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Abstract

Obesity is advancing at an accelerated pace, and yet its treatment is still an emerging field. Although studies have demonstrated
the role of the microbiota in the pathogenesis of obesity, this is the first study to show the effects of intermittent fasting (IF),
combined or not with exercise, and high-intensity interval training (HIIT) on the gut microbiota composition in women with obe-
sity. Our hypothesis is that IF combined with HIIT can promote the remodeling of the composition and function of the gut micro-
biota. Thirty-six women with obesity, aged between 18 and 40 yr, participated in the study. They were randomly divided into
three groups: 1) IF associated with HIIT group [IF + exercise group (EX), n = 15]; 2) HIT group (EX, n = 1); and 3) IF group (IF,
n = 10). Interventions took place over 8 wk, and all assessments were performed preintervention and postintervention. The HIIT
circuit was performed 3 times/wk, for 25 min/session. The IF protocol was a 5:2 (2 times/wk). Multiplex analysis of inflammatory
cytokines, sequencing of the 16S rRNA gene, and gas chromatography to measure fecal concentrations of short-chain fatty acids
(SCFAs) were performed. This study was registered on ClinicalTrials.gov (NCT05237154). Exercise increased fecal acetate con-
centrations (P = 0.04), but no changes were observed in the composition and functional profile of the microbiota. The interven-
tions did not change the composition of the microbiota, but exercise may play a modulatory role in the production of acetate.
This investigation provides clinical insights into the use of IF and HIIT for women with obesity.

NEW & NOTEWORTHY This is the first investigation about alternate-day fasting combined with HITT on the gut microbiota of
obese women. The study contributes to the advancement of human science involving IF and HIIT, popular strategies for manag-
ing obesity. Previous evidence has explored IF in modulating the microbiota in animal models or specific populations and clinical
conditions. Despite the subtle outcomes, this study has relevance and originality in the field of gut microbiota knowledge.

gut microbiota; high-intensity interval training; intermittent fasting; obesity; short-chain fatty acids

INTRODUCTION

Evidence demonstrates the serious and emerging situa-
tion in the world, regarding the progressive sphere of over-
weight and obesity, which are metabolic disorders that
characterize one of the main global public health problems,
affecting a greater proportion of women than men (1).

Although there are many obstacles to the deceleration of
obesity, the diet factor and a sedentary lifestyle strongly
influence and participate in the pathogenesis of obesity (2).
This is a pathophysiological condition of complex and multi-
factorial etiology, able to cause metabolic alterations that
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include abnormal production of adipokines, activation of proin-
flammatory pathways in adipose tissue, and insulin resistance
(3, 4), favoring an increased risk for diabetes, cardiovascular dis-
eases, and various types of cancer (2, 5). In addition to these
well-established mechanisms, other approaches are needed to
investigate the role of the gut microbiota in the pathogenesis of
obesity (6) and to direct this field of knowledge toward possible
imbalances in gut microbiome composition associated with
obesity progression and metabolic disorders (7).

The existence of the complex interaction between the gut
microbiota and the host metabolism has repercussions on
the ability of these intestinal bacteria to produce metabolites,

L))

Check for
Updates

E241

Downloaded from journals.physiol ogy.org/journal/ajpendo (2801:0088:0FCF:0140:AAAD:09F4:4F48:BD51) on May 7, 2026.


https://orcid.org/0000-0002-7954-5630
https://orcid.org/0000-0002-7343-2002
mailto:ellenfreitas@usp.br
https://crossmark.crossref.org/dialog/?doi=10.1152/ajpendo.00310.2023&domain=pdf&date_stamp=2024-6-26
http://www.ajpendo.org
https://doi.org/10.1152/ajpendo.00310.2023

(}) EFFECTS OF IF AND HIIT ON GUT MICROBIOTA IN OBESITY

such as short-chain fatty acids (SCFA), which communicate
with different organs and tissues (8) and function as central
regulators of metabolic disorders (9). From a taxonomic per-
spective, obesity has been associated with the predominance
of the phylum Firmicutes and a lower abundance of intestinal
bacteria of the phylum Bacteroidetes (7, 10). This condition
characterizes the so-called structural and functional dysbiosis
of the gut microbiota, mediated by the reduction in microbial
diversity, due to the depletion of potentially symbiotic, mu-
cus-producing bacteria that provide integrity to the intestinal
barrier. On the other hand, there is an increase in poten-
tially pathogenic bacteria that signal systemic inflamma-
tory responses and intestinal permeability (11-13).

Evidence clarifies that the composition of the gut micro-
biota is an environment that strongly affects the energy ho-
meostasis of the host, and may contribute to fat stores in
adipocytes (14), involving mechanisms that are closely related
to diet and eating patterns (15-17). However, the existence of
causality is still debatable and it is not known whether the gut
microbiota is causally linked to the onset or progression of
obesity (18).

In this context, investigating strategies that target the
prevention and treatment of obesity, based on diet and
physical exercise, and exploring the potential cross-talk
with the gut microbiota, could clarify some aspects that
are still unknown. Thus, the present study sought to inves-
tigate the role of nonsevere 5:2 intermittent fasting (IF),
combined with high-intensity interval training (HIIT), on
the gut microbiota, production of SCFAs, and inflamma-
tory profile of adult women with obesity.

Studies report wide use of IF as a nutritional strategy, dem-
onstrating clinical improvements in cardiometabolic markers,
glycemic control, and body composition (19-22). Furthermore,
benefits to metabolic health mediated by the gut microbiota
have recently been demonstrated, mostly using animal mod-
els (23-27). IF for 8 wk also appeared to restructure the compo-
sition of the microbiota in humans (28); however, 50 wk did
not demonstrate the same effect (29).

The literature is also inconclusive regarding the effect of
physical exercise on the taxonomic signatures of the micro-
biota, although in most cases exercise demonstrates a potent
modulatory effect on the microbiota, depending on the type
and intensity, but with the ability to ameliorate the dysbiotic
phylogenetic characterization (30-34).

To date, no studies have investigated the effects of IF com-
bined with physical exercise on the gut microbiota, reinforc-
ing that this field of knowledge still lacks well-controlled
clinical trials. In this sense, considering that both IF and
physical exercise interact with the gut microbiota, the pres-
ent hypothesis is that the combined approach of IF and HIIT
can culminate in improvements in the composition and
functional profile of the gut microbiota in SCFA levels and
inflammatory markers in women with obesity.

MATERIAL AND METHODS

Experimental Design and Ethical Aspects

The current study aims to evaluate the possible effects of
IF and physical exercise on the gut microbiota and SCFAs in
the feces of women with obesity.
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After a careful eligibility process, a randomized clinical
trial was carried out which included 60 women with obesity,
sedentary and without comorbidities, randomly (drawn) di-
vided into three groups: 1) intermittent fasting group (IF, n =
20), composed of individuals who performed only intermit-
tent caloric restriction for 8 wk; 2) physical exercise group
(EX, n = 20), composed of individuals who performed only
HIIT training for 8 wk; and 3) intermittent fasting combined
with physical exercise group (IF + EX, n = 20), composed of
individuals who performed intermittent caloric restriction in
conjunction with physical exercise for 8 wk. The following
number per group completed the study, (IF, n = 10), (EX, n =
11), and (IF + EX, n = 15). The present study was divided
into two moments, preintervention (baseline) and postinter-
vention (8 wk), in which blood and feces, anthropometric pa-
rameters (weight, waist, hip, and abdominal circumference),
and body composition were collected (Fig. 1). All collections
were performed for further analysis and the samples were
stored in an ultra freezer.

