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SUMMARY Communities undergoing Westernization experience changes to their lifestyle
and diet. These changes are associated with decreased levels of activity, increased levels of
obesity, increased risk for cardiometabolic disease, and changes to the microbiome
composition. Obese individuals tend to have reduced levels of diversity and an increased
abundance of potentially pathogenic bacteria. Additionally, aging has been associated with
increased levels of diversity, which can be linked to changes in lifestyle. In this study, we
examined the impact of obesity, defined by waist circumference and body fat percentage, on
the gut microbiome of individuals from communities undergoing Westernization. Our study
also explored the relationship between gut microbiome composition and obesity across
multiple generations. Within our dataset, there was no significant difference in alpha diversity
between obese and healthy individuals but there was a significant difference in diversity
between two age groups, 18-28 and 38-48. Taxonomic analysis revealed that the age group
18-28 was defined by taxa Bifidobacterium and Bacteroides which are marker taxa for a
Westernized microbiome, and the age group 38-48 was defined by greater abundance of
Prevotella, a marker taxon for a non-Westernized diet. Taken together, our results indicate
that our defined obesity metrics do not have an impact on the gut microbiome of individuals
from communities in the midst of Westernization. Our results instead highlight the possibility
that younger generations may have been more affected by Westernization than older
generations. Our study has the potential to add to our growing understanding of
Westernization and its varying impacts across generations.

INTRODUCTION

esternization is when a population undergoes an epidemiological and nutritional
transition that is characterized by changes in diet (such as shifting from traditional
recipes to more processed foods), reduced physical activity and an increased prevalence of
non-communicable diseases (1).  These lifestyle changes associated with Westernization
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studied among communities throughout the world. In one study, researchers found that the
microbiome of the Hadza hunter-gatherer community had increased microbial richness and
diversity compared to an urbanized Italian community (2). Furthermore, this study
highlighted gut microbiome differences between sexes, which could further define how
lifestyle, in terms of division of labour, can impact the microbiome composition (2).
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Additionally, recent meta-analyses have identified marker taxa that are associated with
microbiomes of non-Westernized and Westernized individuals. Non-Westernized
microbiomes have increased diversity and are rich in fibre-degrading bacteria such as
Prevotella and Treponema (1, 3, 4). Westernized microbiomes are associated with bacteria
that benefit host health by preventing colonization of foreign pathogens and enhance the
immune response such as Bifidobacterium, Bacteroides, and Barnesiella (1, 5, 6, 7). While
these studies provide context into the make-up of these two types of microbiomes, they both
represent static diet and lifestyle, and give no insight into developing and changing diets and
lifestyles. In fact, there has been little research into populations who are in the middle of
dietary and lifestyle changes such as Westernization (1). Individuals living in Colombia can
serve as a model for populations who are in the midst of Westernization. These individuals
remain traditional in their diets composed of complex carbohydrates, but their lifestyles
resemble those of a Westernized culture including rapid economic growth, reduced levels of
activity, and increased levels of obesity and cardiometabolic disease (8).

Using Colombians as their model, de la Cuesta-Zuluaga et al. characterized the
microbiota of 441 adults aged 18-62 through 16S rRNA gene sequencing and determined that
a gut microbiome in the midst of Westernization is linked to obesity and cardiometabolic
disease (1). These researchers defined the Colombian gut microbiota as containing taxa from
both hunter-gatherer and industrialized communities. They also identified five consortia of
microorganisms that were associated with metabolic pathways that could explain the
association between microbiota and host health. In their study, de la Cuesta-Zuluaga et al.
used body mass index as their main measurement of obesity. Body mass index is not an ideal
measurement for obesity as it does not take into account bone and muscle mass, both of which
are denser than fat (9, 10). Additionally, de la Cuesta-Zuluaga et al. did not sufficiently
address the differences in microbiome composition between age groups as they split
individuals into two groups; 18-40 and 41-62 (1). This presents a limitation of their study, as
these two groups encompass large age ranges that could include vastly different lifestyle
choices and diets.

Waist circumference and body fat percentage have both been gaining traction as strong
indicators of cardiometabolic risk and are directly associated with adiposity, more so than
BMI (11, 12, 13, 14). Previous literature has shown an overall decreased diversity in the gut
microbiome of obese individuals (15, 16). Therefore, we decided to utilize waist
circumference and body fat percentage as proxies for obesity. One study reported an
association between higher waist circumference and lower alpha diversity and identified a
correlation between Oscillospira and leanness (13). Furthermore, body fat was negatively
correlated with Bacteroidetes, but positively correlated with Firmicutes, and the relative
abundance of Enterobacteriaceae was increased in individuals with higher body fat
percentage (14). Another study found that body fat percentage and waist circumference
correlated negatively with the Bacteroidetes taxa among a sample of Italian adults, while
Firmicutes taxa were positively correlated with body fat (14).

In addition to waist circumference and body fat percentage, aging has been associated
with a reduction in commensal bacteria, but an increase in microbial diversity (17, 18). This
change in the microbiome composition can be associated with the different lifestyle and diet
choices we make as we age, which have been shown to have an impact on the gut microbiota
(19). For example, younger generations tend to display higher levels of stress compared to
older generations, and stress has the potential to alter the gut microbiota by reducing the
amount of beneficial Lactobacillus (19, 20). Additionally, exercise and diet are capable of
causing shifts in the gut microbiome, as professional athletes have increased diversity in their
microbiome which can be linked to their increased levels of exercise and associated diet (19).
We theorized that individuals who are ten years apart could display differences in their
lifestyle choices that would have an impact on our defined obesity metrics, and therefore the
gut microbiome diversity.

Previous literature shows associations between obesity metrics and lower gut microbiome
diversity, and that gut microbiome diversity increases as an individual ages (15, 16, 17, 18).
In this study, we explored whether these relationships can be identified using Colombians as
a model, and whether younger or older generations of Colombians show stronger degrees of
correlation between gut microbiome diversity and obesity metrics. We hypothesized that
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waist circumference and body fat percentage will be negatively correlated with gut
microbiome diversity and that this will be more pronounced in younger generations.

