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RELATIONSHIP BETWEEN GUT MICROBIOTICS COMPOSITION
AND ANTHROPOMETRIC INDICATORS OF OBESITY IN ADULTS: A
LITERATURE REVIEW

Abstract. In turn, the human gut microbiota (GM) has emerged as a major
regulator of digestion and metabolism, immunity and intestinal barrier maintenance,
and it is altered in metabolic disorders associated with obesity. Emerging evidence
shows associations between specific microbiota compositions and anthropometric
measures of adiposity, such as BMI, waist circumference and body fat distribution.
Concurrently, age, early-life exposures, diet, lifestyle and ethnicity strongly modify
both gut microbiota composition and obesity risk, making this relationship highly
entangled and context-specific. The objective of this article was to summarise recent
literature regarding the association between gut microbiota composition and
anthropometric markers of obesity in adults. Materials and methods. Articles published
in the last 10 years in PubMed, Scopus and Google Scholar were reviewed using a
narrative review approach; based on the relevance of their content and keywords,
studies focusing on gut microbiota—anthropometry associations in humans were
selected. The studies examined consistently show relationships between the abundance
of specific bacterial taxa, overall microbiota diversity and anthropometric
measurements such as BMI, waist circumference, waist-to-hip ratio and body fat
percentage. Beyond body weight, diet quality is a major determinant of both microbiota
composition and adiposity, with healthier dietary patterns being associated with more
favourable microbial profiles, independent of body size. Evidence on metabolically
healthy obesity suggests that people with similar anthropometric measures yet
markedly different microbiota profiles may exhibit highly contrasting metabolic
phenotypes. Data from extreme nutritional states (anorexia nervosa, athletes and
overweight/obesity) demonstrate that microbiota status reflects more than total body
weight; it captures deeper aspects of body composition, such as the relative proportions
of lean and fat mass. Studies from different regions of the world show that national and
ethnic background, traditional diet and social determinants contribute to shaping
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“regional” microbiota signatures of obesity, while fungal-bacterial interactions and
physical activity further add to this complexity. Methodological heterogeneity
(including different sequencing platforms, analytical pipelines and definitions of
obesity), together with the predominance of cross-sectional designs, challenges
comparability of results and does not allow confirmation of causality. In summary,
available evidence suggests a consistent yet heterogeneous relationship between gut
microbiota and obesity in adults, substantially moderated by age, sex, dietary type and
quality, metabolic profile, ethnicity and lifestyle characteristics. Additional robust
prospective and interventional studies with standardised microbiota assessment and
detailed anthropometric phenotyping are essential to elucidate causal pathways and to
identify valid, reliable, population-specific microbial biomarkers for obesity and its
cardiometabolic risk.

Keywords: intestine, intestinal morphometry, population differences, gut
microbiota, anthropometric factors.

®omina Jliogmuaa BacuaiBHa npodecop kadeapu aHaToMil JIIOAMHM,
BiHHUUBKUH HalioOHATBEHUI Menqu4HUN yHiBepcuTeT iM. M. 1. TTuporosa, M. BiHHu1,
https://orcid.org/0000-0002-1695-3442

Bdﬂuapqyk I'anna OJieriBHa aHaTOMi4uHMI AeMOHCTpaTop MeauuHOl WKOJIH
[enincyna, Ilnimyrcekuit yHiBepcutet; Hdpeitk Cepkyc, Ilnimyt, eBon, PL4 8AA;
https://orcid.org/0000-0003-1485-3795

