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1 | INTRODUCTION

Prader—Willi syndrome (PWS) is a rare genetic syndrome
presenting with altered body composition, reduced energy
expenditure, and hyperphagia, typically leading to obesity
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| Wendy J. Dahl'

Abstract

Background: Probiotics may provide a benefit for adults with Prader-Willi syn-
drome (PWS) experiencing constipation. The primary aim was to determine
if Bifidobacterium animalis ssp. lactis B94 (B. lactis B94) improves stool frequency,
with secondary aims of stool form and gastrointestinal symptoms. Exploratory aims
included diet quality and fecal microbiota composition.

Methods: Following a 4-week baseline, 25 adults with PWS were randomized to
consume B. lactis B94 by capsule (15 billion) or placebo for 4 weeks, followed by
4-week washout in a double-blind, crossover design. Stool frequency and Bristol
Stool Form (BSF) were assessed daily, and Gastrointestinal Symptom Rating Scale
(GSRS) and dietary intake (7-days food records), per period. Fecal microbiota per
period was analyzed using 16S rRNA gene amplicon sequencing and taxa of interest
by gPCR (n = 24).

Results: No adverse events were reported. Stool frequency at baseline (n = 25;
2.0 + 0.1 stools/day), GSRS syndromes, and microbiota composition did not differ
with the probiotic intervention overall; however, a delayed, carry-over effect on BSF
types 6 and 7 was seen. Diet quality by HEI-2015 was 65.4 + 8.5.

Conclusion: In adults with PWS, B. lactis B94 exhibited little effect on laxation over

4 weeks; however, further research is needed.
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(Alsaifetal., 2017). The energy requirements of individuals
with PWS are thought to be 3040% less than people without
the syndrome (Alsaif et al., 2017). The recommendation
for energy intake in PWS for ensuring weight maintenance
is typically around 1200 kcal/day, while to achieve weight

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2020 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC

Mol Genet Genomic Med. 2020;8:¢1535.
https://doi.org/10.1002/mgg3.1535

wileyonlinelibrary.com/journal/mgg3 1of 11


www.wileyonlinelibrary.com/journal/mgg3
https://orcid.org/0000-0002-2990-2265
mailto:﻿
https://orcid.org/0000-0003-2061-4731
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wdahl@ufl.edu

ALYOUSIF ET AL.

20f11 | M . ) .
olecular Genetics & Genomic Medicine

reduction, the recommended range is 800-1000 kcal/day
(Butler et al., 2019). Given their lower energy requirement
in combination with dysfunctional satiation and food seek-
ing behavior (Martinez Michel et al., 2016), individuals af-
fected by PWS require restricted access to food to prevent
obesity and ensure their safety and wellbeing. Individuals
with PWS prefer quantity over quality once they develop
hyperphagia because having an increased appetite in the
face of limited calorie intake is extremely difficult to live
with. However, limiting energy-dense foods may not nec-
essarily result in healthful, nutrient-dense food choices.
Of particular concern is the possibility of low fiber intake,
which may contribute to constipation (Mitsuhashi et al.,
2018). Constipation symptoms, including less than three
defecations per week, sensation of anorectal obstruction,
straining during defecation, and having hard stools, have
been reported in as many as 40% of adults with PWS
(Kuhlmann et al., 2014). Fiber intake of children affected
by PWS has been reported to fall below recommendations
(Mackenzie et al., 2018), as has the fiber intake of the adult
PWS population (Woods et al., 2018).