METHODS AND MATERIALS

Dataset and Metadata. The original dataset by de la Cuesta-Zuluaga et al. was generated by
collecting 16S rRNA sequences from faecal samples of 441 Colombian adults ages 18-62.
The participants were from the largest urban cities in Colombia. Individuals were of healthy,
overweight, and obese BMI, non-pregnant, not taking antibiotics or antiparasitics, and were
not diagnosed with cancer, neurodegenerative or gastrointestinal diseases. The metadata
created by de la Cuesta-Zuluaga et al. included obesity metrics such as waist circumference
and body fat percentage of each participant.

Data processing in RStudio. Using RStudio version 4.2.1, the metadata was manipulated to
categorize participants into age groups 18-28, 28-38, 38-48, 48-58, and 58-68, and binned by
obesity metrics. The cutoffs for healthy and obese waist circumference and body fat
percentage were determined according to the British Heart Foundation and the Heart & Stroke
Foundation (21, 22). An obese waist circumference was defined as greater than 90 cm for
males and greater than 84 cm for women. An obese body fat percentage was defined as greater
than 25.8% for men and greater than 37.1% for women. Using the set cutoffs, men and women
were categorized as obese if they had both an unhealthy waist circumference and body fat
percentage, and the rest were categorized as healthy. The revised metadata was used for all
further analyses in this study.

Data processing and diversity metrics in QIIME2. 16S rRNA sequences from the
Colombia dataset were demultiplexed using QIIME2 (23). Sequence quality control was
performed with the Dividive Amplicon Denoising Algorithm 2 (DADA?2) method, setting a
truncation length of 250 nucleotides, the max sequence length for retaining sufficient
sequence quality (24). From the sequence quality control metrics, a feature table of all the
amplicon sequencing variants (ASVs) that appeared in each sample, and a table of
representative sequences were generated. The feature table was rarefied to a sampling depth
of 25772 because this depth retained the maximum number of features (53.08%) and samples
(72.11%). The representative sequences were processed into a taxonomy table using the Silva
138-99 classifier and subsequently used to produce a rooted and unrooted phylogenetic tree
using the sequence-based MAFFT alignment tool from QIIME2. The metadata created in the
previous subsection was imported to QIIME2 and alpha and beta diversity metrics were
calculated based on healthy or obese individuals. Upon visualizing the diversity plots, further
analyses were performed in RStudio.

Diversity Metrics and Statistical Analysis in RStudio. The following R packages were used
for diversity analysis: tidyverse, ape, phyloseq (25, 26, 27). A phyloseq object was generated
with the exported metadata, feature table, taxonomy table, and phylogenetic tree from QIIME.
Low abundance reads, which are classified as rare ASVs that have <0.005-0.01% of total
reads, were removed from the phyloseq. These are removed from the dataset as they are
unlikely true biological events, they are often not biologically informative, and they have the
potential to negatively affect downstream analyses. Additionally, samples with less than 100
reads were removed from the phyloseq because these sample reads are likely of poor quality.
Samples were rarefied to a sampling depth of 25772 for the same reason as mentioned in the
previous subsection. For the Shannon diversity box plots, samples were compared based on
age, obesity, or combined age and obesity. The combined age and obesity category classified
each individual based on their age group and their obesity. A Kruskal-Wallis test was
performed to determine the statistical significance between Shannon diversity of different age
groups, obese vs. healthy, and between combined age and obesity groups. Beta diversity was
assessed using the Bray Curtis, Weighted Unifrac, and Unweighted Unifrac methods, and
visualized using principal coordinates analysis (PCoA) plots.
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Taxonomic Analysis. The following R packages were used in addition to the previously
mentioned packages for taxonomic analyses: microbiome, ggVennDiagram, indicspecies,
DESeq?2 (28, 29, 30, 31). Core microbiome, indicator species, and differential expression
sequence (DESeq2) analyses were performed on two age groups, 18-28 and 38-48 as these
two age groups were found to have significantly different alpha diversities. For core
microbiome analysis, ASVs from genera that were present in 80% or more of the samples
were visualized using a Venn diagram. For indicator species analysis, ASVs needed to be
significantly (p<0.01) more abundant in one age group compared to the other. To visualize
the DESeq results, a volcano plot and bar plot were generated to visualize the significantly
increased or decreased ASVs in the 38-48 age group compared to the 18-28 age group. As
not all ASVs had bacterial identifications, the unidentified ASVs were searched against the
National Center for Biotechnology Information (NCBI) database using the Nucleotide Basic
Local Alignment Search Tool (BLASTn).

RESULTS

Alpha diversity of age group 38-48 is significantly higher than that of age group 18-
28, though beta diversity remains similar. We found that the gut microbiomes of the 38-
48 age group had a significantly higher alpha diversity, which is the diversity within each
sample, than the 18-28 age group with p-value <0.05 (Fig. 1A). According to the Shannon
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FIG. 1 Shannon diversity of age
group 38-48 is significantly
higher than the 18-28 age group.
A. Shannon diversity plot of age
groups (separated by decades).
Significance was determined with
the Kruskal-Wallis test. A p-value
of < 0.05 is designated by two
asterisks (**). B. Shannon diversity
plot of healthy and obese
individuals as deemed by both
waist circumference and body fat
percentage. C. Shannon diversity
plot of age groups separated into
healthy and obese based on both
waist circumference and body fat
percentage.
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index that was used to analyze the diversity between age groups, the 38-48 age group
potentially has more diversity in terms of richness and/or evenness within each individual
than the 18-28 age group. Although there was a significant difference when only the age
variable was examined, the alpha diversity of healthy and obese individuals was similar,
showing that obesity as defined by waist circumference and body fat percentage did not have
a significant effect on the gut microbiome diversity of the sample (Fig. 1B). When age and
obesity were combined, no significant differences in alpha diversity were found between any
groups, indicating that obesity is a potential confounding variable. Taxonomic analysis of the
18-28 and 38-48 age groups indicated that the younger adults may have a more Westernized
gut microbiome than the older adults (Fig. 2-3). The findings of this study suggest that obesity
does not have a significant effect on gut microbiome diversity (Fig. 1B-C). Beta diversity
metrics including Bray-Curtis, Weighted and Unweighted Unifrac showed similar results,
indicating that the difference in gut microbiome between the 18-28 and 38-48 age groups
seems to be restricted to their alpha diversity (Supp. Fig. S1).

