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Abstract 

Background The gut microbiota is associated with risk for colorectal cancer (CRC), a chronic disease for which 
racial disparities persist with Black Americans having a higher risk of CRC incidence and mortality compared to other 
groups. Given documented racial differences, the gut microbiota may offer some insight into previously unexplained 
racial disparities in CRC incidence and mortality. A case–control analysis comparing 11 women newly diagnosed 
with CRC with 22 cancer-free women matched on age, BMI, and race in a 1:2 ratio was conducted. Information 
about participants’ diet and perceived stress levels were obtained via 24-h Dietary Recall and Perceived Stress Scale-10 
survey, respectively. Participants provided stool samples from which microbial genomic DNA was extracted to reveal 
the abundance of 26 genera chosen a priori based on their previously observed relevance to CRC, anxiety symptoms, 
and diet.

Results Significantly lower alpha diversity was observed among cancer-free Black women compared to all other 
race-cancer status combinations. No group differences were observed when comparing beta diversity. Non-Hispanic 
White CRC cases tended to have higher relative abundance of Fusobacteria, Gemellaceae, and Peptostreptococcus 
compared to all other race-cancer combination groups. Perceived stress was inversely associated with alpha diversity 
and was associated with additional genera.

Conclusions Our findings suggest that microbiome-CRC associations may differ by racial group. Additional large, 
racially diverse population-based studies are needed to determine if previously identified associations between char-
acteristics of the gut microbiome and CRC are generalizable to Black women and other racial, ethnic, and gender 
groups.
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Introduction
Colorectal cancer (CRC) is the 3rd most common 
cancer among adults living in the United States with 
approximately 150,000 new cases and more than 50,000 
CRC-related deaths annually [1]. While improvements in 
screening and treatment have led to a decline in overall 
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CRC incidence and mortality over time, racial disparities 
persist. For example, the incidence of CRC is approxi-
mately 10–30% higher among non-Hispanic Black indi-
viduals compared to other racial and ethnic groups [2, 3]. 
Black individuals also have a lower 5-year overall survival 
rate after CRC surgery compared to White individuals 
[2]. Known risk factors for CRC include increasing age, 
male sex, family history, inflammatory bowel disease, 
type 2 diabetes, alcohol consumption, smoking, physical 
inactivity, high consumption of red and processed meats, 
high fat diet, and obesity [3, 4].

In recent years, associations between the gut microbi-
ota and CRC have also increasingly been investigated in 
the etiology and pathology of this chronic disease [5–7]. 
The gut microbiota refers to the microbial communities 
that inhabit the gut and plays a role in digestion, metabo-
lism, nutrient absorption, and immune health. Associa-
tions have been identified between the gut microbiota 
and many chronic diseases including CRC [5]. Inflam-
mation in the gut can lead to dysplasia which may lead 
to many chronic diseases including CRC [8]. When dys-
plasia occurs, structural damage begins in the epithelium 
barriers between the microbiota and the immune cells in 
the lamina propria. This facilitates bacterial transloca-
tion which increases exposure of immunogenic microbial 
compounds to both epithelial cells and antigen-present-
ing cells [9]. Therefore, bacteria stimulate immune sign-
aling pathways resulting in a loss of homeostasis and an 
environment that is prone to neoplasms.

The composition of the gut microbiota is largely influ-
enced at birth by mode of delivery [10, 11]. Additional 
environmental and behavioral factors are associated with 
the gut microbiota over the life course including diet, 
physical activity, medication usage, and stress [12–15]. 
Racial and ethnic differences in the gut microbiota are 
also documented [13, 16, 17]. One study comparing the 
gut microbiota of a generally healthy, racially diverse 
sample of women reported a higher abundance of Bac-
teroidetes among Black women compared to White 
[13]. This is of importance given the evidence that Bac-
teroidetes may be enriched among individuals with CRC 
[18, 19]. Reasons for racial differences are believed to be 
largely a result of social, environmental, and cultural fac-
tors associated with race and ethnicity (e.g., diet, stress) 
[20, 21]. Given the association between the gut microbi-
ota and several chronic diseases for which racial dispari-
ties persist, such as CRC, further investigations into the 
gut microbiota as a potential contributor to health dis-
parities are warranted.

While many risk factors for CRC are known, racial dis-
parities in CRC persist among women even after con-
trolling for these traditional risk factors [3]. With the 
mounting evidence supporting an association between 

the gut microbiota and CRC, the gut microbiota must be 
integrated into CRC research. Dietary intake, a behav-
ior that is associated with the gut microbiota and tends 
to differ by race [22, 23], is also associated with risk for 
CRC [24]. Thus, it is plausible that if race is associated 
with diet which in turn affects the composition of the gut 
microbiota which is associated with CRC risk, then racial 
disparities in CRC may be driven by the intersection of 
diet and the gut microbiota. Similarly, there is increas-
ing evidence to support a relationship between psycho-
logical stress, which also tends to differ by race, and the 
gut microbiota [13, 25]. These links may suggest that 
the interaction between psychological stress and the gut 
microbiota may contribute to unexplained racial dispari-
ties in CRC.

