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Abstract: Background: Previous studies have suggested that changes in the composition of intestinal
microbiota may be influenced by dietary quality. Objective: This study aimed to assess the impact of
a hypocaloric diet on the relationship between microbiota and clinical /dietary variables. Methods:
This was a longitudinal study. Ten women with obesity (Obese Group, ObG) participated in an
8-week home-based hypocaloric diet intervention. Anthropometric, dietary intake, biochemical, and
gut microbiota assessments were conducted before and after the intervention. Microbiota relative
abundance was determined using real-time PCR in triplicate. Results: In the ObG, the hypocaloric
diet intervention led to significant weight loss (before: 119.5 & 10.3 kg; after: 114.9 £+ 10.2 kg;
p = 0.003). Following the intervention, positive correlations were observed between nutrient intake
and phyla composition: Actinobacteria phylum with fibers (r = 0.787; p = 0.012), Firmicutes phylum
with proteins (r = 0.736; p = 0.024), and Proteobacteria phylum with lipids (r = 0.669; p = 0.049).
Conclusions: The hypocaloric diet intervention improved health parameters associated with obesity
and its comorbidities, demonstrating associations between nutrient intake and specific phyla.
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1. Introduction

Non-communicable chronic diseases (NCDs), including cardiovascular diseases, can-
cer, diabetes, and chronic respiratory diseases, pose significant public health challenges
globally due to their high prevalence and rapid emergence as leading causes of death [1].
Despite being a heterogeneous condition, obesity is often inadequately addressed in terms
of sex/gender considerations within prevention and clinical care. Nonetheless, sex/gender
disparities in obesity have been observed across various aspects of the disease’s progres-
sion, encompassing overall prevalence, comorbidities, and treatment. While obesity is
more prevalent in women than men in most countries, certain regions and population
subsets exhibit more pronounced disparities [2]. In Brazil, from 2003 to 2019, female obesity
increased from 14.5% to 30.2%, while male obesity rose from 9.6% to 22.8% [3].

The composition of microbiota varies across different regions of the human body, with
the intestinal microbiota harboring the greatest diversity and microbial complexity, rivaled
only by the oral cavity [4]. Bacteria comprise the majority of the human microbiota (92.3%),
with Actinobacteria (36.6%), Firmicutes (34.3%), Proteobacteria (11.9%), and Bacteroides
(9.5%) phyla being predominant [5] the symbiotic relationship between gut microbiota
and its host plays a crucial role, with bacteria capable of assimilating and modifying
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components of the host environment and producing molecules with potential beneficial or
harmful effects [6]. This relationship significantly influences gut mucosa protection, energy
and nutrient metabolism, immune function, and inflammatory processes, with diverse
implications for health or disease conditions [6].

In this context, investigating the relationship between food intake, nutritional status,
and gut microbiota can elucidate the mechanisms underlying nutrient metabolism and
offer new perspectives for personalized dietary approaches.

We hypothesize that associations with phyla will change following dietary re-education,
given that the intervention entails a shift in food types in addition to caloric restriction.

Therefore, the present study aims to evaluate the effect of a hypocaloric diet for 8 weeks
on gut microbiota associations with nutrient intake.

2. Materials and Methods
2.1. Study Design

This was a longitudinal study. Participants in Obese Group (ObG) were evaluated
for anthropometric, dietary intake, biochemical, and gut microbiota relative abundance
parameters. Assessments for the ObG were performed during the pre- and post-hypocaloric
diet intervention.

2.2. Study Participants

In the present study, ten women with severe obesity (BMI 43.6 + 2.4 kg/m?) were
selected from an Obesity Outpatient Clinic at Ribeirao Preto University Hospital (HCFMRP-
USP). The sample size for this study was determined by convenience according to time
and financial availability to perform the study. They were submitted to a hypocaloric
dietary intervention. Non-inclusion criteria were the use of antibiotics, anti-inflammatory,
antifungal, or anti-allergy medication, probiotics, or prebiotics; lactation period, tobacco
use, or frequent alcohol consumption; previous or recent chemotherapy; history of gas-
trointestinal surgery, gastrointestinal disease, hypothyroidism, or hyperthyroidism; and
physical exercise intervention or dietary interventions already in course. In addition, the
exclusion criteria were the use of any new medical therapy that could influence the gut
microbiota or loss to follow-up during the intervention.