Core microbiome analysis reveals multiple unique ASVs in each age group. Core
microbiome analysis revealed the two age groups 18-28 and 38-48 shared 72% of their
microbiome (Fig. 2). The results also revealed 3 unique ASVs associated with the age group
18-28 and 4 unique ASVs associated with the age group 38-48 (Fig. 2). The unique ASVs
identified by core microbiome analysis were searched in the NCBI database using BLASTn
to determine their taxonomy (Table 1). Notably, two of the species unique to the 18-28 age
group, Phocaeicola vulgatus (also known as Bacteroides vulgatus) and Bifidobacterium
adolescentis, are marker taxa for a Westernized diet (1, 33).

TABLE. 1 Marker taxa of westernized microbiome identified in the 18-28 age
group. Unique ASVs from the core microbiome analysis in Figure 2 were searched
in the NCBI database using BLASTn to identify their taxonomy.

Species
18 - 28 Age Group 38 - 48 Age Group
Phocaeicola vulgatus Fusicateniacter saccharivorans
Bifidobacterium adolescentis Oscillospiraceae sp.
Faecalibacterium prausnitzii Ruminococcus faecis
Coprococcus comes
18-28 Age Group 38-48 Age Group

Oscillospiraceae is strongly associated with the 38-48 age group. Indicator species
analysis showed that two families, Pentoniphilcaea and Lachnospiraceae, are strongly
associated with the age group 18-28, and one family, Oscillospiraceae, is strongly associated
with the age group 38-48 (Table 2). Indicator species were required to have a p-value less
than 0.01.
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Table 2. Oscillospiraceae is strongly associated with individuals aged 38-48.
Indicator Species Analysis of 18-28 and 38-48 age groups. Significance threshold
was set at with p-value < 0.01 indicated with three asterisks (***).

Family p-value
18 - 28 Age Group

Pentoniphilcaea (Peptoniphilus)  0.005 ***
Lachnospiraceae 0.005 ***
38 - 48 Age Group

Oscillospiraceae (Acetivibrio) 0.005 ***

The 38-48 age group has 41 ASVs that have significantly different expressions
compared to the 18-28 age group. DESeq analysis showed that 41 ASVs were significantly
increased or decreased in expression in the 38-48 age group relative to the 18-28 age group
(Fig. 3A). ASVs that were significantly upregulated were increased in expression by 2-6 fold
in the 38-48 age group, and the ASVs that were significantly downregulated were decreased
in expression by 2-2.5 fold in the 38-48 age group relative to the 18-28 age group (Fig. 3A).
The significant ASVs were searched in the NCBI database using BLASTn to identify which
taxa were present in greater abundance in the 38-48 age group (Fig. 3B). Overall, the DESeq
results show more increased expression of ASVs in the 38-48 age group relative to the 18-28
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FIG. 3 Most taxa increase between ages 38-48 compared to 18-28, including Oscillospiraceae and Firmicutes. DESeq
analysis of age group 38-48 compared to age group 18-28. A. Differential gene expression volcano plot of ASVs in the age
group 38-48 compared to the 18-28 age group. Significant fold changes are indicated by the blue points, p-value < 0.05. B.
Taxa bar plot set at genus level of taxa significantly increased and decreased in expression in the 38-48 age group relative
to the 18-28 age group. ASVs without defined genus were identified using NCBI BLASTn.

DISCUSSION

This study originally sought to explore the correlations between obesity (defined by waist
circumference and body fat percentage measurements) and gut microbiome diversity amongst
a population of Colombian adults. This study also sought to determine if these correlations
could be different among various age groups of adults (ages 18-28, 38-48, 48-58, 58-68). We
found that the gut microbiomes of the 18-28 age group have a significantly lower alpha
diversity than the 38-48 age group (Fig. 1A). When obesity was observed alone, as well as
when age group and obesity were looked at together, no significant effects were observed
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(Fig. 1C), demonstrating that obesity is a key confounding variable in our findings.
Taxonomic analysis of the 18-28 and 38—48 age groups indicated that the younger adults may
have a more Westernized gut microbiome than the older adults (Fig. 2-3).

The 18-28 age group has a less diverse microbiome than the 38-48 age group. This
study found differences in the gut microbiome diversity of individuals in two different age
groups, with the middle-aged adult group showing significantly higher alpha diversity than
the young adult group (Fig. 1A). This is similar to the findings of previous literature that
indicate that gut microbiome diversity seems to gradually increase as individuals get older
(17, 32). However, there has also been research stating that elderly individuals tended to show
decreased microbial diversity (18). As the 38-48 group could be considered middle-aged or
just under-middle-aged, our results agree with previous literature as the older age group
showed higher gut microbial diversity than the 18-28 age group.

Additionally, the findings of this study suggest that obesity does not have a significant
effect on gut microbiome diversity (Fig. 1B-C), which does not agree with previous literature.
The original researchers of our metadata found that there were significant associations
between gut microbiota and obesity, specifically between the five abundant OTUs they
referred to as co-abundance groups with BMI and waist circumference (1). Other researchers
have found that obesity is associated with decreased gut microbiome diversity, with obesity
metrics used including BMI and anthropometric measurements (13, 15). Our results could be
different from the literature due to the presence of potential confounding variables such as
diet, and calorie intake, as well as the way that we defined our obesity metrics.

The 18-28 age group has more key marker taxa for a Westernized microbiome than
the 38-48 age group.

Bacteroides and Bifidobacterium are marker taxa for a Westernized diet (1, 33). The
association of Phocaeicola vulgatus (also known as Bacteroides vulgatus) and
Bifidobacterium adolescentis with the 18-28 age group indicates that this generation has a
more Westernized microbiome compared to the 38-48 age group (Table 1). Additionally,
Bacteroides are significantly downregulated in the 38-48 age group microbiome compared to
the 18-28 age group, which supports that the younger generation has a more Westernized
microbiome (Fig. 3). The literature surrounding the function of Bacteroides bacteria within
the human gut microbiome is contradicting, as many studies have found Bacteroides to
benefit gut health by metabolizing polysaccharides and providing nutrients and vitamins to
both the host and other resident microbes (34). However, numerous other studies have shown
the potentially pathogenic behaviour of Bacteroides within the gut microbiome, specifically
that of P. vulgatus (35). Specifically, one study identified that P. vulgatus may be associated
with the pathogenesis of Crohn’s disease, while another study found an increased abundance
of P. vulgatus in patients with inflammatory bowel disease (36, 37). While neither study
identified the mechanism of pathogenesis of P. vulgatus, both results indicate its nature as an
opportunistic pathogen. This finding supports the claim that the 18-28 age group has a more
Westernized microbiome because, in addition to the occurrence of the two marker taxa,
Westernized microbiomes are associated with increased levels of potentially pathogenic
bacteria (1).

