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ABSTRACT
Background: Preclinical and observational studies suggest that the
gut microbiome plays a role in the pathogenesis of heart failure
(HF); the gut microbiome may be modified by fermentable dietary
fibre (FDF). The Need for Fiber Addition in Symptomatic Heart
Failure (FEAST-HF) trial evaluated feasibility of recruitment and
supplementation with FDF in HF and whether FDF (acacia),
compared to control, reduced the level of N-terminal proeb-type
natriuretic peptide (NT-proBNP) and growth stimulation
https://doi.org/10.1016/j.cjco.2023.07.005
2589-790X/� 2023 The Authors. Published by Elsevier Inc. on behalf of the Canadia
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Contexte : Des �etudes pr�ecliniques et observationnelles donnent à
penser que le microbiome intestinal joue un rôle dans la pathogenèse
de l’insuffisance cardiaque (IC). Or, ce microbiome pourrait être
modifi�e par la consommation de fibres alimentaires fermentescibles
(FAF). L’essai pilote contrôl�e avec r�epartition al�eatoire FEAST-HF (pour
The Need for Fiber Addition in Symptomatic Heart Failure) visait à
�evaluer la possibilit�e d’administrer un suppl�ement de FAF (l’acacia) et
à d�eterminer si celui-ci entraîne une r�eduction du taux du propeptide
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expressed gene 2 (ST2), and produced changes in the gut
microbiome.
Methods: Participants were randomly allocated 1:1:1 to either of the
intervention arms (5 g/d or 10 g/d acacia) or to the control arm (10 g/
d microcrystalline cellulose (MCC; nonfermentable active control).
Adherence and tolerance were assessed, and clinical events were
monitored for safety. All outcomes (NT-proBNP, ST2, New York Heart
Association class, Kansas City Cardiomyopathy Questionnaire scores,
6-minute walk test score, gut microbiome) were measured at baseline,
and at 6 and 12 weeks.
Results: Between September 13, 2018 and December 16, 2021, 51
patients were randomly allocated to either MCC (n ¼ 18), acacia 5 g
daily (n ¼ 13), or acacia 10 g daily (n ¼ 18). No differences occurred
between either dose of acacia and MCC in NT-proBNP level, ST2, New
York Heart Association class, or questionnaire scores over 12 weeks.
Dietary treatment arms had a negligible impact on microbial com-
munities. No safety, tolerability, or adherence issues were observed.
Conclusions: Dietary supplementation with acacia gum was both safe
and well tolerated in ambulatory patients with HF; however, it did not
change NT-proBNP level, ST2, or the composition of the gut micro-
biome.
ClinicalTrials.gov: NCT03409926

natriur�etique de type B N-terminal (NT-proBNP) et du r�ecepteur ST2
(growth stimulation expressed gene 2) ou une modification du micro-
biome intestinal comparativement au placebo.
M�ethodologie : Les participants ont �et�e r�epartis de façon al�eatoire
selon un rapport 1:1:1 dans l’un des groupes d’intervention (recevant
5 g/jour ou 10 g/jour d’acacia) ou dans le groupe t�emoin (recevant
10 g/jour de cellulose microcristalline [CMC], une fibre de r�ef�erence
non fermentescible). La tol�erance et l’observance du traitement ont
�et�e �evalu�ees, et les �ev�enements cliniques ont �et�e surveill�es pour
�evaluer l’innocuit�e. Tous les indicateurs (NT-proBNP, ST2, classe d’IC
selon l’�echelle de la New York Heart Association, score au question-
naire de cardiomyopathie de Kansas City, score à un test de marche de
6 minutes et microbiome intestinal) ont �et�e �evalu�es au d�ebut de
l’�etude, à la semaine 6 et à la semaine 12.
R�esultats : Entre le 13 septembre 2018 et le 16 d�ecembre 2021, 51
patients ont pris, après r�epartition al�eatoire, de la CMC (n ¼ 18), 5 g
d’acacia par jour (n ¼ 13) ou 10 g d’acacia par jour (n ¼ 18). Aucune
diff�erence n’a �et�e observ�ee quant au taux de NT-proBNP ou de ST2, à
la classe d’IC selon la New York Heart Association ou aux scores au
questionnaire entre les groupes prenant l’une ou l’autre des doses
d’acacia et le groupe prenant la CMC au cours d’une p�eriode de 12
semaines. L’effet sur la flore microbienne �etait n�egligeable dans les
groupes de traitement alimentaire. Par ailleurs, aucun problème li�e à
l’innocuit�e, à la tol�erabilit�e ou à l’observance du traitement n’a �et�e
observ�e.
Conclusions : Les suppl�ements alimentaires d’acacia (gomme ara-
bique) sont sûrs et bien tol�er�es; toutefois, ces suppl�ements n’ont pas
entraîn�e de changement dans les taux de NT-proBNP ou de ST2, ni
dans la composition du microbiome intestinal.
ClinicalTrials.gov : NCT03409926
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FEAST-HF
Evidence-based care of patients with heart failure (HF) has
evolved substantially and includes pharmacologic, device, self-
care, and other aspects endorsed by guidelines and thought to
improve clinical outcomes.1,2 An increasing amount of evi-
dence suggests that the gut microbiome plays a significant role
in the pathogenesis of HF.3 Gut-wall permeability is increased
in HF, due to gut edema and hypoperfusion of the bowel,
which increases the risk of translocation of bacteria, or bac-
terial products such as lipopolysaccharides and trimethylamine
(TMA), through the gut epithelial barrier.4,5 TMA is a mi-
crobial metabolite derived from dietary choline and carnitine
that, after absorption, is transformed to TMA-N-oxide
(TMAO). Recent studies of the microbiome in patients
with HF have identified reductions in inter-individual
microbiome diversity,6 in short-chain fatty acid (SCFA)-pro-
ducing genera,6,7 and elevation of genes involved in lipo-
polysaccharide and TMAO synthesis.7 Overgrowths of
pathogenic genera in patients with HF, correlated with more-
severe symptoms, also have been observed.8
Received for publication March 8, 2023. Accepted July 7, 2023.

