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Sleep and the gut microbiome in psoriasis: clinical implications
for disease progression and the development of cardiometabolic
comorbidities

Bridget Myers, B.S1, Reddy Vidhatha, B.Al, Brownstone Nicholas, M.D1, Chan Stephanie,
B.S1, Thibodeaux Quinn, M.D?, Hsin-Wen Chang, Ph.D1, Tina Bhutani, M.D!, Wilson Liao,
M.D1

L.University of California, San Francisco, Department of Dermatology

Abstract

Background: Sleep dysfunction and sleep disorders are important comorbidities of psoriasis.
Not only do these sleep comorbidities contribute to reduced quality of life, but they may

also lead to worsening psoriasis and increased susceptibility to cardiometabolic diseases. While
psoriasis and sleep dysfunction are thought to be linked by itch, depression, and immune system
dysregulation, the relationship between psoriasis and sleep dysfunction is not yet fully understood.

Objective: We sought to compare previous studies characterizing the gut microbiome in psoriasis
and sleep dysfunction and examine the potential relevance of shared findings on cardiometabolic
and overall health.

Methods: We performed literature searches of PubMed and Embase databases to find studies
evaluating the gut microbiome in psoriasis, sleep dysfunction, and cardiometabolic diseases.

Results: Studies characterizing the gut microbiome in psoriasis and sleep dysfunction reveal
shared findings, specifically an increased Firmicutesto Bacteroidetes ratio and reduced abundance
of short chain fatty acid-producing bacteria. These dysbiotic features have also been shown to
promote systemic inflammation and cardiometabolic disease.

Conclusion: In favoring an increased Firmicutesto Bacteroidetes ratio and reduced abundance
of short chain fatty acid-producing bacteria, sleep dysfunction could be contributing to worsening
psoriasis and cardiometabolic comorbidities through intestinal dysbiosis. Future studies are needed
to determine whether gut- and sleep-targeting interventions could be therapeutic in psoriasis
patients with poor sleep.
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1. Introduction

Psoriasis is a chronic inflammatory skin condition, affecting 2 to 4% of the U.S. population.
There are five main variants of psoriasis with the most common being chronic plaque
psoriasis, which is characterized by well-defined, erythematous, scaly plaques that for many
patients are pruritic, painful, and disfiguring. Psoriasis is associated with a reduced quality
of life as well as significant morbidity and mortality, with psoriasis comorbidities including
psoriatic arthritis, cardiovascular disease, metabolic syndrome, anxiety, depression, and
sleep disorders.:2 Compared to the general population, psoriasis patients experience an
increased prevalence of obstructive sleep apnea (OSA) (36-81.8% vs 2-4%), restless

leg syndrome (15.1-18% vs 5-10%), and insomnia (5.9%-44.8% vs. 10% for chronic
insomnia) according to a 2016 systematic review.3 Low quality sleep is also very prevalent
in this population, with a study by Smith et al. observing that 58.4% of psoriasis patients
endorse sleep difficulty and 38.8% report getting less than seven hours of sleep per

night,# the minimum number of hours recommended by the American Academy of Sleep
Medicine.® This high rate of sleep dysfunction is especially concerning in psoriasis patients,
as sleep disorders correlate with a lower quality of life and intense daytime fatigue in this
population. Additionally, sleep dysfunction is independently associated with an increased
risk of many psoriasis comorbidities, notably cardiovascular disease, obesity, diabetes,
anxiety, and depression.27-10 Finally, sleep dysfunction may also play a role in triggering or
potentiating psoriatic disease, as night shift workers have been shown to exhibit an increased
prevalence of psoriasis as well as more severe and frequent psoriasis flares, implicating
circadian rhythm disruption as a potential psoriasis risk factor.11

While the connection between sleep dysfunction and psoriasis is not yet completely
understood, pruritus, concomitant depression, and pain with psoriatic arthritis are all

likely to be involved.3 Additionally, recent research has uncovered a bidirectional
relationship between sleep and the immune system, with sleep regulating immune

cell memory formation and cytokine profiles affecting quality and quantity of sleep.1?
Through its immune-modulatory effects, sleep dysfunction could be contributing to chronic
inflammation in psoriasis patients, potentially influencing disease activity as seen in other
chronic inflammatory conditions.13 Conversely, chronic inflammation in psoriasis patients
could be one of the factors promoting sleep dysfunction in these patients.

