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• The gut microbiome has the capacity to respond to diet and 
influence the metabolism of its host.

• Microbiome composition changes depend on the type of:

• Carbohydrate

• Fatty acid

• Protein

• For protein, red and processed meat has been linked with 
adverse health outcomes. 

Our study has shown that baseline dietary intake can 
affect response to a controlled feeding intervention

• Participants were habitual meat eaters; the removal of the 
meat might have allowed other bacteria to replicate, such as 
Streptococcaceae.

• Except for Streptococcus, the effect sizes were small

• The Streptococcus genus includes more than 80 species, with 
most being pathogens or commensals

• A genus or a family might not be exclusively positive or 
negative (ie. Eggerthellaceae)

• This study provided:

• New findings that point towards how baseline 
protein intake may influence intervention response 
and change in the microbiome.

• Insight in how the microbiome might behave in 
people who are meat eaters.

Investigate how the usual 
diet (pre-intervention) of 
each participant affects their 
microbial community 
structure at baseline and 
whether baseline diets 
influence intervention 
response from each diet arm.

Aim

Methods

Randomized controlled, cross-over feeding trial,  n=18

• Arms: Healthy diets, 1 arm with approx. 3 oz of red and 
processed meat (RPM) and one with other sources of protein

• 4-day food records for baseline intake compared with compliance 
data from the study-provided foods (T-test).

• Stool samples at baseline and at the end of each arm

• 16S rRNA sequencing using Illumina Hi-Seq

• USEARCH-UNOISE & QIIME 2, SILVA 138, PHYLOSEQ

• Alpha diversity: linear models for cross-sectional analyses, 
linear mixed models for longitudinal analyses 

• Beta diversity: PCoA & GLMMMiRKAT

• Multivariate analysis: MaAsLin2 for genera and families

Microbiome response to an 
intervention

Participant’s 
baseline 

microbiome

Participant’s 
baseline 

diet

Red and 
processed 

meat 
intervention

3 weeks RPM 
or not

~3 weeks 
washout

3 weeks 
alternate

Table 1: Dietary intake data of 18 participants

Baseline diet 
(4-day food record) 

Consumed diet 
(study average)

Paired 
T-tests

Mean SD Kcal % Mean SD Kcal % P values

Calories Kcal/day 1771† 141.6 2082† 405.9 0.011

Fat g/day 76.8 11.5 691 39.0% 73.3 13 660 31.4% 0.506

Carbohydrate g/day 197.2 20.6 789 44.5% 260 58.1 1,040 49.5% 0.001

Protein g/day 71.3 8.1 285 16.1% 99.8 17.1 399 19.0% <0.001

Fiber g/day 21.3 3.5 27.7 6.6 0.008

Sodium mg/day 2648.9 501.7

RPM 
servings*

serv/day 1.2 1.78 2.7 0.3 <0.001

*RPM servings were only given in Diet A, All other nutrients were matched on both diets based on the 2015-HEI
†Mean calories might not match the sum of the calories coming from fat, carbohydrates and fiber due to rounding 
and average differences.

Table 2: P-values of the cross-sectional and longitudinal linear and linear mixed models’ 

analysis of alpha diversity (Shannon index) for 18 subjects 

Cross-sectional linear models Longitudinal linear mixed models

Baseline nutritional intake 

variable
Unadjusted

Adjusted for 

BMI†
Unadjusted

Adjusted for BMI, 

diet, and order

Protein (g/day) 0.185 0.011 0.068 0.001

Carbohydrate (g/day) 0.425 0.209 0.329 0.159

Fiber (g/day) 0.368 0.587 0.071 0.197

Red and processed meat 

(servings/day)
0.803 0.439 0.683 0.456

Results

Baseline diet vs intervention diet

PCoA comparing Bray-Curtis between baseline and arm

†Post-hoc analysis

Table 3: Results of MaAsLin2 genera level comparisons between baseline and end of 

treatment adjusted for diet order and BMI, with B-H correction.*
Baseline vs Diet B 

or Diet A Genera Variable Coefficient P value Q value
Protein

Diet B

Streptococcus Diet B 2.005 <0.001 0.093

Lactobacillus
Baseline protein 

intake -0.097 0.001 0.217

Oscillibacter
Baseline protein 

intake 0.077 0.002 0.217
Diet A None

Carbohydrate

Diet B
Streptococcus Diet B 2.049 0.001 0.129

Clostridia UCG.014
Baseline carbohydrate 

intake 0.062 0.001 0.211
Diet A None

Fiber
Diet B Streptococcus Diet B 2.005 <0.001 0.185
Diet A None

RPM servings
Diet B Streptococcus Diet B 2.005 <0.001 0.185
Diet A None

* Tests were run comparing baseline microbiome composition to the end of each diet period, separately 
for each dietary component and adjusted for diet order and BMI 

Multivariate analysis

• Streptococcus genus was consistently changed, along with 
Streptococcaceae and Eggerthellaceae families

• Only protein and carbohydrate were predictors of change 
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