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Tiny contributors to severe obesity 
inside the gut
Yolanda Sanz  ‍ ‍ , Marta Olivares

Obesity is a key player in the current global 
health crisis, acting as a leading risk factor in 
the main causes of morbidity and mortality, 
ranging from cardiovascular disease (CVD) 
and type 2 diabetes (T2D) to respiratory 
illnesses.1 While unhealthy diets and seden-
tary lifestyles together with polygenetic risks 
represent major causes of obesity, recent 
studies suggest that the gut microbiota also 
plays a part.2 A large body of evidence has 
revealed alterations in the gut microbiota 
composition and function of obese subjects 
compared with healthy controls.3–5 More-
over, certain prospective observational and 
interventional studies have identified micro-
biome signatures that precede the onset of 
obesity6 7 or influence the response to diet.8 
Notwithstanding, precise identification of 
microbiome biomarkers is difficult due to the 
large interindividual variability of the micro-
biota as well as of the host and environmental 
influential factors and the lack of method-
ological standards, all of which hinder prog-
ress towards assessing their causal role in 
obesity. To date, reduced microbial gene 

richness and diversity are the most consistent 
features associated with vulnerability to 
obesity6 and the severity.3–5 Metabolites 
generated by the gut microbiota or host-
microbe co-metabolic processes might also 
play detrimental or protective roles in obesity 
and associated complications (for review9). 
These include trimethylamine oxide, for 
instance, which is produced from dietary 
choline and carnitine by the host’s gut micro-
bial and liver enzymes and is linked to CVD 
risk and insulin resistance. Imidazole propio-
nate, which results from histidine catabolism, 
is involved in insulin resistance and T2D. 
Branched-chain amino acids and indole 
derivatives (eg, 3-indolepropionic acid) are 
linked to insulin resistance or gut barrier 
protection and insulin secretion and sensi-
tivity, respectively. Short-chain fatty acids, 
especially butyric acid, are linked to the 
enhanced action of incretins in satiety, insulin 
sensitivity and glucose tolerance.

Indeed, the gut is the habitat of trillions 
of microorganisms, acting as a first line of 
defence against the impact of unhealthy 
dietary exposure and as diet-health media-
tors, affecting metabolic, endocrine, immune 
and neural pathways that regulate interorgan 
communication and whole body metabo-
lism.10 Disentangling how these complex 
interactions work is essential to pinpoint the 

causal mechanisms negatively affecting the 
metabolic phenotype and to identify more 
precise strategies to intercept the circular 
cascade of disease triggers and thus improve 
obesity management options.

In Gut, Belda et al take on the challenge 
of identifying the mechanisms through 
which alterations in the gut microbiota can 
be functionally involved in severe obesity, 
applying a translational research approach 
and validating the findings in different study 
models.11 Overall, the results point to the 
role played by the low abundance of micro-
bial genes capable of supplying biotin to the 
host, which is compatible with the subop-
timal biotin status and hallmarks of meta-
bolic dysfunction and inflammation detected 
in the affected subjects.11

The human host’s primary source of biotin 
comes from the diet but gut bacteria can 
also synthetise biotin and, thus, presumably 
contribute to the host’s biotin status. Biotin 
acts as enzyme cofactor and, for example, 
participates in the carboxylation of pyru-
vate to oxaloacetate and triggers fatty-acid 
biosynthesis, contributing to adipose tissue 
and whole body metabolism.12

Biotin deficiency has been described in 
both obesity and T2D, moreover, biotin 
supplementation has been shown to improve 
patients’ glucose metabolism.13 In Gut, 
Belda et al have progressed beyond these 
initial observations and are the first authors 
to correlate the severity of obesity (body 
mass index >35–40 kg/m2) with lowered 
gut bacterial cell numbers and microbial 
genes potentially involved in biotin metabo-
lism.11 This was done by performing a cross-
sectional analysis of the faecal microbiota of 
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around 1500 subjects from the MetaCardis 
cohort and making comparisons after trans-
forming relative data on the abundance of 
metagenes into absolute data by quantifying 
total microbial cells. Specifically, the study 
shows a decrease in genes involved in the 
biosynthesis and uptake of biotin as well as 
a reduction of microbial biotin producers 
(biotin prototrophs dominated by taxa 
belonging to Proteobacteria and Bacteroi-
detes) and consumers (biotin auxotrophs 
dominated by taxa belonging to Firmic-
utes). Ideally, the findings should have been 
supported with results from functional 
omics analysis to predict the real metabolic 
capacities of the microbial community more 
accurately. Even so, previous genomic and 
in vitro studies are in line with Belda et al’s 
findings, showing that the most abundant 
butyrate producers of the phylum Firmic-
utes have multiple vitamin auxotrophies and 
their ability to thrive in the gut ecosystem 
might partly depend on vitamins supplied 
by other microbial community members.14