Corresponding author: Dr Justin A. Ezekowitz, Canadian VIGOUR
Centre, 4-120 Katz Group Centre for Pharmacy and Health Research, Uni-
versity of Alberta, Edmonton, Alberta T6G 2E1, Canada. Tel.: þ1-780-492-
0712.

E-mail: Jae2@ualberta.ca (J.A. Ezekowitz)
Twitter: @justinezekowitz

See page 769 for disclosure information.
Treatments that modify the composition and function of
the microbiome in patients with HF are a promising target for
novel therapies. In an animal model of HF, mice fed a high-
fibre diet had decreased levels of gut dysbiosis, which corre-
lated with decreased blood pressure, cardiac fibrosis, and left
ventricular hypertrophy.9 An additional animal model study
assessing the effect of dietary fibre supplementation found that
the microbiome was modulated by fibre supplementation,
with increases in SCFA production, and a reduction in
circulating TMAO levels demonstrating downstream effects
on the host.10 No adequately controlled studies have tested
the impact of fermentable dietary fibre (FDF) in patients with
HF.

The Need for Fiber Addition in Symptomatic Heart
Failure (FEAST-HF) trial was designed to evaluate the feasi-
bility of recruitment and supplementation with FDF in pa-
tients with HF (assessing safety, tolerability, and adherence).
Also, the trial was designed to pilot test the clinical effects of a
dietary supplementation with FDF acacia gum through the
following 2 study objectives: (i) primarydto investigate
whether dietary supplementation reduces the level of the HF-
related biomarkers N-terminal proeb-type natriuretic peptide
(NT-proBNP) and growth stimulation expressed gene 2
(ST2), compared to placebo, and to determine how the gut
microbiome responds to dietary supplementation with acacia
gum; and (ii) secondarydto evaluate the impact of dietary
supplementation with acacia gum, compared to placebo, on
health-related quality of life, New York Heart Association
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(NYHA) class, and exercise capacity, as well as clinical out-
comes at 12 weeks.
Methods

Trial design and oversight

FEAST-HF was a pilot randomized double-blind trial. The
trial design and operations were led by the Canadian
VIGOUR Centre (CVC) at the University of Alberta
(Edmonton, Canada). The full trial protocol was approved by
the appropriate regulatory authorities, and by individual
institutional review boards or ethics committees at the
participating sites. The CVC conducted oversight of site
monitoring, data management, and all analyses related to the
trial. The first author had unrestricted access to the data and
drafted the initial version of the manuscript, which was
reviewed and edited by all the authors. All the authors confirm
the accuracy and completeness of the data.

Participants

Eligible participants were at least 18 years of age, had
chronic HF (NYHA class 2-3), and were on optimally toler-
ated medical therapy. The diagnosis of chronic HF was
established by the primary treatment team, who had experi-
ence and expertise in HF. Participants were recruited from 3
heart function clinics in Alberta, Canada. All patients pro-
vided written informed consent. No ejection fraction or
natriuretic peptide inclusion or exclusion criteria were applied.
A full list of exclusion criteria is provided in Supplemental
Appendix S1.

Randomization and masking

Participants were randomly allocated 1:1:1 to either of the
intervention arms (5 g or 10 g per day of acacia gum) or the
control arm. Randomization lists were generated by a statis-
tician at the data-coordinating centre (CVC, Edmonton,
Canada) using a standard random number generator.
Randomization and data collection were done centrally in
Research Electronic Data Capture (REDCap). Allocation was
concealed using a secure web-based randomization system.
Investigators, participants, treating clinicians, and outcome
assessors were not aware of the assigned treatment strategy.