The association of Bifidobacterium with the younger age group is supported by the
literature, as studies have shown a negative correlation between Bifidobacterium abundance
and aging (38, 39). Bifidobacterium adolescentis is a key producer of gamma-aminobutyric
acid (GABA), a natural antidepressant, and one study identified a positive correlation
between B. adolescentis abundance and mental disorders like anxiety and depression (40, 41).
Numerous studies have identified younger generations as having higher occurrences of
anxiety and depression, significantly more so in the age of technology and social media (42,
43).

In addition to the 18-28 age group being associated with two marker taxa of Westernized
microbiomes, the 38-48 age group showed an increase in the abundance of Prevotella.
Prevotella species are fibre-degrading microbes that are marker taxa for a non-Westernized
microbiome (1, 3). As fibre is a major component of the traditional Colombian diet, it makes
sense that we see an increased abundance of the Prevotella species within the 38-48 age
group. This result indicates that the diet of the 38-48 age group potentially remains more
traditional and relatively less Westernized. In addition to the increased abundance of
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Prevotella, the 38-48 age group also had increased expression of Alloprevotella and
Paraprevotella additional genera of Prevotellaceae. While these two genera are not marker
taxa for a non-Westernized microbiome, Alloprevotella is also associated with fibre
degradation, and Paraprevotella has been linked with enzymatic function for degrading
insoluble fibres (44, 45). Altogether, the greater abundance of Prevoellaceae genera indicates
that the microbiome of the 38-48 age group resembles a non-Westernized composition, and
this may be a result of a traditional diet.

The 18-28 age group microbiome is composed of bacteria associated with
Westernized diets. As previously mentioned, Bifidobacterium is associated with the 18-28
age group. A potential explanation for this is linked to the GABA-producing function of the
species. Another potential explanation for the association of Bifidobacterium with the 18-28
age group is due to increased dairy intake. Several studies have highlighted a positive
correlation between dairy intake and Bifidobacterium abundance (46). It is noted that a
Western-style diet consists of increased consumption of animal proteins, including dairy
products (47).

From our indicator species analysis, we identified Peptoniphilus and Lachnospiraceae as
being associated with the 18-28 age group. These findings are not supported by the literature
as there seems to be a lack of research conducted on the relationship between age and the
abundance of these two taxa in the gut microbiome. However, the literature does support their
association with diet (48, 49, 50). Peptoniphilus is a butyrate-producing genus where its high
abundance is associated with a diet of high red meat consumption (51). Similar to
Peptoniphilus, Lachnospiraceae is a family of bacteria that also produces butyrate (52).
Several studies have demonstrated the correlation between Lachnospiraceae and a high-fat
diet (49, 50, 51). The increased consumption of red meat and a high-fat diet is a result of
Westernization (53).

We found a significant increase in Firmicutes in the 38-48 age group relative to the 18-
28 age group as shown by DESeq analysis. Members of Firmicutes are excellent at degrading
fibre (54). A previous study on obese/overweight individuals that increased fibre in their diet
by consuming wheat bran found increases in Firmicutes (55). Another study, this one
exploring the effects of barley, also found increases in Firmicutes (55). Societies in Latin
American countries have traditionally had dietary patterns that include high consumption of
foods such as roots, tubers and cereal, i.e., foods that are high in fibre (56). However, in recent
decades, changes in industrialization and the availability of resources have affected the
lifestyles and eating patterns of individuals, including a decrease in diets rich in fibre (56).
Although, it should be noted that Lachnospiraceae, found in abundance in the 18-28 age
group, is a family within Firmicutes. While this highlights a potential weakness within our
analysis, a possible explanation may be that the 38-48 age group has overall greater
abundances of the Firmicutes families, while the 18-28 age group only has a higher
abundance of the one specific Firmicutes family, Lachnospiraceae. Nevertheless, further
studies could explore the exact composition of Firmicutes in each age group to identify
significant differences in composition.

The overall increase in Firmicutes we observed in the older generation of Colombian
adults may be due to a higher presence of fibre-rich foods in their diets relative to the young
adult group. It is possible that the older age group not only consumes more fibre within their
diet but also consumes a wider variety of fibre sources which could potentially influence the
composition of the Firmicutes we see in the 38-48 age group. One study found that over a
ten-year period, whole grain, fruit, and vegetable consumption decreased throughout the
Colombian population, and individuals younger than 40 had an overall worse diet quality than
older individuals (57). Overall, this study supports our data and the possibility that younger
generations of Colombians are experiencing greater Westernization than the older
generations, however further analysis into nutritional content between age groups in this
dataset should be done. Together, the taxonomic analysis of this study indicates that the 18-
28 age group is experiencing stronger effects of Westernization than the 38-48 age group, and
this change is potentially occurring in their diet.

Oscillospiraceae is strongly associated with the 38-48 age group. Oscillospirecea is a
family of bacteria that was significantly upregulated in the age group 38-48. Oscillospirecea
was also identified as a core member and an indicator species for the age group 38-48 (Table
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1). The occurrence of Oscillospirecea family in all three taxonomic analyses indicates that it
is strongly associated with the 38-48 age group. Oscillibacter is a genus of Oscillospirecea
that was identified as being significantly upregulated in the 38-48 age group. Oscillibacter is
capable of enhancing the differentiation of IL-10-producing Tregs and producing valerate
(58). Valerate is the conjugate base to valeric acid, which may be a potent inhibitor of histone
deacetylase (HDAC) (59). The presence of high HDAC proteins has been linked to the
prevalence of diseases such as cancer, colitis, and cardiovascular disease (59). Another study
showed that the inhibition of HDAC using valeric acid had anti-cancer effects on liver and
breast cancer (60). While cancer can occur at any age, most diagnoses of liver and breast
cancer occur after the age of 50 (61, 62). It is possible that as we age, our gut microbiome
composition is shifted towards bacteria that have roles in protecting us from diseases and
illnesses that are associated with older age. To support this claim, further analyses should
look specifically at the abundance of bacteria associated with health benefits, and how they
may increase with age.