Although implementing a high fiber diet may seem
a prudent approach to improving laxation in adults with
PWS, whether or not low fiber intake is associated with
constipation in this syndrome is not known. Probiotics
have been suggested as a potential therapeutic agent for
alleviating symptoms of constipation through regulating
motility, although specific mechanisms remain unclear
(Dimidi et al., 2017). Certain probiotics have been shown
to increase stool frequency and improve stool consistency
in adults with functional constipation, and some evidence
suggests that Bifidobacterium animalis ssp. lactis strains
may be effective (Dimidi et al., 2014). Thus, probiotics may
offer a safe and potentially effective means for alleviating
symptoms of constipation in the PWS population. Hence,
the aims of the study were to determine the effects of B.
lactis B94 on stool frequency, stool form, and gastrointes-
tinal symptoms in adults with PWS. As Bifidobacterium
animalis ssp. lactis B94 (B. lactis B94) has been shown
to improve constipation in children with irritable bowel
syndrome (Basturk et al., 2016), it was hypothesized
that B. lactis B94 would increase stool frequency, de-
crease the percentage of hard stools (suggestive of slow
transit), and thereby, improve gastrointestinal symptoms in
adults affected by PWS. Exploratory aims were to assess
diet quality and fiber intake, as well as assess the effect
of the intervention on microbiota profile. As Akkermansia
muciniphila (Derrien et al., 2017) and Fecalibacterium
prausnitzii (Ferreira-Halder et al., 2017) are considered by
some to be next-generation probiotics (Martin & Langella,
2019), and protective Bifidobacterium spp. are suppressed
in constipation (Khalif et al., 2005), these three taxa were
quantitatively explored.

2 | METHODS

2.1 | Ethical compliance

The study was approved by the University of Florida
Institutional Review Board 1 (IRB201701976, version 3).
Study procedures were carried out in accordance to the
Declaration of Helsinki. All subjects provided written in-
formed consent. The study is registered at clinicaltrials.gov
(NCTO03277157).

2.2 | Study design

A 20-week-, randomized, double-blind, placebo-controlled
crossover study was carried out in Florida, United States.
Participants were recruited in May and June 2018 with the
trial per se concluding in October 2018. Details of the study
protocol and sample size determination are reported else-
where (Alyousif et al., 2018). In brief, we recruited 25 adults
with genetically confirmed PWS, who were living in PWS-
specialized residential care, where food access was strictly
controlled, and dietary intake was closely monitored and
recorded. Randomization was by sealed envelope method
prepared by an individual not otherwise involved with the
study. Participants, researchers, and the statistician were
blinded until the completion of the analysis. Participants
completed a 4-week baseline period and were randomized on
Day 29 to consume one capsule per day containing 15 billion
B. lactis B94 or placebo for 4 weeks, followed by a 4-week
washout, 4 weeks on the alternative treatment, and a second
4-week washout.

2.3 | Gastrointestinal outcomes

As previously described (Alyousif et al., 2018), subjects
completed a daily record of stool frequency, Bristol Stool
Form Scale (BSF) (Lewis & Heaton, 1997), and compli-
ance to capsule intake (during intervention periods). The
Gastrointestinal Symptom Rating Scale (GSRS) (Kulich
et al., 2008) was administered at the end of each study period.

2.4 | Dietary intake and diet quality

Dietary intake was assessed during weeks 4, 8, 12, 16,
and 20 from 7-day food records and analyzed using Food
Processor Nutrition Analysis Software (ESHA version
11.3.2). Nutrient intakes of the group were compared to their
respective Estimated Average Requirement (EAR) to assess
risk of inadequacy (Institute of Medicine, 2005). Food group
intakes were compared to the 2015-2020 Dietary Guidelines
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of Americans MyPlate recommendations for an energy level
of 1400 kcal/day (USDHHS & USDA, 2015). Diet quality at
baseline was assessed using the Healthy Eating Index (HEI)
2015 (Krebs-Smith et al., 2018).

2.5 | Microbiota composition

Single stools were collected at the end of each 4-week period
and stored at —80°C. Total DNA was extracted from stool
samples using the QIAmp Fast DNA Stool Mini Kit (Qiagen)
with previously described modifications (Ford et al., 2020).
Extracted DNA was used for the absolute quantitation of
B. animalis to ensure participant compliance and relative
abundance of Akkermansia muciniphila, Faecalibacterium
prausnitzii, and Bifidobacterium genus as microbes of in-
terest. Detailed Real-Time PCR methods were previously
reported (Ford et al., 2020). In brief, Real-Time PCR reac-
tions were prepared with a final volume of 10 ul, including
300 nM of both forward and reverse primers (Table S1), 1X
SYBR Select Master Mix (Thermo Fisher Scientific) and 1 pl
of five-fold diluted DNA. Mastermix and DNA was added to
a 384-well plate using the epMotion 5075tc liquid handling
robot and plates were analyzed on the CFX384 Touch Real-
Time PCR Detection System (Bio-Rad).

