
Update: 
 

The Microbiome 
Diabetes & Obesity 

 

Ruchi Mathur MD FRCPC 

Director - Clinical Diabetes 

Director- Clinical Research Operations, MAST 

Cedars- Sinai Medical Center 



Overview 

 

- Background: Diabetes and Obesity 

- Fundamentals  

- Bacteriodetes and Firmicutes 

- Beyond Macronutrients- dietary influences 

- Antibiotics 

- Ultimate probiotic- FMT 

 

Disclosure and Disclaimer:  

I am an Clinician  

(… & even stranger, I am an Endocrinologist) 



Obesity (BMI ≥30 kg/m2) 

Diabetes 

1994 

1994 

2000 

2000 

      No Data       <14.0%        14.0%–17.9%        18.0%–21.9%      21.9%–25.9%      > 26.0% 
  

      No Data         <4.5%         4.5%–5.9%           6.0%–7.4%        7.5%–8.9%            >9.0% 

CDC’s Division of Diabetes Translation. United States Surveillance System available at 
http://www.cdc.gov/diabetes/data 

2014 

2014 

• 600 million with obesity 

• 400 million with diabetes 

The Concern is Real 
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Backhed et al Proc Natl Acad Sci USA 101 (44) 2004 

Conventionalization and Energy Uptake 

CONV-R: 
Conventionally acquired 
microbiota 
 
 
CONV –D: 
Colonized with cecal 
content from 
conventional mice 



Bäckhed F et al. PNAS 2004;101:15718-15723 





How do our Microbes help us with Energy Harvest ? 

• Intestinal health:  

• Enhanced capillary density and villi integrity 

• Effects on  transit 

• Bile acids: Influencing the ratio of enterohepatic circulation and effects on 

FXR and TGR5 signaling pathways 

• Mediation of inflammation resulting in insulin resistance  (Cani 2008) 

• Suppression of fasting induced adipocyte factor resulting in increased 

lipoprotein lipase and cellular uptake of FFA and TG accumulation in 

adipocytes (Backhed 2004) 

• Degradation of undigested dietary fiber to SCFA (acetate, propionate and 

butyrate) which become substrates for lipogenesis and gluconeogesis (Backhed 

2006) 

• Influence via SCFA on the secretion of GLP-1 and PYY 

 



• SCFA: 

Butyrate: 

Presence is associated with: 

• Increased insulin sensitivity 

• Increased leptin gene expression 

• Perhaps less inflammation 

• The predominant source of energy for colonic epithelium 

Propionate: 

Enters liver via portal circulation and is a substrate for 
gluconeogenesis 

Acetate: 

• Enters systemic circulation and is a substrate for hepatic and 
adipocyte lipogenesis 

• Has an association with obesogenic changes 

 

Bacteroidetes phylum-  Associated with more acetate production 

Firmicutes phylum-  Associated with more butyrate production 



Bacteroidetes and Firmicutes: true or false? 

• Several studies report a link between the composition of 

microbiome and obesity 

 

• Early studies using genetically obese mice observed the ratio of 

relative abundances of Bacteroidetes and Firmicutes (B:F) was 

lower in obese mice than lean mice 

 

 

 

 

 

 

 

• However, questionable signal in human subjects 



Sze MA Schloss PD. Mbio.Asm.org 7 (4) Aug 2016  

BMI and 
sequence data 
both present? 



The ratio of B:F 

did not appear 

different, nor did 

the diversity in 

the obese vs. 

lean populations 

The Relative Risk 

associated with 

obesity was not 

increased  based 

on B:F ratio or 

diversity 



Although we failed to find an effect, this does not necessarily mean that there 

is no role for the microbiome in obesity. There is strong evidence in murine 

models of obesity that the microbiome and level of adiposity can be 

manipulated via genetic manipulation of the animal and manipulation of the 

community through antibiotics or colonization of germ-free mice with diverse 

fecal material from human donors.  

 

These studies appear to conflict with the observations based on human 

subjects. 

 

 

 

 

Recalling the large interpersonal variation in the structure of the microbiome, it 

is possible that each individual has his or her own signatures of obesity. 

Alternatively, it could be that the involvement of the microbiome in obesity is 

not apparent based on the taxonomic information provided by 16S rRNA gene 

sequence data. Rather, the differences could become more apparent at the 

level of a common set of gene transcripts or metabolites that can be produced 

from different structures of the microbiome. 

