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DECREASING LEVELS OF SPORACETIGENIUM CORRELATE WITH
IMPROVED DIABETIC PARAMETERS IN HEALTHY ADULTS
CONSUMING MSPREBIOTIC® DIGESTION RESISTANT STARCH

J.R. Bush'?, M.]. Alfa®

Abstract: Objective: To determine whether changes in specific Firmicutes genera are correlated with changes in blood glucose and/
or insulin levels in participants consuming MSPrebiotic® digestion resistant starch (DRS). Design: Double-blinded, randomized
placebo-controlled trial (September 2013 to May 2015). Participants: Mid-aged (MID) adults aged 30-50 years (42 enrolled, 40
analyzed) and elderly (ELD) adults 70 years or older (42 enrolled, 35 analyzed), including long-term care facility (ELD) and
community dwellers (MID and ELD) in Winnipeg, Canada. Intervention: Participants consumed 30 g placebo (digestible starch)
daily for 2 weeks and were then randomized to receive 30 g per day placebo or 30 g per day DRS for 3 months. Measurements:
Correlations between abundance of all Firmicutes genera detected in the gut microbiome and blood glucose and insulin levels
were calculated. Significance was determined using the Benjamini-Hochberg procedure. Results: We report significant correlations
between changes in blood glucose and change in Butyricicoccus (r = - 0.59212, p = 0.007578) and change in Sporacetigenium (r =
0.637197; p = 0.003349) in the ELD group consuming DRS, and significant correlations between the changes in blood glucose and
change in Roseburia (r = 0.55731, p = 0.013178), change in Sporacetigenium (r = 0.572948, p = 0.010351), and change in Anaerostipes
(r = - 0.59026; p = 0.007836) in the MID group consuming DRS. Sporacetigenium abundance at baseline is significantly correlated
with insulin levels in the general population (r = 0.337136901; p = 0.003102). Conclusion: Sporacetigenium abundance in the gut
microbiome is correlated with diabetic parameters in both MID and ELD groups and may be a microbiome marker that parallels

the development of diabetes.

Key words: Sporacetigenium, firmicutes, resistant starch, blood glucose, insulin.

Introduction

While we can now identify gut microbiota to genus or
species levels (1), our understanding of their functional
activities remains limited. Both Bacteroidetes and
Firmicutes phyla are producers of short chain fatty
acids, with Bacteroidetes bacteria generally producing
acetate and propionate, and Firmicutes bacteria generally
producing butyrate (2). Butyrate is both an energy
source and a multifunctional signaling molecule, helping
mediate dietary influences on various physiological
processes (3)(4). Specifically, butyrate stimulates
release of glucagon-like peptide-1 (GLP-1), a potent
insulinotropic incretin produced by enteroendocrine
L-cells in the intestines (5). Previous studies have linked
increasing dietary prebiotics to elevated GLP-1 levels and
improved diabetic parameters (6), but the role between
specific gut microbe genera, including those belonging
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to phylum Firmicutes, and diabetic parameters remains
largely unexplored.

The impact of age-related gut microbiome changes
on human health is well-studied (7) and the importance
of Bifidobacterium and Lactobacillus abundance
in maintaining gut health is known. We previously
demonstrated that consumption of prebiotic MSPrebiotic®
digestion resistant starch (DRS) stimulated the growth
of Bifidobacterium, decreased E. coli/Shigella species,
increased butyrate, and improved blood glucose, insulin,
and insulin resistance levels in the elderly (8, 9). While
Bifidobacterium (phylum Actinobacteria) are potent
DRS fermenters, they do not produce butyrate, and we
concluded that increased levels of butyrate in feces of
ELD consuming DRS were likely due to cross-feeding
that stimulated Firmicutes bacteria (3, 8, 10). This may
be an “age-related” or “prebiotic-specific” phenomenon,
as increasing Bifidobacterium abundance with
galactooligosaccharides did not translate to improved
insulin resistance in obese prediabetics with a mean age
of 59 years (11).