The bacterial DNA extracted from the fecal samples was
also used for community-wide taxonomic profiling via 16S
amplicon sequencing. The libraries were assessed for quan-
tity and quality of DNA and indexed in a second PCR for
multiplexing, following Illumina's protocols. The parallel se-
quencing was performed on a MiSeq platform using the V3
chemistry kit with 2 X 250 bp reads. The fastq files contain-
ing 9,883,101 sequences from 122 samples (median 80,368
sequences per sample) were exported for bioinformatics
analyses. The forward reads were inspected for quality and
trimmed at 240 pb (since the quality remained high through-
out). The reads were quality filtered using QIIME™’s
dedicated module and were used to generate (cluster the se-
quences) and count the amplicon sequence variants (ASVs)
present in each sample (Bolyen et al., 2019). Taxonomic pro-
files were generated for each sample by taxonomic attribution
of the ASVs using the QIIME™ 2 feature-classifier machine
learning based tool and the database, GreenGenes (DeSantis
et al., 2006). The taxonomic profiles for Baseline, Probiotic,
Placebo, and Washout periods were generated and compared
globally on group averages and on individual taxa and strains.

Using QIIME™’s visualization tools alpha diversity
profiles, including Pielou's evenness, Faith's phylogenetic
diversity, Shannon diversity index, observed Operational
Taxonomic Units (OTUs), and individual taxonomic profiles
were generated and examined (Amir et al., 2017; Bokulich
etal., 2013; Bolyen et al., 2019; Caporaso et al., 2010; Chang
et al., 2011; Chen et al., 2012; Halko et al., 2011; Katoh &
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Standley, 2013; Legendre & Legendre, 2012; Lozupone et al.,
2007; Lozupone & Knight, 2005; McDonald et al., 2012,
2018; McKinney, 2010; Price et al., 2010; Stackebrandt &
Goodfellow, 1991; Vazquez-Baeza et al., 2013, 2017; Weiss
etal., 2017).

2.6 | Statistical analysis

For the outcomes of stool frequency, stool form, gastroin-
testinal symptoms, and nutrient and food groups intakes,
data were analyzed using a general linear mixed model with
treatment and sequence as the main fixed effects, and where
treatments were baseline, probiotic, probiotic washout, pla-
cebo, and placebo washout. Differences in an individual's
measurements were accounted for by treating individual as a
random effect, and to account for repeated measurements of
the same individual, an autoregressive correlation structure
was included. Alpha was set at 0.05. Data are presented as
mean + SEM unless otherwise indicated. Kruskal-Wallis test
was used to compare alpha-diversities.

3 | RESULTS

The study flow diagram is presented as Figure 1. Of the 28
participants consented, 25 completed the 20-week study.
One participant withdrew prior to completing any study
procedures due to lack of interest, and during the baseline,
two participants were withdrawn due to non-compliance. No
adverse events were reported. Participant characteristics are
shown in Table 1. Mean body weight did not change over the
duration of the study.

3.1 | Gastrointestinal outcomes

The primary outcome, stool frequency and secondary out-
come, gastrointestinal symptom syndrome scores by pe-
riod, are presented in Table 2. Stool frequency during the
baseline averaged 2.0 + 0.1 stools/day and ranged from
0.3 to 5.9 stools/day; there were no significant differences
reported between periods. No significant treatment effects
were found for gastrointestinal symptom syndromes of the
GSRS, with the mean scores for abdominal pain, reflux,
indigestion and diarrhea syndromes reported at a mean of
<2 out of 7, considered to be below clinical significance,
with the exception of constipation. Twelve participants
reported mild to moderate discomfort related to constipa-
tion at baseline. An additional secondary outcome, stool
form, in percentages of types 1 and 2, types 3, 4 and 5, and
types 6 and 7, is presented in Table 2. At baseline, stool
form types 1 and 2 were reported at 31.3% and showed no
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Preliminary Screening (n=29)

Consented and assessed for
eligibility (n=28)

Baseline (n=28)

Not interested (n=1)

Randomized (n=25)

Withdrawn
Non-compliance (n=2)
No longer interested (n=1)

Allocated to placebo
intervention (n=12)

Allocated to probiotic
intervention (n=13)

Washout and crossover
(n=12)

