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Abstract

Objective—Racial health disparities persist among black and white women for colorectal cancer. 

Understanding racial differences in the gut microbiota and related covariates (e.g., stress) may 

yield new insight into unexplained colorectal cancer disparities.

Methods—Healthy non-Hispanic black or white females (age ≥19 years) provided survey data, 

anthropometrics, and stool samples. Fecal DNA was collected and isolated from a wipe. PCR was 

used to amplify the V4 region of the 16SrRNA gene and 250 bases were sequenced using the 

MiSeq platform. Microbiome data was analyzed using QIIME. OTU data were log transformed 

and normalized. Analyses were conducted using linear models in R Package “limma’.

Results—Fecal samples were analyzed for 80 females (mean age = 39.9 (SD= 14.0) years; 47 

black, 33 white). Blacks had greater average BMI (33.3 vs. 27.5 kg/m2; p<0.01) and waist 
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circumference (98.3 vs. 86.6 cm; p=0.003) than whites. Whites reported more stressful life events 

(p=0.026) and greater distress (p=0.052) than Blacks. Final models accounted for these 

differences. There were no significant differences in dietary variables. Unadjusted comparisons 

revealed no racial differences in alpha diversity. Racial differences were observed in beta diversity 

and abundance of top-10 OTUs. Blacks had higher abundances than whites of Faecalibacterium 

(p=0.034) and Bacteroides (p=0.038). Stress was associated with abundances of Bifidobacterium. 

The association between race and Bacteroides (logFC=1.72; 0=0.020) persisted in fully adjusted 

models.

Conclusions—Racial differences in the gut microbiota were observed including higher 

Bacteroides among blacks. Efforts to cultivate an ‘ideal’ gut microbiota may help reduce 

colorectal cancer risk.
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Introduction

Racial health disparities persist among black and white women for many chronic health 

conditions including colorectal cancer (1–5). While some determinants that contribute to 

health disparities have been well documented and even intervened upon to reduce 

disparities, differences in health outcomes of blacks and whites diagnosed with colorectal 

cancer are still not fully understood. For example, progress has been made in reducing 

colorectal cancer incidence and mortality as a result of prevention and early detection 

through screening(6, 7); however, colorectal cancer disparities remain, in part, due to access 

to and utilization of screening along with unknown contributors (7). Even after accounting 

for differences in the distribution of known risk factors of colorectal cancer (e.g., diet, body 

weight, physical activity, smoking, alcohol use, family history, screening practices, personal 

health history, socioeconomic status, age), black women remain at 48% greater risk of 

diagnosis than white women (1) suggesting that an unidentified or unmeasured risk factor is 

contributing to this disparity.

Recent research has revealed associations between the gut microbiota and colorectal cancer. 

For example, in a case-control study reported by Ahn et al., participants with colorectal 

cancer displayed lower overall microbial diversity in the gut, lower abundance of 

Clostridium, and higher abundances of Fusobacterium and Porphyromonas compared to 

cancer-free individuals (8). Indeed, Fusobacterium is one of the most documented microbial 

taxa to be linked to colorectal cancer (8–12). However, several others including lower 

abundances of Lactobacillus (13, 14) and Bifidobacterium; higher abundances of 

Bacteroides (15), Ruminococcus (15), and Porphyromonas (8); and mixed findings of both 

significantly higher and lower abundances of Clostridium (15) have also been associated 

with colorectal cancer. While discovery of these associations are provocative and generate 

numerous research hypotheses, the exact mechanisms and pathophysiology for most of the 

observed associations have not been fully defined. Research has suggested that metabolic 

processes, i.e., the interaction of diet and colonization of the gut, may explain the role of the 

gut microbiota and colorectal cancer risk. Ou et al. reported that the consumption of certain 
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foods and the composition of the gut microbiota result in the production of either health-

promoting metabolites like short-chain fatty acids or inflammatory and potentially 

carcinogenic metabolites (e.g., secondary bile acids) (14). Additional research has also 

shown that high diversity in the gut microbiota is generally associated with better health 

including lower risk for colorectal cancer as suggested by multiple case-control studies in 

which cases displayed lower diversity than cancer-free controls (8, 16–19). Given this 

evidence, one may hypothesize that racial differences in the composition of the gut 

microbiota may help explain observed differences in the incidence of colorectal cancer (20).