The study protocol was approved by the Ethics Committee of Ribeirao Preto Med-
ical School at the University of Sao Paulo, Brazil (process CAAE: 57459816.1.0000.5440,
26 October 2016). Written consent was obtained from all the participants. The study was
conducted following the Declaration of Helsinki.

2.3. Hypocaloric Diet Intervention

Patients in the ObG group were instructed to follow a hypocaloric diet for eight
weeks. Each participant’s choice of food plan was based on the assessment of indirect
calorimetry. From the energy expenditure value at rest, 30% was subtracted, and one of the
six previously structured food plans was selected.

2.3.1. Food Plan Selection

Six food plans were structured with caloric values of 1100 kcal, 1200 kcal, 1300 kcal,
1400 kcal, 1500 kcal, and 1600 kcal, with the distribution of macronutrients according to
the Dietary Reference Intakes (DRIs) [7]. Carbohydrates: 55% to 60% of the total energetic
value (TEV), with less than 20% of simple absorption. Fat: 20% to 25% of TEV, with
saturated fat < 7% of TEV; 10% of TEV from polyunsaturated fatty acids; 13% of TEV from
monounsaturated fatty acids and up to 300 mg of total cholesterol. Proteins: 15% to 20% of
VET. Each food plan was accompanied by a replacement list of food, to favor adherence to
the intervention.
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2.3.2. Food Plan Follow-Up

Biweekly follow-ups were carried out at the Metabolic Unit of HCFMRP-USP, always
assisted by the dietitian responsible for the research. At each follow-up, data on eating
behavior, difficulties in following the eating plan, and emphasis on positive changes in
eating were observed. Participants were instructed to contact, via email or telephone, a
nutritionist to clarify any eventual doubts during the participation in the project. The
intervention lasted 8 weeks for all participants.

2.4. Anthropometric Evaluation

The weight of the participants was measured using a Filizola platform digital scale
with a capacity of 300 kg and precision of 0.2 kg, and a vertical rod with a graduation
of 0.5 cm was adopted to assess each participant’s height. Subsequently, the body mass
index was calculated by dividing weight (kg) by height squared (m?). The assessment of
abdominal circumference was performed with a measuring tape with a 0.1 mm graduation;
we positioned the tape at the largest circumference around the navel and between the
midpoint of the last rib and the iliac crest, respectively.

We adopted the electrical bioimpedance technique (Quantum BIA 101 Q model, RJL
System) to assess the participants’ body compositions. At the time of the examination, the
patients were without adornments or other metallic objects, wearing light clothes, with
empty bladders, and not having their menstrual period.

We used the QUARK-RMR Indirect Calorimetry device (COSMED, Rome, Italy).
We measured the RMR for 30 min, and the initial 10 min was discarded to ensure data
homogeneity. The evaluation consisted of measuring the volume of oxygen consumed
during rest (VO2) and the volume of carbon dioxide produced by the participants during
rest (VCO2) for later calculation of the RMR. We adopt the Weir equation to calculate the
energy demand of individuals at rest.

2.5. Dietary Intake Assessment

For the analysis of food consumption, three surveys were collected using a 24-h recall
(24HR) at each time point. The first and second 24HR were carried out by telephone on
days before the assessment, and the third in person on the collection day, totaling two 24HR
on weekdays and one corresponding to a weekend day. With the aid of Dietwin® software
V.2.0, a quantitative analysis of the 24HR was carried out, in which the daily intake of
calories, macronutrients (carbohydrates, proteins, and lipids), and micronutrients (vitamin
B12) were observed. Final consumption was considered as the average derived from the
three 24HR.

2.6. Biological Sampling and Blood Analysis

We performed the collection of blood samples after 12 h of fasting; the collections
occurred in EDTA tubes for the DNA extraction. The serum was separated and used for
biochemical analysis. In addition, stool samples were collected for the analysis of gut
microbiota. All samples were immediately identified and stored at —80 °C until processed.
Standardized methods from the HCFMRP-USP hospital analyzed fasting glucose, total
cholesterol, LDL-cholesterol, HDL-cholesterol, and triglycerides.