Washout and crossover
(n=13)

Probiotic intervention

Control intervention

(n=12) (n=13)
Analyzed Analyzed
(n=12) (n=13)

FIGURE 1 Participant recruitment, randomization, and study flow

TABLE 1 Characteristics of adult study participants with Prader-
Willi syndrome

n=27
Gender (M/F), n 12/15
Age, mean +SD (range) 349 +10.2
(19-56)
Race, n (%)
White 23 (85.2)
Black or African American 1(3.7
American Native 13.7)
More than one race 2(7.4)
Ethnicity, n (%)
Hispanic 2(7.4)
Not Hispanic 25 (92.6)
n=25
BML, kg/m* mean + SD 302 +6.3
BMI categories, n (%)
Normal (18.5-24.9) 3(12)
Overweight (25-29.9) 13 (52)
Obese (more than 30) 9 (36)

Abbreviation: BMI, body mass index

significant differences between periods. However, types 6
and 7 were higher in the probiotic washout compared to
the placebo, and specifically for participants randomized
to the placebo first, there was a significant treatment X se-
quence effect for percentage of stool form types 6 and 7.
Placebo + placebo washout differed from probiotic + pro-
biotic washout (p < 0.0004). For the period comparisons
of the group receiving the placebo first, the probiotic
washout differed from the placebo (p < 0.01) and placebo
washout (p < 0.0001) periods for stool form types 6 and 7.
Differences were not seen for those participants receiving
the probiotic first.

3.2 | Dietary intake

Participants consumed a diet providing 43%, 34%, and
23% of energy from carbohydrate, fat and protein, respec-
tively. Nutrient and food group intakes for each period are
presented in Table S2. No significant differences between
periods were observed for food groups, energy, macro-
nutrients, or select micronutrients (calcium, iron, vitamin
D, potassium and sodium). Protein intake exceeded the
Recommended Dietary Allowance (RDA) in all but one
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TABLE 2 Stool frequency, stool form, and gastrointestinal symptom syndrome scores by period of adults affected by Prader-Willi Syndrome

Probiotic Placebo p-value p-value
Baseline Probiotic washout Placebo washout PxS TxS
Stool frequency (stools/week; mean + SE)
137+ 1.0 179+ 1.3 17.6 £ 1.3 157+ 1.1 173+ 1.3 0.46
BSF (%)
Types 1 and 2 31.3 26.1 21.1 26.4 28.0 0.36 0.07
Types 3,4 and 5 54.7 56.6 51.9 63.6 59.6 0.36 0.47
Types 6 and 7 14.0° 17.2% 27.0° 10.0° 12.4% 0.007 0.01
GSRS syndromes (mean + SE)
Abdominal pain 1.3+0.1 1.2+0.1 1.3+0.2 1.2+0.1 1.1 +0.1 0.2
Reflux 14+0.2 1.2 +0.1 1.2+0.1 1.2+0.1 1.1+0.1 0.5
Indigestion 1.9+0.3 1.5+0.2 1.4+02 1.5+0.2 1.3+£0.1 0.7
Constipation 23+03 20+03 1.4+ 0.1 1.7+ 0.3 1.7+0.2 0.6
Diarrhea 1.6 £0.2 1.5+02 1.4+0.2 1.6 £ 0.2 1.4+0.2 0.6

Note:: Values with letters that differ indicate a significant difference (p < 0.05).

Abbreviations: BSF, Bristol Stool Form; GSRS, Gastrointestinal Symptom Response Scale; P, period; S, sequence; T, treatment.

individual. From food sources alone, 100% of participant
intakes fell below the EAR for vitamin D, 80% for cal-
cium, and 28% for iron. Fiber intake was 19.4 + 7.7 g/day
at baseline, which given their low energy intake, exceeded
the Adequate Intake recommendation of 14 g/1000 kcal/
day (Institute of Medicine, 2005). No differences were seen
between baseline intakes of total grains, vegetables, fruit,
protein, and dairy, and intervention or washout periods.
Based on food group recommendations for a 1400 kcal/day
diet (USDHHS & USDA, 2015), participants consumed
the recommended number of servings of fruit, vegetables,
and protein, but less than the recommendations for dairy
and grains. Diet quality as assessed by the HEI-2015 was
65.4 + 8.5 out of a possible 100 total points.