The study was conducted at the Ribeirao Preto School of
Physical Education and Sport (EEFERP-USP) and approved
by the Research Ethics Committee of EEFERP-USP (No.
13359319.3.0000.5659) and also by the Clinical Hospital in
Ribeirao Preto (No. 13359319.3.3001.5440). All participants
were informed about the development of the study and
signed an informed consent form. The researchers declare
that there is no conflict of interest. This study was registered
on ClinicalTrials.gov under registration number NCT05237154.

Casuistry and Recruitment of Participants

The study was widely publicized (via social networks, the
university website, and the distribution of pamphlets) and ini-
tially attracted 500 registrations carried out online and by
phone. The inclusion/exclusion criteria were strictly followed,
leading to the selection of 220 individuals. The nutritional
questionnaire was applied through telephone calls or online
completion, after which only 60 participants fully met the
study criteria. The inclusion criteria were age between 18 and
40 yr, female, having a regular menstrual cycle, body weight
below 120 kg, BMI between 30 kg/m2 and 40 kg/m2, and
being sedentary (not practicing physical activities for at least
3 mo). The following were excluded from the study: individu-
als with any diagnosed disease (diabetes, hypertension, osteo-
porosis, dyslipidemia, heart disease, arthritis, gastritis, etc.),
smokers, alcoholics, those using regular medications or with
any medical impediment to physical exercise, who underwent
nutritional monitoring or weight loss treatment, who under-
went bariatric surgery, who used sports or multivitamin sup-
plements, probiotics, and prebiotics, who had any parasitic,
acute, or chronic gastrointestinal disease, who had been on
antibiotic therapy for previous 3 mo, and who manifested any
malaise or being in long periods of fasting,.

Thus, a total of 60 adult women with obesity, living in the
city of Ribeirao Preto, SP, Brazil, started the study, but only
36 completed the intervention. See the CONSORT flowchart
in the Supplemental Material.

Sample Size

The sample size calculation indicated that, for a well-con-
trolled randomized trial, at least 12 participants per group
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Figure 1. Experimental design. Assessments performed in the 1st and 8th wk (preintervention and postintervention). Metabolic assessments (35): weight
(kg), body mass index (BMI), waist, abdominal, and hip circumferences (cm), body composition (by BodPod), and resting metabolic rate (by indirect calo-
rimetry), blood collection (metabolic and inflammation parameters), stool collection (metataxonomic/16S rRNA sequencing), and short-chain fatty acids

(SCFA, by gas chromatography). Figure created with BioRender.com.

were needed to reach an 80% statistical power (significance
level = 0.05). This calculation was based on the randomized
clinical trial by Allen et al. (30), which is suitable for the sta-
tistical model planned for the present study, considering
fecal acetate concentrations as the primary variable for cal-
culating the sample size.

Interventions

Intermittent fasting.

The intermittent fasting protocol used was 5:2 intermittent
calorie restriction, performed twice a week, on nonconsecu-
tive days, during an 8-wk intervention (36, 37). The partici-
pants consumed 25% of the total daily energy needs on IF
days, whereas on the other days of the week, food was
allowed ad libitum. The calculation of the mean total energy
expenditure (TEE) was performed from the mean resting
metabolic rate (RMR), obtained by indirect calorimetry, for
each group that would be submitted to the protocol, multi-
plied by the activity factor of 1.2 for sedentary individuals
(38). The IF protocol consisted of 6:18 h, with a 6-h feeding
period, during which two meals were consumed, followed by
18 h of complete fasting, when participants were able to
ingest only water, tea, and coffee, without sugar. The distri-
bution of macronutrients prioritized the offer of 40% of pro-
tein sources in the IF protocol menu delivered to the
participants. Weekly meetings were held with the groups to
monitor the intervention. The EX group was instructed to
maintain their usual eating habits throughout the interven-
tion period. Some participants in the groups who performed
the IF (IF + EX and IF) reported the occurrence of a
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headache, but no other adverse effects were recorded, such
as fainting, irritability, or insomnia.

High-intensity interval training.

An adapted HIIT training circuit was performed, according
to Sperlich et al. (39), at the polysports gym of the University
of Sdo Paulo (Ribeirao Preto, SP, Brazil), with training inten-
sity maintained between 70 and 85% of the maximum heart
rate (HRmax), previously determined by a physical perform-
ance test, Shuttle Walking (40). The intensity was controlled
by a cardiac monitor (Polar, model FT1) and by the classifica-
tion of perceived exertion (RPE) according to Foster et al.
(41). The progressive training protocol was performed 3x/wk
for 8 wk, with at least 1 day of rest between sessions. Each
session lasted 25 min, with 4 min of initial warm-up, 18 min
for the main part, and 3 min of relaxation.

Metabolic Assessments

Metabolic assessments were performed regarding weight
(kg), BMI (kg/mz), waist, abdominal, and hip circumferences
(cm), as well as body composition (by BodPod), and resting
metabolic rate (RMR) by indirect calorimetry. All assess-
ments were performed pre and postintervention (35).

Blood Collection and Analysis of Inflammatory Markers

After 8-10 h of fasting, a 4 mL sample of blood was col-
lected from each participant, placed in tubes containing
EDTA, and used for the measurement of serum cytokines,
IL-15, IL-10, TNF-a (panel 1), resistin, and adipsin/factor D
(panel 2), fetuin-A and C-reactive protein (CRP) (panel 3),
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using Millipore’s MILLIPLEX Kit, Human Metabolic Hormone
Magnetic Bead, Panel 1 HCYTOMAG-60K- 03; Panel 2
HADKIMAG-61K-03; and Panel 3 HCVD3MAG-67K (Merck
Millipore, EMD Millipore Corporation, Billerica, MA). In
addition, fasting glucose was analyzed (35). Cytokine
analyses were performed according to the manufacturer’s
specifications.

Stool Samples

Feces collection.

Fecal samples were collected according to the protocol pro-
posed by the human microbiome project (HMP/https://
www.hmpdacc.org), for further analysis of SCFA concentra-
tions and gut microbiota. All participants received a collec-
tion kit (in the 1st and 8th wk of intervention), containing
disposable gloves, cap, and mask, a universal collector with a
shovel, and a ColOff stool collector, which is a disposable,
sterilized, aseptic device, suitable for collection with rigid
sanitary control, and free of contaminants to provide better
analysis accuracy. The samples were kept on ice or frozen
at —20°C before being delivered by the participants, within
a maximum period of 24 h after collection. Samples were
then immediately aliquoted into microtubes under aseptic
conditions, and stored at —80°C until SCFA and micro-
biota analysis.

SCFA analysis.

