Systematic Review

Neuropsychobiology

DOI: 10.1159/000533131

Received: August 23, 2022
Accepted: July 10, 2023
Published online: September 6, 2023

Psychological Stress and Gut Microbiota
Composition: A Systematic Review of

Human Studies

LuMa? Yating Yan? Richard James Webb® Ying Li¢ Sanaz Mehrabani®
Bao Xin® Xiaomin Sun® Youfa Wang?® Mohsen Mazidif 9"

aGlobal Health Institute, School of Public Health, Xi'an Jiaotong University Health Science Center, Xi‘an, China;
bSchool of Health and Sports Sciences, Hope Park Campus, Liverpool Hope University, Liverpool, UK; “Department
of Cardiology, The Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an, China; “Department of Clinical
Nutrition, School of Nutrition and Food Science, Isfahan University of Medical Sciences, Isfahan, Iran; ¢School of
Public Health, Shaanxi University of Chinese Medicine, Xianyang, China; fMedical Research Council Population
Health Research Unit, University of Oxford, Oxford, UK; SNuffield Department of Population Health, Clinical Trial
Service Unit and Epidemiological Studies Unit (CTSU), University of Oxford, Oxford, UK; "Department of Twin
Research and Genetic Epidemiology, King's College London, South Wing St Thomas’, London, UK

Keywords
Psychological stress - Gut microbiota composition - Human
studies - Systematic review

Abstract

Introduction: The associations between psychological stress
and gut microbiota composition are not fully understood.
This study investigated associations between psychological
stress and gut microbiota composition and examined the
potential modifying effects of age, sex, and ethnicity on such
associations. Methods: A systematic literature search was
conducted using PubMed, Web of Science, PsycINFO, and
Embase databases for studies published until November
2021 which examined associations between psychological
stress and gut microbiota composition. Results: During the
search process, 10,790 studies were identified, and after
screening, 13 met the eligibility criteria and were included.
The median sample size was 70, and the median age of
participants was 28.0 years. Most of the included studies did

not report associations between measures of alpha- and
beta diversity of the gut microbiota composition and psy-
chological stress. A few studies reported that the Shannon
index, Chao 1, Simpson index, and weighted UniFrac were
negatively associated with psychological stress. Significant
reductions in several taxa at the phyla-, family-, and genus-
levels were observed in participants with higher psycho-
logical stress. At the phylum level, the abundance of
Proteobacteria and Verrucomicrobia were negatively as-
sociated with psychological stress. At the family-level, no
more than two studies reported associations of the same
microbiota with psychological stress. At the genus level,
the following results were found in more than two studies;
psychological stress was negatively associated with the
abundance of Lachnospira, Lachnospiraceae, Phasco-
larctobacterium, Sutterella, and Veillonella, and positively
associated with the abundance of Methanobrevibacter,
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Rhodococcus, and Roseburia. However, it was not possible
to determine the influence of age, sex, or ethnicity due to
the limited studies included. Conclusion: Our findings
provide evidence that psychological stress is associated
with changes in the abundance of the gut microbiota.
Larger sample longitudinal studies are needed to deter-
mine the causal relationship between psychological stress

and the gut microbiota. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

The bi-directional dialog between the gut-brain axis and
the role of psychological stress has recently become the
focus of intense debate. Given that many trillions of bacteria
reside and have co-evolved in the human gastrointestinal
(GI) tract, this has resulted in a symbiotic relationship
where the GI tract offers a hospitable environment for these
bacteria, which in turn perform a plethora of roles impli-
cated in the support of human health above and beyond the
fermentation of non-digestible substrates [1]. Perhaps, one
of the most important of these is the modulation of the
central nervous system, with mounting evidence demon-
strating that psychological stress can mediate the diverse
range of microorganisms residing in the human intestine
[2]. However, despite this, the relationship remains poorly
understood.

Psychological stressors can come in many forms,
ranging from those experienced during early childhood,
through adulthood, and have been shown to impact upon
the composition of the gut microbiota. For example, acute
stress can increase the presence of catecholamines, which
can increase levels of pathogenic bacteria by up to 10,000
fold in vitro, as well as causing localized shifts in mi-
crobiota habitats [3]. Chronic stress has also been im-
plicated in long-term modifications of the gut microbiota
in animal models that can result in differences in alpha
diversity, which appear to differ dependent on the
characteristics of the stressors [4]. Examples are that the
gut microbiota of students suffering from academic stress
is composed of fewer health-promoting bacteria [5], and
very recent evidence has revealed dysbiosis in the mi-
crobiota of frontline healthcare workers who experienced
psychological stress while working during the COVID-19
pandemic [3, 6]. Therefore, both acute and chronic stress
can cause morphological and functional changes in the
human gut microbiota.