Increased sequencing capability made possible through technological advances over the past 

several years have led researchers to investigate possible links and mechanisms between the 

composition of the gut microbiota and chronic diseases including irritable bowel syndrome 

(inflammatory bowel disease), obesity, and colorectal cancer (21–23). However, there is a 

paucity of research examining whether the gut microbiota of blacks and whites differ which 

may ultimately contribute to observed disparities in colorectal cancer; and if so, whether 

psychosocial factors like stress, which has been shown to affect the gut microbiota in animal 

studies (24), is associated with the gut microbiota in humans. Furthermore, previous 

research has not specifically tested for racial differences in colorectal cancer-associated taxa 

in the gut microbiota. Hester and colleagues reported that microbial profiles and microbial 

metabolites differed by racial/ethnic group among a sample of healthy Hispanic and non-

Hispanic AAs, American Indians, and Whites (25). However, this study was limited by a 

very small sample size (n=20; 5 per race/ethnic group), limited age range (all participants 

over 50 years), and failure to collect certain sociodemographic information that may be 

relevant.

The purpose of the current study was to build upon a small but growing evidence base to 

further characterize and compare the gut microbiota of blacks and whites among a sample of 

generally healthy women 19 years and older and to specifically test for differences in taxa 

that have been associated with colorectal cancer. We hypothesized that black and white 

women would display differences in gut microbial composition with black women having 

lower diversity; higher abundances of Fusobacterium, Porphyromonas, Bacteroides and 

Ruminococcus; and lower abundances of Lactobacillus and Bifidobacterium in which case 

additional research would be needed to determine the mechanism of any differences, i.e., 

biological or non-biological factors associated with race. Thus, as secondary analyses, we 

also explored whether perceived psychological stress contributed to any observed 

differences. Currently, much of what is known about the impact of stress on the gut 

microbiota has been demonstrated only in animal models. Previous studies have shown that 

exposure to a social stressor led to perturbation of the gut microbiota among mice (26). 

Translational work remains to be validated in humans. Given the evidence from animal 

studies, we hypothesized that stress would be associated with gut microbial composition 

among our human sample with higher stress being associated with higher abundances of 

Fusobacterium, Porphyromonas, Bacteroides and Ruminococcus; and lower abundances of 

Lactobacillus and Bifidobacterium. Associations between stress and the gut microbiota are 

supported the body of evidence surrounding the brain-gut axis that suggests a bi-directional 

relationship between the central nervous system and the gastrointestinal system. For this 

study, we focused on perceived psychological chronic stress based on research indicating 
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that this type of stress is associated with adverse health outcomes (27). Better 

characterization of the gut microbiota and contributing factors of healthy black and white 

women may provide valuable insights into the nearly 50% increased risk of colorectal cancer 

among black women after controlling for currently known risks.

Materials and Methods

For this cross-sectional study, generally healthy volunteers were recruited using flyers, word 

of mouth, and small media between March 2014 and August 2014. Flyers were posted 

throughout the University and the surrounding communities inviting non-Hispanic black or 

white, non-pregnant females who were interested in participating in a study to examine gut 

bacteria to contact the study coordinator. Similar recruitment messages were also deployed 

using small media including website postings for clinical trials and other local circulations 

(e.g., newsletters) throughout the community. Study participants were also encouraged to tell 

others who may be interested about the study. Participants were at least 19 years old and 

self-identified as non-Hispanic black or white. Exclusion criteria were the following: 1) 

current tobacco use, 2) current pregnancy, 3) prior cancer diagnosis, or 4) use of antibiotics 

or other medications known to alter the gut in the previous 90 days (28–32). All study-

related protocols and questionnaires received approval from The University of Alabama at 

Birmingham Institutional Review Board for human subjects. Participants provided written 

informed consent and were compensated $50 for their time.