2.7. Gut Microbiota Analysis

Stool DNA was extracted using the kit QIAamp® Fast DNA Stool Mini (QIAGEN,
Redwood City, CA, USA). The quantitative PCR (qPCR, Thermo Fisher Scientific | Waltham,
MA, USA) of the relative quantification of the Firmicutes, Bacteroides, Actinobacteria,
and Proteobacteria phyla was performed using universal ribosomal 165 (165 rRNA) or
taxon-specific gene primers. Differences (ACT) between cycle threshold (CT) values of
eubacteria and specific bacterial groups were used to obtain normalized levels of each
bacterial group (2 —ACT) [8].
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The primer sequences used for each Phylum are described in Table 1. The primers
used in the study were based on the primer sequences already described by Barman M, et al.
(2008) [9], Yang, YW et al., 2015 [10]. Before their use in qPCR, all of them were tested
and standardized relative to the adequate primer concentrations (efficiency), and DNA
concentrations, and the better threshold was determined.

Table 1. Primer sequences used in this study.

Phylum Primer Sequence
Firmicut F-ATGTGGTTTAATTCGAAGCA
cutes R-AGCTGACGACAACCATGCAC
Bacteroid F-GTTTAATTCGATGATACGCGAG
acteroides R-TTAASCCGACACCTCACGG
Actinobacteria F-TGTAGCGGTGGAATGCGC
ctinobacten R-AATTAAGCCACATGCTCCGCT
Proteobacteri F-CATGACGTTACCCGCAGAAGAAG
oteobacteria R-CTCTACGAGACTCAAGCTTGC
v b F-TCAKGTCAGTATGGCCCTTAT
errucomicrobia R-CAGTTTTYAGGATTTCCTCCGCC
RNA 165 univercal F-AACAGGATTAGATACCCTGGTAG

R-GGTTCTTCGCGTTGCATC

Primers were at 10 pM. In each assay well, 20 ng of DNA, ultrapure water, and master
mix (Sybr Green, Promega®, Fitchburg, WI, USA) were used with a final volume of 10 pL.
The relative quantification of the different phyla (Firmicutes, Bacteroides, Actinobacteria,
Proteobacteria, and Verrucomicrobia) was performed in triplicate by the real-time PCR
method using the Step One Plus Real-Time apparatus PCR System® (qPCR, Thermo Fisher
Scientific | Waltham, MA, USA). As a reference, a primer was used for the sequence of
universal 16S rRNA. The 165 rRNA gene is a widely used sequence to study bacterial
phylogeny and taxonomy, as it is the most common reference gene among the taxon
Eubacteria. After the reaction, the results were analyzed by the software Step One Plus®
V2.3 (Thermo Fisher Scientific, Waltham, MA, USA).

2.8. Statistical Analysis

Descriptive statistics are shown in mean and standard deviation. Firstly, the Shapiro-
Wilk test was used to evaluate the normality distribution of data. Next, independent
t-tests or Mann—Whitney tests were used to compare groups. Paired t-tests or Wilcoxon
was used to compare times for the hypocaloric diet intervention. Finally, Pearson or
Spearman correlations were performed to verify associations. SPSS (v 23.0, Chicago, IL,
USA) Software package (SPSS. Inc., Chicago, IL, USA) was used for all statistical analysis
analyses. Statistical significance was set at p < 0.05. Function Im in R was used to perform
linear regressions.

3. Results
3.1. Phenotypic Characteristics
A total of 20 women were eligible for the present study. The Obese Group (ObG)

composed of 10 women who completed the 8-week intervention. The ObG was composed
of women with grade III obesity, with a mean age of 33.7 & 3.1 years (Figure 1).
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Patients in the ObG group eligible for
the study
(n=20)

ObG group patient who did not return
after the first data collection for
follow-up with a hypocaloric diet
(n=1) J

Patients in the ObG group who
abandoned follow-up with a
hypocaloric diet at follow-up visits
(n=6)

ObG group patient who did not return

for the last collection }<

(=1)

Patients in the ObG group who
completed 8 weeks of follow-up with a
hypocaloric diet
(n=10)

Figure 1. ObG group flow chart and process of adherence to the study.

The anthropometric, body composition, and biochemical data are described in Table 2.
After the hypocaloric diet intervention in ObG, we observed a significant decrease in body
weight, fat mass (kg), and BMI (p < 0.05). As expected, lipid levels were significantly higher
in the ObG, and after the hypocaloric diet intervention, we found a reduction in triglyceride
levels (p < 0.05) (Table 2).