The objective of this study was to determine if specific
changes in Firmicutes genera of the gut microbiome
correlated with the blood glucose or insulin changes
previously identified in ELD consuming DRS.
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Table 1
Correlations between the change in abundance of Firmicutes genera and change in blood glucose levels in ELD
consuming DRS

Firmicutes Genera r p value Rank [i/m]*q Significant
Sporacetigenium 0.637197 0.003349 1 - Y
Butyricicoccus -0.59212 0.007578 2 0.009091 Y
Dorea -0.5141 0.024367 3 0.013636 N
Dialister 0.466132 0.04428 4 0.018182 N
Subdoligranulum -0.43243 0.064739 5 0.022727 N
Ruminococcus -0.42343 0.071162 6 0.027273 N
Acetanaerobacterium -0.3212 0.180244 7 0.031818 N
Staphylococcus 0.314391 0.190026 8 0.036364 N
Coprococcus -0.2843 0.238659 9 0.040909 N
Oscillibacter -0.242 0.318192 10 0.045455 N
Coprobacillus -0.19932 0.414072 11 0.05 N
Allobaculum -0.17033 0.486556 12 0.054545 N
Faecalibacterium - 0.16854 0.491773 13 0.059091 N
Streptococcus 0.154658 0.527417 14 0.063636 N
Blautia -0.14803 0.545401 15 0.068182 N
Megasphaera -0.12762 0.604386 16 0.072727 N
Catenibacterium -0.11985 0.627517 17 0.077273 N
Roseburia -0.11539 0.63921 18 0.081818 N
Anaerostipes -0.07749 0.754042 19 0.086364 N
Turicibacter 0.045048 0.854856 20 0.090909 N
Clostridium 0.005995 0.980875 21 0.095455 N
Lactobacillus 0.000969 0.997082 22 0.1 N

The Benjamini-Hochberg method was employed to control for false discovery of significant correlations (13). Results are rank ordered based on p value, and the p
value is compared to the critical value ([i/m]*q, FDR = 0.1) beginning with the lowest ranking genus (Lactobacillus). The first correlation with a p value lower than the
critical value (Butyricicoccus) and all higher-ranking correlations (Sporacetigenium) are considered significant. Positive Pearson correlation coefficient (r) values indicate

positive correlations and negative r values indicate negative correlations.

Methods

Clinical Study, Sample Collection, and
Processing

Adults aged 30-50 years (middle-aged cohort; MID;
42 enrolled) or aged 70 years or older (elderly cohort;
ELD; 42 enrolled) consumed 30 g per day of placebo
(digestible corn starch; Amioca TF, Ingredion, Brampton,
ON) for two weeks before being randomized to placebo
or MSPrebiotic (digestion resistant potato starch (DRS);
MSPrebiotics Inc., Carberry, MB) arms (8, 9). Participants
then consumed 30 g of placebo or DRS daily for 12 weeks
(14 weeks total). Stool and fasting blood samples were
collected at baseline and 14 weeks. Prediabetics and
diabetics were excluded based on enrollment screening.
Antibiotic treatment alters the microbiome, so only
samples from participants who did not receive antibiotic
treatment within 5 weeks of stool sample collection

were analyzed (MID = 40, ELD = 35). Blood glucose
levels were determined by Diagnostic Services Manitoba
(Winnipeg, MB) and insulin levels by LipoScience Inc.
(Raleigh, NC). Gut microbiome analysis was performed
by 16S sequencing on the Illumina MiSeq platform and
alignment as previously described (1, 8, 12).

Statistical Analysis

Baseline values were subtracted from week 14 values
and expressed as a change in percent (blood glucose and
insulin levels) or a change in relative abundance (bacteria)
for each participant. Pearson’s correlation coefficients
(r) and p values for changes in Firmicutes genera and
change in blood glucose in both the MID and ELD cohorts
consuming DRS were calculated using Excel (Microsoft,
Redmond, WA). Significance was determined using the
Benjamini-Hochberg procedure (13) at a false discovery
rate (FDR; q) of 0.1. The critical values for each genus
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Table 2
Correlations between the change in abundance of Firmicutes genera and change in blood glucose levels in MID
consuming DRS