The gut microbiome is an important regulator of immune activity and the circadian rhythm,
and thus may play a role in the relationship between sleep and psoriasis.1* The gut
microbiome consists of all the microorganisms and their genomes that live within the human
gastrointestinal tract. It is influenced by numerous factors and considered an important
disease-regulator in many chronic diseases, including psoriasis and cardiometabolic disease,
when in a state of dysbiosis or imbalance.116 In human and animal studies, shared patterns
of intestinal dysbiosis have been related to psoriasis, OSA, and sleep disturbance, including
an elevated ratio of bacterial phyla Firmicutesto Bacteroidetes (F B ratio) and a relative
reduction in short chain fatty acid- (SCFA-) producing bacteria. These features of intestinal
dysbiosis have been shown to contribute to systemic inflammation and cardiometabolic
disease, suggesting that the gut microbiome could be an important factor linking psoriasis
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and sleep dysfunction and the cardiometabolic comorbidities associated with both of these
conditions.

In this review, we examine the findings from previous psoriasis and sleep gut microbiome
studies and identify shared characteristics, specifically an increased F/Bratio and reduced
abundance of SCFA-producing bacteria. We also review evidence suggesting that both of
these microbial alterations promote systemic inflammation and cardiometabolic disease. The
health-related implications of these associations for patients with both psoriasis and sleep
dysfunction are reviewed, with special regard to psoriasis progression and cardiometabolic
health. Finally, we explore future areas of research and the potential therapeutic role of
sleep- or gut-targeting interventions in psoriasis patients that have sleep dysfunction or sleep
disorders.

2. Methods

A literature search of PubMed and Embase databases was conducted for the search terms
‘microbiome,” ‘microbiota,” OR ‘metagenome’ AND ‘psoriasis,” “psoriatic arthritis,” ‘sleep
dysfunction,” “sleep disorder,” ‘sleep disruption,” ‘sleep restriction,” ‘sleep deprivation,’
‘obstructive sleep apnea,” ‘insomnia,” OR ‘restless leg syndrome” (Figure 1). Another
literature search of PubMed and Embase databases was performed for the search terms
‘microbiome,” ‘microbiota,” OR ‘metagenome’ AND ‘cardiovascular disease,” ‘coronary
artery disease,” ‘atherosclerosis,” ‘hypertension,” ‘obesity,” “‘diabetes,” OR ‘metabolic
disease.” Our search was limited to English-language articles published prior to April 2",
2020. The leading author manually identified observational and interventional human or
animal studies investigating the gut microbiome in psoriasis, sleep disorder/disruption, and
cardiometabolic disease. Review articles exploring the gut microbiome in cardiometabolic
disease were also reviewed.

3. Results

We identified eight primary research studies investigating the gut microbiome in psoriasis
patients and 16 in sleep disorder patients or animal models or humans or animals subject
to sleep disturbance (Table 1). 20 primary research studies or reviews exploring the gut
microbiome in cardiovascular or metabolic disease were also included. 31 articles related
to the gut microbiome, psoriasis, sleep disorder/disruption, or cardiometabolic disease are
referenced to provide additional background, scientific, or clinically relevant information.

Reviewing the primary investigative studies of the gut microbiome in psoriasis, sleep
disorder, and sleep dysfunction, the majority reported significant changes in microbiome
composition or function in human patients or animal models of disease relative to controls.
We identified two common characteristics that were observed among the majority of

these studies, an increased /B ratio and decreased abundance of short chain fatty acid-
(SCFA-) producing bacteria. Both of these findings have also been associated with poor
cardiometabolic health outcomes (Table 2).
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A Increased Firmicutes to Bacteroidetes ratio in psoriasis and sleep dysfunction

Firmicutes and Bacteroidetes are the most abundant phyla in the gut microbiome,” and the
F/Bratio is considered an important compositional feature of the gut microbiome.18 In four
of eight studies that have investigated the gut microbiome in psoriasis patients, a relative
imbalance between the two phlya, resulting in an increased ~/Bratio, was found.19-22 A
significantly increased ~/Bratio has also been seen in young normal weight volunteers (n=9)
following two nights of partial sleep deprivation versus normal sleep (p<0.05) 23 as well