Participants completed two study visits during which demographics, anthropometrics, survey 

data, and biospecimens were collected. During visit 1, participants completed the following:

Demographics Survey – A demographic data collection survey was used to gather the 

following: age; race and ethnicity; education (less than high school, high school/

GED, some college, Associates, Bachelors, Masters, Doctoral); household income (< 

$10,000, $10,000–$19,999, $20,000–$29,999, $30,000–$39,999, $40,000–$49,999 or 

$50,000 or more); and number of individuals in the household.

Anthropometric Measures – Weight and height were measured in indoor clothing, 

without shoes, using a calibrated digital measuring station (Seca 284 measuring 

station, Hanover, MD). BMI was calculated as weight (kg)/height (m2). Waist 

circumference was measured to the nearest 0.10 centimeter using the Gulick II 

tension spring measuring tape (model 67020).

Perceived Stress Scale – 10 (PSS-10) - Participants completed the PSS-10, a validated 

ten-item scale used to assess the degree to which situations in one’s life are appraised 

as stressful (33). Participants provided a response (0=Never, 1=Almost Never, 

2=Sometimes, 3=Fairly Often and 4=Very Often) to a series of ten statements about 

the occurrence of stressful events. The PSS-10 overall score is obtained by reversing 

subjects’ responses (0=4, 1=3, 2=2, 3=1 and 4=0) of four positively stated items (PSS 

4, 5, 7 and 8) and then summing across all 10 scale items. Higher scores on the 

PSS-10 indicate greater perceived stress (possible range 0–40) (33). This survey was 

selected to capture participants’ global perception of stress over the previous month. 
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The PSS has good internal consistency (Cronbach’s alpha = 0.86) and is positively 

correlated with other indices of stress among adults (33, 34).

Weekly Stress Inventory – Short Form (WSI-SF) Participants also completed the 

WSI-SF, a validated 25-item instrument that assesses the number of minor life and 

associated distress in the previous week (35). Items were ranked on an 8-point Likert 

scale from which an event score and an impact score were calculated. The event score 

(WSI-SFE) is the total number of events endorsed by summing the counts of events. 

The impact sore (WSI-SFI) is the sum of the subjective ratings of distress by 

summing each of the values (35). This survey measured minor chronic stressors in the 

previous week. The instrument has good internal consistency (WSI-SFE Cronbach’s 

alpha = 0.92; WSI-SFI Cronbach’s alpha = 0.91) and has been validated in diverse 

populations (35).

At the end of the first study visit, participants were given a stool collection kit along with 

verbal and written instructions for proper sample collection at home. Participants were asked 

to collect one sample and bring to the next study visit, which was scheduled within the 

following 5–7 days. During visit 2, participants returned stool samples, completed a 

participant satisfaction survey and a provided dietary information using the National Cancer 

Institute Automated Self-administered 24-hour Dietary Recall (ASA-24) which includes 

multi-level food probes and cues to assess food types and amounts (36, 37).

Sample Processing and Analysis

Sample collection—Participants were asked to collect a first wipe using a moist towelette 

provided by the study following defecation no more than 48 hours prior to their second 

clinic visit. Wipes were then placed in a sealed sandwich bag and frozen until delivered to 

the microbiome lab for DNA extraction and processing.

DNA extraction and Illumina MiSeq DNA sequencing—Microbial genomic DNA 

was isolated using the Fecal DNA isolation kit from Zymo Research following the 

manufacturer’s instructions. Once the sample DNA was prepared, PCR was used with 

unique barcoded primers to amplify the variable region 4 (V4) region of the 16S rDNA gene 

to create an amplicon library from individual samples. The PCR product was ~255 bases 

from the V4 segment of the 16S rDNA gene, and we sequenced 251 bases single end reads 

using Illumina MiSeq (38, 39).