The purpose of this study was to compare the gut 
microbiota of a racially diverse sample of women with 
newly diagnosed CRC to matched cancer-free controls. 
We compared alpha diversity and other a priori-selected 
microbiota characteristics across a racially diverse sam-
ple of women newly diagnosed with CRC and cancer-free 
controls. We also assessed racial differences in CRC-
associated microbiota characteristics, hypothesizing that 
CRC-associated gut microbiota characteristics would be 
more prevalent among Black women compared to White 
women. Lastly, we compared select dietary factors by 
race-CRC status and examined associations between per-
ceived stress and relative abundances of a priori-selected 
genera.

Methods
From 2016 to 2019, we enrolled 11 cis-gendered women 
with newly diagnosed CRC prior to their initiation of 
treatment (case) and 178 cis-gendered women from the 
same geographic area who were cancer free (control). 
Cases were recruited collaboratively with the multi-
disciplinary cancer treatment clinic at the University 
of Alabama at Birmingham. Research staff and clinic 
staff worked together to identify potential participants 
with upcoming gastrointestinal oncology confirmatory 
appointments. After completing the clinic appointment, 
research staff met with eligible patients to inform them 
of the study opportunity and invited them to participate. 
Interested patients were then enrolled in the study and 
completed the first study visit the same day to limit par-
ticipant burden. Controls were cancer-free volunteers 
from the local area that would be served by the same hos-
pital as cases. Controls were recruited using flyers, word 
of mouth, and small media. Participants self-identified as 
non-Hispanic Black or White. Exclusion criteria were the 
following: (1) current tobacco use, (2) current pregnancy, 
(3) previous cancer diagnosis, or (4) use of antibiotics or 
other medications known to alter the gut in the previous 
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90  days. All study-related protocols and questionnaires 
received approval from The University of Alabama at 
Birmingham Institutional Review Board for human sub-
jects (IRB-150714003). All methods were performed in 
accordance with the relevant guidelines and regulations. 
Participants provided written informed consent and were 
compensated US $50 for their time.

For this case–control analysis, CRC patients were 
matched to cancer-free controls using age, BMI, and race. 
Cases were matched 1:2 with controls leading to a sample 
of 33 participants. All participants completed two study 
visits during which demographics, anthropometrics, sur-
vey data, and biospecimens were collected. During visit 
1, participants completed the following:

Demographics survey
Age; race and ethnicity; education (less than high 
school, high school/general equivalency diploma, some 
college, Associates, Bachelors, Masters, Doctoral); 
household income (US < $10,000, $10,000–$19,999, 
$20,000–$29,999, $30,000–$39,999, $40,000–$49,999, 
or ≥ $50,000); and number of individuals in the house-
hold were collected using a standardized demographics 
data collection survey.

Anthropometric measures
Weight and height were measured in light, indoor cloth-
ing, without shoes, using a calibrated digital measuring 
station (Seca 284 measuring station, Hanover, MD). Body 
mass index (BMI) was calculated as weight (kilogram)/
height (square meter). Waist circumference was meas-
ured to the nearest 0.10  cm using the Gulick II tension 
spring measuring tape (model 67020).

Perceived Stress Scale‑10 (PSS‑10)
Participants’ global perception of perceived stress in the 
previous month was assessed using the PSS-10, a vali-
dated 10-item scale used to assess the degree to which 
situations in one’s life are appraised as stressful [26]. Par-
ticipants provided a response (0 = never, 1 = almost never, 
2 = sometimes, 3 = fairly often, and 4 = very often) to a 
series of 10 statements about the occurrence of stress-
ful events. Higher scores on the PSS-10 indicate greater 
perceived stress (possible range 0–40). The PSS has good 
internal consistency (Cronbach’s α = 0.86) and is posi-
tively correlated with other indices of stress among adults 
[27].

At the end of the first study visit, participants were 
given a stool collection kit along with verbal and writ-
ten instructions for proper sample collection at home. 
Participants were asked to collect one fecal sample at 
home and return at the next study visit which was sched-
uled within the following 5 to 7 days. During the second 

visit, participants returned stool samples and provided 
dietary information using the National Cancer Institute 
Automated Self-administered 24-h Dietary Recall, which 
includes multilevel food probes and cues to assess food 
types and amounts [28]. Total calories, macronutrient, 
sugar, and fiber intakes were retrieved from ASA-24 for 
analyses.