Table 2. Anthropometric and body composition data of obese women before and after hypocaloric
diet intervention and control group.

Obese Group (ObG)
Parameters (n =10)
Before After
Weight (kg) 119.5 +10.3 1149 £ 102 %
BMI (kg/m?) 436+24 419+26+267%
Abdominal circumference (cm) 123.3 + 10.8 1214+ 7.1
Fat mass (kg) 624 +75 589 £7.7*
Fat mass (%) 519 £25 509 +£2.7
Fat-free mass (kg) 57.1 +3.8 559 + 3.6
Fat-free mass (%) 481 +£25 491+£27
RMR (kcal/day) 1976.3 + 256.1 1942.1 + 288.9
Fasting glucose (mg/dL) 95.2 +18.1 91 + 149
Total cholesterol (mg/dL) 196.0 £25.7 184.0 +41.7
HDL-cholesterol (mg/dL) 459 + 6.8 412+ 8.0*
LDL-cholesterol (mg/dL) 121.4 +27.8 1194 + 239
Triglycerides (mg/dL) 143.2 £60.9 117.94 £ 483 *

Values are shown as mean + standard deviation. BMI: body mass index, and RMR: resting metabolic rate.
* p < 0.05 related to ObG before the diet.

After the intervention, we found a decrease in energy intake, carbohydrates, proteins,
SFAs, and PUFAs (Table 3).
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Table 3. Dietary intake data of ObG before and after hypocaloric diet intervention.

Obese Group (ObG)
Nutrients (n =10)
Before After
Energy (kcal/day) 1679.9 + 279.0 1140.5 + 196.1 *
Carbohydrate (g/day) 196.4 + 43.7 1276 £23.1*
Carbohydrate (%TEI) 472 +4.7 46.2 +10.6
Protein (g/day) 784 £ 15.7 63.0 £104*
Protein (%TEI) 188 +25 227 +47
Total Lipids (g/day) 621+9.1 413 +£237
Total Lipids (%TEI) 322+69 30.7 £13.1
Fibers (g/day) 93+35 114+25
Cholesterol (mg/day) 269.5 + 64.5 240.7 +110.3
SFAs (g/day) 224 +52 13.7 £ 84*
MUFAs (g/day) 199 +52 15.9 +12.01
PUFAs (g/day) 99 +3.1 6.0+22*%

Values are shown as mean = standard deviation. TEI: total energy intake; SFAs: saturated fatty acids; MUFAs:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids. * p < 0.05 related to the ObG group before
the diet.

3.2. Relationship between Gut Microbiota and Dietary Intake

Interestingly, we found a negative correlation between the relative abundance of
Actinobacteria phylum and the percentage of carbohydrate intake in ObG before the
intervention (r = —0.929; p = 0.001) (Table 4).

Table 4. Correlation between the relative abundance of each Phylum and variables of food intake of
obese women before and after hypocaloric diet intervention (intervention group).

Phyla Firmicutes Actinobacteria Proteobacteria
Before Intervention
Correlation r 1% r p r p
CHO (%) 0.017 0.966 —0.929 0.001 * 0.36 0.342
After Intervention
Correlation r 14 r p r p
Fibers (g) 0.586 0.097 0.787 0.012* 0.218 0.574
Protein (%) 0.736 0.024 * 0.285 0.485 —0.435 0.242
Total Lipids (%) 0.469 0.203 —0.117 0.764 0.669 0.049 *
Omega-6 (g) 0.485 0.185 0.201 0.604 0.680 0.045 *

r: correlation coefficient; %: percentage; g: grams; kcal: calories. * p < 0.05.

Linear regression showed that CHO (%) explained 40% of the relative abundance of
Actinobacteria phylum (12 = 0.405, p = 0.047). On the other hand, after the intervention,
there was a positive correlation between the relative abundance of Actinobacteria phylum
and fibers intake (g) (r = 0.787; p = 0.012), between Firmicutes phylum and protein intake
(%) (r = 0.736; p = 0.024), and between Proteobacteria phylum and lipids (%) (r = 0.669;
p = 0.049) (Table 4). The linear regressions revealed that after the intervention, the intake
of lipids (%) (r% = 0.66, p = 0.007) explained 66% (r? = 0.742, p = 0.017), and the omega-
6 (g) intake explained 74% of the relative abundance of Proteobacteria phylum (r? = 0.742;
p =0.01).