Sze MA Schloss PD. Mbio.asm.org 7 (4) Aug 2016  





Koenig J E et al. PNAS 2011;108:4578-4585 
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Dietary influences: Looking Beyond Macronutrients 







Chassaing Nature 519, March 2015 

Hypothesis:  

Emulsifiers disrupt mucosal/microbial 

interactions and promote inflammation 

that can lead to metabolic syndrome 

Carboxymethylcellulose or 

polysorbate-80 added to the 

drinking water of mice for 12 

weeks 

 

Both are FDA approved as 

food additives  

 

Effects reported were seen in 

young (4 weeks) as well as 

older (4 months) mice 



Emulsifier-induced 

low-grade 

inflammation and 

metabolic syndrome 

required the 

presence of a 

microbiota… 

Chassaing Nature 519, March 2015 

Administration of emulsifiers to germ-free 

mice resulted no significant changes of 

metabolic syndrome including:  

• Body mass 

• Fat Mass 

• Food intake  

• Fasting glucose levels 



Singh RK et al SOJ Microbiol Infect Dis 2016 4(1) 

C57BL/6 mice  

 

Group 1:  

Control (saline gavage) 

 

Group 2: 

Poly sorbate 80 1% NS gavage 

 

4 weeks 

In addition P-80 fed mice 

showed: 

• Increased levels of 

bioactive LPS  

• Increase 

myeloperoxidase 

enzyme activity  

• Reduction in acetate, 

propionate and butyrate 

concentrations in fecal 

samples  





Sweeteners and the Microbiome: 

• Very early studies in the 1980s showed altered ratios of aerobic 
and anaerobic* fecal bacteria when exposed to saccharin for 10 
days 

 

• Known data on sucralose and dysbiosis with overall decrease in 
diversity and increase in anaerobes 

 

• Suez et al in 2014 looked at 3 commercially available sweetners- 
sucralose, aspartame or saccharin… 

Anderson RL et al Food Cosmet Toxicol 18 353 1980 



Compared controlled mice to those on saccharin, sucrose or 
glucose: 

Mice on the sweeteners developed glucose intolerance.  

Saccharin (benzoic sulfimide) had greatest effect: 

Increase in relative abundance of 

glycosaminoglycan and other glycan degradation 

pathway genes with exposure to saccharin 

Suez J et al Nature 2014 



Stool from saccharin exposed mice 

transplanted into germ free mice resulted 

in transmission of glucose intolerant 

phenotype 

 

 

 

In 7 humans not exposed to saccharin 

 a 7 day exposure (5mg/kg) resulted in 3 

subjects becoming glucose intolerant 

Suez J et al Nature 2014 

Authors suggest 

response may 

depend on an 

individuals baseline 

microbiota profile 

and host/microbial 

susceptibility to 

manipulation 



Palmnas et al PLOS ONE 9(10) 2014 

Rat model of consumption of aspartame: 

 

Equivalent of 2-3 cans of diet soda in humans 

aspartame affected gut microbiota and glucose 

tolerance in both lean and diet induced obese rats 
 

•  Decreased energy intake in both groups 

•   Elevation in fasting glucose levels  

•  Impaired insulin responses 

Aspartame: artificial, 

nonsaccharide 

sweetner. It is 

methylester of aspartic 

acid/phenylalanine 
dipeptide  



Gut microbial analysis showed increased  

• Enterobacteriaceae   

• Clostridium leptum  

• Roseburia 

 

Metabolome analysis showed increased circulating levels of SCFA 

propionate suggesting a shift in propionate (gluconeogenic substrate) 

producing bacteria.  

 

Mechanism? 

• Aspartame = aspartic acid + phenylalanine + methanol  

• Metabolism is very fast but a small fraction of aspartame forms aspartyl 

phenylalanine diketopiperazine (anti-helmintic/?anti-microbial)  

• Methanol can also affect the microbiota 

Palmnas et al PLOS ONE 9(10) 2014 



Microbiome and Weight Re-Gain: 
A new concept in “Setpoint” 

• 80% of patients who loose weight will regain it 

• Attributed to “metabolic set point”- incretin hormones, satiety 
signals etc., 

• Not thought to be genetic 

• Appears to be independent of starting weight and exercise 

• Dreaded “yo-yo” dieting 

 

Obesity induced alterations to the microbiome persist over long 
periods of time and enhance the rate of weight regain upon 

encounter of a second metabolic challenge 

Thaiss CA et al Nature 540 Dec 2016 



Obesity weight loss cycling lead to accelerated secondary weight gain 

 

Compared to mice 

exposed to a single 

cycle of HFD- 

recurrent obesity 

was characterized 

by  

 

- Increased total 

body fat 

- Enhanced 

glucose 

intolerance 

- Elevated Leptin 

- Elevated LDL 

- Decreased 
energy  

Thaiss CA et al Nature 540 Dec 2016 



Previous obesity/dieting cycles progressively enhance susceptibility 

to accelerated weight regain  

When mice returned to  

normal weights in the cycles: 

• Body fat 

• Serum cholesterol 

• Glucose tolerance 

• Insulin levels 

Went back to that of non cycling normal weight controls 

 

However, the dysbiosis seen in the primary obesity phase did not 

return to its original composition at the time of post-dieting weight 

and metabolic normalization… 

Thaiss CA et al Nature 540 Dec 2016 



Instead, the microbiota assumed an intermediate configuration between 

the dysbiotic and normal states:  
 

 

 

 
  

A similar microbiome configuration shift was observed after recovery 

from a second cycle of recurrent obesity: 
 



Was the persistent post-

obesity microbiome 

signature involved in the 

metabolic complications 

associated with 

recurrent weight gain ? 
AbTx abolished the post-obesity microbiome 

signature and equilibrated the microbiota 

composition, while the microbiota of untreated 

mice maintained an intermediate configuration 

AbTx also attenuated the metabolic 

derangements seen with re-exposure to a 

HFD, including: 

•   body fat  

•   weight gain 

•   glucose intolerance 

compared to untreated weight-cycling mice 

Thaiss CA et al Nature 540 Dec 2016 



• Metabolites: 

• HFD alterations in fecal metabolome 

• Some recovered, others did not: 

• Flavonoids (apigenin and naringenin)… modulate UCP-1 
expression (brown fat / thermoregulation) 

 

 

 
“Diet-induced microbiome persistence may have evolved as an 

adaptive process-to act as a ‘buffer’ contributing to the stability of 

metabolic homeostasis over prolonged periods of time. 