Despite these associations of acute and chronic psy-
chological stress with gut microbiota composition, the
underlying mechanisms remain elusive, with evidence
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suggesting that the dysregulation of tryptophan meta-
bolism may be a contributing factor [7]. Regardless of the
implicated mechanisms, it is important to note that when
stressors are removed in rats, the relative microbial
abundance in terms of both species and distribution
appear to resolve [8]. However, interestingly, the mi-
crobial metabolic profiles remain altered, potentially
suggesting that the recovery time for gut microbial
metabolic functionality from stressful experiences may be
slow [8].

This impaired recovery time may have important
implications in terms of aging, where the composition of
the gut microbiota and their metabolic outputs in the
blood of older adults has been shown to deteriorate with
declining health and has been proposed as a modifiable
predictor of healthy trajectory [9]. In addition to this,
disparities in the gut microbiota have also been observed
between genders as well as across ethnicities [10, 11]. For
example, a cohort study showed that age and gender were
among the 69 factors which were shown to correlate
significantly with overall microbiome community vari-
ation [12]. Substantial ethnic differences in the compo-
sition of the gut microbiota have also been found [13].
Although this is likely to be influenced by a plethora of
extrinsic factors, psychological stress is known to be
vitally important [10, 14]. Furthermore, the type of stress
may be a modifier of the associations between stress and
gut microbiota [15]. However, further work is required to
fully understand its role in dysbiosis across different
demographics.

In summary, the ability of acute and chronic psy-
chological stress to modulate the gut microbiota com-
position is yet to be fully elucidated. Despite this, evidence
exists which suggests that the role of psychological stress
on the gut microbiota can differ across age, ethnicity, and
the type of psychological stress and between gender [16].
Our systematic review will, for the first time, synthesize
this literature and provide a summary of the findings on
how age, gender, ethnicity, and the types of stress may
moderate the associations between psychological stress
and gut microbiota composition, offering insights based
on the totality of the evidence.

Methods

This study was developed and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [17] and other standards (e.g.,
Johnson and Hennessy [18], 2019). The review protocol is listed in
the International Prospective Register of Systematic Reviews
(PROSPERO) (CRD: 42021284124).
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Literature Search

A literature search was performed in electronic bibliographic
databases: PubMed, Web of Science, PsycINFO, and Embase, from
inception to November 2021. Search strategies included combi-
nations of terms related to acute and chronic psychological stress,
gut microbiota, and human study. A summary of search strategies
was provided in online supplementary Table 1 (for all online suppl.
material, see https://doi.org/10.1159/000533131). Furthermore, to
minimize the effect of publication bias, a snowball method,
characterized by manual checking of references from retrieved
studies, was applied to relevant studies that met the selection
criteria outlined below.

Search results were merged into the reference management
software EndNote. Two authors (Y.T.Y. and Y.L.) independently
reviewed the records, in case of disagreement between the two
authors, a third author (M.L.) was consulted to make the final
decision.

Study Selection

Studies were included if they (a) were cross-sectional studies,
case-control studies, longitudinal studies, randomized controlled
trials, clinical trials with either parallel, crossover, or cohort design;
(b) examined the associations between psychological stress and gut
microbiota, or the associations between gut microbiota and psy-
chological stress in humans; (c) psychological stress included at
least acute laboratory stress, chronic stress, stressful life events,
perceived stress, or early life stress; (d) had samples that did not
overlap with other identified studies (if data or data subsets were
from duplicate publications, only publications with the largest
sample size was included); and (e) were published as full-text
articles in peer-reviewed scientific journals. Studies were excluded
if they were (a) without human subjects or (b) were qualitative
studies, case reports, editorials, protocols, meta-analyses, or
reviews.