3.3 | Microbiota composition

Stool collections were complete for 24 participants. One
participant was unable to provide stools during washout
and the placebo collection periods due to severe constipa-
tion. B. animalis was detected by qPCR 1in all but one par-
ticipant's stool collected during the probiotic intervention
period (Figure 2). In addition, B. animalis was detected in
three participants at baseline, seven participants in the pro-
biotic washout, seven during placebo, and six during the
placebo washout. No differences were seen in the relative
fold changes in abundance of Akkermansia muciniphila,
Fecalibacterium prausnitzii, and total Bifidobacterium
genus comparing placebo to probiotic periods (Figure 3).
Diversity indices are presented in Figure 4 and did not dif-
fer with interventions. Shannon diversity was 6.5 + 0.1 at
baseline. The relative abundance of taxa observed at the

phyla, order and genus levels is shown in Figure 5. No sig-
nificant effects of treatment on the taxonomic profiles were
observed.

4 | DISCUSSION

Research into the efficacy of probiotics on indicators of
laxation has focused on otherwise healthy individuals with
functional constipation (Zhang et al., 2020) and constipation-
predominant irritable bowel syndrome (Wen et al., 2020), yet
infrequently in other patient populations experiencing con-
stipation (Barichella et al., 2016). This trial of individuals
with PWS, a population reported to exhibit a high prevalence
of constipation (Kuhlmann et al., 2014), is the first study to
evaluate the potential of B. lactis B94 to modulate stool fre-
quency and stool form in adults. Of participants in the study,
84% reported normal bowel frequency (3-21 per week) com-
pared to the general population reporting 96% (Mitsuhashi
et al., 2018), and surprisingly, only one participant reported
<3 stools/week at baseline. However, the percentage of what
is considered normal stool form (BSF types 3-5) was lower
in the PWS subjects (59%) compared to the general popula-
tion (86%), and percentage of BSF types 1-2, suggestive of
slow transit, was higher, 31% versus 6% (Mitsuhashi et al.,
2018). The findings suggest that stool form may be a more
informative indicator of constipation than stool frequency in
the PWS population. The percentage of BSF types 1 and 2
stool forms for the group as a whole did not significantly im-
prove with the probiotic intervention, although types 6 and 7
were highest during the probiotic washout, and throughout
the probiotic and washout in the group randomized to the pla-
cebo-probiotic sequence. This finding may suggest a delayed,
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carry-over effect on motility with the probiotic administra-
tion. As the mechanism by which probiotics impact laxation
may be strain specific, there are conflicting findings regard-
ing B. lactis strains and indicators of laxation (Dimidi et al.,
2014; Zhang et al., 2020). B. lactis NCC2818 (1.5 x 10'°)
was assessed in adults with self-reported functional constipa-
tion and showed no significant effects on transit time, stool
frequency or BSF (Dimidi et al., 2019). B. lactis HNO1 was
tested at two doses (10° and 10'°) using a parallel design in
adults diagnosed with functional constipation and although
no differences were seen for stool frequency for the group
as a whole, 65 subjects with <3 bowel movements per week
showed an increase (Ibarra et al., 2018). Similar to what is
seen with dietary fiber (Christodoulides et al., 2016), probi-
otics may modulate stool frequency in those individuals with
low frequency and less so in those exhibiting stool frequency

within the normal range. Thus, participants in the present
study, exhibiting a normal stool frequency of 2 stools/day
on average, may not be expected to respond. Of note, the
participant exhibiting stool frequency of <3 stools/week at
baseline, reported increased stool frequency during the pro-
biotic (2.2 stools/day) and probiotic washout (and 2.5 stools/
day), but returned to infrequency during placebo and placebo
washout. Stool frequency has previously been shown to be a
poor proxy for colonic transit time (Saad et al., 2010). There
is evidence that probiotic supplementation reduces intesti-
nal transit time in adults and is most effective in individu-
als presenting with constipation (Miller et al., 2016). Future
research may need to utilize precise measures of transit time
versus reliance on stool frequency or stool form as proxies
to evaluate probiotic efficacy in patient populations such as
PWS.



ALYOUSIF ET AL.