Procedures

After providing informed consent, patients were randomly
allocated to 1 of the 3 following groups: (i) 10 g/d micro-
crystalline cellulose (MCC; nonfermentable active control);
(ii) 5 g/d acacia gum; (iii) 10 g/d acacia gum. MCC (Microcel
MC-12, Blanver Farmoquimica, Boca Raton, FL), which is a
nonfermentable fibre and has little effect on the microbiome,
tolerance, or health, was chosen as an active control. Acacia
gum was obtained as Pre-Hydrated Gum Arabic Spray Dry
Powder (TIC Gums, Inc., Belcamp, MD). The MCC and
acacia gum are off-white odorless powders repackaged into
identical packaging to maintain the masking, and they have
similar texture and taste. Patients were instructed on methods
for adding MCC/acacia gum to their diet (ie, dissolving in
drinking water, sprinkling on and/or mixing into food and/or
adding to recipes, such as for baked goods). No run-in period
was used, nor was any specific fluid restriction or dietary
supplementation recommended. After randomization, pa-
tients were followed every 3 weeks with either a phone or in-
person visit for a total of 12 weeks.

Dietary intake was assessed using 3-day food records
(including 1 weekend day) at baseline, 6, and 12 weeks in all
groups. Food records were analyzed by trained personnel in a
core lab, using a nutrient software program (ESHA Food
Processor SQL version 10.11; ESHA Research, Salem, OR).

Clinical outcomes

All outcomes were measured at baseline, 6, and 12 weeks.
The primary clinical outcome was the change in NT-proBNP
over 12 weeks. Blood samples were collected by standard
methods and were frozen at -20�C prior to analysis with the
NT-proBNP assay (Roche Diagnostics, Mannheim, Ger-
many), with total coefficients of variation of < 3%. Secondary
endpoints included the ST2 determined via the ELISA-based
Presage ST2 Assay (Critical Diagnostics, San Diego, CA),
with a coefficient of variation of 4.0%. Quality of life was
measured via the Kansas City Cardiomyopathy Questionnaire
(KCCQ11) as change in score from baseline to 6 and 12
weeks. A 6-minute walk test (6MWT) was performed at
baseline and at 12 weeks and was assessed as change in score
from baseline to 12 weeks. Stool collection occurred at
baseline and at 12 weeks. The collecting process and micro-
biome analysis are outlined in Supplemental Appendix S1.

Safety, tolerability, and adherence

Clinical events (all-cause mortality, cardiovascular-related
hospitalizations, and cardiovascular-related emergency
department visits were monitored during follow-up for safety
purposes. A clinical events committee adjudicated outcome
events, based on data provided, blinded to group allocation,
and using standardized definitions.

We used the following questions to assess tolerability to
dietary supplementation: (Q1) Have you experienced any
stomach aches and pains recently? If so how would you rate
the severity?; (Q2) How would you rate the abdominal
distension or bloating experienced over the past week?; and
(Q3) Have you experienced any flatulence or gas recently? If
so how often and to what extent? Answer options ranged from
1 ¼ normal/no symptoms to 5 ¼ severe. A mean score from
the 3 questions was obtained.

Adherence was recorded during each study visit by asking
the study participants how many days between visits they did
not consume the dietary supplement. Also, participants were
asked to report the overall product daily amount consumed
each day. Additional recommendations to incorporate dietary
supplementation into the daily food preparations were pro-
vided when needed.

Statistical analysis

As this was a pilot study, feasibility of recruitment and a
supplementation with FDF were main outcomes; however, we
estimated sample size for hypothesis testing for a relatively
definitive trial. When the trial was initially designed, NT-
proBNP and ST2 were co-primary endpoints, and the sam-
ple size was based on the detection of between-treatment
group differences from baseline to 12 weeks. After logistical
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and operational re-evaluation in light of the impact of the
COVID-19 pandemic on recruitment and monitoring, the
primary outcome was altered to NT-proBNP level alone. This
modification occurred before the data were analyzed, after
considering the impact of COVID-19 on ability to conduct
the trial, and the difficulty in collecting blood samples for ST2
(at baseline and in follow-up). When designing the trial, we
estimated a baseline NT-proBNP level (on log-scale) of 6.5
pg/mL and a log-transformed standard deviation of 1.42; we
calculated that w69 patients (23 per group) would be needed
to be able to detect a 20% reduction in the primary outcome
of NT-proBNP level by each of the intervention arms (2 and
3), compared to the control (MCC) arm, with a 2-sided alpha
of 0.05, power ¼ 0.80. Given that the 2 experimental arms
were to be compared against a common control, a multiple-
testing correction with the Bonferroni method was consid-
ered; that is, each pair comparison is tested at a significance
level (a) ¼ 0.025 to maintain an overall 2-sided significance
level of 0.05. Further, assuming a 20% loss to follow-up or
dropout rate, the trial planned to enroll 87 patients (29 pa-
tients per arm).

