, fibre, whose benefit is large
and whose mechanism is only partly microbial and not directed.
Between those two sits a market whose claims describe a third
thing: purchasable, dietary, and aimed at the community itself.

The mechanistic evidence for that third proposition is not
merely thin. In the one study that looked at reconstitution rather
than symptoms, supplementation performed worse than doing
nothing, and colonisation differed between people taking the
same product. Regulators reached the corresponding conclusion
by a different route, authorising no probiotic health claim out of
thousands submitted.

The defensible position is therefore narrow and unglamorous:
the dietary lever with evidence behind it is substrate, chiefly
fibre, at intakes most populations do not reach; the
community-directed interventions with evidence behind them are
not foods; and the products marketed as combining the two have
not established the combination.

What would change the picture: The distinction drawn here is
between a mechanism established at the level of substrate and
metabolite and an intervention directed at community
composition in a named person [12,34]. Closing that gap
requires trials that randomise a defined intervention, measure a
clinical endpoint rather than a compositional shift, and report
whether the shift mediated the endpoint [2,20,34]. The transplant
literature in recurrent infection has that structure, which is why it
is the strongest result in the field, and it is also the least
nutritional [2,20]. Where compositional endpoints stand in for
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clinical ones, a positive trial establishes that the community
moved, not that the patient benefited [20,33,34].

The asymmetry between the two literatures: Fibre intake is
supported by prospective data on a scale that individual products
will never attain, and its mechanism runs through fermentation
substrate rather than through any particular organism [12,34].
That is the practical resolution of the title: the nutritional lever
with the strongest evidence is the one that does not require
knowing a patient's microbiome at all [12,33]. The interventions
that require such knowledge are the ones whose evidence is
weakest, and the commercial offer is concentrated there
[30,31,32].

Study Limitations
The mechanistic human evidence rests on small numbers of
participants undergoing invasive sampling, so the
person-specific colonisation finding, while informative about
variability, is not a prevalence estimate. The fibre synthesis is
dominated by observational data in which intake covaries with
the whole dietary pattern, and its trials were mostly short.
Regulatory rejection reflects an evidentiary standard rather than
a demonstration of absent effect, and the published disagreement
about that standard is unresolved. Sequencing methods and
taxonomic assignments changed across the period covered, so
composition results are not always comparable between studies.
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