Bioinformatics—FASTQ conversion of the raw data files was performed following de-

multiplexing using MiSeq reporter. Quality assessment of the FASTQ files was performed as 

previously described (38, 39). Briefly, sequences were grouped into operational taxonomic 

units (OTUs) using the clustering program UCLUST at a similarity threshold of 97%. The 

Ribosomal Database Program (RDP) classifier trained using the Greengenes (v13.8) 16S 

rRNA database was used to make taxonomic assignments for all OTUs at confidence 

threshold of 80% (0.8). The resulting OTU table included all OTUs, their taxonomic 

identification, and abundance information. OTUs whose average abundance was less than 

0.005% were filtered out. OTUs were then grouped together to summarize taxon abundance 
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at different hierarchical levels of classification (e.g. phylum, class, order, family, genus, and 

species) from which comparisons are reported at the genus level.

Statistical Analysis

Sample demographic & Correlation—The overall and race-stratified descriptive 

statistics were created using R package “tableone”. Means and standard deviations (SD) 

were calculated for continuous variables. Frequencies and percentages were calculated for 

categorical variables. Between-group differences were tested using two-sided independent 

sample t-tests for continuous variables, and Fisher’s exact test for categorical variables. In 

addition, we assessed correlations between all numeric variables using the Pearson 

correlation coefficient.

Diversity measurements—Alpha diversities of the gut microbiota were summarized into 

mean and standard deviation (SD) for two race-stratified groups. Two-sample t-tests were 

conducted for each of the five alpha diversity indexes: Chao1, Observed species, PD whole 

tree, Shannon and Simpson. For beta diversity, PERMANOVA test (40) was performed to 

test for gut microbiota differences between whites and blacks in three beta diversity distance 

metrics: Bray Curtis, Weighted UniFrac, and Unweighted UniFrac (41).

OTU Analysis—The .biom file generated by QIIME was converted into OTU matrix with 

count numbers at genus level by using R Package “phyloseq”. Log2 transformation was 

performed after adding 1 to each count numbers of OTUs. The data were normalized by 

sample mean centering. Linear models in R Package “limma’ were used to test statistical 

significance differences. Linear models were also adjusted for age and waist circumference 

to account for group differences in the distribution of these potential confounding factors. 

We first tested 7 candidate OTUs identified as associated with colorectal cancer based on the 

literature and top 10 most abundant OTUs. For candidate OTU tests, the nominal p-value 

was used because of our interest in the result of each one instead of selection. We also 

conducted global tests on all the OTUs to identify OTUs associated with study subject 

attributes. In this case, false discovery rate (FDR) was used for selection. The threshold for 

statistical significance level was set at the 0.05 level.

Graphics were generated using R basic graphics, ggplot2, or “vegan” and analyses were 

conducted using R (Version 3.3.2).

Results

Description of the Study Sample

Fecal samples were analyzed for 80 females (47 black, 33 white) described in table 1. Mean 

age and BMI of participants were 39.9 years and 30.9 kg/m2, respectively. Blacks had a 

higher average BMI than whites (33.3 vs. 27.5 kg/m2; p=0.003) and larger waist 

circumference (98.3 vs. 86.6 cm; p=0.006). Participants were well-educated and 37.5% of 

participants were married. There were no statistically significant differences in dietary 

factors including fiber (p=0.60) and percentage of calories from fat (p=0.63).
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The Composition of the Gut Microbiota

Measures of alpha diversity (shown in table 2) indicated similar within-sample gut microbial 

diversity for black and white women. Beta diversity, which compares the overall microbial 

distribution between groups, indicated racial differences using the Bray Curtis (p=0.042) and 

Unweighted Unifrac (p=0.003) methods (figure 1), but not Weighted Unifrac (p=0.12).

Racial comparisons of top 10 OTUs and 7 colorectal cancer-associated Genera

The average relative abundance of the top 10 OTUs at the genus level stratified by race is 

shown in figure S1 (Supplemental Digital Content 1). To formally compare blacks and 

whites for these OTUs, we first transformed and normalized the data and then used linear 

models. Results from our linear model indicated a significant racial difference in Bacteroides 
(p=0.035), and Faecalibacterium (p=0.032) where blacks had higher abundances of both.