Limitations One profound limitation of our study is the number of dietary confounding
variables that can affect the gut microbiota (63, 64, 65). de la Cuesta-Zuluaga et al did not
control for factors such as caloric intake, diet composition (ratio of macronutrient intake), and
duration between meals (i.e., intermittent fasting) which have been shown by numerous
studies to have a significant impact on the gut microbiota (63, 64, 65, 66, 67). Sbierski-Kind
et al. studied the effects of an 8-week-calorie-restricted diet on the gut microbiome and found
the overall alpha diversity post-diet was higher compared to pre-diet (66). In contrast to a
limited diet, a Westernized diet which is high in fatty acids and simple carbohydrates was
reported to decrease gut microbiota diversity (3). In addition to the amount of fats and sugars
consumed, the type of diet (plant-based, keto, Mediterranean), as well as the time of food
intake (intermittent fasting, 5:2), can also influence the abundance of certain species as
revealed by previous papers (64, 67). Furthermore, exercise has also been shown to alter the
gut microbiome by several studies (68, 69, 70). Lastly, since an individual had to be obese in
both body fat percentage and waist circumference in order to be classified in the obese group,
this may be a potential reason why we see a divergence from the literature. As we did not
account for numerous confounding variables and we classified our individuals using different
obesity categories, our study does not completely align with the available literature and the
applicability of our results is limited.

Conclusions Waist circumference and body fat percentage do not seem to play a significant
role in the gut microbiome diversity of the individuals in this Colombian adult sample. No
significant difference was found when individuals were categorized for both age group and
obesity. However, a significant difference in alpha diversity was found between the 18-28
age group and the 38-48 age group, with the older age group showing higher microbial
diversity. Among bacteria that are unique to each age group, Oscillospiraceae appeared (for
the 38-48 age group) throughout taxonomic analysis including core microbiome, ISA and
DESeq. Furthermore, two out of the three core members in age group 18-28 are marker taxa
for a Westernized microbiome as noted by de la Cuesta-Zuluaga et al. (71). Though the
findings of this study must be taken with caution due to the presence of potential confounding
variables such as obesity and diet, it provides a novel perspective on the gut microbiome
diversity of two different age groups of adults in Colombia, indicating that young adults in
Colombia could have a more Westernized gut microbiome than adults closer to middle age.

Future Directions Although we were able to identify some significant differences in the gut
microbiome composition between the two age groups, our obesity results did not align with
the literature available. A potential explanation for this could be the aforementioned method
of how we classified individuals as obese, i.e. had to be obese in both body fat percentage
and waist circumference. To demonstrate the robustness and replicability of our results, future
studies can look into repeating our analyses for each condition separately, and not combining
body fat percentage and waist circumference. Furthermore, repeating this study in a different
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population that is also in the middle of Westernization but has a different culture, different
climate, and different diets will show the replicability of our results.

Our study identified multiple bacteria associated with either age groups 18-28 or 38-48.
To strengthen our findings, future studies could repeat the core microbiome, indicator species,
and DESeq analyses in the older age groups to confirm that the species from the 38-48 age
group are even more enriched and that the key marker taxa of Westernization found in the
18-28 age group are represented at lower abundances in the older generations. Additionally,
looking at the abundances of these key marker taxa in the generations between our selected
18-28 and 38-48 to see if there is a gradual decrease in Westernized marker taxa, or a gradual
increase in key non-Westernized taxa, would strengthen our conclusions. Some of the
highlighted bacteria in the older generation were associated with benefits for host health.
Further literature research into the human microbiome composition could be done to identify
bacteria that are associated with host health and immune benefits. A further study could then
observe the changes in the abundance of these bacteria throughout the generations to see if
older generations have higher abundances of bacteria that support the immune system.

Additionally, our study identified marker taxa within the younger generation that was
associated with a Westernized microbiome. Based on the literature, younger generations tend
to exhibit a diet that is unbalanced, has less nutritional value, and resembles a Westernized
diet more so than the older generations. It is possible that the process of Westernization is
having an impact on the younger generation’s microbiome through their diet. Further analysis
of the nutritional content of each generation's diet may provide insight into the Westernization
of younger generations' microbiomes.

ACKNOWLEDGEMENTS

This study was funded by the Department of Microbiology and Immunology at the University
of British Columbia. We would like to extend our deepest gratitude to Dr. Evelyn Sun, Dr.
Melissa Chen, Bretta McCall, and the rest of the MICB 475 teaching team for their generous
guidance, support and feedback provided throughout the course of this study. We would also
like to thank researchers de la Cuesta-Zuluaga et al. for providing the essential metadata used
in this study. We would also like to thank two anonymous reviewers for constructive feedback
on this manuscript.

CONTRIBUTIONS

Lanyin wrote the materials and methods and study limitations sections, as well as contributed to writing
the discussion.

Adriana generated the figures and figure captions, as well as wrote the results and conclusions, and
contributed to the discussion.

Grace wrote the abstract, introduction, and future directions, as well as contributed to the discussion.
Also generated the reference list.

All co-authors proofread and contributed edits and revisions to the final product.

REFERENCES

1. de la Cuesta-Zuluaga J, Corrales-Agudelo V, Velisquez-Mejia EP, Carmona JA, Abad JM,
Escobar JS. 2018. Gut Microbiota is associated with obesity and cardiometabolic disease in a
population in the midst of Westernization. Scientific Reports 8.

2. Schnorr SL, Candela M, Rampelli S, Centanni M, Consolandi C, Basaglia G, Turroni S, Biagi
E, Peano C, Severgnini M, Fiori J, Gotti R, De Bellis G, Luiselli D, Brigidi P, Mabulla A,
Marlowe F, Henry AG, Crittenden AN. 2014. Gut microbiome of the Hadza hunter-gatherers.
Nature Communications 5.