as four studies with mice subject to sleep deprivation.24=27 In a study of circadian rhythm
disruption in mice, those fed a high-fat but not a normal diet displayed significantly altered
microbiomes, including an increased F/B ratio, suggesting that diet may contribute towards
the deleterious effects of circadian rhythm disruption on the gut.28 Poroyko et al. explored
the effect of chronic sleep fragmentation (four weeks) on mice intestinal microbiomes,
revealing an elevated ~/Bratio (p <0.05) that also correlated with an increase in food intake,
insulin resistance, and visceral white adipose tissue mass and inflammation. Following a
two-week-long recovery period with the mice returning to normal sleep behavior, these
microbial and metabolic alterations reversed, suggesting the restorative capacity of proper
sleep in repairing sleep-induced microbial and metabolic disturbances.25 In a study by Gao
et al., three days of continuous sleep deprivation in mice resulted in elevated ~/B ratios

as well, with melatonin supplementation during the experiment reversing the sleep-induced
dysbiosis.2® Finally, in murine models of OSA, with mice subject to intermittent hypoxia for
a six week long period, an increased /B ratio was reported.29 In contrast to these findings,
there have been two studies associating a decreased ~/Bratio with poor sleep. In Lucking et
al.’s study guinea-pigs exposed to chronic intermittent hypoxia, modeling OSA, developed a
lowered ~/Bratio3 and in Liu et al.’s study insomnia patients exhibited a reduced ~/B ratio
relative to healthy controls.3!

B Reduced abundance of short chain fatty acid-producing bacteria in psoriasis and sleep

dysfunction

Short chain fatty acids (SCFASs), such as acetate, butyrate, and propionate, are the metabolic
end-products of bacterial fermentation.32 SCFAs, especially butyrate and acetate, exhibit
important anti-inflammatory effects, reduce oxidative stress, regulate gene expression, and
maintain the integrity of the gut epithelial barrier.33 Several studies of psoriasis patients
report a relative reduction in intestinal abundance of Akkermansia, Ruminococcus, or
Faecalibacterium genera, which are all comprised of mucin-degrading SCFA-producing
commensals.19:2234-37 Analogous findings have been seen in OSA gut microbiome studies,
with Ko et al. detecting a reduction in SCFA-producing bacteria in OSA patients (n=93)
versus control subjects (n=20).38 In Durgan et al.’s study, researchers subjected mice

to OSA-mimicking conditions and saw no effect on blood pressure in those given a

normal diet. However, in those fed a high-fat diet, significant increases in blood pressure
and decreases in SCFA-producing bacteria were seen, implicating the gut microbiome as
instrumental in linking OSA and one of its major comorbidities, hypertension.39 Decreases
in SCFA-producing bacteria, specifically belonging to Akkermansiaand Faecalibacterium
genera, have also been detected in mice subject to seven-day paradoxical sleep
deprivation?0 and three-day continuous sleep deprivation.28 Decreases in Bifidobacterium
and Lactobacillus genera have been seen in mice subject to five days of sleep disruption.24
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When used as probiotics in vitro, species of Bifidobacterium and Lactobacillus genera
have been shown to increase SCFA production.?! In a study by Dhaliwal et al., sleep
deprivation-induced dysbiosis in mice resulted in increased intestinal permeability and
reduced abundance of SCFAs, features that were both reversed following subsequent
administration of Lactobacillus plantarum MTCC 9510, a probiotic bacterial strain.*2
Lastly, in a study of volunteers undergoing an experimental sleep-wake cycle shift, a sleep
pattern common in students and shift workers, a decrease in fermentation of acetyl-CoA
to butanoate at day two post-intervention was observed. This pathway is related to SCFA
metabolism, suggesting that a microbe-mediated decline in SCFA production might be
induced by shifting the sleep-wake cycle.*3

C Elevated Firmicutes to Bacteroidetes ratio and reduced abundance of short chain fatty
acid-producing bacteria in cardiometabolic disease

Metabolic and cardiovascular diseases are responsible for the majority of morbidity and
mortality associated with both psoriasis and sleep dysfunction,*4-46 and there is compelling
evidence to suggest that the gut microbiota can act to promote or prevent these disease
states. In numerous human and animal studies, an elevated ~/Bratio and/or reduced
abundance of SCFA-producing bacteria have been associated with poor cardiometabolic
health (Figure 2).47:48