Figure S2 (Supplemental Digital Content 2) illustrates racial comparisons of genera that 

were identified for examination a priori based on evidence in the literature of an association 

with colorectal cancer. Unadjusted analyses indicated significant racial differences for 

Bacteroides (p=0.035), but not for Bifidobacterium, Clostridium, Fusobacterium, 
Lactobacillus, Porphyromonas or Ruminococcus (shown in Table 3). The Y-axis represents 

normalized to the largest total counts (Bacteroides) size on the log scale.

Examination of associations between race, selected phenotypic traits and the gut 
microbiota

As shown in table 1, racial stratification revealed differences in other phenotypic traits of our 

study sample including age, BMI, and waist circumference which necessitated additional 

analyses to account for potential confounding of results. Due to the high correlation between 

BMI and waist circumference (r=0.94, p<0.001), we decided to focus on a single measure of 

body size. Waist circumference was chosen due to literature indicating that waist 

circumference is a better indicator of actual body composition than BMI and may account 

for observed racial differences in body composition for black and white females with similar 

BMIs. When controlling for waist circumference, race was significantly associated with 
Bacteroides (p=0.040), where black race was associated with a greater abundance (table 4). 

There was no significant waist-by-race interaction (table 4).

Examination of associations between race, stress measures and the gut microbiota

We compared racial groups on measures of stress (table 1) based on preliminary evidence 

that exposure to stress may affect gut microbial composition. There were no differences in 

scores on the PSS-10 which appraises an individual’s overall stress in the previous month 

(p=0.49). When comparing the WSI-SF which measures the number of and impact of minor 

stressors in the previous week, white women reported a higher number of stressful events 

than black women (13.9 vs. 10.9; p=0.026). White women also reported a higher perceived 

impact, i.e. level of distress from stressful events, compared to black women (35.7 vs. 25.6; 

p=0.052). For each stress measure, our first set of models examined the crude relationships 

between the individual stress measure (i.e., PSS-10, WSI-SFE, WSI-SFI) and each pre-

specified colorectal cancer-associated genus group. Then, consistent with our overall 

hypothesis of exploring racial differences in the gut microbiota and possible contributors to 
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observed differences, the next set of models examined the relationships between race and 

pre-specified colorectal cancer-associated genus groups while controlling for stress. Lastly, 

we tested for race-by-stress interactions as a predictor of taxa abundances.

Results of analyses examining the relationship between race, the PSS-10 and our pre-

specified colorectal cancer associated genera are shown in Table S1 (Supplemental Digital 

Content 3). Unadjusted analysis revealed no significant associations between PSS-10 scores 

and any of the pre-specified genus groups. When controlling for PSS-10 score, race was 

significantly associated with Bacteroides (p=0.041) where black race was associated with a 

higher abundance. Analyses also revealed a significant race-by-stress (as indicated by 

PSS-10 score) interaction as associated with Clostridium (p=0.021), and Ruminococcus 
(p=0.014). Among whites, as PSS-10 score increased, the abundances of Clostridium and 

Ruminococcus also increased whereas there was a slight decrease in abundances for blacks 

with higher PSS-10 scores.

Table S1 also shows the results of analyses examining the relationship between race, the 

WSI-SF and our pre-specified colorectal cancer associated genera. Unadjusted analysis 

indicated that the WSI-SFE score (# of stressful events) was associated with 

Bifidobacterium (p=0.010). After controlling for WSI-SFE scores, race was significantly 

associated with Bacteroides (p=0.021) with blacks having a higher abundance after 

controlling for the number of stressful events. Race-by-stress (as indicated by WSI-SFE 

score) interactions were associated with abundances of Fusobacterium (p=0.017) such that 

among blacks, Fusobacterium increased with higher WSI-SFE score, but decreased with 

higher WSI-SFE score among whites.