Sample collection
Participants were asked to self-collect stool samples using 
ParaPak vials (Meridian Biosciences, Inc; Cincinnati, 
OH) no more than 48 h before their second clinic visit. 
Participants were advised to store vials with collected 
samples in a biohazard bag provided by the study in their 
home freezer until samples were returned to research 
staff at the second study visit. Once received by research 
staff, each sample was diluted to 0.1 mg/ml in Cary-Blair 
medium for total volume of 20 mL with 10% glycerol by 
volume. Samples were aliquoted into cryovials and stored 
at − 80 °C until time for DNA extraction and processing.

DNA extraction and illumina MiSeq DNA sequencing
Microbial genomic DNA was isolated using the Zymo 
D6010 Fecal DNA isolation kit (also referred to as Quick-
DNA Fecal/Soil Microbe MiniPrep kit) from Zymo 
Research following the manufacturer’s instructions. The 
isolated DNA was quantitated prior to polymerase chain 
reaction (PCR) and barcoded PCR amplification of the 
V4 region of the 16S rRNA gene [29] to create an ampli-
con library from individual samples was accomplished 
using degenerate primers originally taken from Caporaso 
et al. [30]. Primers were modified as described by Kumar 
et al. [31] for use on the Illumina MiSeq sequencer. PCR 
was carried out under conditions described by Koz-
ich et al. [32] and Kumar et al. [31]. PCR products were 
resolved on agarose gels; DNA isolated and purified 
using Qiagen kits; and then quantitated. The products 
were sequenced on the MiSeq platform, a single flowcell, 
single lane instrument.

The PCR product was approximately 255 bases from 
the V4 segment of the 16S rDNA gene, and we sequenced 
251 bases paired-end reads using Illumina MiSeq. Addi-
tional details are available in Additional File 1: Table S1.

Bioinformatics
FASTQ conversion of the raw data files was performed 
following demultiplexing using MiSeq reporter. Quality 
control of sequence reads was performed with DADA2 
[33] and low-quality data filtered out using the func-
tion fastqPairedFilter (truncLen = c(240,240), maxN = 0, 
maxEE = c(2,2), truncQ = 2). Filtering, denoising, and 
clustering of reads into Amplicon Sequence Variants 
(ASVs) was done using DADA2. Taxon assignment was 
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performed with Mothur [34] and the SILVA 16S rDNA 
database (SILVA_132_QIIME_release) [35–37]. These 
tools were incorporated into an update of our automated 
analysis pipeline, QWRAP [31]. Alpha (Shannon, Simp-
son, and observed species) and beta diversity (Bray Curtis 
and weighted and unweighted Unifrac) were calculated 
using QIIME [38].

Statistical methods
We chose 26 genera a priori based on their previously 
observed relevance to CRC, anxiety symptoms, and 
diet and are listed by phylum as follows: Euryarchae-
ota—Methanobrevibacter; Actinobacteria- Bifidobac-
terium; Bacteroidetes—Bacteroides, Porphyromonas, 
Prevotella; Clostridia—Parvimonas, Peptostreptococ-
cus; Firmicutes—Eubacterium, [Ruminococcus], Blau-
tia, Clostridium, Coprococcus, Lachnospira, Roseburia, 
Butyricicoccus, Faecalibacterium, Ruminococcus, [Eubac-
terium], Clostridium, Dialister, Gemella, Lactobacillus; 
Fusobacteria—Fusobacterium; Proteobacteria -Sutte-
rella, Succinivibrio; Verrucomicrobia—Akkermansia.

Statistical analyses were conducted using IBM SPSS 
Statistics for Windows, Version 25.0. (IBM Corp., 
Armonk, NY), R version (1.3.1), and figures were gener-
ated using GraphPad Prism version 8.0.0 (GraphPad Soft-
ware, San Diego, CA). Complete data were available for 
matching from four non-Hispanic Black and seven non-
Hispanic White women with CRC and 92 non-Hispanic 
Black and 86 non-Hispanic White cancer-free women. 
Controls were frequency-matched 2:1 to cases using the 
FUZZY extension in SPSS with the following parameters: 
race- exact; age— ± 5 years; BMI— ± 5 kg/m2.

We conducted descriptive analyses among each of the 
four race-cancer status combinations for participant 
characteristics, diet variables, perceived stress, alpha 
diversity metrics, and relative abundance of genera. 
Normality was determined using the Shapiro–Wilk test. 
Overall differences in normally distributed variables were 
assessed using one-way analysis of variance (ANOVA). 
Between-group differences for variables with non-normal 

distribution (genera and food groups) were analyzed 
using Kruskal–Wallis ANOVA. We used unconditional 
multivariable logistic regression to estimate the associa-
tions of the microbiome metrics with CRC. We included 
age, race, and body mass index (BMI) in the regression 
models based on previous literature and biological plau-
sibility. Post-hoc exploratory analyses between stress var-
iables of interest and genera were conducted using partial 
Spearman correlations. We accounted for multiple test-
ing in all analyses using Bonferroni correction.