Firmicutes Genera r p value Rank [i/m]*q Significant
Anaerostipes -0.59026 0.007836 1 - Y
Sporacetigenium 0.572948 0.010351 2 - Y
Roseburia 0.55731 0.013178 3 0.013636 Y
Catenibacterium 0.420061 0.073405 4 0.018182 N
Lactobacillus - 0.41106 0.080448 5 0.022727 N
Turicibacter 0.367908 0.121212 6 0.027273 N
Dialister - 0.34296 0.151806 7 0.031818 N
Clostridium 0.339875 0.15463 8 0.036364 N
Oscillibacter 0.31535 0.188544 9 0.040909 N
Allobaculum 0.307439 0.200465 10 0.045455 N
Streptococcus 0.196132 0.421046 11 0.05 N
Coprococcus -0.13959 0.57036 12 0.054545 N
Coprobacillus 0.136678 0.577099 13 0.059091 N
Megasphaera -0.11576 0.63921 14 0.063636 N
Faecalibacterium -0.11283 0.648034 15 0.068182 N
Blautia 0.095377 0.697952 16 0.072727 N
Ruminococcus -0.05663 0.819876 17 0.077273 N
Subdoligranulum - 0.05359 0.829386 18 0.081818 N
Butyricicoccus 0.050646 0.837011 19 0.086364 N
Acetanaerobacterium 0.040254 0.870206 20 0.090909 N
Staphylococcus 0.040016 0.870846 21 0.095455

Dorea - 0.01964 0.938462 22 0.1 N

The Benjamini-Hochberg method was employed to control for false discovery of significant correlations (13). Results are rank ordered based on p value, and the p
value is compared to the critical value ([i/m]*q, FDR = 0.1) beginning with the lowest ranking genus (Dorea). The first correlation with a p value lower than the critical
value (Roseburia) and all higher-ranking correlations (Sporacetigenium; Anaerostipes) are considered significant. Positive Pearson correlation coefficient (r) values indicate

positive correlations and negative r values indicate negative correlations.

were generated by dividing the p value rank (i) by the
total number of genera analyzed (m), then multiplying
this quotient by the FDR (q). Pearson’s correlation
coefficients and p values were calculated using Excel
for select changes in Firmicutes genera and changes in
insulin levels. Correlations between change in genus
abundance and change in insulin level were considered
significant at p < 0.05.

Results

We previously observed a significant reduction in
blood glucose levels in ELD individuals consuming DRS
compared to placebo (9). We sought to determine the
relationship between the change in blood glucose and the
change in the abundance of Firmicutes genera in the ELD
group consuming DRS. Pearson correlation coefficients
(r) representing change in blood glucose and change in
abundance were calculated for each genus. Positive r

values indicate positive correlations (ie. decreasing blood
glucose with decreasing bacteria levels) and negative
r values indicate negative correlations (ie. decreasing
blood glucose with increasing bacteria levels). These
data were ranked by significance and, beginning with the
lowest ranking genus, each p value was compared to the
Benjamini-Hochberg critical value (Table 1).

While DRS consumption had no effect on mean blood
glucose levels in the MID group (9), some individuals’
blood glucose levels improved over the course of the
study. We therefore determined the relationship between
blood glucose levels and Firmicutes genera in the MID
group consuming DRS. Pearson correlation coefficients
representing change in blood glucose and change in
abundance were calculated for each genus. These data
were ranked by significance and, beginning with the
lowest ranking genus, each p value was compared to the
Benjamini-Hochberg critical value (Table 2).

We also reported lower insulin levels in the ELD group
consuming DRS (9). We expected genera displaying a

178



JOURNAL OF AGING RESEARCH AND CLINICAL PRACTICE©

significant correlation with blood glucose to be similarly
correlated with insulin levels. We therefore calculated
Pearson correlation coefficients representing the change
in insulin and change in abundance for the significant
genera from Tables 1 and 2. In the ELD group, change
in Sporacetigenium and change in insulin levels were
significantly correlated (r = 0.668881936, p = 0.001743)
and a correlation between change in Butyricicoccus and
change in insulin levels trended towards significance
(r = - 0.440113219, p = 0.059404). In the MID group,
a correlation between change in Sporacetigenium and
change in insulin levels trended towards significance (r
= 0.435985629, p = 0.080278), but there was no correlation
between change in insulin levels and changes in either
Anaerostipes (r = - 0.243063987; p = 0.347324) or Roseburia
(r =-0.003057256; p = 0.990883).