An elevated ~/Bratio has been associated with obesity and insulin resistance in several
human and animal studies.*® For example, Ley et al. found a decrease in intestinal
Firmicutes and increase in intestinal Bacteroidetesto correlate with a decrease in weight in
obese individuals undergoing dietary changes. When the same individuals returned to their
prior dietary habits and gained weight, a rise in Firmicutes and decline in Bacteroidetes,
equating to an elevated /~/Bratio, ensued.?® The relationship between the ~/Bratio and
weight may be in part due to the influence of the F/Bratio on carbohydrate metabolism and
the relative abundance of SCFAs acetate and butyrate. A high £/B ratio is seen to correlate
with high acetate and low butyrate levels. High acetate is linked to an increase in ghrelin,
the appetite-stimulating hormone, and low butyrate is permissive to chronic, low-grade
inflammation,51-53

An elevated ~/Bratio has also been linked to cardiovascular disease, with several animal
studies identifying an elevated /B ratio in hypertensive models.54:5 In research involving
human subjects, significant increases in Firmicutes (37.06% v. 32.06%) and decreases

in Bacteroidetes (56.12% v. 60.92%) concentrations were seen in chronic heart disease
patients (n=29) relative to healthy controls (n=35) (p<0.05).%8 Increased ~/B ratios have
also been identified in fecal samples of high trimethylamine-N-oxide (TMAQ) producers.>’
TMAO is a proatherogenic metabolite produced via the conversion of dietary carnitine,

in eggs and red meat, to trimethyl amine (TMA) by certain bacterial species®8 and its
concentration positively correlates with risk of atherosclerosis and major cardiovascular
events (myocardial infarction, stroke, and death).>®

A relative decline in microbe-derived SCFAs is shown to be detrimental to cardiometabolic
health as well. SCFAs, especially acetate and butyrate, have many beneficial effects for the
host: reducing appetite, supporting glucose homeostasis, modulating the immune system
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to favor regulatory T cell expansion, a cell type integral in producing anti-inflammatory
cytokines and preventing autoimmunity, and maintaining the gut barrier integrity.60-61 [_oss
of SCFAs allows for the development of a local inflammatory response within the gut

and compromises the function of tight junctions between mucosal cells, weakening the gut
barrier and its ability to regulate the presentation of pro-inflammatory antigens to systemic
circulation. When this occurs, a diffuse inflammatory response is triggered that has been
linked to obesity, insulin resistance, and heart disease pathophysiology.61-63

Significantly reduced concentrations of SCFA-producing bacteria have been identified

in fecal samples of patients with obesity, diabetes, insulin resistance, hypertension,
atherosclerosis, coronary artery disease, and carotid artery disease compared to healthy
controls.#8:64-67 For example, in chronic heart failure patients (n=53) relative to healthy
controls (n=41), researchers Cui et al. identified significant differences in microbiome
composition including reduced Faecalibacterium prausnitzii, one of the most important
butyrate-producing species in the gut microbiome of humans. Through functional
metagenome analysis, they also identified downregulation of microbe-derived butyryl-
CoA:acetate CoA transferase, a crucial enzyme in butyrate synthesis, in chronic heart failure
patients compared to controls.58

4. Discussion

While studies of the gut microbiome in psoriasis, sleep dysfunction, sleep disorders, and
cardiometabolic diseases have been done independently, here we have identified shared
characteristics of these studies including an increased /B ratio and decreased abundance
of SCFA-producing bacteria. Not only do such findings suggest a role of dysbiosis in

these conditions, but they also suggest that the gut microbiome could be an important
element linking psoriasis, sleep dysfunction, and associated cardiometabolic comorbidities.
For the psoriasis patient with a comorbid sleep disorder, the dysbiosis induced by these
conditions could potentially contribute to poor cardiometabolic outcomes and refractory
psoriasis management.

A Sleep-induced dysbiosis contributing to cardiometabolic disease risk in psoriasis

patients

With cardiometabolic disease being a well-established comorbidity of both psoriasis and
sleep dysfunction, the association of psoriasis, sleep dysfunction, and cardiometabolic
disease with the two detrimental patterns of dysbiosis reviewed (an increased F/Bratio

and reduced abundance of SCFA-producing bacteria) suggest that the gut dysbiosis seen

in psoriasis and sleep dysfunction could be contributing to compromised cardiometabolic
health in these patients. For the patient with both psoriasis and sleep dysfunction, this may
have special relevance as poor sleep could be exacerbating pre-existing psoriasis-related
dysbiosis to further increase the patient’s risk of cardiometabolic disease development. A
Taiwanese study by Chiu et al. demonstrated that psoriasis patients with a comorbid sleep
disorder (n=2,223) had a higher risk of ischemic heart disease (HR, 1.25, 95% CI 1.22-1.28)
and stroke (HR 1.24, 95% CI 1.16-1.33) compared to psoriasis patients without a comorbid
sleep disorder (n=97,405).6% While they did not investigate whether the gut microbiome
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played a role in this association, studies comparing the gut microbiome composition and
function in psoriasis patients with versus without sleep dysfunction could lead to novel
insights regarding the relationship between psoriasis and cardiometabolic disease and the
possible augmenting role of sleep dysfunction.