Definition of Microbial Indices Utilized in the Literature

In this study, assessments of the biodiversity and composition
of microbiota were based on stool sample testing using culture-
dependent methods, real-time polymerase chain reaction, fluo-
rescence in situ hybridization, or pyrosequencing for bacterial 16s
ribosomal ribonucleic acid genes. The alpha diversity and beta
diversity were used to assess the biodiversity of gut microbiota. The
alpha diversity provides a summary statistic of the microbial
community, whereby a higher alpha diversity indicates a greater
number of species, with more even representation, and/or greater
biodiversity according to the ancestral dissimilarity of species. Beta
diversity is an inter-individual measure that examines similarity of
communities relative to the other samples analyzed. All bacterial
information was reviewed and selected before the final analyses,
including bacterial taxonomy, percentage, and relative abundance
at different taxonomic levels. For consistency, the included studies
were analyzed at the phylum-, family-, and genus-levels in the
current study. We contacted the investigators of the eligible studies
if we were unable to extract data on bacterial abundance from the
published studies.

Data Extraction

Data were extracted by two independent authors, and dis-
agreements were reviewed and resolved by the first author. Data
extracted included the following: (a) study level (country, author,
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publication year, study design, type and measurement of stress,
microbiota diversity assessment method and estimation, con-
founding variables), (b) sample level (participants’ age, sex, and
ethnicity), and (c) effect sizes (analyses which compared the gut
microbiota between cases and controls, or assessed associations
between psychological stress, and the gut microbiota).

Pearson correlation coefficient r, B coefficient, odds ratio, or
standardized mean difference was used to determine the associ-
ations. They were set to be positive (greater than the null value) for
associations that favored the hypotheses. When a study reported
both overall effect size and subgroup effect sizes, such as by sex, the
overall effect size was used in the overall analysis.

Study Quality Assessment

Two authors independently assessed the quality of the studies
using the U.S. National Institutes of Health Study Quality As-
sessment Tools (National Heart Blood and Lung Institute, 2019).
The assessment tool rates each study based on 14 criteria. For each
criterion, a score of one was assigned if “yes” was the response,
whereas a score of zero was assigned otherwise (i.e., an answer of

“no,” “not applicable,” “not reported,” or “cannot determine”).

Overall quality was rated based on the total score of the scale: “7<
total score” = good, “4< total score <7” = fair, “total score <4” =
poor. The risk of bias of each study decreased with the increase in
the total score (online suppl. Table 2).

Results

The literature search identified 13 eligible studies that
investigated the associations between psychological stress
and the composition of the gut microbiota as a primary
outcome. The 13 studies were summarized in Table 1.

Literature Search and Study Selection Process

The study selection process that followed the literature
search is summarized in Figure 1. A total of 10,790 ci-
tations were identified through four databases. After
initial screening and removal of duplicates, 10,398 rec-
ords remained, of which 10,205 were screened by abstract
and excluded. Following the initial screening, 193 full-text
studies were retrieved for detailed review and were as-
sessed against the established selection criteria.

One hundred and eighty full-text records did not fulfill
the set inclusion criteria and after their removal, 13
studies were included in the current review. All the in-
cluded 13 studies had good quality according to the
National Heart, Lung, and Blood Institute’s Quality
Assessment Tool (online suppl. Table 2).

Characteristics of the Included Studies

The characteristics of the included studies are sum-
marized in Table 1. The studies were conducted in 7
countries including the USA (5 studies) [19, 22, 26, 27,

Neuropsychobiology 3
DOI: 10.1159/000533131

€20z Joquaydag || uo 3sanb Aq Jpd'Le1LEES000/610266€/LELEES000/6GL L 0L/10p/Pd-ajone/sdu/wod sab1es//:dRy woly papeojumoq


https://doi.org/10.1159/000533131
https://doi.org/10.1159/000533131

Downloaded from http://karger.com/nps/article-pdf/doi/10.1159/000533131/3997019/000533131.pdf by guest on 11 September 2023