In contrast to Belda et al, previous studies 
have reported an increased abundance of 
genes potentially involved in biotin biosyn-
thesis in subjects with obesity and T2D, 
based on comparisons of relative abundance 
of metagenes,13 rather than on an abso-
lute quantification. Therefore, the study 
published in Gut also invites us to revisit 
previous dogmas and studies intending to 
spot microbiome signatures of obesity and/
or T2D, such as Bacteroides-enriched micro-
biomes, without considering cell loads and 
their impact on the microbiome functions.3

Consistent with the first findings in 
subjects with severe obesity, Belda et al 
also showed that bariatric surgery, in both 
humans and animals, led to increased micro-
bial biotin producers and an improved host 
biotin status.11

Moreover, the authors have made progress 
in the consolidation of their hypothesis by 
carrying out an animal study of high-fat diet 
(HFD)-induced obesity, which reduced the 
microbial counts and biotin gene potential as 
well as the host’s biotin levels. However, this 
study did not prove causality as the effects 
on biotin could be due to either diet or diet-
induced dysbiosis, or indeed both. In fact, 
obesity and obesogenic diet-induced intes-
tinal inflammation could be directly respon-
sible for biotin status impairment through 
alterations in biotin-transporter expression 
and absorption.15 In turn, biotin deficiency 
could also theoretically impair immunity and 
contribute to inflammation.15

The authors made additional murine 
studies to address the main question of 
whether the reduced potential capacity of 
the microbiota to supply biotin was caus-
ally linked to the host’s poor biotin status 

or whether it was merely a consequence of 
the reduced bacterial cell counts reported 
in severe obesity. Studies performed in 
germ-free (GF), antibiotic-treated specific 
pathogen-free mice and, particularly, via 
faecal microbiota transfers from humans 
to mice, provide more definitive conclu-
sions. Both the absence of microbiota in GF 
chow-fed mice and the reduction of micro-
bial loads due to antibiotic treatment reduced 
their serum biotin levels, supporting a causal 
role for the microbiota in supplying B vita-
mins to the host. Definitively, transferring 
the human microbiota from two subjects 
with severe obesity, on the one hand, and 
two lean subjects who harboured increased 
amounts of bacterial biotin producers, on the 
other, showed that both the Western diet and 
the obese microbiota in chow-fed individ-
uals played a causal role in the biotin status 
of mice. It is not possible to extrapolate this 
finding to severe obesity since the transfer of 
microbiota was performed intentionally with 
subjects having specific microbiome features; 
however, the selection serves the purpose of 
the study and the results support the author’s 
hypothesis. These findings also invite one to 
consider the need to progress in this research 
arena, and facilitate the use of the individu-
al’s microbiome data for stratification and 
personalisation of diagnostic, prognostic 
and therapeutic approaches. Indeed, indi-
vidualisation is important as not all subjects 
with severe obesity show reduced microbial 
gene richness, which may range from 40% to 
75%.5 11 It is noteworthy that the Western or 
HFD diet exerted the greatest effect on biotin 
status and, although the dietary regimen 
exemplifies an extreme situation, the results 
also point to the prominent role of the diet in 
the malnourished obese phenotype.

Furthermore, the authors explored the 
clinical applicability of the new knowledge. 
To do so, they administered oral biotin and 
a prebiotic (fructo oligosaccharides) to mice 
with HFD-induced obesity. Results showed 
improvements in body weight, glucose 
metabolism and biotin status, as well as 
microbial diversity and functional capacity 
for biotin production. Of special interest 
are the results for the FOS-treated mice, 
in which the relative abundance of biotin 
producers increased with a simultaneous 
reduction in biotin transporters (auxo-
trophs). This finding, compared with human 
studies, strongly supports the idea that gut 
bacteria contribute to supplying biotin to the 
host. However, it must still be established 
whether the prebiotic effect on biotin status 
is a consequence of its anti-obesogenic effects 
or a consequence of the induced microbiota 
changes.

A key implication of the paper is the 
potential translation of this knowledge 

into practice, considering the host’s biotin 
status and microbiota profile in the patient-
stratification process, as well as microbiota 
modulators for the clinical management of 
severe obesity. Nonetheless, further evidence 
of the efficacy of interventions directed at 
the gut microbiota in humans is needed to 
confirm this hypothesis.

Overall, the study elegantly exemplifies 
how to gain a mechanistic understanding of 
the microbiota’s role in specific conditions 
and to confirm hypotheses generated in large 
observational studies through the parallel 
use of models able to prove cause–effect 
relationships.

The study also raises many other questions: 
Which comes first, obesity or a microbiome 
profile deficient in biotin-producing genes? 
Do bacterial auxotrophs/potential consumers 
and prototrophs/potential producers interact 
and affect the human host’s vitamin supply? 
Does microbiome biosynthesis poten-
tial differ in the large and small intestines 
considering that biotin absorption mainly 
takes place in the jejunum? Can the effects 
of dietary intervention (prebiotic) be trans-
lated to humans, considering the variability 
of their microbiota and the individualised 
responses to fibres as well as the diverse 
obese phenotypes?
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