B Sleep-induced dysbiosis contributing to psoriasis severity and progression

Sleep dysfunction might also be contributing to incomplete disease control in psoriasis
patients by potentiating presumably pathogenic patterns of intestinal dysbiosis. In a recent
study of over 3,000 psoriasis patients, reports of sleep difficulty and low sleep quantity were
both higher in those who had moderate (OR 1.59, 95% CI [1.30-1.94, 1.41 [1.16-1.72]) and
severe (2.40 [1.87-3.08], 1.40 [1.11-1.76]) psoriasis relative to mild psoriasis.* While it is
likely that the high rate of sleep dysfunction in more severe patients is in part because of an
increased intensity of symptoms such as itch, pain, depression, or anxiety, it is also possible
that poor sleep could be contributing to psoriasis severity via its detrimental effects on the
gut. It is suggested that the gut epithelial permeability implicated in cardiometabolic disease
pathophysiology may also play a role in psoriasis disease and progression, by allowing
intestinal bacterial antigens to reach extraintestinal sites such as skin and joints where

they then trigger an inflammatory reaction to cause psoriatic plaque formation or arthritis
symptoms, respectively.36:70 In fact, studies by Sharma et al. and Shapiro et al. implicate
advanced dysbiosis and intestinal inflammation in the progression from cutaneous psoriasis
to psoriatic arthritis.20:71 Future investigations of sleep dysfunction induced dysbiosis on
psoriasis severity and progression could examine the therapeutic utility of sleep- and gut-
targeting interventions in psoriasis management.

5. Limitations and future research

Limitation:

Solution:

Limitation:

Inherent limitations of microbiome research are the high interpersonal variabilities

and controlling for environmental factors, geographic features, stage of disease, and
experimental conditions that are all capable of influencing the gut microbiome, adding noise
that may make identifying disease-causing bacteria even more challenging.

Longitudinal studies with more standardized protocols as well as careful matching technique
could assist in distinguishing microbiome fluctuations in response to environmental factors
versus predominant, disease-relevant changes.

Due to the low number of human studies that have been done analyzing the gut microbiome
in sleep disorders and sleep dysfunction, comparisons between animal and human studies
made here are limited due to the potential differences in host-microbe interactions between
species.

J Psoriasis Psoriatic Arthritis. Author manuscript; available in PMC 2022 July 01.
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Solution:
An increase in human studies analyzing the gut microbiome as it relates to sleep disorders
and sleep behavior would lead to improved reliability in comparing studies.

Limitation:
While psoriasis and sleep dysfunction microbiome studies depict similar findings, the
microbiome changes in patients with both psoriasis and sleep dysfunction have not been
explored.

Solution:

Studies analyzing the gut microbiome in patients that have psoriasis-only, sleep disorder-
only, and concomitant psoriasis and sleep disorder are necessary to truly understand how the
presence of sleep dysfunction alters the gut microbiome of psoriasis patients, and how that
affects disease severity and comorbidity development.

6. Conclusion

In this review, we highlight similar patterns of dysbiosis identified in both psoriasis and
sleep dysfunction human and animal studies: an increase in //Bratio and decrease in SCFA-
producing bacteria. Given that both features have been implicated in promoting systemic
inflammation and cardiometabolic disease, we proposed that poor sleep in psoriasis patients
could be contributing to increased disease activity as well as less favorable cardiometabolic
outcomes due to its dysbiosis-inducing effects. Understanding the connection between sleep
dysfunction and psoriasis is likely to have clinical relevance for the practicing dermatologist,
as future research in this field may show that screening for and treating sleep disorders in
psoriasis patients leads to long- and short-term benefits. Sleep-focused interventions to be
explored include melatonin supplementation, continuous positive airway pressure machines
for OSA patients, relaxation techniques, and light therapy.”2 Future research could examine
whether gut-altering therapies, such as probiotics, antibiotics, or dietary changes designed
to ameliorate dysbiosis could be beneficial in psoriasis patients suffering from a sleep
disorder or chronic sleep dysfunction as they may help to mitigate the detrimental effects of
sleep-induced dysbiosis on psoriasis progression and comorbidity development.
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TMAO (trimethylamine-N-oxide)