3B’SI30K CKJAJY KUINIKOBOI MIKPOBIOTH 3
AHTPOIIOMETPUYHUMU NIOKAZHUKAMHU OXUPIHHA ¥
JOPOCJIUX: OTJAL JITEPATYPH

AHoTauist. Y ¢Boro 4yepry, KumkoBa Mikpoodiota (KM) moanHu po3risaaeTbes
AK°OJMH i3 NPOBIJIHUX PEryJATOPIB TPaBJIeHHs ¥ MeTabosti3My, iIMyHHOI BiANOBIAI Ta
MifATpUMaHHS LiNiCHOCTI KMIUKOBOro Gap’epa, i 3a3Hae 3MiH npu MeTaboNiuHUX
MOpPYLIEHHSAX, [10B’3aHUX 3 OXUpiHHAM. CydacHi JaHi NEMOHCTPYHOTh HasBHICTH
acolialiii MDX TEeBHUMM BapiaHTaMU CKJagy MiKpoOiOTU Ta aHTPONOMETPUYHHUMHU
TOKa3HUKAMHU SKMPOBOT MacH, TaKMMH sK iHgeke MacH Tina (IMT), okpyxHicTb Tasii
Ta PO3IOALN KUPOBOI TKaHMHU. BomHouac BiK, BIIMB (AaKTOPiB PAHHBOTO MEpiofy
KUTTS, XapuyBaHHS, CIIOCIO KUTTS T eTHIYHA HAJIEXHICTh iCTOTHO MOIH(IKYIOTH 5K
CKJIaJ KMIIKOBOT MiKpoGioTH, TaK i pU3UK OXKUPiHHS, 10 POOUTH LiEH B3aEMO3B’ 530K
Ha/I3BUYAIHO CKJIAJAHUM i KOHTEKCT-3ae)KHUM. MeToro L€l cTaTTi 0yJ10 y3aralbHUTH
CydacHy JiTepaTypy IIOJO acouiauii MDK CKJIaJoM KHIIKOBOI MIKpobioTH Ta
AHTPOMOMETPUYHUMHU MapKepamu OKMPiHHS y ZOpociux. Marepiain Ta METOAM. Ba}
JOMIOMOTOI0 HAPATHBHOTO OISy MMPOAHANi30BaHO CTaTTi, omy0IikoBaHi 3a OCTaHHI
10 pokiB y 6aszax PubMed, Scopus Ta Google Scholar; Ha mifcTasi BiAIOBIAHOCTI
3MiCTy ¥ KJIFOYOBHX CJIiB 6y BimibpaHi JOCHiKEHHS, NPUCBAYEH] B3aEMO3B’I3KaM
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MK KUIIKOBOIO MIKpPOOIOTOIO Ta aHTPOMOMETPUYHUMM IMOKA3HUKAMU Yy JIFOJHHH.
IlpoananizoBaHi poOOTH TMOCHIJOBHO JEMOHCTPYIOTH 3B’S3KH MK KiJbKiCHUM
BMICTOM OKpEMUX GaKTepialbHUX TAKCOHIB, 3arajlbHUM Pi3HOMAHITTAM MiKpoGioTH Ta
aHTPOIIOMETPUYHUMM  TOKasHUKaMu, TakuMu Ak IMT, okpyxHicTe Tanmil,
CIiBBIIHOIIEHHs TaJlis/cTerHa i BiICOTOK »wupoBoi Macu. OKpiM MacH Tina, SIKicTb
Oi€TH € OJHMM i3 MpPOBITHMX YMHHUKIB, 10 BU3HAYAIOTH 1 CKNaj Mikpob6ioTH, i
BUPAXEHICTh OXHUPIHHA: ~OiNBII «3MOPOBI» XapyoBi MAaTepPHH AacCOLIIOIOTRCA 3i
CTIPUATIUBIMUMU MiKpOGIOTHUHUMHM TPODIIMU He3aIeXKHO Bil po3Mipis Tina. [aHi