Acetate, propionate, and butyrate dosages of stool samples
were performed in 34 participants, preintervention and post-
intervention, totaling 68 samples. After collection, the ali-
quots were separated into microtubes and stored in a —80°C
freezer. SCFA quantification was performed according to
Fellow et al. (42). Fecal samples were thawed, weighed (30—
40 mg), and homogenized in water. Sodium chloride (20
mg), citric acid (10 mg), and 1 M hydrochloric acid (40 pL)
were added, together with the internal standard (caprylic
acid), all of which were solubilized in butanol. After homoge-
nization, the samples were centrifuged at 13,000 rpm, 25°C,
for 15 min. Acetate, propionate, and butyrate standards
(Sigma-Aldrich) were used at concentrations from 0.015 mg/
mL to 0.1 mg/mL to determine the calibration curve. The
quantitative analysis of SCFA in the stool samples was per-
formed by gas chromatography coupled to mass spectrome-
try (chromatograph model GCMS-QP2010 Ultra, Shimadzu)
and a Stabilwax column, with a 30 m x 0.25 mm internal di-
ameter, and stationary phase of 0.2 um polyethylene glycol
(Restec Corporation). Then 1 pL. was automatically injected
(25:1 split mode), at an initial temperature of 250°C, and a
constant flow of carrier gas (high purity helium) of 1.0 mL/
min. Pure high-grade helium (He) was used as carrier gas
with a constant flow rate of 1.0 mL/min. The mass conditions
were: ionization voltage, 70eV; ion source temperature,
200°C; full scan mode in the 35-500 mass range with 0.2s/
sweep speed. The execution time for each analysis was
11.95 min.

Metataxonomics: analysis of the gut microbiota.

DNA extraction, library preparation, and 16S yRNA
gene sequencing. Fecal DNA extraction was performed
using the QIAamp 96 PowerFecal kit (QIAGEN/Catalog ID:
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51531), according to the manufacturer’s specifications. The
Qubit 2.0 fluorimeter, together with the Qubit™ dsDNA HS
and BR Assay kit (Thermo Fisher Scientific), was used to
quantify the DNA extracted from the total in each of the 68
stool samples (preintervention and postintervention). For
quality control of the sequencing, in addition to the 68 stool
samples, library preparation and sequencing of a simulated
commercial microbial community (Mock community) were
also performed. The Mock community is a well-defined
community and its role is to validate the DNA sequencing
method. The composition of the Mock community used
in this study was as follows: Listeria monocytogenes, 12%;
Pseudomonas aeruginosa, 12%; Bacillus subtilis, 12%;
Escherichia coli, 12%; Salmonella enterica, 12%; Lacto-
bacillus fermentum, 12%; Enterococcus faecalis, 12%;
Staphylococcus aureus, 12%; Saccharomyces cerevisiae,
2%; and Cryptococcus neoformans, 2%.

Library preparation was performed using the QIAseq 16S/
ITS RegionPanel kit (QIAGEN), containing reagents for pre-
paring libraries by amplifying three regions of interest of the
16S rRNA gene (V2/V3, V3/V4, and V4/V5). The procedures
were performed according to the manufacturer’s specifica-
tions. The regions of interest of the 16S ¥rRNA gene were
amplified using the following pairs of primers: V2-V3 (primer
forward 5° GGCGNACGGGTGAGTAA 3’ and reverse 5'-WTT-
ACCGCGGCTGCTGG-3'), V3-V4 (primer forward 5’ CCT-
ACGGGNGGCWGCAG 3’ and reverse 5 GACTACHVGGGT-
ATCTAATCC 3'), and V4-V5 (Primer forward 5 GTGY-
CAGCMGCCGCGGTAA 3’ and reverse 5 CCGYCAATTYMT-
TTRAGTTT 3').

The amplicons were purified and then the QIAseq 16S/ITS
96-Index I kit (QIAGEN), which contains identifier sequen-
ces (“bar codes”-barcodes), was used to identify each library.
The library was quantified by real-time qPCR using the
QIAseq Library Quant Assay Kit (QIAGEN). The procedures
were performed according to the manufacturer’s specifica-
tions and Mastercycler RealPlex4 (Eppendorf) equipment
was used to perform the qPCR. After quantitation, all libra-
ries were diluted to a concentration of 4 nM and mixed to
form a pool of samples. The sample pool was electropho-
resed on the Bioanalyzer 2000 (Agilent) to confirm that the
size of the libraries was as expected. Agilent DNA 1000 Kit
(Agilent) reagent was used in the procedure and all manufac-
turer’s recommendations were followed.

Finally, the 16S ¥RNA gene was sequenced on the MiSeq
platform (Illumina), using the sequencing reagent MiSeq
Reagent Kit (600 cycles). For sequencing, 10 pM of the
library pool was used. The 16S ¥RNA sequencing data from
the present study are available in the NCBI Bioprojeto
PRJNAS816177 database.

Bioinformatics analysis.

Treatment of raw sequences, taxonomic classifica-
tion, and functional prediction. The raw sequences
were imported and processed in the QIIME v. 2 environ-
ment (https://peerj.com/preprints/27295.pdf). Initially, the
sequences belonging to each of the varied regions (V2-V3, V3-
V4, V4-V5) sequenced were separated using the cutadapt tool
(https://journal.embnet.org/index.php/embnetjournal/
article/view/200).

AJP-Endocrinol Metab - doi:10.1152/ajpendo0.00310.2023 - www.ajpendo.org

Downloaded from journals.physiol ogy.org/journal/ajpendo (2801:0088:0FCF:0140:AAAD:09F4:4F48:BD51) on May 7, 2026.


https://www.hmpdacc.org
https://www.hmpdacc.org
https://peerj.com/preprints/27295.pdf
https://journal.embnet.org/index.php/embnetjournal/article/view/200
https://journal.embnet.org/index.php/embnetjournal/article/view/200
http://www.ajpendo.org

(}) EFFECTS OF IF AND HIIT ON GUT MICROBIOTA IN OBESITY

The sequences were then processed using the DADA2 toolset
of methods (https://www.nature.com/articles/nmeth.3869) to
filter, de-replicate, remove chimeras, and merge the PE reads,
using the following parameters for regions V2-V3, V3-V4, and
V4-V5, respectively: “—p-trunc-len-f 239” and “-p-trunc-len-r
186,” “—p-trunc- len-f 259,” “~p-trunc-len-r 185,” and “—p-trunc-
len-f 255,” “—p-trunc-len-r 184”. Data from the Dada2 tool gen-
erated amplicon sequence variants (ASVs), which were later
taxonomically classified through the use of customized data-
bases for each region of the 16S ¥rRNA gene using the machine
learning methodology built into the QIIME2 environment for
training (Parameter: “fit-classifier-naive-bayes”) and classifica-
tion (“classify-sklearn™).

The functional prediction of the microbiota was performed
according to the definition parameters of the PICRUSt2 tool
(https://www.nature.com/articles/s41587-020-0548-6) in
QIIME2 and the metabolic pathways were represented accord-
ing to the KEEG database (Kyoto Encyclopedia of Genes and
Genomes).