NREM (non-rapid eye movement)
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Articles
identified
through other
sources: 0

PubMed: 364 results
Embase: 241 results

Articles identified after conference
abstracts, short surveys, notes,
and non-English articles removed:

chapters,
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Full-text articles screened for inclusion: 122 }—»

A

Articles excluded by title
and abstract: 483 articles

Articles excluded if they were a duplicate, review, editorial,
letter, or other study that did not investigate the gut
microbiome composition or function in psoriasis patients,
sleep disorder patients, sleep disorder animal models or
humans or animals subject to sleep disturbance: 97

Studies included in review:

8 studies investigating the gut microbiome in psoriasis patients

11 studies investigating the gut microbiome following sleep deprivation or disruption in human subjects or animal models
5 studies investigating the gut microbiome in obstructive sleep apnea patients or animal models

1 study investigating the gut microbiome in insomnia patients or animal models

Figure 1 legend:
PRISMA-based flow-chart of search for studies included in review.
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compromised gut epithelial barrier

Figure 2 legend:
Effects of an elevated F/B ratio and decreased SCFA-producing bacteria on cardiometabolic

health and psoriatic disease. Psoriasis and sleep dysfunction have both been demonstrated
to promote intestinal dysbiosis, partially characterized by an 1) increased ~/Bratio and 2)
reduced SCFA-producing bacteria within the gut. 1A) An increased ~/B ratio is associated
with high TMAQ production, which is linked to greater risk of cardiovascular disease. 1B)
An increased F/B ratio promotes obesity and insulin resistance, in part due to its influence
on carbohydrate metabolism. 2A) Loss of butyrate, an anti-inflammatory SCFA, permits a
chronic, low-grade inflammatory state, impairing the integrity of the gut epithelial barrier.
This allows for bacterial DNA and other antigens to translocate from the gut to systemic
circulation, where they may act to trigger an immune response at distant sites, such as skin
and joints.

J Psoriasis Psoriatic Arthritis. Author manuscript; available in PMC 2022 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Myers et al.

Table 1.

Page 15

Primary studies investigating the gut microbiome in i) psoriasis patients, ii) animals subject to obstructive
sleep apnea-mimicking conditions, sleep deprivation, sleep restriction, or circadian rhythm disruption, and iii)
individuals with a sleep disorder or volunteers subject to sleep deprivation, sleep restriction, or sleep-wake

cycle shift.
Psoriasis Subjects Methods Reported changein F/B ratio and abundance
microbiome of SCFA-producing or -relevant bacterial taxain

studiesin humans

psoriasisvs. control cohort

Chen et al., 201819

32 psoriasis patients vs.
64 age-, gender-, and BMI-
matched non-psoriasis controls

16 sRNA sequencing
(hypervariable region
V4-\/4)

1t F/Bratio and | Akkermansia spp. abundance in non-
obese, but not obese, psoriasis patients vs. controls

Codofier et al.,

52 plaque-type psoriasis

16s rRNA sequencing

* Akkermansia and Ruminococcus spp. abundance,

Cantabrana et al.,
201922

20 geographically matched
healthy controls

(hypervariable region
V2-V/3)

201836 patients with PASI > 6 vs. (hypervariable region \ Bacteroides spp. and Faecalibacterium prausnitzii
300 healthy subjects who were | V3-V4) abundance
from the Human Microbiome \ Bacteroides/Faecalibacterium ratio shown to increase
Project risk of bacterial translocation from the gut to systemic
circulation
Eppinga et al., 29 psoriasis only vs. 31 IBD Quantitative PCR \ Faecalibacterium prausnitzii abundance in psoriasis
20163 only vs. 17 HS only vs. 13 patients, with even greater reduction in patients with both
concomitant psoriasis and IBD psoriasis and IBD
vs. 17 concomitant HS and
IBD vs. 33 healthy controls
Hidalgo- 19 psoriasis patients vs. 16s rRNA sequencing * F/Bratio, | Faecalibacterium spp. abundance, and *

Ruminococcus spp. and Bifidobacterium spp. abundance

Masallat et al.,
20162

45 psoriasis patients vs. 45
age- and sex-matched healthy
controls

Fecal real time PCR

* F/B ratio which positively correlated with PASI score

Scher et al., 201537

15 skin-only psoriasis patients
vs. 16 treatment-naive
psoriatic arthritis patients vs.
17 healthy controls