Results
Twenty-two cancer-free women (controls) were race, 
age, and BMI matched to eleven women who were treat-
ment-naïve CRC patients (cases). As shown in Table  1, 
there were no significant differences in age or BMI when 
comparing cases and controls, which was expected due 
to our matching criteria. Waist circumference tended to 
be lower among non-Hispanic White women overall and 
lower among cancer-free non-Hispanic Black women 
compared to non-Hispanic Black women with CRC. We 
did not observe differences in perceived stress between 
groups.

Associations of alpha diversity with CRC among non-
Hispanic Black and non-Hispanic White women com-
bined are presented in Table  2. Alpha diversity was 
positively associated with CRC, though the findings were 
generally not statistically significant and the estimates 
unstable. For example, for every 1-SD increase in the 
Shannon Index, there was an estimated non-statistically 
significant 2.1-fold higher odds of CRC (95% CI 0.68, 
8.24). In a comparison of the alpha diversity estimates 
by race, cancer-free non-Hispanic Black women tended 
to have the lowest diversity among the groups (Fig. 1A). 
There were no statistically significant associations of the 
beta diversity distance matrices (e.g., overall microbi-
ome composition) with CRC (all P > 0.50 for Bray–Cur-
tis, Weighted Unifrac, and Unweighted Unifrac distance; 
data not shown).

Table 1 Characteristics of non-Hispanic black and white female cancer patients and matched cancer-free controls

NHB, non-Hispanic Black; CF, Cancer-Free; CC, colorectal cancer; NHW, non-Hispanic White
a Within race difference
b Between race difference

NHB CF
(n = 8)

NHB CC
(n = 4)

NHW CF
(n = 14)

NHW CC
(n = 7)

P value

Age (years) 60.6 (6.3) 64 (8.8) 59.1 (8.6) 59.6 (12.4) 0.88

Body mass index (kg/m2) 37.5 (8.4)b 37.2 (12.8) 27.7 (7.2) 30.9 (6.6) 0.02

Waist circumference (cm) 104.4 (12.3)b 111 (14.7) 89.1 (15.4)a 110.1 (11.6) 0.006

Perceived stress scale (total) 15.4 (10.4) 12.8 (9.6) 15.4 (11) 13.1 (11.1) 0.948
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Associations of the relative abundance of a priori-
selected taxa with CRC are presented in Table  3. 
Though no bacteria were statistically significantly 
associated with CRC after correction for multiple test-
ing, notably, Fusobacteria, Gemellaceae, and Peptos-
treptococcus were strongly, positively associated with 
CRC, similar to previous literature [6, 39]. Mean rela-
tive abundances of individual genera are presented 
by race-cancer combination in Fig.  2. Non-Hispanic 
White CRC cases tended to have higher relative abun-
dance of Fusobacteria, Gemellaceae, and Peptostrepto-
coccus compared to all other race-cancer combination 
groups Fig. 1B). For example, mean relative abundance 
of Fusobacterium abundance was 0.767% among non-
Hispanic White women with CRC compared 0.002% 
among cancer-free non-Hispanic White women 
(p = 0.0002); whereas, there were no statistically sig-
nificant differences in Fusobacterium abundance 
among non-Hispanic Black women with and without 
CRC. As shown in Additional file 2: Table S2, relative 
abundance of [Eubacterium] was higher, on average, 
among non-Hispanic Black women with CRC com-
pared to non-Hispanic White women with (p = 0.026) 
and without (p = 0.018) CRC. Total calories and 
macronutrients, including total sugar and total fiber 
are reported in Table 4. Although non-Hispanic White 
women with CRC reported average daily total calories 
approximately 400 cal more than the other groups, this 
finding was not statistically significant. No post-hoc 
differences between groups in any of these nutrients 

reached statistical significance after Bonferroni cor-
rection. Daily intake of food groups relevant to CRC 
by race-cancer status are presented in Fig.  3. Overall, 
strong between-group differences were observed for 
total vegetables and cured meats, while dairy was only 
marginally different across groups. Post hoc between 
group differences were only observed in total vegeta-
bles, in which non-Hispanic White women with CRC 
reported an almost four-fold higher consumption 
compared to non-Hispanic Black women with CRC 
(p = 0.049).

Finally, we sought to estimate the association of total 
perceived stress with relative abundance of the genera 
and alpha diversity controlling for cancer status, age, 
race, and BMI. Perceived stress was inversely associated 
with Shannon index, Simpson Index, relative abundance 
of Coprococcus, Faecalibacterium, Roseburia, Lach-
nospira, Butyricicoccus, and Sutterella, and positively 
associated with [Ruminococcus], [Eubacterium], and 
Parvimonas (Table 5).