Molecular Genetics & Genomic Medicine_wl LEY | 7of11

Open Access,

A: Baseline
B: Placebo

C: Probiotic
D: Washout

Pielou Faith

Observed OTUs

B C D A B C D

Shannon

FIGURE 4 A Pirateplot relative comparison of Pielou, Faith, and Shannon diversity indices during baseline, probiotic, placebo, and washout

periods
tows [ x_sactenan_rimicues o [ x_sacternn_Fimicusssc_Closnaao_Gostioses [ *_sacteria_Bactercisetssic_Bacteroisan_Bacteroidales _Bactercidaceasrs_Bacieroties
X e Sactndkitss B «_sacternn_pactercicstes c_Bacteroksan_Ractercicaks [ x_eactoriap_Fimicutesic_Ciostnaan_Ciostidiales 1_Ruminococcacess g_RUTInOooosss
[ [ — [ *_acternp_Fimicutes c_Eryspewtrichio_Eryspectrichises K_Bacteria;p_Firmicutss;c_Chostrciaio_Ciosticiaiss:1_Lachnospraceas:_
20% % K_Bacteriap_/ K_Bacteria:p_Firmicutes:¢_ Closticia o_ Clostridiales 1_Lachnospiracsas;g_ COProcoocys.
K_Bacteria;p_Firmicutes c__Baciil;o_Lactobaciliales K_Bacteria;p_Firmicutes;c_Clostridiao_Clostridiales1_Lachnospiraceae;g__Biautia
Bacterap_Protecoacteria
N T K_Bacteriap_Firmicutes;c_Closinca:n_Clostidiies_Ruminococoacsse:g_Fascatbacterium
K_Bacteriap_Tenercutes i
- = 0% P A S i s twn_ﬂmw:_mp_mm_
I xsscmnn_cyanooscera g |~ i e P
L [ «_sacterap_rimicutesic_Bacano_Turcibacteraies u o
0% K_sactora Sacterciaa_E: g_Provotesa
o B x_sacon_ I sscurna_ [ «_sactorap_Fimicutes;c_Clostnaan_Clostidiles:_Ruminococoacess_
B x_sxcterap_1ensspnasras | [ [——
B _sxcrnn_rusovacern = B eactora, [ x_eactoriap_rimicutes;c_Bactiio_Lactobaciiaies?_Steptococoacsde_SUepocoocus
L > [ _macrora [ *_eactorap_Bacterocetes:_Sacterckaaco_Bacterccales_Porphyromonacicedsig_Parabactercdes
g B «_sacterap_cyanovactenac_scoa20_vs2 X_Bacteriap_Fmicutesiz_s
g K_Bactsrap_Protecoactsriac_Aphaprotecbacierao_RFI2 K_Bacteriap_Firmicutes;c_Clostica:o_Clostidies:_Lachnosplracsas:g_Rosaoura
e Lo g ey e
5 B K_Bacteriap_ Cyanobacteriax_ Chioroplastio__Streptophyta K_Archasap.
2 2 K_Bactena;p_Fimmicues c_Clostnca.__ [ x_sacteriap_Fimicutesic_Ciostnaao_Ciostidiases:1_Vemonetacsasig_Phascolaiciobacienum
0% - B *_sacwran_synergitensic_synergistan_synergistales [ *_acteriap_Fimicutesic_Clostiiar_Closticiaios1_Peptosireptococcaceas;_
B *_escternn_s B «_sacterap_e Sacteroksa. 9_Austpes
- [—— [l *rors_Famiuimes_coansn,_comtsest_Custiamensn_Coiam
0% K_Bactoriap_Fimicutes:c_Closiica:o_Clostidiases:|_RUMR0coccacese:_OGcliospira
- e | g g g o,
K_Bacternp_J comsata
B oween b oustin_Comsmns St _Trcoss_asasmn_581_s_
20% s K_Bacteriap_Bacteroicetes.__

10% o K_Bacteria:p_Fusobactena c._FUscoacienia o_Fusooacieriales

]
Plaosto’
Probiotc:
Baseine;

Placeto
Vashout-
Prabiotc;

B «_eacterap_mmicutesce.