Visualization, statistical, and correlation analysis.
Data analysis was performed to visualize gut microbiota com-
position and intraspecific and interspecific diversity indices
(o and B, respectively), using the QIIME2R packages (qiime2R:
Importing QIIME2 artifacts and associated data into R ses-
sions. Jordan E Bisanz (43). https://github.com/jbisanz/
giime2R), phyloseq (https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0061217), and microbiome
utilities (Shetty and Lahti (44)) (Utilities for Microbiome
Analytics) of the R programming language in the Rstudio
environment (v. 4.1.0).

Correlations between the taxonomy of the gut microbiota
at the phyla level and the metabolic and SCFA parameters
measured were performed using the sequences of algorithms
provided by Torondel et al. (43). In addition, functional
potential visualization and principal component analysis
(PCA) were performed in the Microbiome Analyst environ-
ment (https://www.nature.com/articles/s41596-019-0264-1).

Statistical Analysis

Normality assumptions were tested by the Shapiro-Wilk
test and sphericity. Variables with Gaussian distribution are
presented as means = standard deviation (SD), whereas those

with nonparametric distribution are presented as median,
using the Kruskal-Wallis test (P < 0.05). Parametric data fol-
lowed the two-way repeated measures ANOVA mixed model
for intra- and intergroup comparisons, with Sidak post hoc
in cases of interaction, using SPSS Statistics20 software (P <
0.05). The one-way ANOVA test was performed to character-
ize the subjects. ANOVA with Welch correction was per-
formed in cases of heteroscedasticity. The Wilcoxon test (P <
0.05) was performed for measures of diversity and normal-
ized abundance. In addition, Spearman correlations were
performed for unadjusted P < 0.05. A significance level of
5% was adopted.

RESULTS

The metabolic outcomes are presented in Table 1. It was
observed that after 8 wk of intervention, all metabolic pa-
rameters evaluated in the IF + EX and EX groups presented
improvements, but without differences between groups. The
IF group showed no changes except for the reduction in hip
circumference after the intervention (35).

To control the possible influence of fiber consumption on
SCFA production, the present study evaluated fiber con-
sumption throughout the intervention, using food records,
on three nonconsecutive days (35). The IF + EX group (n =
15) had an average consumption of 14.6 £6.7 g in the premo-
ment, 14.0+4.3 g in the 4th wk of the intervention, and
12.4 £ 3.4 g postintervention. The EX group (n = 11) had an
average consumption of 10.5+2.2 g of fiber in the premo-
ment, 11.5+1.8 g in the 4th wk, and 11.5+ 3.1 postinterven-
tion. The IF group (n = 7) had an average consumption of
15.3+6.1 g of fiber in the premoment, 16.1+8.2 g in the 4th
wk, and 15.8 +5.1 g postintervention. There were no differen-
ces between the groups in the pre and 4th wk (P = 0.84) or
intragroup. However, the mean fiber consumption of the IF
group was higher than that of the EX group after the inter-
vention (P = 0.03).

Regarding macronutrients, none of the groups showed dif-
ferences in the consumption of carbohydrates and calories
throughout the intervention. Protein consumption increased
in the IF + EX group (P = 0.044) and the IF group (P =
0.006) postintervention, without differences between groups,

Table 1. Anthropometric measures, body composition, and resting metabolic rate preintervention and

postintervention (35)

IF + EX (n = 15) EX (n = 11) IF (n = 10)

Variable Pre Post A% Pre Post A% Pre Post A% P Value
Weight, kg 915+8.2 90+8.5% 17 843+45 85559 1.4 96.4+12.8  95.4+125 —1 0.012
BMI, kg/m? 34126 334127 -17 31.8+2 321+2.2 0.85 34.8+3.2 34.4+31 —1.1 0.031
WC, cm 94+7 91+74 -4 97+8 92+7°8 -5 94+6 94+5 03 <0.001
AC, cm 108+5 105452 -3 108+6 107 +5P*° -2 M3+7 1M2+7 —1 <0.001
HC, cm 19+6 15+ 6F -3 18+6 Mne+6- —17 120+8 119+8° -1.5  <0.001
Bodly fat, % 46.1+2.2 443+31 -4 473438  46.3+3.9' -23 50.2+4.4 49.3+4.9 —19  <0.001
Fat-free mass, %  53.8+22  556+3.1° +33 526+38 536+39- +2 497+4.4 50.7+4.9 19  <0.001
RMR, kcal/day 1,960+238  1,951+301 —0.25 1,988+156 1,912+159 -35 2,053+400 1,849+234M _g1 0.028

Values expressed as means + standard deviation. Capital letters (A, B, C, D, E, F, G, H, I, J, L, M) represent differences within the group,
effect of time (post vs. pre); small letters (a) represent differences between groups postintervention (a: IF + EX and EX vs. IF);
*differences within the group (P < 0.05), by two-way repeated measures ANOVA mixed model, Sidak post hoc, and Welch’s correction
for weight and RMR. AC, abdominal circumference; BMI, body mass index; EX, exercise group; HC, hip circumference; IF, intermittent
fasting group; IF + EX, intermittent fasting in conjunction with exercise group; RMR, resting metabolic rate; WC, waist circumference.

A%, variation between pre and post of each group.
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Figure 2. Boxplot. A: acetate concentration (mg/g feces); B: propionate concentrations (mg/g feces); C: butyrate concentrations (mg/g feces) preinterven-
tion and postintervention. IF + EX, intermittent fasting combined with exercise group; EX, exercise group; IF, intermittent fasting group. *Difference
between groups by Kruskal-Wallis test, P < 0.05. **Difference between groups in the preintervention, IF vs. IF+EX and EX group. #Difference
between groups in the postintervention, IF vs. IF + EX and EX, by two-way repeated measures ANOVA mixed model, Sidak post hoc P < 0.05.

and lipid consumption decreased in the IF group postinter-
vention compared with the other groups (P = 0.011) (35).

Acetate, Butyrate, and Propionate Concentrations
(Fecal) and Inflammatory Cytokines (Plasma)

For acetate concentration, there was no statistically sig-
nificant difference between the groups at baseline (P =
0.09); however, a significant increase in acetate was
observed postintervention in the EX group compared with
the IF + EX group (P = 0.04), with no difference in the IF
group (Fig. 2A). The propionate concentration in the IF
group preintervention was significantly lower than con-
centrations of the other groups at the same time, and this
difference was maintained between the groups at the post-
intervention (P = 0.001) (Fig. 2B). There were no differen-
ces between groups in the butyrate concentrations, as
shown in Fig. 2C (P = 0.79).

Regarding the concentrations of proinflammatory (resis-
tin, adipsin, TNF-a, C-reactive protein, fetuin-A) and anti-
inflammatory (IL-10) cytokines, no significant changes were
observed in the three groups evaluated before and after the
intervention (Table 2).

Rarefaction, ASVs, and Normalization (Supplementary
Data)

According to the data shown in the Supplementary
Materials S1 and S2, the taxonomic identification at the ge-
nus level was able to sample most of the taxa present in
the studied groups, as plateaus were reached in the respec-
tive rarefaction curves of the V2-V3, V3-V4, and V4-V5
regions, which had different observed numbers of ASVs,

representing, depending on the taxonomic resolution
achieved by sequencing the 16S r¥RNA gene, the highest
taxonomic hierarchical level identifiable. Of note, the
region with the highest number of ASVs observed was the
V2-V3 region, with the greatest resolving power to describe
microbial communities in the present study.