The primary endpoint was analyzed in the intention-to-
treat population, including all randomized patients who had
the NT-proBNP measured at both baseline and week 12.
Data on NT-proBNP were log-transformed to normalize the
distribution, and each experimental arm vs control arm
comparison was performed using analysis of covariance. This
method evaluated between-treatment-group (the 2 interven-
tion arms vs the common control arm) differences in NT-
proBNP level at 12 weeks, controlling for the respective
baseline levels. Other patient characteristics, including sodium
intake at baseline, were examined for their influence on the
estimate of the study treatment effect using multivariable
regression. A similar analysis of covariance approach was used
to assess the change in ST2 level at 12 weeks. We analyzed
changes in the scores on the KCCQ and the 6MWT using
linear mixed-effects models consisting of the baseline score,
treatment group, time (6 or 12 weeks), and the interaction
effect as the fixed-effect component and a random-intercept
component, to account for the correlation of within-patient
scores. We estimated the mean changes from baseline at 6
and 12 weeks from the fitted model and tested whether the
changes in each of the 2 intervention arms were different from
those in the MCC control arm. NYHA class was analyzed via
a proportional odds logistic regression for ordinal scores to
determine whether the change over time in the intervention
arms was significantly different, compared to that in the
control arm. Missing data in the primary outcome of NT-
proBNP level, and the other outcomes, including ST2,
KCCQ scores, 6MWT score, and NYHA functional class
were not imputed. Furthermore, changes in dietary-intake
parameters that include sodium, energy, and fibre intake were
evaluated and compared between groups using the linear
mixed-effects model.

Very few clinical events were observed over the follow-up
period, and no formal analysis using the proportional Cox
regression model was performed. We present all patient
characteristics as median (interquartile range [IQR]) for
continuous variables, and as counts and proportions for cat-
egorical variables. All tests involving paired comparisons of the
2 interventions against the control were conducted at an alpha
level of 0.025 to maintain an overall 2-sided level of 0.05. The
analyses were performed with SAS software, version 9.4 (SAS
Institute, Cary, NC).

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or writing of
the report. All authors had full access to all the data in the
study and had final responsibility for the decision to submit
for publication.
Results

Participants

Between September 13, 2018, and December 16, 2021, a
total of 51 patients were enrolled at 3 sites and were randomly
allocated to either MCC (n ¼ 18), acacia 5 g daily (n ¼ 13),
or acacia 10 g daily (n ¼ 18); 2 patients were misrandomized
and were excluded from further analyses (Supplemental
Fig. S1). Baseline characteristics were balanced between
groups (Table 1). The median age was 66 years (IQR: 61, 74),
and 22.4% were women. With regard to HF-related factors,
79.6% had HF for > 1 year, 26.5% had a HF hospitalization
in the prior 12 months, and they were well treated with
current guideline-directed medical therapy (89.8% on renin-
angiotensin-aldosterone system inhibitors, 93.9% on beta-
blockers, and 63.3% on mineralocorticoid receptor antago-
nists). In the 45 patients with a natriuretic peptide measure-
ment at randomization, the median NT-proBNP level was
438 pg/mL (IQR: 125, 1437).

Dietary intake

Overall, dietary intake at baseline was similar between
groups, including energy, macronutrients, and micro-
nutrients. Median dietary fibre intake was 15 g/d (IQR: 12,
26) for all groups, whereas sodium intake tended to be lower
in the control group (Supplemental Table S1) with no sig-
nificant differences between groups. Dietary intake did not
change over the course of the study (data not shown).

Follow-up and trial outcomes

Of 49 patients, 35 and 30 patients had NT-proBNP and
ST2 assessments at baseline and 12 weeks. None of the
treatment groups showed a significant change over time as
compared to the MCC group (Fig. 1, A and B). Results were
similar after considering the effect of sodium intake at baseline
(data not shown).

Overall, only 4 clinical events (n ¼ 2 in the 10 g acacia
gum group; n ¼ 2 in the 5-g acacia gum group) had occurred
at 12 weeks. Three of these events were emergency depart-
ment visits, and 1 was a noncardiovascular event. Due to the
low rate of events, no formal time-to-event analysis was
conducted.

Health-related quality of life as measured by the KCCQ
(Fig. 2, A-C) and NYHA class (Supplemental Fig. S2)
remained the same between each intervention arm, compared
to the control group, over time. The mean change in the



Table 1. Baseline patient characteristics

Characteristic 10-g group (n ¼ 18) 5-g group (n ¼ 13) MCC group (n ¼ 18)

Age, y 67 (64, 77) 62 (57, 65) 69 (61, 75)
Women 5 (27.8) 2 (15.4) 4 (22.2)
HF diagnosis � 1 y 16 (88.9) 9 (69.2) 14 (77.8)
HF hospitalization in last 1 y 5 (27.8) 4 (30.8) 4 (22.2)
NYHA class

I 4 (22.2) 5 (38.5) 1 (5.6)
II 13 (72.2) 7 (53.8) 16 (88.9)
III 1 (5.6) 1 (7.7) 1 (5.6)

KCCQ scores
PLS 83 (58, 92) 83 (79, 94) 79 (71, 92)
CSS 83 (66, 90) 88 (77, 92) 80 (69, 94)
OSS 70 (57, 85) 79 (69, 92) 74 (69, 88)

