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Abstract 

In the current study, we aimed to investigate the association between gut microbiome composition and two 

physiological factors, BMI and age. We did not observe a significant relationship between occurrence of gut 

bacteria with BMI or age alone. On the other hand, we observed BMI and age together played an important role 

in impacting gut microbiota composition. Comparison of the microbiota of normal and obese subjects for the 

each of 20s and 50s group revealed 13 gut bacteria that show significantly different relative abundance in the 

two groups. We observed that certain organisms show opposite trends within the two age groups.  Haemophilus 

parainfluenzae relative abundance was found to be increased in obese-20s group while reduced in obese-50s 

group. Relative abundance of organisms such as Mitsuokella jalaludini and Blautia obeum were reduced in 

obese-20s group while increased in obese-50s group as compared to the normal subjects of respective age group. 

On the other hand, a reduction in the average relative abundance of both M. jalaludini and B. obeum for obese 

group as compared to the normal in pan-India only BMI-based group comparison. While studying obesity-

related gut microbiota changes, it is critical to consider multiple factors such as age and geography into the 

study design. 
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Gut microbiome composition is influenced by multiple factors such as diet, geography, age, lifestyle, and 

disease conditions [1, 2]. Studies have explored the associations between microbiome and various factors for 

example, age [3], diet [4] and obesity [5]. However, owing to the complex combinatorial effect of multiple 

factors that shape the overall microbiome, certain observed association vary largely across different populations 

and a consistent relationship has not been observed yet. 

The current study investigates the association between gut microbiome composition and two physiological 

factors, BMI and age. Subjects were classified into two groups normal and obese based on BMI, and also 

classified into two age groups viz., 20s and 50s. The geographical location of the subjects was also recorded for 

further assessment. The LogMPIE [6] data was considered for the analysis. 
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BMI associated changes in gut microbiome 

Out of the 993 unique microorganisms identified across the population, 25 reported a significant difference in 

relative abundance distributions for the pan-India obese and normal population (Figure 1). Since there is a large 

diversity in dietary habits across India, we further investigated whether the observations were consistent across 

different zones in India. We observed that many organisms showed a reduction in obesity compared to the 

normal group. This pattern was observed to be consistent across most of the zones. Organisms such as 

Victivallis vadensis, Akkermansia muciniphila, Blautia obeum, Coprococcus comes and Eubacterium hadrum 

were observed to be decreased in the obese population. None of these organisms were observed to be 

significantly differentially abundant in the groups classified solely based on age. The reduction in the abundance 

of A. muciniphila, and V. vadensis, that plays an important role in colonizing the gut mucosa layer and  

modulating the basal metabolism [7], in obese population would mean a thinned mucosa and a leaky gut [8]. 

Megasphaera micronuciformis, Lactobacillus mucosae, Dialister invisus were observed to be increased 3 times 

in the obese population as compared to normal group. Both M. micronuciformis and D. invisus were observed to 

not differ in relative abundance in the solely age-based groups. L. mucosae was observed to have ~2 times 

higher average relative abundance in 50sgroup as compared to 20s-group (p-value 0.055). Interestingly these 

microorganisms are reported higher in cardiometabolically healthy subjects [9-11]. One possible explanation for 

the increase in Dialister spp. could be consumption of refined or processed food [12]; however, the increase in 

M. micronuciformis  and L. mucosae relative abundance in obese population is intriguing. 

 

Age associated changes in gut microbiome 

13 organisms were observed to have significantly different relative abundance distribution between pan-India 

20s and 50s groups (Figure 2). From the comparison of microbiome for each zone, we observed that not all 

organisms obtained as significantly different but the overall trend was similar for most of the zones. The 

abundance of bacterial species such as Bifidobacterium breve, Actinomyces odontolyticus, Eubacterium ramulus 

was observed to be reduced in 50s-group.  It is known that the Bifidobacteria abundance in the gut reduces with 

age and the reduction in B. breve content is well documented with an occurrence rate ranging from ~5 to ~19% 

in a population of age 50 years and above [13]. However, the interesting observations are the reduced abundance 

of the oral microbe, A. odontolyticus, which is known to exhibit oral to gut transitioning with their abundance 

usually more in the aged population [14, 15] and the higher abundance of R. intestinalis, a known butyrate 

producer, in the 50s age group compared to 20s population [16] who are supposedly healthier than 50s. Also 

interesting is the significance of the increase in the abundance of the not much reported butyrate producer C. 

lavalense [17]. But none of these organisms were observed to have significantly different relative abundance 

distribution in the solely BMI-based groups. 