(Anane
snayledwAseled
bunoayas s91oweled
osuud) Aujigeuea
)kl MeaH °§
alleuuonssnp
sanNdYIg

pue syibuans ‘v
uodai

-J|9s Aq payodas

jualed

ay3y Aq payodal
swjqo.d
|euonows
(ssauiddey

pue suonows
aAlebau 10)
suolows aAnisod
pue aAnebau
uodau-Iss ¢

(pa1ybramun suonows aAnisod
1o pajybiam) pue aanebap ‘¢ (swuan® annebau
seigiung  (-31D) UPIYD 10) 51U
| oBYD pUB ‘X3pul 10§ 3[EIS SIUSAT 31 Sl [ngssans 6107
YA-EA  uosdwis ‘sapads  uoBuIppod ay] ‘Z Modaiyes 'z (padojanap) vzl ‘e 1@
VNQ4 S9L PanIasqO o |OSIMOD JleH "L $S243S dIuoIy) ‘| pauodas 10N (%0'8Y) €6 Ayyjeay s1eak 9'€1-8°0l |euo11d3s-5504D) wnibjag SIPYIN ‘9
1ew
Auejwissip
9IN/SA sunD-Aeig g (0€-DSd) 020z
sad1pul uosdwis alleuuonsand (ag) aseasip 1oyod (padojanap) ‘€] 'le 1@
VNY4 S9L pue UOUURYS 0 SSAUIS PIAIDIIAG YL SS311S PAAIIR pauodai 10N (%¥°9S) 0T [omoq Alojewweyu|  (uijdseq) sieak zg—/1 dA123dsold pueaZIMS ]oquiny °§
(%0°€€)
(pa1ybramun) SaNPIUYID
pauodal 10N seiqiun :g J3430 0202
L oey (01-SSd) @Je2s pue (%0'£9) (dutaseq) ‘lee) e 1e
VNY4 SOL PUB UOUURYS D  SS2U1S PAAISIID YL $S911S PIAIDIRd ueiseone) (9%0%9) TZ (@D) dseasip s,uyosd sieak G/ ZF00°LL |euipnubuo  (padojaaap) vsn JSWPRW b
JuRW
«M, 94} Uo paseq (0Z-OYS) WLy
YA paindwod :g -0z @41euuonsanb TN (Buidojansp) 0zoz ‘[LT]
VNY 4591 uouueys :o buipodal-jjas ay]  |ereusid jeussiepy pauodas 10N (9%0°001) ¥8 Ayyjeay sieak y7 1E-6'LT uoyod yuig uedly Yyinos ‘e 13 9pneN ‘€
(suyjeseq)
(%S1°8Y) (duyjaseq)
uodai JoN ¢ :dnoib s1eak Z0'LF86'C
VNQ! S9L pauodai Jou g UOIIUSAIR| £z = N) dnoib
(vsIT3) uouueys (0-55d) (sunpaseg) uonudAIRIU| (duljSseq)
Kesseyuagosounwiwi pue ‘| oeyd uaip|iyd Joj 3jeds (9695°SS) sieak 1/'0F86'C (Buidojansp) 020z ‘[0T]
payjul] dwAzug  ‘xapul uosdwis $S9U1S PAAISdIRd $S911S PIAISIDd pauodai JoN 0l :dnoib jonuod AyyesH (81 = N) dnoib josuo) s1DY 3saUIYD  "|e 19 0%gOS T
buljyoid d1wojogersw sieak G0'/F18'8C
paiabieun JU1dW DURISIP  (01-SSd) 9[edS SSANS :K103udAUl
paseqg-Aniswoidads uosiydy g P3AISISd BY] T SS211S PIAIRIIR T snewnely Ajies ybiH
ssew wapue} (4S-119) Hoday J135 s1eak §5'/F8T LT
Aydeiborewolyd | oeyd -AlojuaAu| dewnel| :K103udAUL 1202 '[61]
pinbry pue uouueys o Aeg ayL L ssans oy Aeg 'y pawiodai 10N (%t'99) 81 Ayyjeay dnewnesy Aues mo1 |euondas-ssoi)  (padojansp) ysn  |e 33 £310D °L
spoyiaw 1USWISSISSE
JusWINseaw JSTISEINT) 1USWINSEIW adAy sieak 19k
(9% S16) snjels (9bues/gSFuRDW) uoned|gnd
ejolqo.iw INH ssa.1s [ed160]0ydAsy Apuyg azis a|dwes  Ayyeay siuedpiued abe sjuedpiyed ubisap Apnis Anunod  “oyine 3sii4

MB3IA3J D13eWAISAS BY1 Ul BI0IqOIDIW IND pue ssaiis [ed16ojoydAsd USIMISQ SUOIIRIDOSSE SY} PaUIWeXd S3IpPNIs €| dYl JO SdlIsHaldeley) *L d|qel