Moreover, the normalization methods frequently used
in microbiome studies are based on selecting the method
that best reduces the effects of variances caused by differ-
ences in sequencing depth. In the present study, the CPM
method was the most effective and was then used to nor-
malize the data generated from the sequencing of the V2-
V3 region.

Intermittent Fasting Combined or Not with HIIT Does
Not Alter the Composition, Alpha and Beta Diversity,
and Function of the Gut Microbiota

Figure 3, A-C, shows that the relative abundances at the
genus taxonomic level were similar, with a predominance of
bacterial readings with an abundance of less than 3%, espe-
cially for the genus Blautia, which belongs to the phylum
Firmicutes. Overall, no significant changes were observed in
the taxonomic composition of the gut microbiota in the
three groups of women with obesity after 8 wk of the inter-
vention with intermittent fasting and HIIT in isolation or
combined.

Figure 4A illustrates the o diversity measure of the gut
microbiota, showing that there are no differences in any di-
versity index in the intragroup comparison after 8 wk of IF
and HIIT combined or not. In addition, in general, it was
observed that the Firmicutes phylum was more abundant in

Table 2. Inflammatory markers preintervention and postintervention

IF + EX EX IF
Cytokines Pre Post N Pre Post n Pre Post n P value
IL15, pg/mL 2212 3.8+£3.2 12 3.0+25 1.8+£0.8 10 6.1£3.3 49132 10 0.08
Resistin, ng/mL 35.8+9.5 32.6+10.6 15 32.0+£10.7 321+£9.2 i 29.3+71 291471 10 0.31
Adipsin, ng/mL 6.7£2.9 5417 14 56+2.1 71£44 9 6.6+2.7 58+1.2 10 0.75
TNF-o, pg/mL 10.1+£4.3 13.1+7.8 15 74127 84138 10 30.8114.2 21.2+6.3 9 0.12
CRP, mg/L 27.7+18.4 26.9+£17.1 15 15.8+7.4 18.4£15.8 7 27.0+14.4 26.0£14.1 9 0.92
Fetuin-A, ng/mL 311.6+495 330.3+87.1 n 310.8+46.1 373.8+108.6 9 295.6+50.7 284.9+70.3 10 0.26
IL-10, pg/mL 1.7+£0.9 2.2+18 12 2211 4.4+14 10 16.0+9.8 18.8+12.3 10 0.12

Values expressed as means + standard deviation, by two-way repeated measure ANOVA mixed model (P < 0.05) with welch correction.
EX, exercise group; IF, intermittent fasting group; IF + EX, intermittent fasting associated with exercise group; IL-10, interleukin-10; IL-
15, interleukin-15; n, sample number; CRP, C-reactive protein; TNF-a, tumor necrosis factor alpha.
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all groups, compared with the lowest observed abundance of
Bacteroidetes, as can be seen in (B) However, the IF group
showed a significant increase in Bacteroidetes (P = 0.035) 8
wk postintervention, although levels remained lower than
those of Firmicutes. In addition, Fig. 5 by Bray-Curtis shows
B diversity measure and as a result, the absence of clasteriza-
tion between the different experimental groups, demonstrat-
ing that the interventions had no effects and no differences
between them after 8 wk of intervention.

Regarding the principal component analysis (PCA per-
formed only for the functional profile), in the present
study, the participants of the EX, IF + EX, and IF groups
did not present differences in the predicted functional sig-
natures for the preintervention and postintervention
groups, as demonstrated by the lack of clustering of sam-
ples in the respective groups, that is, overlapping samples
from different groups. These results are supported by the
functional profile plotted in Fig. 6, in which no differences
are observed in the variations in the abundances of the
metabolic pathways classified according to the Kyoto
Encyclopedia of Genes and Genomes (KEGG, Kyoto
Encyclopedia of Genes and Genomes).

Gut Microbiota Correlates with SCFA Concentrations

The phyla Lentisphaerae and Epsilonbacteraeota were neg-
atively correlated with acetate in the pre and post IF + EX
groups, respectively (P < 0.05). The phylum Verrucomicrobia
was negatively correlated with butyrate in the EX group (pre)
and the Actinobacteria phylum showed a positive correlation
in the IF + EX (pre) group (P < 0.05). Finally, the phyla
Verrucomicrobia and Tenericutes were negatively correlated
with propionate for the IF group postintervention and the
IF + EX (pre) group (P < 0.05). The phylum Euryarchaeota
was negatively correlated with propionate in the EX (pre),
IF + EX (post), and IF (post) groups (P < 0.05). Bacteroidetes
were also negatively correlated with propionate only in the IF
(post) group (P < 0.05). The phylum Cyanobacteria showed a
negative correlation with propionate in the postintervention
IF + EX group (P < 0.05) (Fig. 7A).

Interface between metabolic state and fecal bacteria.

Gut microbiota correlates with metabolic parame-
ters and body composition. In the present study, it was
observed that the phyla Patescibacteria, Lentisphaerae,
Fusobacteria, Epsilonbacteraeota, and Elusimicrobia were
negatively correlated with fasting glucose in the postinter-
vention IF group (P < 0.05). The phylum Epsilonbacteraeota
also showed a negative correlation with glucose but in the
IF + EX (post) group. Strong and positive correlations were
observed between the phyla Patescibacteria, Lentisphaerae,
and Epsilonbacteraeota and fasting glucose, only in the IF +
EX (pre) group (P < 0.05). A strong and positive correlation
was also observed between Proteobacteria and BMI in the
pre-EX group, whereas the phylum Fusobacteria was nega-
tively correlated with the postintervention BMI in both the
EX and IF groups (P < 0.05). In the IF group pre and post, it
was observed that the phylum Cyanobacteria showed a
strong and negative correlation with BMI and the phyla
Patescibacteria, Lentisphaerae, Epsilonbacteraeota, and
Elusimicrobia also showed a negative correlation with BMI
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in the IF (post) group. Despite the lack of significance, it
was observed that the phylum Verrucomicrobia (which
encompasses Akkermansia muciniphila) was more aligned
with negative correlations with BMI for all groups (blue
colors).

Regarding fat-free mass, a strong and positive correlation
was observed between this metabolic variable and the phylum
Proteobacteria in the postintervention EX group (P < 0.05).
The phyla Patescibacteria, Lentisphaerae, Fusobacteria, Epsi-
lonbacteraeota, Elusimicrobia, and Cyanobacteria were nega-
tively correlated with fat-free mass in the postintervention IF
group. In the IF + EX (pre) group, the phylum Synergistetes
was positively correlated with fat-free mass (P < 0.05).

The phylum Actinobacteria showed a strong and positive
correlation with body fat (kg) in the EX (powder) group,
whereas the phyla Patescibacteria, Lentisphaerae, Fuso-
bacteria, Epsilonbacteraeota, Elusimicrobia, and Cyano-
bacteria were negatively correlated with body fat (kg) in the
IF group (post) (P < 0.05).