Discussion
The present study reports differences in alpha diver-
sity and CRC-associated signatures of the gut micro-
biome when comparing Black and White women with 
a new CRC diagnosis to those who are cancer-free. We 
observed significantly lower alpha diversity among can-
cer-free Black women compared to all other race-cancer 
status combinations. One of the more intriguing findings 

Table 2 Associations of alpha diversity estimates with colorectal cancer among black and white women (N = 33; 11 colorectal cancer 
cases, and 22 cancer-free controls)

a Alpha diversity measures were dichotomized based on median value among the matched cancer-free controls
b Covariates for logistic regression models included: age(continuous), race (black vs. white), and BMI (continuous)

CI, confidence interval; OR, odds ratio; PD, phylogenetic diversity

Alpha diversity metric (range)a Colorectal cancer Cancer‑free Unadjusted Adjusted

n (%) n (%) OR (95% CI) P‑value OR (95% CI)b P‑value

11 22

Observed

 Continuous [mean (SD)] [338.36 (56.55)] [311.18(61.50)] 1.00 (1.00, 1.02) 0.23 1.01 (1.00, 1.03) 0.21

 Quantile 1 (185–310) 3 (27.3) 11 (50.0) 1.00 (referent) 0.22 1.00 (referent) 0.14

 Quantile 2 (312–428) 8 (72.7) 11 (50.0) 2.70 (0.59, 14.74) 4.48 (0.71, 43.49)

Shannon

 Continuous [mean (SD)] [5.25 (0.80)] [4.96 (0.78)] 1.70 (0.65, 5.36) 0.30 2.06 (0.68, 8.24) 0.24

 Quantile 1 (3.19–5.06) 3 (27.3) 11 (50.0) 1.00 (referent) 0.22 1.00 (referent) 0.12

 Quantile 2 (5.06–6.22) 8 (72.7) 11 (50.0) 2.70 (0.59, 14.74) 4.38 (0.76, 35.56)

PD whole tree

 Continuous [mean (SD)] [21.36 (3.04)] 20.12 (3.28) 1.10 (0.90, 1.48) 0.29 1.16 (0.90, 1.58) 0.27

 Quantile 1 (14.06–19.37) 1 (9.1) 11 (50.0) 1.00 (referent) 0.04 1.00 (referent) 0.03

 Quantile 2 (19.38–26.75) 10 (90.9) 11 (50.0) 10.00 (1.52, 199.93) 26.72 (2.34, 1,084)
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Fig. 1 A Fecal bacteria alpha diversity metrics by race-cancer status combinations. Chao1, p = 0.611; Observed Species, p = 0.018; Whole Tree 
Phylogeny, p = 0.012; Shannon Index, p = 0.027; Simpson Index, p = 0.094. A.b ap = 0.0038; bp = 0.0009; cp = 0.0080. NHB, non-Hispanic Black; 
CF, Cancer-Free; CC, Colon Cancer; NHW, non-Hispanic White. P values not listed are greater than 0.05. B Fecal bacteria relative abundance 
by race-cancer status combinations. NHB, non-Hispanic Black; CF, Cancer-Free; CC, Colon Cancer; NHW, non-Hispanic White. P values not listed are 
greater than 0.05
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Table 3 Associations of phylum and genus level relative abundances with colorectal cancer among Black and White women (N = 33; 
11 colorectal cancer cases, and 22 cancer-free controls)

a Relative abundance values were transformed using the centered log-ratio transformation prior to conducting logistic regression to facilitate interpretation
b Covariates for logistic regression models included: age (continuous), race (black vs. white), and BMI (continuous)

CI, confidence interval; OR, odds ratio

Colorectal cancer Cancer‑free Unadjusted Adjusted

Mean % relative 
abundance (SD)

Mean % relative 
abundance (SD)

OR (95% CI) P‑value OR (95% CI)b P‑value

11 22

Phylum

 Firmicutes 66.91 (16.90) 58.80 (14.33) 9.30 (0.47, 353.87) 0.18 10.52 (0.52, 417.32) 0.15

 Bacteroidetes 22.97 (14.39) 27.70 (16.59) 0.88 (0.53, 1.49) 0.61 0.88 (0.49, 1.56) 0.64

 Proteobacteria 4.19 (5.81) 3.76 (6.04) 0.88 (0.53, 1.45) 0.61 0.90 (0.52, 1.52) 0.68

 Verrucomicrobia 2.34 (3.27) 4.32 (9.17) 0.97 (0.72, 1.31) 0.84 0.98 (0.71, 1.36) 0.88

 Actinobacteria 2.67 (3.33) 3.90 (5.76) 0.94 (0.51, 1.68) 0.82 0.96 (0.53, 1.75) 0.90

 Archaea; Euryarchaeota 0.21 (0.34) 0.43 (1.22) 1.10 (0.74, 1.51) 0.78 1.08 (0.75, 1.60) 0.66

 Tenericutes 0.03 (0.06) 0.40 (1.29) 0.61 (0.29, 1.02) 0.10 0.56 (0.26, 0.95) 0.06