Ma/Yan/Webb/Li/Mehrabani/Xin/Sun/

Wang/Mazidi

10.1159/000533131

Neuropsychobiology

DOI


https://doi.org/10.1159/000533131

Downloaded from http://karger.com/nps/article-pdf/doi/10.1159/000533131/3997019/000533131.pdf by guest on 11 September 2023

‘pIde DI3PNUOGH [BWOSOqL ‘YNYJ ‘S[eli Paj|0Iuod paziwopuel ‘s] Dy

Buipuodsaiiod
soleld SYW ay1

(SSva) 3jes>s
ssang pue ARIxuy

uo (N4D) suun Huiwioy pauodas JoN i ‘uoissaidag 3y Joy (padojanap) 800z ‘[S] ‘e 1@
-Auojod Bununod pauodas 10N 0 9|eISgNS SSIS YL $S3I1S PIAISdISd pauodai 10N (%969) €T Ayjesy sieak g'9FQ'€T |011u0d-358D) eljensny S9|Mmouy "1
(pa1ybrom
pue payybramun)
sei4iun (%€85) 71 AL s1eak /' LLFL'8€E
YAEA  pue siund-Aeig :g (%8'££) 81 :ASLd {(31) pasodxa-ewnel)
sa1Dads paaIssqo  (DLD) a41euuonssn) (%001) A13sadue pasodxa-ewnes) sieak 9ZLFOTY £10T
pue uouueys ewnel| paxiw pue Japiosig :(@s.ld) 4apiosig (Buidojanap) ‘lo€] "|e 1@
VNY4 SoL ‘L oeyd o pooypiiy> ayL ssans ai| Ale3 uedlyy Yinos  (%0°0/) O€ :[eI0L  SS9A1S dllewineisod SS11S DlIeWNRINSOd |o1u0d-958) eV YIN0S  sBuWRH ZL
YA £10C
VN4 SOL pauiodai JoN g (01-SSd) =[e>s ‘6] e 19
Y¥dd uouueys o SS3U1S PAAIDIR SS311S PAAIDIRd pauodas 10N (%001) 16 AyyjesyH sieak 6'/F00'6C |euondas-ssos)  (padojaAsp) ysn uewispy "L L
(pa1yBram (9%91°29)
pue paybramun) €T :|]onuo) sieak €/7LF6L° LY
YA ‘YA-EN seijiun :g (%S€7) 8 :\AAW (S€ = N) |oauod
s1eah Oy LFES'SY
Auyyeay (9€ = N) 6107
(01-SSd) ®|e2s pue (@) Jspiosip ased (QAw) 4epiosip (burdojanap) ‘8] 'l 1@
VN4 SoL uouueys o $S9U1S PaAI9dIed SS911S PAAIDIRd pauodai 10N (%8'1Z) LL j|e1oL aAIssaidap Jofepy aAIssaudap Jofepy |osuod-3se) euly) ‘uemie] bunyd ‘oL
(sisyrow pardajul
-AIH JO siuejul pue
‘syueyul punquow
‘saljewoue
|enusbuod sofew
‘6 005'L< Blam
NDIN 9y} ut a4ed yuiq papnpul
YA Buunp syueyul Apnis juaied ayy 610C
VNY4 S9L pauodas 10N g (SSIN) 9]eds Jossans 40 saduauadXxd ojul AU 10y euAD skep 00'62-05'9C ‘Iuz] 'le @
Y¥dd pauodai 10N D ueju| [e1RUOSN ssans Ajleqg pauodas 10N (%CESS) Ly uolsndx3) AyyjesH :abe |euoneissn jonuod-ase)  (padojansp) Ysn eleby,q ‘6
s1edf 66'vF86'ST
(ET =N)
saduauRdxa pooypliyd
(Pa3yBromun (0-3dV) (%t01) asanpe ybiH
10 paiybram) aJleuuonsanp JiuedsiH uswom jueubaid sieak | Z'SF08'6T
IA-LA seiqiun g saduaLIadx] -uoN Jnpe Ayyeay  :(Sz = N) saduauadxd 6102
pooyp|iyd (%9'68) Alleswelydhsd - pooyp|iyd as1aApe mo| ‘9z "e 1@
VYNY4 SOL uouueys o 9SI9APY YL 'L ssans a1 Apeg | JjuedsiH (%0°001) 8t pue £jjedisAyd St-81 Jonuod-ased  (padojaasp) ysn 00SlueH ‘g
sway
(S3d) sseans paejas
-foueubaid pue
(pRybramun  (1d43) ssaais [esdusb
pauodai 10N 1o pajybiam) :A19IXue pue ssails
VNY4 SOL seiqiun :g syads-Aoueubaid TN 610T
| oeyd pue |e1ausb |eosoydAsd uswom (padojanap) ‘Is2] '|e 1
yodb-1y pue uouueys o uo salleuuosanp |ereuald pauodas 10N (9%0°001) 0L jueubaid Ayyjesq s1eak 99°'€FLo'LE |euoND3S-SS0I)  SPUBBYISN YL J3Y23H L
spoyiaw 1USWISSISSE
jusWAINSeaW JSTISEINT) JUSWIINSEIW adAy sieak Jeak
(9% S16) snjels (9bues/gSFuRDW) uoned|gnd
ejolqo.iw INH ssa.1s [ed160]0ydAsy Apuyg azis a|dwes  Ayyeay siuedpiueq abe sjuedpiyed ubisap Apnis Anunod  “oyine 3sii4