OJ0 METa0OJIYHO 3J0POBOrO OXUPIHHS CBigUaTh, L0 B 0Ci6 3 MNOAIOGHHUMHU
AHTPONMOMETPUYHUMHU  TOKAa3HMKAMHU, ajieé BUPA3HO BIAMIHHUMHM  TpodiaMu
MIKpOOIOTH MOXYTh CIIOCTEpiraThcs pi3ko KOHTpacTHi MeTabomiuHi (heHOTHIH.
Indopmanis mpo kpaliHi cTaHM XapuoBOro craTycy (HepBOBa aHOpPEKCisl, BUCOKHMA
piBEHb TPEHOBAHOCTI B CIOPTCMEHIB, HaaAMipHa Maca TiJla/0)KHpiHHS) JEMOHCTPYE, 1110
CTaH MIKpOOIOTH BioOpakae He JMile 3araJbHy Macy Tina, a U riambuii
XapaKTEpPUCTUKU CKJIady Tula, 30Kpema CHIBBIIHOILIEHHS M’s30BOI Ta XHUPOBOI
TKaHUHU. JIOCHIIAKEHHsS 3 Pi3HUX PEriOHIB CBITY MOKa3yIOTh, IO HalliOHAJIbHE Ta
ETHIYHE TMOXOJ/DKEHHS, TpaiullifiHi OCOONMBOCTI XapuyBaHHS Ta COILiaJlbHI
JETEPMIHAHTH ICTOTHO BILTUBAIOTH Ha ()OPMYBAHHSI «PEriOHAIbHUX» MIKPOOIOTHYHHX
MIAMUCIB OXKUPIHHS, TOAI SK B3aeMojlis OakTepialbHUX i TPUOKOBHX CIIJIBHOT Ta
piBeHb (hi3MUYHOI AKTUBHOCTI MOJATKOBO TMiABUIIYIOTH CKJIAOHICTh L€l KapTHUHU.
MetonmosioriyHa HEOAHOPIAHICTS (30KpeMa BUKOPHCTAHHS pPI3HUX IUIATHOPM
CeKBCHYBaHHs, MiAXOMIB OO aHali3y JaHUX Ta BH3HAYEHb OXHPIHHSI), a TaKOXK
nepeBaKaHHs MepeXpPecHUX AMU3aifHiB YCKIAIHIOIOTh MOPIBHSHHS pe3yJbTaTiB 1 He
JI03BOJIFOTE POOUTH TEPEKOHIIMBI BUCHOBKH 11010 TPUYMHHO-HACIIAKOBUX 3B SA3KIB.
OTxe, HasgBHI AaHi CBiguaTh Mpo CTiIHKWH, aje reTeporeHHUI 3B’A30K MK CKJIalOM
KHMIIKOBOT MiKpOBiOTH Ta OKUPIHHAM Y JOPOCIUX, KU ICTOTHO MOJYJTFOETHCS BIKOM,
CTATTIO, TUIOM 1 SIKICTIO Xap4yBaHH#, MeTaOOJiUHUM IpodisieM, ETHIYHOK HaJleXK-
HICTIO Ta OCOBIMBOCTAMMU crocofy XuTTs. HeoOxigHi mojaibiui 106pe CrIaHOBaHi
NPOCIIEKTUBHI Ta IHTEPBEHUIMHI JOCIIMKEHHs 31 CTaHJApTU30BAHONO OLIHKOO
MiKpo6iOTH Ta [JeTaJbHOK AHTPOMOMETPUYHOIO XapaKTEePHCTUKOM, 1100 yTOUHUTU
MPUYUHHI IIIAXA W i1eHTH(iKyBaTH BaliaHi, HaAifHI Ta NOMyIAUiHHO-cieLUpIvHI
MiKpOGHi 6ioMapKepy OXUPIHHS Ta MOB’I3aHOTO0 3 HUM KapAioMeTaboJliuHOr0 PH3HKY.
Kn104oBi c10Ba: KMIIEYHMK, MOP(GOMETPis KHIIEYHUKA, TOMY IALIFAHI BiAMIH-
HOCTI, MiKpO6ioTa KUIIIEYHHKA, aHTPOTIOMETPUYHI (PaKTOPH.