 Cyanobacteria 0.01 (0.05) 0.31 (0.77) 0.88 (0.58, 1.28) 0.53 0.91 (0.59, 1.36) 0.65

 Bacteria other 0.08 (0.09) 0.23 (0.63) 1.20 (0.79, 1.96) 0.39 1.34 (0.81, 2.33) 0.27

 Fusobacteria 0.49 (1.05) 0.00 (0.00) 6.00 (1.93, 62.75) 0.03 8.16 (2.24, 186.35) 0.03

Phylum; class: order; family;  genusa

 Bacteroides 18.86 (13.33) 19.70 (14.15) 0.95 (0.59, 1.59) 0.82 0.96 (0.57, 1.67) 0.88

 Blautia 14.64 (12.12) 14.04 (10.06) 1.10 (0.42, 3.14) 0.80 1.19 (0.40, 3.57) 0.75

 Coprococcus 8.67 (12.47) 4.98 (4.94) 1.50 (0.71, 3.61) 0.28 1.52 (0.66, 3.85) 0.33

 Ruminococcus 6.62 (3.51) 5.89 (4.79) 1.40 (0.77, 3.18) 0.33 1.41 (0.75, 3.34) 0.34

 Faecalibacterium 6.59 (5.12) 5.02 (5.07) 1.30 (0.89, 2.29) 0.25 1.32 (0.88, 2.38) 0.26

 [Ruminococcus] 4.22 (4.06) 4.88 (4.84) 0.72 (0.28, 1.72) 0.47 0.61 (0.21, 1.63) 0.34

 Akkermansia 2.32 (3.26) 4.31 (9.17) 0.98 (0.73, 1.32) 0.89 0.99 (0.72, 1.37) 0.94

 Roseburia 3.90 (3.88) 2.34 (2.22) 1.80 (0.95, 4.30) 0.13 1.83 (0.94, 4.66) 0.13

 Bifidobacterium 1.68 (2.91) 1.69 (3.04) 1.00 (0.73, 1.45) 0.90 1.06 (0.74, 1.53) 0.76

 Porphyromonas 0.22 (0.62) 0.00 (0.00) 1.50 (0.85, 2.95) 0.21 1.68 (0.92, 3.74) 0.12

 Prevotella 0.01 (0.01) 2.75 (8.26) 0.73 (0.41, 1.03) 0.15 0.74 (0.41, 1.06) 0.18

 Lactobacillus 0.09 (0.21) 0.05 (0.08) 1.10 (0.49, 2.24) 0.83 1.14 (0.48, 2.60) 0.75

 Pseudoramibacter_Eubacterium 0.01 (0.02) 0.11 (0.21) 0.79 (0.48, 1.20) 0.30 0.82 (0.49, 1.29) 0.41

 Clostridium 0.17 (0.25) 0.32 (0.43) 0.77 (0.47, 1.20) 0.25 0.76 (0.45, 1.23) 0.27

 Lachnospira 0.45 (0.45) 0.44 (0.68) 1.10 (0.78, 1.73) 0.56 1.11 (0.77, 1.74) 0.60

 Butyricicoccus 0.00 (0.00) 0.01 (0.02) 0.74 (0.27, 1.85) 0.52 0.67 (0.22, 1.81) 0.44

 Clostridium 0.06 (0.08) 0.04 (0.07) 1.70 (1.01, 3.45) 0.07 1.75 (1.00, 3.62) 0.08

 [Eubacterium] 0.36 (0.53) 0.20 (0.38) 1.10 (0.70, 1.69) 0.72 1.28 (0.76, 2.30) 0.37

 Fusobacterium 0.49 (1.05) 0.00 (0.00) 6.00 (1.93, 62.75) 0.03 8.16 (2.24, 186.35) 0.03

 Sutterella 0.62 (0.51) 0.83 (0.91) 1.10 (0.80, 1.51) 0.66 1.08 (0.78, 1.56) 0.64

 Succinivibrio 0.00 (0.00) 0.04 (0.17) 1.00 (0.38, 2.25) 1.00 1.03 (0.40, 2.38) 0.94

 Methanobrevibacter 0.20 (0.33) 0.42 (1.19) 1.10 (0.74, 1.52) 0.78 1.08 (0.75, 1.60) 0.67

 Gemellaceae (family) 0.02 (0.02) 0.01 (0.02) 2.00 (0.99, 4.95) 0.08 2.32 (1.07, 6.20) 0.05

 Peptostreptococcus 0.22 (0.54) 0.00 (0.00) 1.80 (1.02, 4.11) 0.08 2.16 (1.14, 5.12) 0.04