(Penunuod) L s|qel

10.1159/000533131

Neuropsychobiology

DOIL

A

Psychological Stress and Gut Microbiota
Systematic Review of Human Studies


https://doi.org/10.1159/000533131

Total number of records identified: k=10,790
a. PubMed: k=2,081

b. Web of Science: k=8,214

c. PsycINFO: k=250

d. Cochrane Central: k=245

v

Excluded duplicates: k=392

A4
Records screened: k=10,398

A 4

Records excluded at the title and abstract screening: k=10,205

A 4

Full-text articles assessed for eligibility: k=193

Publications included in the systematic
review k=13 (Cross-sectional study: k=4;
case-control study: k=5; cohort study:
k=2; longitudinal study: k=1; randomized
controlled trial”: k=1)

Full-text articles excluded for the following reasons: k=180

Animal experiment: k=23

v Qualitative studies, case reports, editorials, protocols, meta-analyses, or
reviews: k=83

No found full-text: k=2

Association between maternal stress and infant gut microbiota: k=27
Psychological stress was not measured: k=6

No associations between psychological stress and gut microbiota report: k=12

Fig. 1. Flowchart of the literature search and study selection
according to the PRISMA standard. *The included random-
ized controlled trial was about the impact of outdoor nature-
related activities on gut microbiota, fecal serotonin, and
perceived stress. In this study, psychological stress and gut

29], China (2 studies) [20, 28], South Africa (2 studies)
[21, 30], and one study each from Switzerland [23],
Belgium [24], the Netherlands [25], and Australia [5].
Most of the studies were of cross-sectional (n = 4) [19, 24,
25, 29] and case-control design (n = 5) [5, 26-28, 30],
which could not determine potential causal relationships
between psychological stress and microbiota composi-
tion. The medium sample size of the studies was 70,
ranging from 22 to 204. The medium age of participants
was 28.0 years, ranging from 26.5 days to 82 years. Three
studies targeted at children [20, 24, 27], and the remain
ten studies targeted at adults [5, 19, 21-23, 25, 26, 28-30].
About 39.0% of the studies (n = 5) were conducted among
participants with medical conditions such as Crohn’s
disease, inflammatory bowel diseases, major depressive
disorder, and posttraumatic stress disorder and trauma-
exposed. Except for three studies involving Caucasian
[22], Hispanic [26], and South African mixed ancestry
ethnic groups [30], the other studies did not report the
ethnicity of participants.

6 Neuropsychobiology
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microbiota were not used as intervention variables, and the
correlation between psychological stress and gut microbiota
was analyzed using baseline and post-intervention data.
PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

Eleven of the 13 studies assessed alpha diversity
[19-26, 28-30] and nine assessed beta diversity [19,
21-26, 28, 30] of the gut microbiome. The most
frequently used measurement method was 16S ri-
bosomal ribonucleic acid gene sequencing. Four
indices were used to assess alpha diversity, including
estimates of richness (observed species and Chao 1),
richness/evenness (Shannon and Simpson indices).
Four indices were used to assess beta diversity, in-
cluding Aitchison distance metric, Bray-Curtis
dissimilarity matrix, UniFrac (unweighted or
weighted), and computed based on the “w” metric.
Shannon and Simpson indices were the most fre-
quently used indices to assess alpha diversity, and
UniFrac was the most frequently used index to assess
beta diversity. Perceived stress was the main type of
stress (53.85%, n = 7) [5, 19, 20, 22, 23, 28, 29], and
perceived stress was mainly measured by the Per-
ceived Stress Scale-10 (30.77%, n = 4) in the included
studies [19, 22, 28, 29].