16s rRNA sequencing
(hypervariable region
V1-V2)

| relative abundance of Akkermansiaand Ruminococcus
spp. in psoriatic arthritis patients vs. skin-only psoriasis
patients and psoriatic arthritis patients vs. healthy controls

Shapiro et al.,
2019%0

24 psoriasis patients vs. 24
age-, BMI- and comorbidity-
matched non-psoriasis controls

16s rRNA sequencing
(hypervariable region
V4-Vva)

" F/Bratio
| expression of genes in butyrate synthesis

Tan et al., 201734

15 psoriasis patients, not on
any anti-inflammatory agents,
vs. 14 healthy controls

16s rRNA sequencing
(hypervariable region
V4-V4)

\ Akkermansia muciniphila abundance

either a normal or high-fat diet

Vi-v4)

Sleep microbiome | Subjects Methods Reported changein F/B ratio and abundance of

studiesin animals SCFA-producing or -relevant bacterial taxain sleep
disorder or sleep disrupted vs. control cohort

Durgan et al., Rats subject to OSA- 16s rRNA sequencing 1 blood pressure, T //Bratio, and ¢ SCFA-producing

2016%° mimicking conditions and fed (hypervariable region bacteria (belonging to family Ruminococcaceae) in OSA

rats that were fed a high-fat vs. normal diet
Transplantation of dysbiotic cecal contents of OSA rats
on high-fat diet to OSA rats on normal diet resulted in 1
blood pressure

Ma et al., 201940

Rats subject to 7-day
paradoxical sleep deprivation

16s rRNA sequencing
(hypervariable region
V4-Vva)

\ Akkermansia spp. abundance in rats following 7-day
paradoxical sleep deprivation

1 serum levels of IL-6, TNF-alpha, and CRP, 1 serum
levels of HPA-axis related hormones, and 1 depression-
like behavior in rats also observed following intervention

Gao et al., 201926

Mice subject to 3-day
continuous sleep deprivation

16s rRNA sequencing
(hypervariable V3-V4
region)

* F/Bratio and | Akkermansia, Bacteroides, and
Faecalibacterium spp. abundance in mice following 3-
day continuous sleep deprivation; corresponded with |
plasma melatonin, ¢ anti-inflammatory cytokines,  pro-
inflammatory cytokines, and colonic mucosal injury
Melatonin supplementation during the experiment
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Psoriasis Subjects Methods Reported changein F/B ratio and abundance
microbiome of SCFA-producing or -relevant bacterial taxain

studiesin humans

psoriasisvs. control cohort

reversed the sleep deprivation-induced dysbiosis and
colonic mucosal injury

Bowers et al., Mice subject to a 5-day sleep 16s rRNA sequencing * F/Bratio and | Bifidobacterium spp. and Lactobacillus

202024 disruption protocol (hypervariable region Spp. abundance in sleep disruption vs. control mice
V4-V4)

Dhaliwal et al., Mice subject to chronic sleep Quantitative PCR 1 intestinal permeability and | cecal SCFA concentration

201842 deprivation in sleep deprived mice

1 intestinal permeability prevented in sleep deprived
mice that received Lactobacillus plantarum MTCC 9510
supplementation

Poroyko et al.,
2016%°

Mice subject to 4-weeks of
sleep fragmentation

16s rRNA sequencing
(hypervariable region
V4-V4)

* F/B ratio and change in relative abundance of SCFA-
relevant bacteria (T Lachnospiraceae, 1 Ruminococcaceae,
and | Lactobacillaceae) following 4-weeks of sleep
fragmentation; correlated with * food intake, insulin
resistance, and visceral white adipose tissue mass and
inflammation

Microbial and metabolic alterations reversed following
2-week normal sleep recovery period

Aidy etal., 2019%7

Mice subject to brief 5-hour
sleep deprivation

16s rRNA sequencing
(hypervariable region
V3-V5)

| relative Clostridiaceae abundance (family containing
butyrate-producing microbes) in sleep deprived vs. control
mice

Moreno-Indias et

Mice subject to OSA-

16s rDNA sequencing

* F/Bratio and | Bacteroides spp. abundance

al., 20152° mimicking conditions (hypervariable region
V2-V3)
Tripathi et al., Mice subject to OSA- 16s rRNA sequencing | relative Clostridiaceae abundance (family containing
201873 mimicking conditions on a (hypervariable region butyrate-producing microbes) in experimental v. control
high-fat diet V4-V4) mice
Lucking et al., Guinea pigs subject to OSA- 16s rRNA sequencing | F/Bratio
201830 mimicking conditions (hypervariable region