 Dialister 0.31 (0.35) 0.34 (0.58) 1.10 (0.78, 1.46) 0.70 1.09 (0.78, 1.57) 0.62

 Parvimonas 0.03 (0.05) 0.01 (0.04) 1.00 (0.43, 2.47) 0.92 1.10 (0.42, 2.88) 0.84
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Fig. 2 Fecal bacteria genera relative abundance by race-cancer status combinations. NHB, non-Hispanic Black; CF, Cancer-Free; CC, Colon Cancer; 
NHW, non-Hispanic White. P values not listed are greater than 0.05

Table 4 Total calories and macronutrients of women with and without colorectal cancer

NHB, non-Hispanic Black; CF, cancer-free; CC, colorectal cancer; NHW, non-Hispanic White

NHB CF
(n = 8)

NHB CC
(n = 4)

NHW CF
(n = 14)

NHW CC
(n = 7)

P value

Total calories (kcal) 1617.7 (639.8) 1737.6 (641.3) 1695.1 (477) 2103.5 (928.8) 0.761

Total protein (g) 64.4 (25.3) 57.5 (24.5) 69.1 (18.2) 76.2 (31) 0.709

Total fat (g) 66.5 (35.6) 65.6 (24.7) 64.8 (22.4) 102.2 (40.7) 0.155

Total carbohydrate (g) 194.4 (67.6) 235.6 (94.5) 197.4 (66.4) 224.7 (121.2) 0.841

Total sugar (g) 88 (51.4) 101.9 (47.4) 94.3 (46.5) 109.3 (65) 0.865

Total fiber (g) 16.1 (6.9) 20.1 (15.5) 13.8 (5.6) 15.3 (6.6) 0.841
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Fig. 3 Total daily servings of food groups of women reported by race-cancer status combinations. Total Fruit, p = 0.651; Total vegetables, p = 0.018; 
Total whole grains, p = 0.446; Total red meat, p = 0.457; Total cured meat, p = 0.030; Total dairy, p = 0.054. NHB, non-Hispanic Black; CF, Cancer-Free; CC, 
Colon Cancer; NHW, non-Hispanic White. P values not listed are greater than 0.05

Table 5 Partial Spearman correlations between total perceived stress scale score, alpha diversity, and relative abundance of target 
ASVs

Rho, p value

Alpha diversity metric

 chao1 − 0.137, p = 0.405

 Observed_species − 0.375, p = 0.019

 PD_whole_tree − 0.304, p = 0.060

 shannon − 0.422, p = 0.007

 simpson − 0.444, p = 0.005

Phylum; class: order; family;  genusa

 Bacteroidetes; Bacteroidia; Bacteroidales; Bacteroidaceae; Bacteroides − 0.137, p = 0.406

 Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Blautia 0.122, p = 0.461

 Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Coprococcus − 0.449, p = 0.004

 Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Ruminococcus − 0.159, p = 0.333

 Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Faecalibacterium − 0.634, p < 0.001

 Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; [Ruminococcus] 0.751, p < 0.001

 Verrucomicrobia; Verrucomicrobiae; Verrucomicrobiales; Verrucomicrobiaceae; Akkermansia − 0.139, p = 0.399

 Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Roseburia − 0.573, p < 0.001

 ActinoActinoBifidobacteriales; Bifidobacteriaceae; Bifidobacterium 0.247, p = 0.129

 Bacteroidetes; Bacteroidia; Bacteroidales; Porphyromonadaceae; Porphyromonas 0.055, p = 0.74

 Bacteroidetes; Bacteroidia; Bacteroidales; Prevotellaceae; Prevotella 0.119, p = 0.471

 Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae; Lactobacillus − 0.071, p = 0.665

 Firmicutes; Clostridia; Clostridiales; Eubacteriaceae; Pseudoramibacter_Eubacterium − 0.172, p = 0.296

 Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Clostridium 0.161, p = 0.327

 Firmicutes; Clostridia; Clostridiales; Lachnospiraceae; Lachnospira − 0.461, p = 0.003

 Firmicutes; Clostridia; Clostridiales; Ruminococcaceae; Butyricicoccus − 0.394, p = 0.013

 Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; Clostridium 0.185, p = 0.26

 Firmicutes; Erysipelotrichi; Erysipelotrichales; Erysipelotrichaceae; [Eubacterium] 0.604, p < 0.001

 FusoFusobacteriia; Fusobacteriales; Fusobacteriaceae; Fusobacterium − 0.133, p = 0.421

 ProteoBetaproteoBurkholderiales; Alcaligenaceae; Sutterella − 0.605, p < 0.001

 ProteoGammaproteoAeromonadales; Succinivibrionaceae; Succinivibrio − 0.188, p = 0.252

 Archaea; Euryarchaeota; MethanoMethanobacteriales; Methanobacteriaceae; Methanobrevibacter − 0.143, p = 0.386

 Firmicutes; Bacilli; Gemellales; Gemellaceae; NA 0.104, p = 0.529

 Firmicutes; Clostridia; Clostridiales; Peptostreptococcaceae; Peptostreptococcus − 0.136, p = 0.408

 Firmicutes; Clostridia; Clostridiales; Veillonellaceae; Dialister − 0.047, p = 0.776

 Firmicutes; Clostridia; Clostridiales; [Tissierellaceae]; Parvimonas 0.42, p = 0.008
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was that a higher relative abundance of Fusobacterium, a 
genus which tends to be enriched among individuals with 
CRC [40], was only associated with CRC among White 
women, but not Black women. These findings highlight 
potentially differences in microbiome-CRC associations, 
as explained below. Associations between perceived 
stress and several genera were also observed.