4. Discussion

Our study aimed to investigate the relationship between dietary intake, nutritional sta-
tus, and intestinal microbiota, to elucidate the mechanisms underlying nutrient metabolism
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and offer new perspectives for personalized dietary approaches. As a result, the nutri-
tional intervention showed reductions in weight, BMI, and fat mass values, in addition
to presenting significant biochemical changes in the concentrations of HDL-cholesterol,
LDL-cholesterol, and triglycerides. Other patterns that underwent significant changes
after 8 weeks of dietary intake under the hypocaloric diet intervention were significant
increases in energy and reductions in carbohydrates, protein, saturated fatty acids, and
polyunsaturated fatty acids. When we observed the correlation analysis, we identified a
negative correlation between the relative abundance of the phylum Actinobacteria and the
percentage of carbohydrate intake in the ObG before the intervention.

Diet plays a significant role in microbial metabolism and may present positive or
negative modulation of the individual’s microbiome [11]. Individualized home-based nutri-
tional interventions centered on quantitative and qualitative modifications in the patient’s
diet enable successful weight management due to the provision of portion control, improv-
ing the quality of the diet [12]. In the present study, the individualized diet plan with a 30%
restriction in energy requirements and micronutrient adequacy for 8 weeks was effective in
decreasing body weight. On average, there was a decrease in the BMI, FM, and triglyceride
levels in the women with obesity. Corroborating with our findings, Hernandez-Reyes et al.,
2019 showed that a short-term 12-week hypocaloric diet (reduction of 500 kcal/day) allied
with nutritional counseling was beneficial to weight loss, demonstrating the importance of
the home-based nutritional intervention to manage and treat obesity [13].

Restricted energy intake and food choices could be responsible for the triglyceride-
lowering effect, especially carbohydrate restriction, resulting in a fundamental shift in
cellular energy provision to reliance on predominantly fatty acids and ketones, with a
concomitant reduction in glycolytic flux. The shift in metabolic fuel partitioning results
in significant reductions in circulating fatty acid levels and anti-inflammatory effects [14].
Indeed, we observed a decrease in triglyceride levels after a hypocaloric diet intervention
in women with obesity, similar to the results found in the literature [15], indicating that this
nutritional approach promotes weight loss and assists in the improvement of metabolic
parameters related to obesity-associated diseases.

The literature demonstrates that microbiota modulates the pathogenesis, progression,
and treatment of diseases.

In this sense, diet is the critical determinant of microbiota configuration by modulating
specific species” abundance and individual or collective functions [11]. In a review by
Koloziejczyk et al., 2019, the authors emphasized that the specific effects of a diet differ
from person to person and that they are influenced by a combination of characteristics of
the host and the microbiome; it is worth mentioning that the latter’s influence is mainly
determined by the environment in which the individual is inserted and not by genetic his-
tory and, therefore, is potentially more amenable to interventions [11]. Johnson et al., 2017
also pointed to the individual variance in the gut microbiota, considering the distinctive
influence of environmental factors across hosts in a population and highlighting diet as a
significant driver of microbiome diversity [16].

The effect is mediated by changes in the capacity of the human microbiota to harvest
energy from the diet and by the interaction between bacteria and the host. The observations
suggest that diet composition is not the only determinant to be analyzed for weight gain
and underscores that the microbiota is a key factor in regulating human energy absorption
and metabolism.

Interestingly, we found that the carbohydrate intake affected the Actinobacteria phy-
lum relative abundance before and after the hypocaloric diet intervention in different
ways, depending on the type and amount of carbohydrate. In the pre-intervention period,
there was a negative strong correlation between Actinobacteria and total carbohydrates
(r=—-0.929, p = 0.001), and in the post-intervention period, there was a positive correlation
of fibers and Actinobacteria (r = 0.787, p = 0.012). A study reported that the consumption of
dietary fibers and prebiotic substances in food leads to beneficial relative proportions of the
phyla Actinobacteria [17]. Barczynska et al., 2015, confirmed that dietary fiber preparations
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obtained from potato starch stimulated the growth of strains belonging to the phylum
Bacteroides and Actinobacteria and concluded that dietary fiber might be used prophylacti-
cally as a mechanism to prevent obesity [18]. Differences in the effect of carbohydrates on
the human gut microbiota, especially under conditions of obesity, may occur, as specific
bacteria can grow on certain types of consumed carbohydrates [19].