Statement of the problem. To date, the human gut microbiota is recognised as
a complex and dynamic “organ” that consists of trillions of micro-organisms involved
in digestion, metabolism, immune responses and intestinal barrier integrity. Normal
microbiota confers protection against pathogens and supports immune system
development, provides vitamins and bioactive metabolites, regulates local and
systemic inflammation, and modulates energetic homeostasis. Perturbation of the
structure and function of the gut microbiota, termed “dysbiosis”, has been implicated
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in a host of pathological conditions, such as inflammatory bowel disease (IBD),
metabolic syndrome, obesity, cardiovascular diseases and others, emphasising the
importance of the gut microbiota for maintaining health in adults [1].

Nowadays, the gut microbiota is envisaged as a complex ecosystem composed
mostly of bacteria belonging to several major phyla (Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria), which are able to interact with one another and with
epithelial and immune cells of the host. Individual “microbiome signatures” are
determined by genetic makeup, dietary patterns, lifestyle behaviours and medication
use, among other factors, with the impact of antibiotic treatment considered critical.
The normal microbiota and the host coexist in a state of relative equilibrium, in which
microbial communities are involved in optimal digestion of nutrients, production of
short-chain fatty acids and maintenance of immune tolerance [2], but loss of this
equilibrium can promote chronic inflammation, insulin resistance and alterations in
anthropometric parameters linked to obesity.

The age-dependent dynamics of the gut microbiota is another characteristic that
should not be neglected: throughout life both quantitative and qualitative features of
microbial communities undergo modifications. Reduced microbial diversity, altered
relative abundances of dominant taxa and increased prevalence of pro-inflammatory
microbiota profiles have been observed in older adults and are linked to sarcopenia,
frailty, greater cardiometabolic risk, as well as altered body composition. These events
may ultimately affect anthropometric measures, e.g. body mass index (BMI), waist
circumference, waist-to-hip ratio and differentiation between visceral and
subcutaneous fat, which is relevant in the analysis of obesity in older individuals [3].

Meanwhile, the foundations of an adult’s microbiota profile are established in
early childhood. In the first 2 years of life, the gastrointestinal tract is colonised in a
stepwise manner depending on mode of delivery, type of feeding, environmental
exposure, infections and antibiotic therapy. The paediatric microbiome demonstrates
relatively high plasticity, and the developmental trajectory of this still-adapting
ecosystem may exert lasting effects on metabolic health — namely a propensity for
excess body weight — and may modify adult growth patterns of body composition, size
and proportionality [4].

The development of the gut microbiota is associated with the concept of the
Developmental Origins of Health and Disease (DOHaD), which states that early-life
conditions establish risk factors for disease in adult life. The establishment of a stable
microbiota is concomitant with programming of the immune system, metabolic
pathways and endocrine regulation that, over time, can influence energy balance,
insulin sensitivity and body weight homeostasis. Sex-specific variations in growth and
body composition have been found to reflect differences in the gut microbiome, which
is altered in childhood obesity. Early alterations of commensal microbiota have been
shown to be a factor that increases the risk of obesity, modifies growth and
developmental trajectories and may thus indirectly affect anthropometric parameters
such as body mass index (BMI) or markers of abdominal adiposity in adulthood [5].
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The integration of all these data allows the gut microbiota to be viewed as a
fundamental part of the human body, contributing to the functioning of most
physiological systems. It is involved in lipid and carbohydrate metabolism, modulation
of immune responses, and affects the function of the liver, adipose tissue, muscles and
systemic inflammatory markers. Dysbiosis has been implicated in the pathogenesis of
a number of non-communicable diseases, mainly metabolic syndrome (MetS), type 2
diabetes (T2D) and obesity, in which alterations of body composition, visceral fat
accumulation and impairment of traditional anthropometric measures are highly
involved. Hence, the gut microbiota may be considered one of the major players
connecting the environment, metabolism and the obesity phenotype [6].

Data regarding the relationship between microbiota profiles and obesity, as well
as their anthropometric indicators, are of special relevance. There are significant
associations between individual bacterial groups, the Firmicutes/Bacteroidetes ratio,
levels of short-chain fatty acid (SCFA) production and parameters such as BMI, waist
circumference, waist-to-hip ratio and body fat percentage. It has been demonstrated
that dysbiosis may increase the energetic efficiency of food, modify appetite
regulation, induce low-grade inflammation and insulin resistance, and finally result in
weight gain and the establishment of an abdominal obesity phenotype. This renders the
investigation of microbiota profiles a promising avenue for elucidating the
pathophysiology of obesity and associated anthropometric alterations in adults [7].