Six-minute walking distance, m 388 (354, 463) 428 (378, 490) 400 (325, 455)
Medical history

Hypertension 10 (55.6) 7 (53.8) 12 (66.7)
Coronary artery disease 6 (33.3) 6 (46.2) 8 (44.4)
Peripheral arterial disease 1 (5.6) 0 (0.0) 0 (0.0)
Cerebrovascular disease (ie, TIA or

stroke)
2 (11.1) 0 (0.0) 1 (5.6)

Atrial fibrillation/flutter 7 (38.9) 4 (30.8) 7 (38.9)
Diabetes (type 1 or 2) 10 (55.6) 4 (30.8) 7 (38.9)
COPD 2 (11.1) 1 (7.7) 5 (27.8)
Dyslipidemia 11 (61.1) 7 (53.8) 10 (55.6)

Vital signs and physical findings
BMI, kg/m2 31 (28, 34) 33 (28, 35) 30 (26, 34)
Weight, kg 94 (82, 98) 95 (87, 111) 88 (83, 101)
Heart rate, bpm 68 (64, 74) 68 (64, 72) 63 (61, 69)
Systolic BP, mm Hg 114 (106, 134) 120 (109, 126) 111 (98, 125)
Diastolic BP, mm Hg 69 (64, 72) 76 (69, 81) 70 (61, 74)

Biomarkers
NT-proBNP, pg/mL 484 (267, 2201) 419 (148, 962) 723 (117, 1664)
ST2, ng/mL 26 (21, 29) 29 (25, 36) 31 (23, 38)

Medical and device therapy
Any RAAS inhibitor (ACEi/ARB/

ARNI)
16 (88.9) 12 (92.3) 16 (88.9)

Beta-blocker 18 (100.0) 12 (92.3) 16 (88.9)
ACEi/ARB 10 (55.6) 7 (53.8) 7 (38.9)
ARNI 8 (44.4) 5 (38.5) 10 (55.6)
Mineralocorticoid receptor

antagonist
10 (55.6) 10 (76.9) 11 (61.1)

Calcium-channel blocker 2 (11.1) 1 (7.7) 0 (0.0)
Anticoagulant 7 (38.9) 5 (38.5) 10 (55.6)
Antiplatelet 3 (17.6) 5 (38.5) 4 (22.2)
Statin 14 (77.8) 8 (61.5) 13 (72.2)
Other lipid-lowering medication 3 (16.7) 1 (7.7) 1 (5.6)
ICD 7 (38.9) 3 (23.1) 8 (44.4)
Pacemaker 4 (22.2) 0 (0.0) 2 (11.1)
CRT 1 (5.6) 1 (7.7) 5 (27.8)
Diuretic 8 (44.4) 7 (53.8) 11 (61.1)
Amiodarone 0 (0.0) 0 (0.0) 3 (16.7)
Digoxin 1 (5.6) 0 (0.0) 2 (11.1)
Sotalol 0 (0.0) 0 (0.0) 1 (5.6)

Dietary supplement use
Omega-3 2 (11.1) 4 (30.8) 4 (22.2)
Calcium 3 (16.7) 0 (0.0) 4 (22.2)
Vitamin D 7 (38.9) 1 (7.7) 14 (77.8)
Multivitamin 4 (22.2) 2 (15.4) 5 (27.8)

Values are n (%) or median (interquartile range).
ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor blocker neprilysin inhibitor; BMI, body mass

index; BP, blood pressure; bpm, beats per minute; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; CSS, clinical summary
score; HF, heart failure; ICD, implantable cardioverter-defibrillator; KCCQ, Kansas City Cardiomyopathy Questionnaire; MCC, microcrystalline cellulose; NT-
proBNP, N-terminal b-type natriuretic peptide; NYHA, New York Heart Association; OSS, overall summary score; PLS, physical limitation score; RAAS, renin-
angiotensin-aldosterone system; ST2, growth stimulation expressed gene 2; TIA, transient ischemic attack.
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6MWT score from baseline to 12 months was similar in the
5-g acacia gum group (-19.1 [95% CI, -58.4, 20.18], P ¼
0.329) and the 10-g acacia gum group (2.87 [95% CI, -31.9,
37.63], P ¼ 0.868), compared to that in the MCC control
arm. The changes in KCCQ and 6MWT were not influenced
by baseline sodium-intake level (data not shown).