Relationships between race, the WSI-SFI (perceived impact of stressful events), and our pre-

specified colorectal cancer associated genera are also shown in table S1. A significant 

association between WSI-SFI score and Bifidobacterium (p=0.012) was observed in 

unadjusted analysis where the increased impact of stress was associated with lower 

abundance of Bifidobacterium. After controlling WSI-SFI scores, race was significantly 

associated with Bacteroides (p=0.032). Significant race-by-stress (as indicated by WSI-SFI) 

interactions were also observed for Fusobacterium (p=0.036). Among blacks, as WSI-SFI 

increased, abundances of Fusobacterium also increased. Among whites, increased WSI-SFI 

scores were associated with lower abundances of Fusobacterium.

Examination of associations between race, age, waist, stress measures, dietary measures 
and the gut microbiota

In the full model examining the relationship between race and our pre-specified colorectal 

cancer associated genera while controlling for age, waist, dietary and stress measures, an 

association was observed between race and a single genus group – Bacteroides (logFC= 

1.79; p=0.019). Among our study sample, black race was associated with a greater 

abundance of Bacteroides.
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Discussion

In our examination of the composition of the gut microbiota of sample of generally healthy 

black and white females, we observed no differences in the amount of microbial diversity, 

i.e., alpha diversity, of black and white women. We did, however, observe racial differences 

in the overall composition of the gut microbiota indicated by tests of beta diversity. While 

many of the racial differences that emerged in our unadjusted comparisons of the top 10 

OTUs and 7 pre-specified colorectal cancer-associated genera were explained by other 

factors, Bacteroides remained as statistically different after controlling for other measured 

correlates in this study. Also, racial differences in multiple other genus groups were 

identified in exploratory post hoc analyses (Tables S2 – S5, Supplemental Digital Content 

3).

Our study is consistent with previous work that has demonstrated racial differences in the 

gut microbiota overall. For example, Yazici and colleagues reported that blacks had greater 

abundances of sulfidogenic bacteria than whites (42). Other research has also shown 

differences in the gut microbiota at the phylum level including a report by Hester et al. 

suggesting significantly higher Firmicutes among blacks compared to whites (25). While our 

study did not necessarily compare the same taxonomic groups as these previous studies, our 

study contributes to a small body of literature demonstrating a general pattern of racial 

differences in the gut microbiota. When looking at specific taxa, we identified a higher 

abundance of Bacteroides among black women in our study which is consistent with our 

hypothesis that blacks would have a greater abundance of colorectal cancer-associated 

bacteria. When comparing Bacteroides between native Africans, a group with a very low 

incidence of colorectal cancer, and African Americans, the abundance of Bacteroides was 

much higher among African Americans. To our knowledge, our study is among the first to 

directly compare Bacteroides of black and white women. We also observed that the Weekly 

Stress Inventory measure, a measure of ongoing chronic stress was inversely associated with 

Bifidobacterium. We also observed racial differences in the WSI with white women 

reporting a higher number of stressful events and a greater impact. After controlling for 

stress, the racial difference in Bacteroides persisted with black women having a higher 

abundance which is of note based on previous research where colorectal cancer patients 

display higher abundances of Bacteroides than cancer-free individuals. Other research, 

primarily animal models (24, 43), but more recently human studies (44, 45), has also 

suggested a relationship (46–48)—potentially bi-directional—between stress and the gut 

microbiota. While the pathways linking the gut microbiota to health outcomes like colorectal 

cancer and to upstream correlates like stress remain to be elucidated, stress-induced 

alterations in neuro-endocrine-immune pathways may provide one possible mechanism for 

further exploration (27). The interplay of stress, inflammation, and the gut microbiota 

(49)may provide another pathway for investigation given the association between 

inflammation and cancer risk.