Diet shapes the gut microbiota, which is strongly associated with metabolism.
Diets high in animal fats and simple sugars are linked to dysbiosis and to microbiota
profiles that are positively correlated with body weight gain and visceral fat
accumulation, whereas consumption of dietary fibre, prebiotics and plant-based foods
supports the enrichment of SCFA-producing bacteria and enhances metabolic health.
The microbiota, in turn, shapes the spectrum and degree of substrate fermentation,
which impacts energetic harvest from the diet, affects satiety and reported energy
intake, and eventually influences end-point parameters such as BMI, waist size and
anthropometry-based markers of obesity [8].

Besides its metabolic effects, the gut microbiota is involved in regulation of the
gut-brain axis through neurohumoral and behavioural pathways controlling eating
behaviour. The microbiota can modulate patterns of food intake, dietary preferences
and physical activity by inducing neuroactive compounds, by acting on gut hormone
release (GLP-1, PY.Y, ghrelin) and through central structures controlling hunger and
satiation. These influences translate into the dynamics of body weight and fat
distribution, as well as other anthropometric features, establishing a link between the
microbiota and the psycho-emotional and behavioural aspects of obesity [9].

The composition of the microbiota is determined by many factors — genetic,
dietary, environmental and pharmacological — as well as co-morbidities, level of
physical activity and other lifestyle factors. The potential for targeted manipulation of
the microbiota using probiotics, prebiotics, synbiotics, dietary interventions and, in
certain cases such as obesity-related conditions, faecal microbiota transplantation
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offers hope for the correction not only of aberrant metabolism but also of
anthropometric indicators of obesity in adults [10]. In this context, a literature review
on this topic is highly relevant, since a systematic evaluation of the available evidence
regarding the association between gut microbiota composition and obesity-related
anthropometric measures in adults is needed.

The purpose of the article — to conduct a review of modern literature sources
regarding the peculiarities of the relationship between intestinal microflora and
anthropometric indicators of the human body.

Research objects and methods. To achieve the goal, a review of literary
sources from key databases - Google Scholar, Scopus and PubMed was conducted.
Articles published no more than 10 years ago were selected for analysis. Articles were
selected for analysis according to the relevance of the article's keywords to the title of
our publication.

Presentation of the main material.

Research results and their discussion. Modern literature has demonstrated that
the association between gut microbiota composition, diet quality and anthropometric
indicators of obesity in adults is complex and diverse. Malinowska et al. reported that
even in relatively healthy adults, differences in diet quality are related to differences in
the taxonomic composition of the microbiota, as well as in BMI and waist
circumference; certain characteristics associated with a ‘“healthier” diet were also
linked to more favourable gut profiles irrespective of body weight. This emphasises
that anthropometry, diet and the microbiota are intertwined but non-redundant,
reflecting different dimensions of the metabolic status of the adult organism [11].

This multidimensionality becomes even more evident in research on
“metabolically healthy obesity”. Lee et al. showed that obese patients with relatively
favourable metabolic and inflammatory profiles present a specific “microbiome
signature” that is distinct not only from metabolically unhealthy obese subjects, but
also from non-obese individuals matched for anthropometric characteristics. The
authors demonstrated that some bacterial taxa and diversity indices are associated not
only ‘with BMI and waist circumference, but also with the magnitude of insulin
resistance, markers of systemic inflammation and lipid profile. This suggests that
widely varying microbiota profiles may be observed despite similar anthropometric
measures of obesity, once metabolic phenotype is taken into account [12].

An important complement to these studies is provided by data on extreme forms
of nutritional statusand body composition. Mokl et al. compared the gut microbiota
profile of inpatients with anorexia nervosa and athletes, as well as overweight/obese
and normal-weight control subjects. The authors demonstrated that not only BMI, but
also adipose and muscle tissue content may be associated with changes in microbiota
composition: decreased diversity and characteristic shifts in major taxa were observed
in anorexia, whereas a different dysbiotic spectrum occurred among patients with
obesity and overweight. The observation of a specific microbiota profile in athletes
with high muscle mass illustrates that the microbiota does not merely reflect kilograms
or BMI, but also deeper traits of body composition [13].
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Although this review focuses on adults, findings from prospective paediatric
cohorts can provide important hints as to how early microbiota characteristics are
related to later anthropometric trajectories. In the KOALA study, Mbakwa et al.
reported that the composition of the gut microbiome in school-aged children, already
apparent in infancy, is related to body weight and the risk of overweight: individual
bacterial groups were associated with both higher and lower BMI values. The authors
highlight the role of diet and other environmental determinants in modifying this
association, thereby challenging the concept of a “universal” microbiota marker of
obesity in childhood [14].