i
i
|
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Data representative of the US population has shown that
fiber intake of >20 g per day was associated with normal
bowel habits (Mitsuhashi et al., 2018). In the present study,
adults affected by PWS on energy-controlled diets consumed
19.4 + 7.7 g/day of fiber, an intake similar to the general US
population (Reicks et al., 2014). Grains typically contribute
a higher percentage of fiber intake than do fruits and vege-
tables (Reicks et al., 2014). In contrast, the adults with PWS
in the present study consumed a diet exceeding the recom-
mended number of servings of fruits and vegetables for their

average energy requirement, but not grains. Limited intake of
grains, specifically the lack of whole grains, contributed to
an average fiber intake of <20 g/day. Although participants’
fiber intake exceeded the Al for fiber, this recommendation,
intended for healthy individuals, may not be appropriate for
patient populations, specifically those requiring lower energy
intakes. Microbial fermentation of fruit and vegetable fiber is
extensive (Cummings & Englyst, 1987), and thus contributes
little to the fecal bulking needed for laxation. The relative lack
of cereal fiber, known for its fecal bulking potential (Nyman
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et al., 1986), may have contributed to symptoms of consti-
pation in some participants. Consumption of whole grain
fiber, particularly whole wheat, has been shown to support
microbial diversity (Jefferson & Adolphus, 2019). Although
the PWS participants consumed few grains and virtually no
whole grains, microbiota diversity was higher than was seen
in generally healthy, non-affected adults from a similar geo-
graphical area (Tremblay et al., 2020). However, given that
the association of microbial diversity with health vs. disease
risk has recently been questioned (Ma et al., 2019), the health
implications of their high diversity is unclear.

This study had limitations. The sample size was deter-
mined based on a study of constipated adults, as no known
published research has explored probiotic administration
and gastrointestinal outcomes in PWS subjects. Individuals
with PWS were recruited independent of constipation status
due to the rarity of the condition. Surprisingly, most partic-
ipants exhibited normal stool frequency, which undermined
this outcome as individuals with normal frequency may not
respond to B. lactis strains (Ibarra et al., 2018). B. animalis
were found in samples that were collected in a least one of
the periods other than the probiotic intervention in 52% of
the participants suggesting that participants were consuming
B. animalis strains from food sources. The proliferation of
probiotics as food ingredients poses a significant challenge
for community-based clinical trials and few studies confirm
compliance using qPCR (Tremblay et al., 2020). As the data
suggest a potential delayed effect on motility extending into
the probiotic washout period, a parallel design may be more
appropriate for future studies. An additional limitation was
the length of the intervention periods. The 4-week interven-
tion period was based on previous trials (Dimidi et al., 2014),
as well as feasibility related to participant burden. However,
an intervention period of greater than 4 weeks may be needed
to elicit a probiotic effect on gastrointestinal symptom report-
ing (Guglielmetti et al., 2011), and thus possibly for func-
tional outcomes also. Although low water intake is associated
with constipation (Markland et al., 2013), non-caloric bev-
erage consumption was not tracked in this study, and thus
we cannot report on the impact of water intake on outcomes.
Aberrant drinking behaviors have been reported in individu-
als with PWS. One study found that 77% of the subjects with
PWS drank “extremely small” amounts of water, and 13%
drank “small” volumes of water (Akefeldt, 2009).

Health professionals practicing in primary care recom-
mend probiotics, including for constipation (Johnson et al.,
2019). As PWS is a unique patient population, their response
to probiotics, including B. lactis strains, may differ from
those without such a diagnosis due to potential confounding
effects of syndrome-related motility issues, an energy-con-
trolled diet, and possibly, their baseline microbiota profile.
Recent research has suggested that the microbiota profile of
individuals affected by PWS differ non-affected adults and

children (Olsson et al., 2019; Peng et al., 2020). As multi-
strain probiotics have recently shown efficacy in the manage-
ment of constipation (Zhang et al., 2020), such formulations
require testing in patient populations such as PWS. This
study provides preliminary evidence of a motility effect of
B. lactis B94 impacting stool form but not stool frequency.
Future studies should specifically assess intestinal transit
time. In addition, further research is needed to determine if
increased dietary fiber through prudent food choice, fortifi-
cation or supplementation helps to alleviate hard stool form,
suggestive of slow transit, in adults affected by PWS.
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