This study does not come without limitations. First, the cross-sectional design only allows 

for reporting of observed associations and does not explain mechanisms by which observed 

differences may exist. Next, given the sample size, it was not possible to simultaneously 

investigate all of the potential correlates of the gut microbiota. Indeed, in a 2016 paper, 
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Falony et al reported that 69 different factors were significantly associated with variation in 

the gut microbiota among a cohort of 1106 Flemish participants (50). While our study 

narrowed the focus of correlates being investigated, the racial diversity of our sample still 

allows for novel information to be determined about the gut microbiota among a wider range 

of individuals. Also, medication data was not included in this analysis because it was not 

collected in a systematic quantifiable manner. While individuals who reported any antibiotic 

use were excluded from the study, use of other medications like anti-hypertensives was 

qualitatively recorded. Future studies should rigorously collect medication data so that more 

can be learned about how a range of medication usage may affect the gut microbiota. Also, 

while we opted to use waist circumference to estimate central adiposity to account for racial/

ethnic differences in body fat distribution, future studies might consider more definitive 

measures of body fat and body composition such as bioelectrical impedance analysis (BIA). 

Finally, there is limited generalizability to groups other than middle-class non-Hispanic 

black and white females.

This study also has several strengths. First, the racially diverse sample allows for the 

examination of the gut microbiota across racial groups which may be a key factor in better 

understanding and addressing health disparities for a number of chronic diseases including 

colorectal cancer. This study also included a well-phenotyped sample for examination. Thus, 

we were able to examine and account for demographic or phenotypic differences that may 

contribute to differences in the gut microbiota. Finally, the inclusion of psychological 

measures of stress further enhances the impact of this study Taken together, these factors 

build on the current human microbiome research by moving the field closer to exploring the 

microbiome using a more comprehensive approach by considering the microbiome within 

the context of the immediate and proximal environments (51). One framework, the 

biopsychosocial ecological model, suggests that a variety of factors at the immediate, 

proximal, distal, and intermediate levels may influence the gut microbiota (51). Hence, 

future research should consider inclusive frameworks like to more rigorously examine this 

emerging area.

In summary, racial differences in the overall composition of the gut microbiota were 

observed although only one of our 7 a priori identified candidate genera revealed any racial 

differences. While we fully acknowledge that findings may include false positives as a result 

of a relatively small, self-selected sample, our research suggests that additional investigation 

is warranted. Additionally, we do not assert that these racial differences were due to race 

alone, but more likely due to behavioral, environmental and psychosocial factors that are 

related to race that were unmeasured in this study. Given that temporality has not been 

established between microbial dysbiosis and colorectal cancer, the absence of significant 

racial differences among our pre-specified genera is meaningful information. First, it 

provides some direction for future hypotheses regarding temporality. Also, it suggests that 

modifiable factors, not biological factors associated with race, are the main drivers of OTU 

abundance for those 7 genera.

Nevertheless, while only a few racial differences in OTUs emerged for the top10 OTUs or 

our a priori groups of interest, racial differences for many other groups emerged in 

exploratory analysis suggesting that understanding the gut microbiota is complex and must 
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be fully explored rather than focusing on a limited number of microbes. This study has 

completed an important first step of establishing that there are, in fact, racial differences in 

the gut microbiota. It remains unclear whether these differences are driven by genetics, 

behavior, or a combination. Future research in this area should expand racial comparisons to 

include individuals with and without colorectal cancer. Additionally, longitudinal follow-up 

studies of racially diverse, well-phenotyped cohorts will allow us to better understand the 

role of the gut microbiota in the etiology of colorectal cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic of a Non-metric multidimensional scaling (NMDS) plot. NMDS is an indirect 

gradient analysis approach which produces an ordination based on a distance and attempts to 

represent, as closely as possible, the pairwise dissimilarity between objects in a low-

dimensional space. Points represent individual participants’ gut microbiota. Participants with 

gut microbiota that are more similar to one another are ordinated closer together. Circles are 

confidence ellipses.