Ma/Yan/Webb/Li/Mehrabani/Xin/Sun/
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Overall and Stress Type Stratified Associations between

Alpha Diversity and Beta Diversity with

Psychological Stress

Summaries of the associations of alpha diversity and
beta diversity of gut microbiota with psychological stress
are shown in Table 2; Figure 2, and online supplementary
Figure 1. Of the 11 studies reporting the alpha diversity
and beta diversity [19-26, 28-30], more than half of them
did not report associations of alpha diversity and beta
diversity of gut microbiota composition with psycho-
logical stress [19-26, 28-30]. Among the studies re-
porting such associations, two studies reported psycho-
logical stress to be associated with smaller alpha diversity
measures of Shannon index, Chao 1, and Simpson index
[23, 24]; no significant associations were observed be-
tween observed species and psychological stress. Only one
study reported that beta diversity assessed by UniFrac
(weighted) was negatively associated with psychological
stress [24]. However, other studies found that psycho-
logical stress was not significantly associated with indi-
cators of beta diversity [19, 21, 22, 25, 26, 30]. When
stratified by the type of psychological stress, only per-
ceived stress and self-reported stressful life events were
significantly associated with alpha diversity and beta
diversity of gut microbiota. One study showed that
perceived stress was associated with the lower Shannon
index, Chao 1, and Simpson index [20, 23]. One study
reported that self-reported stressful life events were as-
sociated with the lower Simpson index [24]. Six of the 13
studies controlled for confounding variables to examine
the associations of psychological stress with the alpha
diversity and beta diversity of gut microbiota.

Overall and Stress Type Stratified Associations between

the Abundance of Phylum-, Family-, and Genus-Level

of Gut Microbiota with Psychological Stress

All 13 included studies assessed associations between
psychological stress and the relative abundance of gut
microbial taxa at phylum-, family-, and genus-levels

(Table 2; Figure 3; online suppl. Fig. 2).

1. Atthe phylum-level, relative abundance of seven phyla
were identified associated with psychological stress,
including: Actinobacteria, Bacteroidetes, Euryarchaeota,
Firmicutes, Proteobacteria, Tenericutes, and Verruco-
microbia. The following results were found in at least
two studies. Psychological stress was consistently asso-
ciated with increased abundance of Euryarchaeota in
two studies [24, 25], and decreased abundance of Pro-
teobacteria [20, 23, 28] and Verrucomicrobia in three
studies [24, 25, 30]. Findings for psychological stress and
other microbiota at phylum-level were not consistent.

10 Neuropsychobiology
DOI: 10.1159/000533131

2. At the family-level, relative abundance of 17 taxa was
identified in 13 studies that were significantly asso-
ciated with psychological stress. Only Alcaligenaceae
was found to be consistently and negatively associated
with psychological stress from two studies [23, 28].
The results for other microbiota at family level were
only reported in individual studies, and most of these
found that microbiota at family-level, such as Er-
ysipelotrichaceae and Veillonellaceae were negatively
associated with psychological stress.

3. Atthe genus level, relative abundance of 41 genera was
found to be associated with psychological stress. The
following results were found in at least two studies: the
relative abundance of Lachnospira [22, 23], Lachno-
spiraceae NK4A136 [24, 25], Phascolarctobacterium
[24-26], Sutterella [23, 28], and Veillonella [24, 27]
were decreased while Methanobrevibacter [24, 25],
Rhodococcus [24, 25], and Roseburia [24, 25] were
increased in the higher psychological stress group
compared to the lower stress group.