 

 

 

 

 

“However, in contexts of erratic changes in host physiology, such as 

cycling weight gain and dieting, this microbiome persistence may 

predispose the host to exaggerated metabolic consequences in ensuing 

weight gain cycles.” 

Thaiss CA et al Nature 540 Dec 2016 



Mathur R et al Obesity 2016 Mar;24(3):576-82. 



Cedars-Sinai Medically Associated Science and Technology (MAST) 

 

Aim 1:  To determine the effects of rifaximin treatment on weight loss in 
obese rats 

Aim 2: To determine the effects of rifaximin treatment on weight gain in 
rats consuming high-fat chow. 

 

 

 

Antibiotic influences 



Retrospective longitudinal 

study in US 

• >35 weeks gestational age 

• Normative birth parameters 

• No chronic illness, no 

steroids 

• Pediatric follow up 

 

Specifically looking at 

systemic antibiotic exposure 

in the first 6 months 

 

Outcomes were measured up 

to 7 years 

 

Gerber et al JAMA 2016 315 (12) 



Exposure to antibiotics within the 

first 6 months of life compared with 

no exposure was not associated 

with a statistically significant 

difference in weight gain through 

age 7 years 

 

This was true in singleton exposure 

as well as discordant twin exposure  

 

Adiposity not measured 

Gerber et al JAMA 2016 315 (12) 



Scott FI et al Gastroenterology 2016;151:120–129 

Retrospective cohort study 

using data collected 

prospectively in the scope 

of routine care  

from 1995 to 2013 (UK) 



Prenatal Exposure 

• 436 mother-child dyads 

•  followed for 7 years 

• Prenatal ab use by 

questionnaire  

• Delivery mode 

documented 

Muller et al Int J Obes (Lond). 2015 April ; 39(4): 

Antibiotic influences 

Compared with children not exposed to antibiotics 

during the second or third trimester, those exposed had 

84% higher risk of obesity, after multivariable 

adjustment  

 

Second or third trimester antibiotic exposure was also 

positively associated with BMI, waist circumference and 

% body fat 



Fecal Transplant: the Ultimate Probiotic 

Animal trials have shown the phenotype of metabolic syndrome is 

transferrable through fecal transplantation animal to animal and human 

to animal. 

Vereze et al (Gastroenterology 2012) showed that in 18 subjects with type 2 

diabetes:  

9 subjects who received allogenic stool transplants had: 

• Improved insulin sensitivity  

• Enhanced fecal diversity  

• Decreased fecal SCFA  

compared to 9 subjects who received autologous fecal transplants over 

24 weeks (there was no weight change) 

Vrieze A et al Gastroenterology 2012 143(4):913 



 

This has sparked wide interest in the “ultimate probiotic” 

 

• Phase 2 clinical trial at MGH evaluating impact of FMT capsules 
on a primary outcome of weight reduction over 18 weeks 

 

• An Italian study in phase 3 is tracking glucose homeostasis over 6 
month period following FMT in combination with diet and exercise 

 

• Chinese study evaluating phase 3 clinical trial on a single NG 
delivered FMT on type 2 diabetes over 2 years 

 

• Canadian double blind pilot study testing FMT efficacy on both 
metabolic syndrome and NAFLD 

 

 

 

 

 



Take home points 

 

 

 

 

 

• The microbiome has evolved over thousands of years in a symbiotic 
relationship with humans 
 

• From an evolutionary perspective, the harvest of energy promoted 
survival 
 

• With the changes in our eating patterns and food sources, 
preservatives and additives, effects on the microbiome are seen and 
are yet to be fully characterized 
 

• The role of antibiotics adds another layer of complexity, and with 
human and microbial variance, patterns resulting in “cause and 
effect” are difficult to interpret at this time  

 

• Low taxonomic resolution usually at genus level of most studies 
based on partial 16s rRNA bacterial gene sequencing date has 
limited the practical use of existing information 

 



Take home points 

 

• Acquisition of stool sampling in the vast majority of studies has 
issues with what is being amplified. Evaluations beyond stool 
sampling is critical to interpretation of effects of the microbiome on 
human health and disease 

 

• The reality of the complexity of studying the microbiome has 
dawned…Huge inter-individual variability of the gut microbiota and 
the human host precludes us from drawing definitive conclusions 
about specific microbiome components that contribute to 
metabolic disease 

 

• Future research that leads to meaningful changes in human health 
and disease will need to be personalized in approach to account 
for these important variables 

 



Thank you. 