Dietary fat significantly affects the composition and function of the gut microbiota,
influencing host metabolism [20]. We observed a positive correlation between total lipid
intake and Proteobacteria abundance [21]. The study by Vaughn et al., 2017 also found an
increase in Proteobacteria proliferation after a high-fat diet [22]. Remarkably, preliminary
investigations have shown that the abundance of these bacterial lineages represents a
significant risk factor for human health, such as dysbiosis [21]. Although the literature
presents strong evidence that fat from different sources has different effects on the intestinal
microbiota, the role of specific fatty acids is still unknown [23].

Protein content in food also influences the composition of the intestinal microbiota,
showing substantial interpersonal variation in the composition and abundance of species [24].
Protein digestibility and amino acid composition, when influenced by their source of in-
gestion, play a fundamental role in determining the microbiota. The literature shows, in
animal studies, that the consumption of red meat significantly increases the relative abun-
dance of the phylum Firmicutes while decreasing the phylum Bacteroides; increasing the
Firmicutes/Bacteroides ratio is often associated with increased BMI in humans [24]. Indeed,
there was a positive correlation between the phylum Firmicutes and protein intake, even
after the hypocaloric diet intervention. Although the intervention promoted significant
weight loss, patients were still classified as obese.

Alterations in short-chain fatty acid (SCFA) production can influence metabolic out-
comes through various mechanisms. For instance, SCFAs contribute to energy homeostasis
by serving as substrates for hepatic gluconeogenesis and lipid synthesis, thereby impacting
glucose and lipid metabolism. The interplay between dietary composition, gut microbiota,
and SCFA production underscores the complexity of metabolic regulation [23]. While our
study focused on changes in gut microbiota composition and dietary intake, the role of
SCFAs in mediating metabolic outcomes warrants consideration. Future investigations
exploring SCFA profiles in response to dietary interventions in obesity management can
provide valuable insights into the mechanisms underlying metabolic improvements. Fur-
thermore, strategies aimed at modulating SCFA production through dietary manipulation
or targeted prebiotic supplementation may represent promising avenues for optimizing
metabolic health in individuals with obesity. Integrating SCFA analysis into future studies
can enhance our understanding of the intricate relationships between diet, gut microbiota,
and metabolic health, facilitating the development of personalized dietary approaches for
obesity management.

Regarding the methodology, we can point out some technical limitations of qPCR
compared to 16s sequencing. In this study, we analyzed the gut microbiota at the phylum
level. The number of participants in the study is also a limitation. Depending on the
sequencing methodology, it is possible to evaluate gut microbiota at different species levels.
We also chose qPCR because it is more suitable for clinical practice. Together, the results
presented and discussed here pointed to dietary composition as a central factor in the
metabolic output of the gut microbiota, mainly because the diet affects the gut microbiota
composition and, thereby, its metabolic potential and impact on the host.

We also suggest that future studies evaluate the effects of the washout period post-diet
intervention. The relationships observed between nutrients and microbiota were highly
dependent on food intake, indicating a dynamic interaction. Understanding how these
relationships change during the washout period can provide further insights into the
dynamic nature of the connections between nutrients and microbiota.
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5. Conclusions

Our study on obese women undergoing an 8-week hypocaloric diet intervention re-
vealed significant improvements in anthropometric parameters, body composition, and
lipid profile. Dietary changes included reduced energy intake, carbohydrates, proteins,
SFAs, and PUFAs. Before the intervention, Actinobacteria abundance negatively corre-
lated with carbohydrate intake, while after the intervention, Actinobacteria correlated
positively with fiber intake, Firmicutes with protein intake, and Proteobacteria with lipid
intake. Linear regression highlighted the influence of specific dietary components on gut
microbiota composition. These findings underscore the complex interplay between diet,
gut microbiota, and metabolic health in obesity management, emphasizing the potential
for personalized dietary interventions to optimize outcomes. Further research is needed
to elucidate underlying mechanisms and refine personalized dietary strategies for obesity
treatment and prevention.
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