Carson et al. Page 15

Psychosom Med. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carson et al. Page 16

Table 1

Participant Characteristics (N=80)

Characteristic Mean (SD) P-value

Race

Black (N=47) White (N=33) Total (N=80)

Age (year) 43.70 (14.38) 34.52 (11.59) 39.91 (13.98) 0.003

BMI (kg/m2) 33.26 (9.50) 27.48 (6.65) 30.88 (8.88) 0.003

Waist Circumference (cm) 98.28 (19.30) 86.62 (15.80) 93.44 (18.73) 0.006

HH Individuals* 2.28 (1.31) 2.21 (1.14) 2.25 (1.24) 0.820

Perceived Stress Scale Score 15.09 (6.46) 16.16 (7.05) 15.52 (6.69) 0.488

Weekly Stress Inventory (# events) 10.86 (5.92) 13.90 (5.34) 12.14 (5.85) 0.026

Weekly Stress Inventory (impact) 25.63 (22.08) 35.74 (21.18) 29.87 (22.14) 0.052

Total Fiber (g) 17.05 (10.73) 18.31 (10.29) 17.56 (10.51) 0.604

% of Calories from Fat 38.21 (9.56) 37.15 (9.80) 37.78 (9.61) 0.634

N (%)

Marital Status 0.211

 Single 16 (34.8) 14 (42.4) 30 (37.5)

 Married 16 (34.8) 14 (42.4) 30 (37.5)

 Separated 2 (4.3) 0 (0.0) 2 (2.5)

 Divorced 7 (15.2) 4 (12.1) 11 (13.8)

 Widowed 5 (10.9) 0 (0.0) 5 (6.3)

 Domestic Partner 0 (0.0) 1 (3.0) 1 (1.3)

Education Level 0.112

 Less than High School 1 (2.1) 0 (0.0) 1 (1.3)

 High School/GED 6 (12.8) 1 (3.0) 7 (8.8)

 Some College 12 (25.5) 3 (9.1) 15 (18.8)

 Associates 5 (10.6) 2 (6.1) 7 (8.8)

 Bachelors 14 (29.8) 16 (48.5) 30 (37.5)

 Masters 9 (19.1) 10 (30.3) 19 (23.8)

 Doctoral 0 (0.0) 1 (3.0) 1 (1.3)

Household Income 0.123

 Less than 10,000 11 (23.4) 6 (18.2) 17 (21.3)

 10,000–19,000 3 (6.4) 2 (6.1) 5 (6.3)

 20,000–29,000 2 (4.3) 1 (3.0) 3 (3.8)

 30,000–39,000 10 (21.3) 3 (9.1) 13 (16.3)
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Characteristic Mean (SD) P-value

Race

Black (N=47) White (N=33) Total (N=80)

 40,000–49,000 11 (23.4) 4 (12.1) 15 (18.8)

 50,000 or over 10 (21.3) 17 (51.5) 27 (33.8)

SD, standard deviation; HH Individuals, number of individuals are in a household;

Bolded p-values are significant at the 0.05 level of significance
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Table 2

Measures of alpha diversity by race

Measures Mean (SD) P-value

Race

Black (N=55) White (N=45)

Chao1 329.00 (52.33) 337.53 (49.51) 0.465

Observed species 274.96 (45.08) 285.67 (37.23) 0.265

PD whole tree 21.09 (2.74) 21.89 (2.73) 0.199

Shannon 5.19 (0.62) 5.16 (0.61) 0.801

Simpson 0.93 (0.04) 0.92 (0.06) 0.348
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Table 3

Racial comparisons of average abundance of selected colorectal cancer-associated genera

OTUs Average Abundance (Black) Average Abundance (White) Log(B/W)* P Value

Bacteroides 7.59 6.38 1.205 0.035

Bifidobacterium 3.55 2.72 0.828 0.244

Clostridium 2.91 3.45 −0.536 0.368

Fusobacterium −1.56 −1.64 0.082 0.775

Lactobacillus 4.08 4.39 −0.311 0.601

Porphyromonas 1.45 1.65 −0.195 0.752

Ruminococcus 5.87 5.66 0.211 0.620

B, Black; W, White

Bolded p-values are significant at the 0.05 level of significance
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