Sporacetigenium is normally found in low abundance
(Figure 1), so we asked whether high Sporacetigenium
levels may be an indicator of elevated blood glucose
or insulin in the general population. We calculated
Pearson correlation coefficients representing levels of
Sporacetigenium and either blood glucose or insulin levels
among all participants of the study (ELD and MID, both
treatments, N = 75) at baseline. While there was no
correlation between Sporacetigenium and blood glucose (r
= - 0.051100236; p = 0.663898), levels of Sporacetigenium
and insulin were significantly correlated at baseline (r
= 0.337136901; p = 0.003102). Given that more insulin
is required to maintain normal blood glucose levels in
people developing insulin resistance, these data suggest
that Sporacetigenium levels in the gut are relevant to
overall metabolism.

Figure 1
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Relative abundance, representing the fraction of all bacteria detected in stool
samples, is depicted for genera from the Firmicutes phylum in the MID and ELD
groups prior to intervention (mean +/- SD). Genera are ordered from most to least
abundant based on MID values.

Discussion

We report correlations between Sporacetigenium
(phylum Firmicutes) and baseline insulin levels, and
between declining levels of Sporacetigenium and
improving levels of blood glucose and insulin in response
to DRS consumption. Importantly, correlations between

Sporacetigenium and fasting blood glucose levels were
detected in both elderly and middle-aged individuals,
and no correlations with other genera were detected in
both cohorts. We propose that increased Sporacetigenium
abundance may be a marker for microbiome-related
changes leading to pre-diabetes.

We speculated that reduced blood glucose and insulin
levels in DRS consumers could be due to increased
butyrate, accompanied by increases in butyrate-
producing Firmicutes genera. DRS consumption was
previously shown to increase levels of the butyrate-
sensitive hormone GLP-1 (6). Consistent with this
hypothesis, we detected a significant correlation between
changes in blood glucose and changes in the butyrate
producer Butyricicoccus and a near-significant correlation
between insulin and Butyricicoccus in the elderly cohort.
Our previous study demonstrated that DRS consumption
led to increased butyrate levels in the ELD but not MID
group (8), so the lack of correlation between Butyricicoccus
and either blood glucose or insulin in the middle-aged
cohort is unsurprising.

Sporacetigenium was originally identified from strains
isolated from an anaerobic digester treating municipal
waste and sewage in Fujian, China (14). While very
little is known about Sporacetigenium, levels of this genus
have been found to increase in response to Lactobacillus
plantarum probiotic supplementation in humans (15),
infections with Salmonella enterica and Lawsonia
intracellularis in pigs (16), and high fat diets in mice (17).
Sporacetigenium hydrolyzes starch and major in vitro
glucose fermentation products include acetate, ethanol,
H, and CO, (14). Sporacetigenium neither ferments
starch nor produces butyrate, distinguishing this genus
from most other Firmicutes genera. Elevated levels of
Sporacetigenium in individuals with impaired glucose
metabolism may reflect the ability of this genus to thrive
in conditions where excess glucose persist.

It remains to be determined whether DRS-associated
reductions in Sporacetigenium correlate with improved
blood glucose and insulin levels in persons with clinical
illness because the average fasting blood glucose levels
for the ELD (5.6 mmol/L) and MID groups (5.4 mmol/L)
fall below the diagnostic criteria for ‘prediabetes’ and
Type 2 Diabetes (6.0 - 6.9 mmol/L and > 7.0 mmol/L,
respectively). However, it should be noted that all
individuals who eventually develop insulin resistance
(leading to Type 2 Diabetes) display rising blood glucose
levels. Interventions that reverse rising trends, even in
healthy people, may still have positive effects by delaying
or preventing levels from reaching disease conditions.

In conclusion, we report the novel finding that
Sporacetigenium levels decrease as diabetic parameters
improve following twelve weeks of DRS consumption
in both middle-aged and elderly individuals. No other
significant correlations between diabetic parameters and
Firmicutes genera were detected. Finally, the correlation
between high Sporacetigenium levels and high insulin
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levels at baseline further suggests a connection between
Sporacetigenium in the gut and insulin secretion by the
host. Further research exploring the relationship between
prebiotics, Sporacetigenium, and blood glucose and insulin
levels is warranted.
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