Figure 1. Primary and secondary outcomes. Relative changes at 12 weeks (baseline adjusted ratio [� standard error {SE}]) by treatment arm for (A)
N-terminal proeb-type natriuretic peptide (NT-proBNP) and (B) growth stimulation expressed gene 2 (ST2). The table at the top is for comparison of
the relative changes in each intervention arm to that in the microcrystalline cellulose (MCC) arm. CI, confidence interval.
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Gut microbiome outcomes

Dietary treatment arms had a negligible impact on mi-
crobial communities, with a slight variation attributed to
baseline starting microbial differences between participant
treatment groups (Figs. 3 and 4; Supplemental Figs. S3-S5).
At baseline, microbial profiles of the 5-g acacia gum group
revealed a difference in unweighted but not weighted UniFrac
(P ¼ 0.02; Fig. 3A), with reduced richness as described by the
Chao1 alpha diversity metric, compared to the acacia gum 10
g group and the MCC group (P ¼ 0.02 and P ¼ 0.02,
respectively; Fig. 4B). The difference in microbial commu-
nities for the 5-g group participants can be attributed to a
reduced abundance of members from the Firmicute pop-
ulations, such as Christensenellaceae R7 group and Rumino-
coccus bicirculans (Fig. 3C). Similar changes were found at 12
weeks of treatment with 5 g acacia gum, with unweighted
UniFrac analysis indicating a more pronounced change in
microbial community, compared with that in the 10-g group
and the MCC group (P ¼ 0.03 and P ¼ 0.04, respectively;
Fig. 4A). From baseline to week 12 of treatment, no appre-
ciable difference in alpha- and beta-diversity could be deter-
mined in any of the treatment arms (Fig. 4, B and C;
Supplemental Figs. S3-S5).

Safety, tolerability, and adherence

No safety events attributable to the acacia gum or MCC
were reported. The 4 clinical events reported at 12 weeks (2 in
each intervention arm) were not attributed to acacia gum.
Data on adherence to the dietary supplementations were
available for a total of 38 patients. At each study visit, 83% or
more of study participants reported consuming 100% of a
dietary supplement or placebo. Regarding tolerability, the 10-
g group reported a lower mean gastrointestinal tolerability
score at 6 weeks, compared to that in the MCC group
(relative difference [95% confidence interval]: -0.57 [-1.10,
-0.05], P ¼ 0.033). No additional differences between groups
over time were observed (Supplemental Table S3).
Discussion
Results of this trial showed that supplementation with

acacia gum in this patient population is both feasible and well
tolerated at the doses employed. The primary finding of
FEAST-HF is that in ambulatory patients with HF, a strategy
of supplementing FDF did not appreciably alter the HF
biomarkers NT-proBNP and ST2, although, as this was a
pilot study, our sample size was insufficient to detect signifi-
cant differences in NT-proBNP level with acacia gum treat-
ment. Secondary outcomes, such as health-related quality of
life, exercise capacity, and NYHA class were not affected by
the dietary supplementation, and additionally, the gut
microbiome did not change significantly. The FDF chosen
was both safe and well tolerated, but it was not efficacious in
modifying the tested biomarkers or microbiome.

Several key findings deserve consideration in interpreting
these results. First, dietary supplementation with acacia gum
did not alter the gut microbial communities. Our study is the
first to explore the effects of FDF in humans with HF. A study
of 14 patients with HF (left ventricular ejection fraction <
50%) utilizing probiotic therapy (using Saccharomyces bou-
lardii vs placebo) demonstrated a reduction in left atrial



Figure 2. Kansas City Cardiomyopathy Questionnaire (KCCQ) quality-of-life outcomes. (A) Overall summary score (OSS); (B) clinical summary score
(CSS); (C) physical limitation score (PLS). Means are adjusted for the respective score at baseline. MCC, microcrystalline cellulose; SE, standard
error.
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diameter and uric acid after 3 months of therapy.12 In our
study, patients’ diets were supplemented with an FDF at 2
different doses, 5 g and 10 g per day, for 12 weeks. One
possibility is that the duration of treatment was insufficient to
induce changes in the microbiome. In addition, an important
point to take into consideration is that the colonic microbiota
is part of a complex ecosystem, in which substantial cross-
feeding occurs; in other words, metabolites produced by one
bacterium are used as a substrate by another one, and specific
species or strains are required to degrade a substrate. Thus, an
improvement in host health has been postulated to be more
likely to occur when a variety of substrates are used.13,14

Therefore, a mixture of fibres rather than a single fibre may
be better at altering the gut microbiome in this patient
population.

We postulated that gut microbiome configurations
(composition, diversity), stability, and function (gene content)
would be significantly altered in patients in response to acacia
gum, and that acacia gum-induced changes in the microbiome
would correlate with a reduction in the HF biomarkers NT-
proBNP and ST2. ST2, a member of the interleukin-1 re-
ceptor family, is linked to HF severity and clinical out-
comes.15,16 Two of its key mechanistic relationships are with
mechanical overload and inflammation. ST2 also is linked to
binding with macrophages in response to bacterial lipopoly-
saccharide15 and other immunomodulatory pathways. In this
study, microbiome was not altered by the intervention with
acacia gum; thus, we were unable to detect changes in the
studied biomarkers related to the postulated changes in the
microbiome configuration. Further and larger studies may
need to consider an extended follow-up and a higher dose of
FDF or a different mix of FDF.
Limitations
Several other design-related issues deserve consideration.