The RMR showed a negative correlation with the phylum
Actinobacteria in the IF group (post) and a positive correla-
tion with the phylum Fusobacteria in the IF + EX group
(post) (P < 0.05). In short, only the IF group demonstrated
significance in relation to body weight (Kg), and the phylum
Cyanobacteria was inversely correlated with weight in
the preintervention and postintervention moments. Other
phyla, such as Patescibacteria, Lentisphaerae, Fusobacteria,
Epsilonbacteraeota, and Elusimicrobia were also negatively
correlated with body weight in the IF group 8 wk after the
intervention (P < 0.05) (Fig. 7B).

Gut Microbiota Correlates with Inflammatory Markers

Adiponectin concentrations were negatively correlated
with the phylum Firmicutes and positively with the phylum
Bacteroidetes in the EX (pre) group (P < 0.05). Adipsin was
negatively correlated with the phylum Firmicutes in the
IF + EX group (pre) and with the Elusimicrobia phylum in
the IF + EX group (post). Fetuin-A for the IF group (pre)
showed a negative correlation with the phyla Tenericutes,
Lentisphaerae, Fusobacteria, Epsilonbacteraeota, Elusimi-
crobia, and Actinobacteria. Plasma IL-10 concentrations in
the EX group postintervention were positively correlated
with the phylum Actinobacteria and in the IF group (post)
they were negatively correlated with the phylum Eury-
archaeota. Regarding IL-15, this cytokine showed a posi-
tive correlation with the phylum Bacteroidetes. PCR was
positively correlated with the phyla Patescibacteria, Lenti-
sphaerae, Firmicutes, Epsilonbacteraeota, Elusimicrobia,
and Cyanobacteria in the EX group (post), whereas in the
IF + EX group (pre), the phylum Bacteroidetes showed
a negative correlation with CRP and the phylum
Proteobacteria was positively correlated with this variable
(P < 0.05). Furthermore, the phylum Actinobacteria
showed a strong and positive correlation with resistin in
the EX group (post). Finally, TNF-a concentrations showed
a positive correlation with the phylum Fusobacteria in the
IF group (post) and phylum Proteobacteria in the IF + EX
group (post), whereas TNF-o was negatively correlated
with the phylum Bacteroidetes in the postintervention IF
group (P < 0.05) (Fig. 7C).
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Figure 3. Composition of the gut micro-
biota at the taxonomic level of genera,
obtained from 16S rRNA gene sequencing
data (A—C). EX, exercise group; IFEX, inter-
mittent fasting combined with exercise
group; IF, intermittent fasting group.
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| DISCUSSION

After 8 wk of IF combined or not with HIIT training in
women with obesity, the main findings of the present
study were: 1) an increase in acetate in the EX group after
the intervention; 2) no changes in the composition and di-
versity of the gut microbiota; 3) the abundance of mem-
bers of the Firmicutes phylum was predominant in all
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groups; and 4) the gut microbiota showed no relevant
functional differences in terms of general metabolic path-
ways, but was correlated with metabolic and inflammatory
biomarkers.

In addition, 8 wk of HIIT training, combined or not with
IF, promoted improvements in the metabolic state, inde-
pendently of gut microbiota composition, and substantial
weight loss in women with obesity, including improvements
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Figure 4. Results obtained from massive DNA sequencing data from the V2-V3 regions of the 16S rRNA gene, showing A: alpha diversity metrics for the
bacterial communities of each study group, preintervention and postintervention. B: normalized abundance (CPM) of the phyla Bacteroidetes and
Firmicutes showing the comparison of the differences between the preintervention and postintervention groups based on the Wilcoxon test (P < 0.05).
EX, exercise group; IFEX, intermittent fasting combined with exercise group; IF, intermittent fasting group.

in body composition and anthropometric aspects. These out-
comes corroborate previous trials (29).

Overview between IF and HIIT of Gut Microbiota and
Abundance of Firmicutes/Bacteroidetes

Although the study of the gut microbiota has been
abundantly explored in the context of obesity (6, 8, 44),
the scientific community still lacks investigations able to
clarify the knowledge gaps between intermittent fasting,

AJP-Endocrinol Metab - doi:10.1152/ajpendo0.00310.2023 - www.ajpendo.org

the gut microbiota, and physical exercise, with respect to
well-controlled and reproducible clinical trials. Major
journal search platforms show only five recent clinical tri-
als with microbiota and IF in metabolic syndrome (28),
high blood pressure (45), and prediabetes (46). The cur-
rent study is the first clinical trial to investigate the
effects of IF combined with HIIT exercise on the gut
microbiota of adult women with obesity and with no asso-
ciated comorbidities.
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Figure 5. Bray-Curtis obtained from massive DNA sequencing data from
the V2-V3 regions of the 16S rRNA gene, showing [ diversity metrics for
the bacterial communities of each study group, preintervention, and post-
intervention. EX, exercise group; IF+ EX, intermittent fasting combined
with exercise group; IF, intermittent fasting group.

Studies in animal models have not yet addressed this
impact on the gut microbiota, but have explored the out-
comes of fasting in the absence of exercise showing that IF
has the ability to restructure the gut microbiota of predia-
betic mice, increasing the synthesis of acetate, butyrate, and
propionate, inhibiting inflammatory pathways, and improv-
ing the integrity of the intestinal barrier (26), as well as favor-
ing the production of other secondary metabolites, such as
lactate (25). These outcomes do not corroborate the present
investigation, as IF did not modulate the gut microbiota
composition and SCFA production. However, animal studies
demonstrate low reproducibility in humans, and therefore,
caution is needed when making comparisons, strengthening
the need for further clinical trials with high applicability in
the field of microbiota, IF, and exercise.

Guo et al. (28) designed a study with IF, without exercise,
for 2 days a week, for 8 wk in subjects with metabolic syn-
drome. In line with the present study, the authors observed
that the number of operational taxonomic units (OTUs), that
is, of observed microbial species, was not different in the IF
group comparing preintervention and postintervention.
However, the authors revealed that the IF protocol inferred
positive but subtle modulations in the gut microbiota, in
addition to the production of secondary metabolites that
confer benefits on the integrity of the intestinal barrier, find-
ings that do not corroborate the present investigation, as in
this study, intermittent caloric restriction did not change the
microbiota composition.

The higher abundance of Firmicutes and lower abundance
of Bacteroidetes appear to be microbial signatures of obesity
(15, 47, 48), which corroborates with our findings in women
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with obesity, in which sequencing of the 16S rRNA gene
identified the presence of Firmicutes in almost all the
women in the sample. Despite the absence of significance,
the observed predominance of the abundance of Firmicutes
and Bacteroidetes is in line with previous findings, as there
is an imbalance between the Firmicutes/Bacteroidetes ratio,
a condition commonly seen in obesity (10). Even so, there
was an increase in the abundance of Bacteroidetes after 8 wk
of IF, that is, regardless of physical exercise. Surprisingly,
this outcome was observed in the group that did not show
improvement in metabolic biomarkers or body composition
and did not present reductions in weight, a fact that dis-
agrees with other results in animal models (23, 25, 27).