Combinatorial association of BMI and age with gut microbiome 

Further to our analyses on the BMI and age-based associations of the gut microbiome, we investigated whether 

BMI and age together playing any role in the gut microbiome composition. We compared the microbiota of 

normal and obese subjects for the each of 20s and 50s group. We observed 13 organisms that show significantly 

different relative abundance distribution for normal and obese for the two age groups namely obese-20s and 

obese-50s (Figure 3). Comparison of these organisms between two age-groups revealed that certain organisms 

show opposite trends within the two age groups. For instance, Haemophilus parainfluenzae was observed to be 
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increased in obese-20s group while reduced in obese-50s group. Interestingly, there is age associated increase in 

the relative abundance of H. parainfluenzae for normal population. Interestingly, for only BMI-based or only 

age-based groups, no significant difference in the relative abundance distribution was observed. On the other 

hand, relative abundance of organisms such as Mitsuokella jalaludini and Blautia obeum are reduced in obese-

20s group while increased in obese-50s group as compared to the normal subjects of respective age group. 

Similar to the previous observations for both these organisms there is age-associated decrease in the normal 

population. In case of pan-India only BMI-based group comparison, there is a decrease in the average relative 

abundance of both M. jalaludini and B. obeum for obese group as compared to the normal. These observations 

suggest a combinatorial association of gut microbes. 

 

In summary, from our exploratory analysis, we observed BMI and age together played an important role in 

impacting gut microbiota composition. While studying, obesity-related gut microbiota changes, it is imperative 

to integrate multiple factors such as age and geography into the study design. The current analysis provides a 

starting point for further multi-factorial analysis of gut microbiome for a larger and diverse population. The 

present study could pave the way in better understanding of gut bacteria modulation in obese individuals and 

subsequent microbiota restoration. Further studies need to be conducted to investigate the physiological role of 

these gut bacteria in obese populations from varied demographic populations. 

 

 

 

Figure 1: Heat-map of log2 fold change for organisms with significant difference in relative abundance 

distribution between BMI based groups for geographical zones in India. 

Fold change is the ratio (average relative abundance obese/average relative abundance normal) 

 



4 

 

 

Figure 2: Heat-map of log2 fold change for organisms with significant difference in relative abundance 

distribution between age based groups for geographical zones in India. 

Fold change is the ratio (average relative abundance old/ average relative abundance young) 

 

 

 

Figure 3: (a) Heat-map of log2 fold change for organisms with significant difference in relative 

abundance distribution between BMI based groups for two age groups. Fold change is the ratio (average 

relative abundance obese/ relative abundance normal) for each age group. (b) Heat-map of log10 average 

relative abundance for normal subjects of the two age groups. 

 

Methods 

A subject was defined as normal for BMI range of 18.5 to <25, and obese for BMI >=30. We divided the 

subjects into two age-based groups. One group with age <=30 and the other with age >=50. We referred to these 

groups as 20s-group and 50s-group respectively. Using the information of the city given in [6], four 

geographical zones were defined. East zone consisted of Guwahati, Patna, and Kolkata. West zone consisted of 

Ahmedabad, Nagpur, Bhopal, and Mumbai. North zone consisted of Ajmer, Ludhiana, Lucknow, and New 

Delhi. South zone consisted of Chennai, Mangalore, and Cochin. 

Statistical assessment of the microbiome distributions for the subjects was performed using the Mann-Whitney 

U test, with a p-value<0.05 indicating statistical significance, using in-house written R codes. 

For comparison of relative abundance distribution for each OTU subjects with non-zero abundance were 

considered. An OTU was not considered for comparison if the number of subjects of each of the two groups 
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were <25. This translates to the presence of OTU in at least 5% of total subjects. The ratio of mean relative 

abundance for each of the comparison was calculated. 
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Figures

Figure 1

Heat-map of log2 fold change for organisms with signi�cant difference in relative abundance distribution
between BMI based groups for geographical zones in India. Fold change is the ratio (average relative
abundance obese/average relative abundance normal)



Figure 2

Heat-map of log2 fold change for organisms with signi�cant difference in relative abundance distribution
between age based groups for geographical zones in India. Fold change is the ratio (average relative
abundance old/ average relative abundance young)



Figure 3

(a) Heat-map of log2 fold change for organisms with signi�cant difference in relative abundance
distribution between BMI based groups for two age groups. Fold change is the ratio (average relative
abundance obese/ relative abundance normal) for each age group. (b) Heat-map of log10 average
relative abundance for normal subjects of the two age groups.