3. Angelakis E, Bachar D, Yasir M, Musso D, Djossou F, Gaborit B, Brah S, Diallo A, Ndombe
GM, Mediannikov O, Robert C, Azhar EI, Bibi F, Nsana NS, Parra H-J, Akiana J, Sokhna C,
Davoust B, Dutour A, Raoult D. 2019. Treponema species enrich the gut microbiota of traditional
rural populations but are absent from urban individuals. New Microbes and New Infections 27:14-21.

4. De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB, Massart S, Collini S, Pieraccini
G, Lionetti P. 2010. Impact of diet in shaping gut microbiota revealed by a comparative study in
children from Europe and Rural Africa. Proceedings of the National Academy of Sciences 107:14691—
14696.

5. Zafar H, Saier MH. 2021. Gut Bacteroides species in health and disease. Gut Microbes 13.

September 2023 Volume 9:1-13 Undergraduate Research Article

UJEMI+

https://jemi.microbiology.ubc.ca/

10



Bodykevich et al.

20.
21.

22.
23.

24.

25.

26.

27.

28.

29.
30.

Sun S, Luo L, Liang W, Yin Q, Guo J, Rush AM, Lv Z, Liang Q, Fischbach MA, Sonnenburg
JL, Dodd D, Davis MM, Wang F. 2020. Bifidobacterium alters the gut microbiota and modulates the
functional metabolism of T regulatory cells in the context of immune checkpoint blockade.
Proceedings of the National Academy of Sciences 117:27509-27515.

Meyer K, Lulla A, Debroy K, Shikany JM, Yaffe K, Meirelles O, Launer LJ. 2022. Association
of the gut microbiota with Cognitive Function in midlife. JAMA Network Open 5.

Hallal P, Anderson L, Bull F, Guthold R, Haskell W, Ekelund U. 2012. Global physical activity levels:
surveillnce progress, pitfalls, and prospects. The Lancet 380(9838):247-257.

Body mass index: Considerations for practitioners - CDC. Centre for Disease Control and Prevention.
Ricciotti H, Hur H-C. 2016. Is body mass index (BMI) still the best measure of body fat? Harvard
Health. The President and Fellows of Harvard College.

Ross R, Neeland 1J, Yamashita S, Shai I, Seidell J, Magni P, Santos RD, Arsenault B, Cuevas A,
Hu FB, Griffin BA, Zambon A, Barter P, Fruchart J-C, Eckel RH, Matsuzawa Y, Després J-P.
2020. Waist circumference as a vital sign in clinical practice: A consensus statement from the IAS and
ICCR Working Group on visceral obesity. Nature Reviews Endocrinology 16:177—189.

Kim JY, Han S-H, Yang B-M. 2013. Implication of high-body-fat percentage on cardiometabolic
risk in middle-aged, healthy, normal-weight adults. The Obesity Society 21:1571-1577.

Osborne G, Wu F, Yang L, Kelly D, Hu J, Li H, Jasmine F, Kibriya MG, Parvez F, Shaheen I,
Sarwar G, Ahmed A, Eunus M, Islam T, Pei Z, Ahsan H, Chen Y. 2019. The association between
gut microbiome and anthropometric measurements in Bangladesh. Gut Microbes 11:63-76.

Palmas V, Pisanu S, Madau V, Casula E, Deledda A, Cusano R, Uva P, Vascellari S, Loviselli A,
Manzin A, Velluzzi F. 2021. Gut microbiota markers associated with obesity and overweight in Italian
adults. Scientific Reports 11.

Duan M, Wang Y, Zhang Q, Zou R, Guo M, Zheng H. 2021. Characteristics of gut microbiota in
people with obesity. PLOS ONE 16.

Liu B-N, Liu X-T, Liang Z-H, Wang J-H. 2021. Gut Microbiota in obesity. World Journal of
Gastroenterology 27:3837-3850.

Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras M, Magris M,
Hidalgo G, Baldassano RN, Anokhin AP, Heath AC, Warner B, Reeder J, Kuczynski J,
Caporaso JG, Lozupone CA, Lauber C, Clemente JC, Knights D, Knight R, Gordon JI. 2012.
Human gut microbiome viewed across age and geography. Nature 486:222-227.

Ling Z, Liu X, Cheng Y, Yan X, Wu S. 2020. Gut microbiota and aging. Critical Reviews in Food
Science and Nutrition 62:3509-3534.

Conlon M, Bird A. 2014. The impact of diet and lifestyle on gut microbiota and human health.
Nutrients 7:17-44.

Mcmaster G. 2020. Millennials and gen Z are more anxious than previous generations: Here's why.
University of Alberta. Folio.

British Heart Foundation. 2022. Why your waist size matters. BHF. British Heart Foundation.
Healthy weight and waist. Heart and Stroke. Heart and Stroke Foundation of Canada.

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA, Alexander H, Alm
EJ, Arumugam M, Asnicar F, Bai Y, Bisanz JE, Bittinger K, Brejnrod A, Brislawn CJ, Brown
CT, Callahan BJ, Caraballo-Rodriguez AM, Chase J, Cope EK, Da Silva R, Diener C, Dorrestein
PC, Douglas GM, Durall DM, Duvallet C, Edwardson CF, Ernst M, Estaki M, Fouquier J,
Gauglitz JM, Gibbons SM, Gibson DL, Gonzalez A, Gorlick K, Guo J, Hillmann B, Holmes S,
Holste H, Huttenhower C, Huttley GA, Janssen S, Jarmusch AK, Jiang L, Kaehler BD, Kang
KB, Keefe CR, Keim P, Kelley ST, Knights D, Koester I, Kosciolek T, Kreps J, Langille MGI,
Lee J, Ley R, Liu YX, Loftfield E, Lozupone C, Maher M, Marotz C, Martin BD, McDonald D,
Mclver LJ, Melnik AV, Metcalf JL, Morgan SC, Morton JT, Naimey AT, Navas-Molina JA,
Nothias LF, Orchanian SB, Pearson T, Peoples SL, Petras D, Preuss ML, Pruesse E, Rasmussen
LB, Rivers A, Robeson MS, Rosenthal P, Segata N, Shaffer M, Shiffer A, Sinha R, Song SJ,
Spear JR, Swafford AD, Thompson LR, Torres PJ, Trinh P, Tripathi A, Turnbaugh PJ, Ul-
Hasan S, van der Hooft JJJ, Vargas F, Vazquez-Baeza Y, Vogtmann E, von Hippel M, Walters
W, Wan Y, Wang M, Warren J, Weber KC, Williamson CHD, Willis AD, Xu ZZ, Zaneveld JR,
Zhang Y, Zhu Q, Knight R, and Caporaso JG. 2019. Reproducible, interactive, scalable and
extensible microbiome data science using QIIME 2. Nature Biotechnology 37: 852—857.