Related to this, the microbiota is linked not only to body weight but also to linear
growth and chronic undernutrition. Surono et al. showed marked disparities in gut
microbiota structure between stunted and non-stunted children in a nutritionally
deficient region of Indonesia. The authors observed that children with stunting
presented distinct gut microbial patterns characterised by low diversity and structural
changes in taxa representation, reflecting adaptation to chronic nutrient stress while
setting a “template” for future metabolic risks. Thus, the gut microbiota has been
associated with underweight as well as with overweight and obesity, and with several
other anthropometric measurements, such as length/height, which is particularly
relevant in countries experiencing the “double burden” of malnutrition by both excess
and deficit [15].

In adults, it is not only the absolute value of BMI or waist circumference that
matters, but also the combination of anthropometric parameters with metabolic
phenotypes. Olivares et al. demonstrated that, in adults with disparate metabolic
phenotypes (essentially “healthy” and “unhealthy” at similar body weights),
microbiota composition diverges substantially. Certain bacterial genera and diversity
indices were correlated with insulin sensitivity, lipid profile and the level of systemic
inflammation, regardless of BMI. This raises the possibility that the gut microbiota
may serve as an intermediate modulator between anthropometric measures and
metabolic disorders, for example influencing whether a given degree of obesity
translates into a sustained risk of subsequent diabetes or cardiovascular disease [16].

Another layer of complexity in this relationship stems from microbial and fungal
interactions in the gut. Garcia-Gamboa et al. analysed bacterial and mycotic
components of the microbiota in association with nutritional status and body weight,
identifying combinations of fungi and bacteria that were associated either with normal
anthropometric measurements or with overweight/obesity. The authors stress that the
“bacteria—fungi” axis may exert an integrated influence on both metabolism and
inflammation, and that examining only the bacterial subcomponent of the microbiome
may underestimate the true extent of obesity-related disturbances and their
comorbidities [17].

The systematic review by Crovesy et al. summarised a wide variety of studies
on the microbiota in adults with obesity and found that, although many reports agree
regarding such variables as differences in the Firmicutes/Bacteroidetes ratio, levels of
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specific genera or species and decreased diversity, overall consensus is limited. The
authors suggest that methodological differences may explain much of this
heterogeneity, including the use of different sequencing platforms and data
normalisation methods; in addition, there are marked differences in diet, ethnicity and
definitions of obesity (different BMI and waist circumference cut-offs). This supports
the idea that the relationship between microbiota and anthropometric markers of
obesity does exist, but is context-dependent and cannot be reduced to a simple “one
size fits all” formula [18].

Special attention should be paid to research in socially vulnerable groups that
investigate diet quality, BMI and microbiota simultaneously. Rajakaruna et al., in a
low-income cohort, demonstrated that high diet quality and low BMI values are
associated with oppositely directed changes in distal gut microbiota: several taxa
showed positive correlations with “healthy” eating patterns but negative correlations
with elevated BMI. These results emphasise that socioeconomic indicators, access to
quality food and dietary habits greatly influence the relationship between
anthropometric indices and gut microbiota structure [19].

The geographical and national context is further illustrated by the research of
Osborne et al. conducted in Bangladesh. The authors demonstrated that microbiota
composition is associated with multiple anthropometric measures - taking into account
not only BMI but also waist, hip and, in some cases, mid-upper arm circumference—
in a population in which underweight and overweight coexist. The associations differed
from those reported in Western populations, suggesting the influence of country-
specific dietary patterns, infectious background and social determinants of health on
the microbiota—anthropometry relationship [20].