Although our findings are not necessarily in agreement
with previous reports, it is relevant to point out that the ma-
jority of the aforementioned interventions invested in
drastic reductions in energy intake and disproportionate
manipulations between macronutrients (49), which can con-
sequently lead to damage to the gut microbiota, such as loss
of diversity (50). In this sense, the present study was cautious
in exploring a less severe intermittent caloric restriction.

The impact that IF has on the microbiota of individuals
with obesity remains inconclusive and there is still no evi-
dence of alternate-day fasting on the gut microbiota in
humans, this study being the first. Clearly, the proportion of
evidence in animal models showing more conclusive and
significant results in terms of IF modulating the gut micro-
biota is far greater than in clinical trials. Although changes
in the gut microbiota mediated by IF are widely discussed,
science still lacks more reliable and less limiting explana-
tions in the human setting. This finding is supported by the
considerable human heterogeneity, added to other con-
founding aspects, including BMI, gender, age, frequency of
alcohol consumption, socioeconomic status, food choices,
and food consumption, management of which is still linked
to self-reports, that can be under-reported and which require
mastery of the individual’s memory. This reality makes it
difficult to reach specific conclusions and tends toward more
general conclusions or the absence of significant results (51,
52). It has previously been shown that a severe energy deficit
can reduce the diversity of the gut microbiota (50). Thus, the
lack of significance in the diversity of the microbiota
observed in the results of the present study, also infers that
the nutritional intervention using the alternate-day fasting
protocol did not lead to a loss of diversity.

IF and HIIT Training in the Production of SCFA, and
Composition and Diversity of the Gut Microbiota

In the present study, it was observed that the HIIT exercise
alone discreetly modulated the production of acetate; how-
ever, when combined with IF, this did not occur. This
increase in acetate concentrations against the stimulus of
physical exercise corroborates the findings of Liu et al. (32),
although the authors found more promising results in
increasing SCFAs, not only acetate. Studies have sought to
clarify the relationship between SCFA modulating host met-
abolic responses in different tissues, such as skeletal muscle,
and Frampton et al. (53) reported that SCFAs have a potential
regulatory role in muscle metabolism, especially acetate,
which can function as an energy substrate for muscle tissue.
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Although the present study failed to demonstrate the modu-
latory potential that exercise exerts on the microbiota and
the production of SCFAs, other authors have also reported
the inefficiency of exercise in increasing fecal SCFA concen-
trations in obesity (30).

Kern et al. (54) found slight changes in gut microbiota af-
ter physical exercise applied chronically in adults with obe-
sity. The authors reported differences in Shannon index
values, with greater diversity in the groups after 3 and 6 mo
of vigorous physical exercise (70% of peak VO,), which was
not observed in the present investigation. It is possible that
an essential factor for these outcomes was the time of expo-
sure to physical training; however, studies with shorter inter-
vention periods, similar to the present study, have also
reported outcomes that are opposite to ours.

Cronin et al. (55), observed subtle changes in the compo-
sition of the gut microbiota after 8 wk of physical exercise.
However, there are important differences between our
study and that of Cronin et al. (55), such as the type of
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of metabolic pathways vs. abundance,
obtained from massive sequencing data of
V2-V3 regions of the 16S rRNA gene. EX,
exercise group; IF + EX, intermittent fasting
combined with exercise group; IF, intermit-
tent fasting group.
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training, the inclusion of overweight subjects of both
sexes, the absence of dietary intervention, and the explora-
tion of metagenomic techniques. In addition, 6 wk of re-
sistance exercise in overweight women also facilitated
positive changes in B diversity impacting gut microbiota
composition and function with an increased abundance of
Akkermansia (56), a taxon said to be beneficial to gut
health, that is exercise-responsive (57), as well as a reduc-
tion in the abundance of Proteobacteria (56), a taxon with
inflammatory potential (58).

In this sense, it is pertinent to elucidate the need for more
randomized clinical trials able to explore different types of
physical training in obesity and its impacts on the taxonomic
signatures of the gut microbiota. This is particularly impor-
tant considering that some investigations do not corroborate
with our outcomes, whereas others are aligned with our
results, also not finding differences in o and f diversities and
in the relative abundance of the gut microbiota after HIIT
training in obesity trials (59).
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Figure 7. Correlation between gut microbiota and SCFAs, metabolic and anthropometric parameters, and inflammatory markers based on Spearman

correlation (unadjusted P < 0.05) (A—C). The symbols “*,” “*

*” and “***” refer to unadjusted P values less than 0.05, 0.01, and 0.001, respectively. EX,

exercise group; IF 4+ EX, intermittent fasting combined with exercise group; IF, intermittent fasting group; RMR, resting metabolic rate.

There are still many questions to be mastered and
answered, precisely because of the inter-individual com-
plexity of taxonomic signatures, that characterizes them
as “fingerprints” of the gut microbiota, unique and exclu-
sive to each individual and progressively challenging to
science (60).

IF Combined with HIIT on Inflammatory Markers

Regarding plasma concentrations of inflammatory markers,
previous studies clarify that caloric restriction is able to modu-
late adipokine homeostasis (61); however, our findings do not
support this fact, as we did not observe a significant reduction
in inflammatory cytokines or an increase in anti-inflamma-
tory IL-10. These results can probably be better explained
by the investigations of Klempel and Varady (62), which
provide consistent support on how the variations in weight
loss induced by energy restriction affect the plasma levels
of cytokines. Improvements in the inflammatory profile in
conditions of obesity appear to be closely related to large
sample sizes, long-term interventions, and substantial
weight loss (62).

Furthermore, the fact that obesity is widely known as a
low-grade inflammatory clinical condition suggests that be-
havioral strategies that can lead to weight loss may have an
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impact on obesity-associated inflammation, reducing circu-
lating levels of inflammatory cytokines and mitigating meta-
bolic stress, whereas also increasing the concentration of
markers with anti-inflammatory potential (63). However, the
route is not simple, and navigating these paths is even more
complex. Around 10% of body weight loss seems to be a trig-
ger for improving chronic inflammation (64), but not every
weight loss strategy fits these outcomes. This was discussed
at length by Mulas et al. (65) in a recent review, highlighting
that the effects of intermittent fasting on plasma concentra-
tions of inflammatory cytokines in adults with obesity are
still inconclusive, having little or no impact on inflammatory
marKkers. Previous clinical trials have shown that fasting ev-
ery other day for 8-24 wk, similar to the protocol in the cur-
rent study, did not reduce TNF-alpha and IL-6, even with a
5-12% weight loss, but it did reduce CRP (66-68). These
results corroborate the findings of the present study regard-
ing the lack of improvement in inflammatory markers.

Few clinical trials have investigated alternate-day fasting
in the circulation of inflammatory markers in obesity, rein-
forcing the contribution of the present study in this still-lim-
ited field of knowledge (66-71). In addition, Wang et al. (72)
summarized that improvement in the main inflammatory
parameters has been observed in long-term interventions of
12 wk, and 4- or 12 mo, involving Time-restricted Eating or
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Intermittent energy restriction in conjunction or not with re-
sistance exercise, with a reduction in the levels of resistin,
leptin, and CRP. The present study differs from these
authors in that the protocol and intervention time were dif-
ferent. Regarding the role of HITT training, there was no
impact of this intervention on the inflammatory markers
evaluated, despite HITT being considered a potential strat-
egy for improving metabolic health by controlling low-grade
inflammation. A long-term intervention seems to be a strong
mediator of the impact of HIIT on proinflammatory and
anti-inflammatory markers (73).