First, adherence to dietary supplementation was good, and
no safety issues were reported in any of the study groups.
This level of adherence points out the feasibility of testing a
dietary supplementation with an FDF at the studied doses in
a larger population. However, an important point to note is
that the dose of FDF employed in this study may not have
been high enough to provide the postulated benefits. Indeed,
the baseline median dietary fibre intake was around 15 g/d in
all groups, which means that after supplementation, total
overall dietary fibre was 20 g and 25 g/d in the 5-g/d and 10-
g/d groups, respectively. The dietary fibre intake recom-
mendation for the Canadian population is 25 g/d for women



Figure 3. Baseline microbial community analysis between 10-mg group, microcrystalline cellulose (MCC) group, and 5-mg group. (A) Principal
coordinate analysis (PCoA) plots of unweighted and weighted UniFrac distance indices for beta-diversity comparison. (B) Boxplot of inverse
Simpson, Shannon, and Chao1 alpha-diversity metrics. (C) Plot of significant asymptotic variances (ASVs; unadjusted P < 0.05) from DEseq2
analyses between the 3 treatment groups. Bolded ASVs signifying the significant adjusted P-value < 0.10, < 0.05 (*), < 0.01 (**), and < 0.001
(***). PC1, principal component 1; PC2, principal component 2.
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and 38 g/d for men.17 Future studies may need to consider
FDF supplementation at a higher dose in this patient pop-
ulation. Second, we captured but did not intentionally alter
either caloric or fluid intake, diuretics, or other dietary
supplements. Third, this pilot trial is aimed at testing
feasibility and generating hypotheses; thus, these data should
not be treated as definitive, as the small sample size may have
increased the risk of type 2 error. Fourth, due to the
COVID-19 pandemic, recruitment of study participants was
affected, and the trial needed to stop before the sample size



Figure 4. Microbial community analysis of GroupA, GroupB, and GroupC after 12 weeks of treatment. (A) Principal coordinate analysis (PcoA) plots
of unweighted and weighted UniFrac distance indices for beta-diversity comparison. (B) Boxplot of inverse Simpson, Shannon, and Chao1 alpha-
diversity metrics. (C) Plot of significant asymptotic variances (ASVs; unadjusted P < 0.05) from DEseq2 analyses between the 3 treatment
groups. Bolded ASVs signifying the significant adjusted P-value < 0.10, < 0.05 (*), < 0.01 (**), and < 0.001 (***). MCC, microcrystalline
cellulose; PC2, principal component 2.
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was achieved and therefore is potentially at risk of generating
inaccurate effect estimates.18 Fifth, our results are applicable
to those patients enrolled who were, generally, in NYHA
class 2; different results might occur if patients were more or
less symptomatic. Finally, additional operational issues
regarding the collection and storage of blood samples were
noted but could not be altered.
Conclusions
The dietary intervention in this pilot study was safe,

feasible to administer, and well tolerated, but it did not alter
the gut microbiome, NT-proBNP or ST2 levels, or quality of
life in ambulatory patients with HF. The lack of effect of
acacia gum observed in this study may be related to the small
sample size leading to a type 2 error. Effects of an FDF on
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clinical outcome in HF should be tested in future large and
definitive trials. In addition, further research should identify
soluble fibres that can deliver SCFA effectively to the
myocardium to improve myocardial function and patient
outcomes.
Acknowledgements
The authors are pleased to acknowledge individuals for

statistical support (Sarah Rathwell), project management
(Tracy Temple, BScN; Karin Kushnirik, PhD), microbiome
analytical support (Naomi Hotte), and editorial assistance
(Lisa Soulard), from the Canadian VIGOUR Centre,
Edmonton, Alberta, Canada.
Ethics Statement
The full trial protocol was approved by the appropriate

regulatory authorities, and by individual institutional review
boards or ethics committees at the participating sites. All pa-
tients provided written informed consent.
Patient Consent
The authors confirm that a patient consent form has been

obtained for all participants in FEAST-HF.
Funding Sources
Funding for this research was provided by the Weston Family

Microbiome Initiative (Proof-of-Principle Program) and the
University Hospital Foundation (Edmonton, Alberta, Canada).
Disclosures
J.A.E. is supported by the Alberta Health Services (AHS)

Chair in Cardiac Sciences; reports research support for trial
leadership from Bayer, Merck & Co, Novo Nordisk, Cyto-
kinetics, Applied Therapeutics, American Regent; reports
honoraria for consultancy from AstraZeneca, Boehringer
Ingelheim, Novo Nordisk, Otsuka, Bayer, Novartis; and
serves as an advisor to US2.ai. All the other authors have no
conflicts of interest to disclose.

References

1. McDonald M, Virani S, Chan M, et al. CCS/CHFS Heart Failure
Guidelines update: defining a new pharmacologic standard of care for heart
failure with reduced ejection fraction. Can J Cardiol 2021;37:531-46.

2. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure: developed by
the Task Force for the Diagnosis and Treatment of Acute and Chronic
Heart Failure of the European Society of Cardiology (ESC) with the
special contribution of the Heart Failure Association (HFA) of the ESC.
Eur Heart J 2021;42:3599-726.