V4-V4)

\oigt et al., 201428

Mice subject to weekly
circadian rhythm disruption
fed a normal vs. high-fat, high-
sugar diet

16s rRNA sequencing

Significantly altered microbiome in mice fed a high-
fat, high-sugar diet but not mice fed a normal diet
after circadian rhythm disruption with 1 //Bratio and
Y Ruminococcus spp. and Akkermansia spp. relative
abundance

Zhang et al.,
20177

Experimental rats subject to
sleep restriction v. control rats

16s rRNA sequencing
(hypervariable region
V1-V2)

No significant change in microbiome composition
observed

Sleep microbiome
studiesin humans

Subjects

Methods

Reported changein F/B ratio and abundance of
SCFA-producing or -relevant bacterial taxa in sleep
disorder or sleep disrupted vs. control cohort

Ko et al., 2019387

93 OSA patients vs. 20
controls

16s rRNA sequencing
(hypervariable region
V3-v4)

No statistically significant difference in //B ratio between
OSA patients and controls

I SCFA-producing bacteria abundance correlated with
pro-inflammatory IL-6 levels

Lactobacillus spp. abundance positively correlated with
homocysteine levels

Liu et al., 2020%3

22 volunteers aged 20-35
years old subject to sleep-wake
cycle shift

16s rRNA sequencing
(hypervariable region
V4-V4)

No significant change in relative abundance of microbial
taxa seen after sleep-wake cycle shift

| fermentation of acetyl-CoA to butanoate, an important
pathway in SCFA metabolism, seen 2 days after sleep-
wake cycle shift

Benedict et al.,
201623

Within subject crossover
study with 9 normal weight
volunteers subject partial sleep
deprivation vs. normal sleep

for 2 nights

16s rRNA sequencing
(hypervariable region
V4-Vva)

* F/Bratio
No difference in fecal SCFA concentrations
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Psoriasis Subjects Methods Reported changein F/B ratio and abundance
microbiome of SCFA-producing or -relevant bacterial taxain

studiesin humans

psoriasisvs. control cohort

Liu et al., 201931

10 insomnia patients vs. 10
non-insomnia controls

16s rRNA sequencing
(hypervariable region
V3-V4)

\ F/Bratio

Zhang et al.,
201774

11 healthy volunteers subject
to sleep restriction

16s rRNA sequencing
(hypervariable region
V1-V2)

No significant change in microbiome composition
observed after sleep restriction

Key: PASI: psoriasis area and severity index, //B: Firmicutesl Bacteroidetes, SCFA: short-chain fatty acid, IBD: irritable bowel disease, HS:
hidradenitis suppurativa, OSA: obstructive sleep apnea, CRP: C-reactive protein, HPA: hypothalamus-pituitary-adrenal

J Psoriasis Psoriatic Arthritis. Author manuscript; available in PMC 2022 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Myers et al.

Page 18

Table 2.

Dysbiotic patterns, an increased Firmicutes! Bacterofdetes ratio and decreased abundance of short chain fatty
acid producing bacteria, have been linked to various effects on systemic inflammation and cardiometabolic

health.

Gut microbiome imbalance

Effect on systemic inflammation and car diometabolic health

* F/Bratio

-Associated with an increase in proatherogenic TMAO production
-Linked to obesity and insulin resistance in several studies
-Observed in heart disease patients and hypertensive mice

-Alters carbohydrate metabolism of SCFAs and MCFAs

| SCFA-producing bacteria (includes
Faecalibacterium, Akkermansia,
Ruminococcus, Bifidobacterium,
Lactobacillus, Bacteroides spp., and
others)

- Observed in obesity, diabetes, insulin resistance, hypertension, atherosclerosis, coronary artery
disease, and carotid artery disease patients

-Butyrate, a SCFA, has key anti-inflammatory properties and has been shown to suppress Th17 and
induce Treg cell development and expansion

-Butyrate reduces appetite and supports glucose homeostasis

-SCFAs are key energy sources for intestinal epithelial cells

-SCFAs help to maintain intestinal epithelial barrier integrity

Key: F/B: Firmicutes! Bacteroidetes, SCFA: short-chain fatty acid, MCFA: medium-chain fatty acid, TMAQO: Trimethylamine-N-oxide
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