Gut Microbiota Correlates with Metabolic and
Inflammatory Biomarkers and SCFAs, Regardless of
Changes in Taxonomic Composition

A recent clinical trial with obesity, sedentary, and predia-
betic subjects demonstrated that moderate-intensity physi-
cal exercise improved the Firmicutes/Bacteroidetes ratio and
that insulin-stimulated glucose uptake was positively associ-
ated with Bacteroidetes and inversely with Firmicutes (74),
differing from our findings because we found no correlation
between Bacteroidetes and Firmicutes and fasting blood glu-
cose, a metabolic parameter that could present a relationship
with glucose metabolism.

Guo et al. (28) found a positive correlation between the
genus Roseburia of the phylum Firmicutes and plasma
concentrations of adipokines, such as adiponectin. These
outcomes contradict the results found in the present study
in which the concentrations of adiponectin, with anti-
inflammatory potential (75, 76), were negatively correlated
with Firmicutes, a phylum with pathogenic potential and
abundantly dominant in the dysbiotic microbiota of indi-
viduals with obesity (15).

The most representative member of the phylum Verru-
comicrobia phylum is the species Akkermansia muciniphila,
a bacterium with anti-inflammatory potential, abundantly
found in the human gut microbiota (77, 78), but inversely
associated with obesity, diabetes, and cardiometabolic disor-
ders (79, 80). In the present investigation, the phylum
Verrucomicrobia was not shown to be correlated with any
inflammatory marker or measured metabolic parameters
but was inversely correlated with fecal propionate concen-
trations in the postintervention IF group. This fact tells us
little, as there was no increase in propionate 8 wk after the
interventions.

In line with the literature, we report consistent correla-
tions between the taxonomy of the gut microbiota at the
phylum level and some metabolic and inflammatory bio-
markers. Proteobacteria, Actinobacteria, Patescibacteria,
and Firmicutes were positively correlated with inflammatory
parameters, such as PCR, TNF-alpha, and resistin, with due
regard for the peculiarities of the groups, as BMI was directly
correlated with Proteobacteria, body fat with Actinobacteria,
and fasting blood glucose with Patescibacteria. These bacte-
ria were predominantly detected in the adipose tissue depos-
its of individuals with obesity and were directly associated
with the inflammatory process linked to metabolic disorders
(81, 82), corroborating our findings.

Of interest, in this investigation, all correlations between
the taxonomic signatures of the microbiota and fecal
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concentrations of acetate, propionate, and butyrate were
negative. The fact is that the role that SCFAs play in host me-
tabolism through interaction with intestinal bacteria is still
debatable and unclear (9, 82-85) because at the same time
SCFA production is involved with metabolic health in obe-
sity by systematically circulating to peripheral tissues (86),
SCFAs can also act in storage processes of fat in adipo-
cytes, as evidence suggests that the gut microbiota of indi-
viduals with obesity may be more efficient at extracting
calories from food than the microbiota of a lean nutri-
tional profile (7, 14).

The phylum Bacteroidetes seems to be closely related to a
lean nutritional status, to a lower inflammatory potential,
being found in lower abundance in obesity (87), supporting
the correlation found in the current study in which the phy-
lum Bacteroidetes was positively correlated to the anti-
inflammatory metabolic profile of adiponectin and IL-15
concentrations, although no correlation was observed
between this phylum and other parameters of BMI, body
composition, or weight.

Finally, it is possible to infer that the subtle metabolic
improvements found suggest greater participation of the
effects of the HIIT exercise and less of the IF, which may be
influenced by the so-called microbial resilience, and, thus,
although the gut microbiota is intimately interacting with
the host in a systemic way, in this case, it was not linked to
the positive outcomes observed. This interpretation supports
two other trials that, despite finding even more substantial
results than ours, also revealed very low involvement of the
gut microbiota (88, 89).

To the best of our knowledge, this is the first trial to pro-
vide evidence that intermittent fasting in conjunction with
HIIT exercise, or either intervention alone, does not substan-
tially impact the taxonomic signatures of the gut microbiota,
and does not modulate inflammatory blood parameters or
SCFA production.

Strengths and Weaknesses

There are strengths and weaknesses in this study that
deserve to be acknowledged. Although the sample size per
group was relatively small, all individuals were metabolically
well characterized and arranged under robust and judicious
eligibility principles. In addition, this study has as a product,
reproducible data able to expand the scientific panorama in
the face of proposed interventions within the scope of exten-
sive investigations of the gut microbiota in studies with
humans. We can infer that the intervention time was insuffi-
cient to modulate the composition and diversity of the gut
microbiota or to impact the functional characteristics of the
bacteria on metabolic pathways. Additional studies with
humans are suggested, to test the hypotheses about different
intermittent fasting protocols, with reduced options for peri-
ods of free demand (ad libitum), and also lasting for more
than 8 wk. Furthermore, we found a high number of drop-
outs in the three groups, especially in the IF alone group,
which reinforces the idea that combining a physical exercise
intervention with a nutritional intervention leads to greater
adherence to the proposed intervention.

Possibly, the sample loss impacted the effects observed in
the general assessment of the gut microbiota. Even so, this

E253

Downloaded from journals.physiol ogy.org/journal/ajpendo (2801:0088:0FCF:0140:AAAD:09F4:4F48:BD51) on May 7, 2026.


http://www.ajpendo.org

(}) EFFECTS OF IF AND HIIT ON GUT MICROBIOTA IN OBESITY

study has scientific relevance in the context of obesity and
potential therapeutic targets, able to elucidate the torren-
tial gaps regarding the application of intermittent fasting
in the perspective of the gut microbiota of women with
obesity. Clinically, this investigation may support a cau-
tious look at the use of effective strategies for weight loss,
metabolic improvements, and nutritional management in
chronic diseases.

Perspectives and Significance

The present investigation shows that IF combined
with HIIT training for 8 wk does not alter the composi-
tion, diversity, and functional profile of the gut micro-
biota, or the production of SCFAs, but it is possible that
exercise elevates acetate synthesis and improves meta-
bolic parameters in obesity, regardless of gut microbiota.
Although the hypothesis was not confirmed, the rele-
vance of the present study is that it brings contributions,
even if subtle, to the still scarce theoretical framework on
the ability of the combination of IF with physical train-
ing, especially HIIT, to modulate the gut microbiota of
women with obesity. This is the first clinical trial to
investigate two strategies commonly used in the anti-
obesity context, on the gut microbiota, which is another
component widely explored in the study of dysmetabo-
lism in obesity. Clinical trials with interventions for a
longer period could clarify gaps that still exist regarding
the role that IF, when combined with physical exercise,
can play in the dysbiotic gut microbiota, to promote the
development of possible potential therapeutic targets in
this context.
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