Callahan B, McMurdie P, Rosen M, Han A, Johnson A, Holmes S. 2016. DADAZ2: high-resolution
sample interference from Illumina amplicon data. Nature methods. 13(7):581

Wickham H, Averick M, Bryan J, Chang W, McGowan LD, Francois R, Grolemund G, Hayes
A, Henry L, Hester J, Kuhn M, Pedersen TL, Miller E, Bache SM, Miiller K, Ooms J, Robinson
D, Seidel DP, Spinu V, Takahashi K, Vaughan D, Wilke C, Woo K, Yutani H. 2019. “Welcome
to the tidyverse.” Journal of Open Source Sofiware, 4(43), 1686.

Paradis E, Schliep K. 2019. ape 5.0: an environment for modern phylogenetics and evolutionary
analyses in R. Bioinformatics 35: 526-528

McMurdie P, Holmes S. 2013. phyloseq: An R package for reproducible interactive analysis and
graphics of microbiome census data. PLoS ONE 8(4):¢61217

Lahti L, Shety S. microbiome R package.

Gao C. 2022. ggVennDiagram: A 'ggplot2’ Implement of Venn Diagram. R package version 1.2.2
De Caceres, M., Legendre, P. 2009. Associations between species and groups of sites: indices and
statistical inference. Ecology

September 2023 Volume 9:1-13 Undergraduate Research Article

UJEMI+

https://jemi.microbiology.ubc.ca/

11



Bodykevich et al.

31.
32.
33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Love, M., Huber, W., Anders, S. Moderated estimation of fold change and dispersion for RNA-seq
data with DESeq2. 2014. Genome Biology 15(12):550

O’Toole PW, Jeffery IB. 2015. Gut microbiota and aging. Science 350:1214—1215.

Schoch CL, Ciufo S, Domrachev M, Hotton CL, Kannan S, Khovanskaya R, Leipe D, Mcveigh
R, O’Neill K, Robbertse B, Sharma S, Soussov V, Sullivan JP, Sun L, Turner S, Karsch-Mizrachi
1. 2020. NCBI taxonomy: A comprehensive update on curation, resources and Tools. Database 2020.
Zafar H, Saier MH. 2021. Gut Bacteroides species in health and disease. Gut Microbes 13.

Vu H, Muto Y, Hayashi M, Noguchi H, Tanaka K, Yamamoto Y. 2022. Complete Genome
Sequences of Three Phocaeicola vulgatus Strains Isolated from a Healthy Japanese Individual.
Microbiol Resour Announc_11:¢01124-21.

Bamba T, Matsuda H, Endo M, Fujiyama Y. 1995. The pathogenic role of Bacteroides vulgatus in
patients with ulcerative colitis. J Gastroenterol 30 Suppl 8:45-47.

Fujita H, Eishi Y, Ishige I, Saitoh K, Takizawa T, Arima T, Koike M. 2002. Quantitative analysis
of bacterial DNA from Mycobacteria spp., Bacteroides vulgatus, and Escherichia coli in tissue
samples from patients with inflammatory bowel diseases. J Gastroenterol 37:509-516.

Galkin F, Mamoshina P, Aliper A, Putin E, Moskalev V, Gladyshev VN, Zhavoronkov A. 2020.
Human gut microbiome aging clock based on taxonomic profiling and deep learning. iScience
23:101199.

Woodmansey EJ, McMurdo ME, Macfarlane GT, Macfarlane S. 2004. Comparison of
compositions and metabolic activities of fecal microbiotas in young adults and in antibiotic-treated
and non-antibiotic-treated elderly subjects. Applied and Environmental Microbiology 70:6113—6122.
Yunes RA, Poluektova EU, Vasileva EV, Odorskaya MV, Marsova MV, Kovalev GI, Danilenko
VN. 2019. A multi-strain potential probiotic formulation of GABA-producing Lactobacillus
plantarum 90sk and Bifidobacterium adolescentis 150 with antidepressant effects. Probiotics and
Antimicrobial Proteins 12:973-979.

Duranti S, Ruiz L, Lugli GA, Tames H, Milani C, Mancabelli L, Mancino W, Longhi G,
Carnevali L, Sgoifo A, Margolles A, Ventura M, Ruas-Madiedo P, Turroni F. 2020.
Bifidobacterium adolescentis as a key member of the human Gut Microbiota in the production of
GABA. Scientific Reports 10.

Scott DA, Valley B, Simecka BA. 2016. Mental health concerns in the Digital age. International
Journal of Mental Health and Addiction 15:604—613.

Hilal Bashir, Shabir Ahmad Bhat. 2017. Effects of social media on Mental Health: A Review.
International Journal of Indian Psychology 4.

Gao Q, Sun G, Duan J, Luo C, Yangji C, Zhong R, Chen L, Zhu Y, Wangdui B, Zhang H. 2022.
Alterations in gut microbiota improve SCFA production and fiber utilization in Tibetan pigs fed alfalfa
diet. Front Microbiol 13:969524.

Tajasuwan L, Kettawan A, Rungruang T, Wunjuntuk K, Prombutara P. 2023. Role of Dietary
Defatted Rice Bran in the Modulation of Gut Microbiota in AOM/DSS-Induced Colitis-
Associated Colorectal Cancer Rat Model. 6. Nutrients 15:1528.

Aslam H, Marx W, Rocks T, Loughman A, Chandrasekaran V, Ruusunen A, Dawson SL, West
M, Mullarkey E, Pasco JA, Jacka FN. 2020. The effects of dairy and dairy derivatives on the gut
microbiota: a systematic literature review. Gut Microbes 12(1):1799533.