3. Chen L, Li S, Ai L, et al. The correlation between heart failure and gut
microbiome metabolites. Infect Microbes Dis 2020;2:136.
4. Sandek A, Bjarnason I, Volk HD, et al. Studies on bacterial endotoxin
and intestinal absorption function in patients with chronic heart failure.
Int J Cardiol 2012;157:80-5.

5. Sandek A, Bauditz J, Swidsinski A, et al. Altered intestinal function
in patients with chronic heart failure. J Am Coll Cardiol 2007;50:
1561-9.

6. Luedde M, Winkler T, Heinsen FA, et al. Heart failure is associated with
depletion of core intestinal microbiota. ESC Heart Fail 2017;4:282-90.

7. Kummen M, Mayerhofer CCK, Vestad B, et al. Gut microbiota signature
in heart failure defined from profiling of 2 independent cohorts. J Am
Coll Cardiol 2018;71:1184-6.

8. Pasini E, Aquilani R, Testa C, et al. Pathogenic gut flora in patients with
chronic heart failure. JACC Heart Fail 2016;4:220-7.

9. Marques FZ, Nelson E, Chu PY, et al. High-fiber diet and acetate sup-
plementation change the gut microbiota and prevent the development of
hypertension and heart failure in hypertensive mice. Circulation
2017;135:964-77.

10. Li Q, Wu T, Liu R, Zhang M, Wang R. Soluble dietary fiber reduces
trimethylamine metabolism via gut microbiota and co-regulates host
AMPK pathways. Mol Nutr Food Res 2017;61:1700473.

11. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and
evaluation of the Kansas City Cardiomyopathy Questionnaire: a new
health status measure for heart failure. J Am Coll Cardiol 2000;35:
1245-55.

12. Costanza AC, Moscavitch SD, Faria Neto HCC, Mesquita ET. Probiotic
therapy with Saccharomyces boulardii for heart failure patients: a ran-
domized, double-blind, placebo-controlled pilot trial. Int J Cardiol
2015;179:348-50.

13. Chung WSF, Walker AW, Vermeiren J, et al. Impact of carbohydrate
substrate complexity on the diversity of the human colonic microbiota.
FEMS Microbiol Ecol 2019;95:fiy201.

14. Deehan EC, Colin-Ramirez E, Triador L, et al. Efficacy of metformin
and fermentable fiber combination therapy in adolescents with severe
obesity and insulin resistance: study protocol for a double-blind ran-
domized controlled trial. Trials 2021;22:148.

15. Wu AHB, Wians F, Jaffe A. Biological variation of galectin-3 and soluble
ST2 for chronic heart failure: implication on interpretation of test results.
Am Heart J 2013;165:995-9.

16. Januzzi JL Jr. ST2 as a cardiovascular risk biomarker: from the bench to
the bedside. J Cardiovasc Transl Res 2013;6:493-500.

17. Health Canada. Fibre. Available at https://www.canada.ca/en/health-
canada/services/nutrients/fibre.html. Accessed October19, 2022.

18. Bassler D, Briel M, Montori VM, et al. Stopping randomized trials early
for benefit and estimation of treatment effects: systematic review and
meta-regression analysis. JAMA 2010;303:1180-7.
Supplementary Material
To access the supplementary material accompanying this

article, visit CJC Open at https://www.cjcopen.ca/ and at
https://doi.org/10.1016/j.cjco.2023.07.005.

http://refhub.elsevier.com/S2589-790X(23)00185-3/sref1
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref1
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref1
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref2
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref2
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref2
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref2
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref2
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref2
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref3
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref3
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref4
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref4
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref4
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref5
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref5
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref5
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref6
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref6
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref7
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref7
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref7
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref8
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref8
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref9
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref9
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref9
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref9
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref10
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref10
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref10
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref11
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref11
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref11
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref11
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref12
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref12
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref12
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref12
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref13
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref13
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref13
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref14
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref14
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref14
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref14
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref15
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref15
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref15
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref16
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref16
https://www.canada.ca/en/health-canada/services/nutrients/fibre.html
https://www.canada.ca/en/health-canada/services/nutrients/fibre.html
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref18
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref18
http://refhub.elsevier.com/S2589-790X(23)00185-3/sref18
https://www.cjcopen.ca/
https://doi.org/10.1016/j.cjco.2023.07.005

	The Need for Fiber Addition in Symptomatic Heart Failure (FEAST-HF): A Randomized Controlled Pilot Trial
	Methods
	Trial design and oversight
	Participants
	Randomization and masking
	Procedures
	Clinical outcomes
	Safety, tolerability, and adherence
	Statistical analysis
	Role of the funding source

	Results
	Participants
	Dietary intake
	Follow-up and trial outcomes
	Gut microbiome outcomes
	Safety, tolerability, and adherence

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	Ethics Statement
	Patient Consent
	Funding Sources
	Disclosures
	References
	Supplementary Material