Collective evidence from various nations suggests that national and ethnic
factors are significant modifiers of this relationship. Palmas et al. reported several
microbiota markers associated with overweight and obesity in Italian adults, some of
which consistently correlated with both high BMI and waist circumference. They
proposed that these bacterial taxa might become candidate markers of cardiometabolic
risk, at least in Mediterranean populations with characteristic dietary patterns [21].

Abou-Samra et al. studied microbiota composition in lean and obese individuals
in Lebanon, and their results revealed that relationships between taxa and body weight
differ from those described for European subjects. Under these circumstances,
variation in traditienal dietary habits, fibre content, types of fat and levels of
urbanisation might emerge as key determinants in the development of “regional”
microbiota signatures of obesity. The authors emphasise that it may be inappropriate
to apply the same microbiota markers across broad national populations without local
validation [22].

Furthermore, the influence of nationality and ethnicity on shaping the microbiota
is convincingly shown in studies comparing different countries or ethnic groups
sharing a similar environment. Escobar et al. demonstrated that the microbiota of
Colombians is quite distinct from that of American, European and Asian populations
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due to differences in dominant genera and in the proportions of major phyla. These

differences are attributed by the authors to diet, traditional lifestyle and other cultural
traits that indirectly affect the population’s anthropometric profile [23].

Dwiyanto et al. reported that even in a single middle-income country, ethnicity
is strongly associated with microbiota composition among people living in the same
geographical area and enjoying similar food accessibility. The authors showed that
some taxa are characteristic of particular ethnic groups and that their presence
correlates with differences in body weight and other adiposity indices. This highlights
once more the role of ethnicity as a critical biological and cultural cofactor in the
microbiota—anthropometry relationship that should not be overlooked when
interpreting findings [24].

Finally, the study by Ruiz-Limon et al. adds the factor of physical activity to this
equation. Among older individuals with overweight/obesity and metabolic syndrome,
increased physical activity was accompanied by modulation of gut microbiota
structure, which was consistent with improvements in certain metabolic parameters
and, in some participants, favourable changes in body weight and waist circumference.
This suggests that the microbiota does not only represent static anthropometric status,
but also reflects responses to interventions (such as increased physical activity) and
thus might serve as a potential marker of the effectiveness of non-pharmacological
weight management programmes in older adults [25].

Overall, these data collectively indicate that the majority of studies demonstrate
associations between gut microbiota composition and anthropometric markers of
obesity; yet the type and magnitude of these associations are greatly influenced by age,
sex, diet quality, metabolic phenotype, nationality/ethnicity and physical activity. The
resulting “obesity-associated” microbiota profiles are not universal and can differ
widely across populations. Many of the studies are cross-sectional and thus cannot
provide causal inferences about whether dysbiosis is a cause, a consequence, or both a
marker and a modifier of obesity. This emphasises the necessity of additional
prospective and interventional studies that address ethnic and national diversity,
incorporate thorough anthropometric evaluation and standardised microbiota
assessment techniques, in order to disentangle the role of the gut microbiota in shaping
the obese phenotype in adults.

Conclusions. This review of the literature demonstrates that gut microbiota
composition is positively associated with adult anthropometric indicators of obesity,
but that these associations are complex, heterogeneous and highly context-dependent.
Specifically, age, gender, diet quality (fully adjusted model), metabolic phenotype
(including BMI as a potential mediator in the model) and nationality/ethnicity as well
as physical activity powerfully modulate observed GM—anthropometry associations
making “obesity-associated” microbial profiles not to be universally valid across
populations. Casual inference is constrained by the predominance of cross-sectional
study designs and it is difficult to differentiate between microbiota alterations as a
cause, result or signifier of obesity. Well-designed prospective and interventional
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studies with precise anthropometric characterisation, standardized microbiota
monitoring, and careful consideration of the substantial enviromicrobiological
heterogeneity across human populations are needed to disentangle the impact of gut
microbiota configuration on obese phenotypes, along with identification of sound,
population-specific microbial biomarkers.
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