Rizzello F, Spisni E, Giovanardi E, Imbesi V, Salice M, Alvisi P, Valerii MC, Gionchetti P. 2019.
Implications of the Westernized Diet in the Onset and Progression of IBD. Nutrients. 11(5):1033.
Zhang X, Hou Z, Xu B, Xie C, Wang Z, Yu X, Wu D, Yan X, Dai Q. 2020. Dietary supplementation
of e-polylysine beneficially affects ileal microbiota structure and function in Ningxiang Pigs. Frontiers
in Microbiology 11.

Zeng H, Ishaq SL, Zhao F-Q, Wright A-DG. 2016. Colonic inflammation accompanies an increase
of B-catenin signaling and Lachnospiraceae/Streptococcaceae bacteria in the hind gut of high-fat diet-
fed mice. The Journal of Nutritional Biochemistry 35:30-36.

Zeng H, Larson KJ, Cheng W-H, Bukowski MR, Safratowich BD, Liu Z, Hakkak R. 2020.
Advanced liver steatosis accompanies an increase in hepatic inflammation, colonic, secondary bile
acids and Lactobacillaceae/Lachnospiraceae bacteria in C57BL/6 mice fed a high-fat diet. The
Journal of Nutritional Biochemistry 78:108336.

Lin Q, Lun J, Zhang J, He X, Gong Z, Gao X, Cao H. 2021. [Gut microbiome composition in pre-
adolescent children with different meat consumption patterns]. Journal of Southern Medical
University 41(12):1801-1088.

Dahiya DK, Renuka, Dangi AK, Shandilya UK, Puniya AK, Shukla P. 2019. New-generation
probiotics. Microbiome and Metabolome in Diagnosis, Therapy, and other Strategic Applications
417-424.

Statovci D, Aguilera M, MacSharry J, Melgar S. 2017. The impact of western diet and nutrients on
the microbiota and immune response at mucosal interfaces. Frontiers in Immunology 8.

Hou L, Yang Y, Sun B, Jing Y, Deng W. 2021. Dietary Fiber, Gut Microbiota, Short-Chain Fatty
Acids, and Host Metabolism. 6. Am J Life Sci 9:162.

Cronin P, Joyce SA, O’Toole PW, O’Connor EM. 2021. Dietary Fibre Modulates the Gut
Microbiota. Nutrients 13:1655.

Meneses Urrea LA, Vaquero Abellan M, Benachi Sandoval N, Villegas Arenas D, Osorio Murillo
O, Molina-Recio G. 2022. Dietary Patterns in Colombia: An Exploratory and Confirmatory Factor
Analysis. Front Food Sci Technol 2.

September 2023 Volume 9:1-13 Undergraduate Research Article

UJEMI+

https://jemi.microbiology.ubc.ca/

12



Bodykevich et al.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Mora-Garcia G, Ruiz-Diaz MS, Villegas R, Garcia-Larsen V. 2020. Changes in diet quality over
10 years of nutrition transition in Colombia: Analysis of the 2005 and 2015 nationally representative
cross-sectional surveys. International Journal of Public Health 65:547-558.

Li J, Sung CY, Lee N, Ni Y, Pihlajamiiki J, Panagiotou G, El-Nezami H. 2016. Probiotics
modulated gut microbiota suppresses hepatocellular carcinoma growth in mice. Proceedings of the
National Academy of Sciences 113.

MarkerDB Curation Team. 2023. Valeric acid. MarkerDB.

Han R, Yang H, Li Y, Ling C, Lu L. 2022. Valeric acid acts as a novel HDAC3 inhibitor against
prostate cancer. Medical Oncology 39.

2022. Risks and causes of liver cancer. Risks and causes for liver cancer | Cancer Research UK.
2022. What are the risk factors for breast cancer? Centers for Disease Control and Prevention. Centers
for Disease Control and Prevention.

Zmora N, Suez J, Elinav E. 2018. You are what you eat: Diet, health and the gut microbiota. Nature
Reviews Gastroenterology & Hepatology 16:35-56.

Beam A, Clinger E, Hao L. 2021. Effect of diet and dietary components on the composition of the
gut microbiota. Nutrients 13:2795.

S. Bibbo, G. Ianiro, V. Giorgio, F. Scaldaferri, L. Masucci, A. Gasbarrini, G. Cammarota. 2016.
The role of diet on gut microbiota composition. Eur Rev Med Pharmacol Sci 20:4742-4749
Sbierski-Kind J, Grenkowitz S, Schlickeiser S, Sandforth A, Friedrich M, Kunkel D, Glauben
R, Brachs S, Mai K, Thiirmer A, Radoni¢ A, Drechsel O, Turnbaugh PJ, Bisanz JE, Volk H-D,
Spranger J, von Schwartzenberg RJ. 2022. Effects of caloric restriction on the gut microbiome are
linked with immune senescence. Microbiome 10.

Guo Y,Luo S, YeY, Yin S, Fan J, Xia M. 2020. Intermittent fasting improves cardiometabolic risk
factors and alters gut microbiota in metabolic syndrome patients. The Journal of Clinical
Endocrinology & Metabolism 106:64-79.

Campbell SC, Wisniewski PJ, Noji M, McGuinness LR, Hiiggblom MM, Lightfoot SA, Joseph
LB, Kerkhof LJ. 2016. The effect of diet and exercise on intestinal integrity and microbial diversity
in mice. PLOS ONE 11.

Cerda B, Pérez M, Pérez-Santiago JD, Tornero-Aguilera JF, Gonzailez-Soltero R, Larrosa M.
2016. Gut microbiota modification: Another piece in the puzzle of the benefits of physical exercise in
health? Frontiers in Physiology 7.

Cronin O, O'Sullivan O, Barton W, Cotter PD, Molloy MG, Shanahan F. 2017. Gut microbiota:
Implications for sports and exercise medicine. British Journal of Sports Medicine 51:700-701.
Mancabelli, L., Milani, C., Lugli, G.A., Turroni, F., Ferrario, C., van Sinderen, D. and Ventura,
M. 2017. Meta-analysis of the human gut microbiome from urbanized and pre-agricultural
populations. Environmental Microbiology 19:1379-1390.

September 2023 Volume 9:1-13 Undergraduate Research Article

UJEMI+

https://jemi.microbiology.ubc.ca/

13