Our findings related to alpha diversity were consistent 
with much of the limited literature that has specifically 
compared alpha diversity of generally healthy Black and 
White women. Other researchers have reported racial 
differences in alpha diversity including a study by Brooks 
et  al. which also reported lower alpha diversity among 
Black women [17]. In contrast, a 2018 study conducted 
by our team found no differences in alpha diversity when 
comparing Black and White women [13]. However, the 
average age of women in the 2018 study was 40  years 
old whereas women in the present study were in their 
early 60s, on average. Given that aging is associated with 
changes in the gut microbiota [41], the age difference of 
study participants may explain some of the observed dif-
ferences. Our findings may also suggest a potential inter-
action between race and age in the evolution of the gut 
microbiota over time, though this requires further inves-
tigation. Related to CRC status, studies generally suggest 
that alpha diversity is protectively, inversely associated 
with CRC [6, 42] which is counter to our study finding. 
Reasons for this are not fully understood. Similar to our 
Fusobacterium findings, it is plausible that diversity-
CRC associations could differ across race and other study 
population characteristics. For example, it is possible that 
Black women with CRC may have had higher diversity 
and richness of bacteria that were pathogenic rather than 
historically protective. Further research among large, 
diverse populations could help to elucidate these find-
ings. Our assessment of CRC-associated genera yielded 
interesting findings that might suggest that associations 
between characteristics of the gut microbiome and CRC 
may differ by race. For example, Fusobacterium, a genus 
that is commonly enriched among individuals with CRC 
[43], was significantly higher among White women with 
CRC compared to all other groups, including Black 
women with CRC. We also observed a higher relative 
abundance of Eubacterium among black women with 
CRC compared to all other race-cancer status combina-
tions. This finding is consistent with previous studies that 
found Eubacterium to be positively correlated with CRC 
[42, 44]. It is plausible that exposures associated with race 
(e.g., diet, stress, racism, environmental exposures) may 
indeed influence the composition of the gut microbiome. 
For example, while statistically significant differences in 
diet measures or stress by race were not observed among 
our study population, previous research has suggested 

that Black and White women consume different dietary 
patterns or display different diet quality [45] and that 
Black women have elevated chronic stress compared to 
White women [46]. Research also shows that dietary pat-
tern is associated with the gut microbiota [45, 47]. Simi-
larly, stress has been shown to be associated with the 
composition of the gut microbiota [48–50] including in 
our findings in the current study. Thus, it is plausible that 
racial differences in these exposures could contribute to 
differences in associations between the gut microbiome 
and risk for CRC.

This study was limited by small sample size which may 
have reduced our ability to detect statistically significant 
differences. We are also limited, as are the vast majority 
of current human microbiome and cancer risk studies, 
by the potential that cancer may have altered the micro-
biome among cases. Thus, it remains unclear whether 
observed characteristics of the gut microbiome contrib-
uted to the etiology of the cancer or occurred because of 
the cancer. Our examination of dietary components was 
also limited to food group only. Food types and prepara-
tion methods may also influence the gut microbiota. This 
presents an opportunity for future research. Lastly, lack 
of information on medication usage was a study limita-
tion. While antibiotic or probiotic use was assessed and 
led to the exclusion of participants with recent use, our 
study did not account for other medications that may 
affect the gut microbiota. Still, this study has several 
strengths. First, the racial diversity of the study sam-
ple allows for the examination of the gut microbiome as 
a contributor to health disparities. Next, the stringent 
matching criteria helped minimize the effect of potential 
confounding factors although some residual confound-
ing possibly remained. Additionally, we were able to link 
the microbiome data with other behavioral measures 
enhancing our ability to explore and understand biobe-
havioral mechanisms contributing to microbiota-CRC 
associations.

Conclusions
This analysis reveals that bacteria previously associated 
with CRC were generally highest among White women 
with CRC with the exception of Eubacterium which was 
highest among Black women with CRC. Our findings 
suggest that previous findings about CRC-signatures 
in the gut microbiome may be largely driven by racially 
homogenous groups, i.e., White individuals, and that 
microbiome-CRC associations may differ by racial group. 
Additional large, racially diverse population-based stud-
ies are needed to determine if previously identified asso-
ciations between characteristics of the gut microbiome 
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and CRC are generalizable to Black women and other 
racial, ethnic, and gender groups.
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