When stratified by the type of psychological stress, at
the phylum-level, maternal prenatal stress and negative
emotions were consistently associated with the increased
abundance of Euryarchaeota [25]; early life stress and
maternal prenatal stress were consistently associated with
the decreased abundance of Verrucomicrobia [25, 30]. At
the genus-level, self-report stressful life events and neg-
ative emotions were consistently associated with the
reduced abundance of Bacteroides [24]; maternal prenatal
stress and negative emotions were associated with the
reduced abundance of Methanobrevibacter, Rhodococcus,
and Roseburia [24, 25]. Maternal prenatal stress and
negative emotions were associated with the increased
abundance of Lachnospiraceae NK4A136 [24, 25]; early
life stress, maternal prenatal stress, and negative emotions
were associated with the increased abundance of Phas-
colarctobacterium [24-26); daily stress experiences of
infants during care in the NICU and negative emotions
were associated with the increased abundance of Veil-
lonella (24, 27].

Discussion

This study synthesized the literature to determine
associations between psychological stress and the gut
microbiota from human studies. Our findings show,
based on data from limited studies targeted at children
and adults, that there is an overall negative association
between psychological stress and alpha diversity mea-
sures including Shannon, Chao 1, and Simpson index.

Ma/Yan/Webb/Li/Mehrabani/Xin/Sun/
Wang/Mazidi

€20z Joquaydag || uo 3sanb Aq Jpd'Le1LEES000/610266€/LELEES000/6GL L 0L/10p/Pd-ajone/sdu/wod sab1es//:dRy woly papeojumoq


https://doi.org/10.1159/000533131

Observed species

Shannon

a diversity

(4]

Chao 1

Simpson index

Computed based on the “w" metric =~ 1

UniFrac (unweighted) | 1

B diversity

(5]

UniFrac (weighted)
Bray-Curtis dissimilarity matrix = 1

Aitchison distance metric 1

0%

20% 40% 60% 80% 100%

No significant correlations or differences

m Negative correlations or lower diversity in higher stress

Significant correlations or differences (no directions)
= Not report

Fig. 2. Summary of the associations of a and B diversity of gut
microbiota analysis with the psychological stress of the 13
studies. Not reported: associations of a and B diversity of gut
microbiota and psychological stress were not reported; no
significant correlations or differences: No significant correla-
tions between psychological stress and a and P diversity of gut
microbiota, or no significant differences in the a and p diversity
of gut microbiota between higher and lower psychological stress
groups; significant correlations or differences (no directions):
significant correlations between psychological stress and the a

Most of the studies reported that psychological stress was
not significantly associated with indicators of beta di-
versity. We also reveal more nuanced changes which
occurred in the composition of the microbiota at phylum-,
family-, and genus-levels, and such changes were modified
by the type of psychological stress. We highlighted the
challenges in determining the impact of psychological
stress on the gut microbiota across gender, age, and
ethnicity given the current available literature.

Although previous studies have demonstrated a neg-
ative association between psychological stress and the
alpha diversity of the gut microbiota in children [24] and
adults [25], ours is the first to show this using aggregated
data. Furthermore, it should also be noted that whereas

Psychological Stress and Gut Microbiota: A
Systematic Review of Human Studies

and P diversity of gut microbiota, or significant differences in
the o and B diversity of gut microbiota between higher and
lower psychological stress groups, however, the directions of the
correlations or differences were not reported; negative corre-
lations or lower a and P diversity in the higher psychological
stress group compared to the lower stress group. The diversity
of gut microbiota was lower in the higher psychological stress
group than the lower psychological stress group or negative
correlations between psychological stress and the diversity of
gut microbiota.

more than half of the studies did not report such rela-
tionships, those who found significant associations re-
ported negative ones. These declines in microbial in-
tegrity occurring in tandem with increased psychological
stress are also in line with previous research conducted in
both animal models [31] and human participants [3, 6].
Although the exact mechanisms which underpin this
remain unclear, it is known that the gut microbiota can
respond to mammalian hormones and neurotransmit-
ters, as well as other aspects of GI physiology, which may
result in a microbial milieu characterized by a malad-
aptive immune response to stressors, and ultimately lead
to a compromised ability to survive in an ever-changing
environment [31].
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Moreover, we found that there were nuanced changes
to the phylum-, family-, and genus- of the microbiota.
Most studies which reported results were concerned with
the decreased abundance of Proteobacteria and Verru-
comicrobia, and increased abundance of Euryarchaeota.
Proteobacteria, one of the most abundant phyla in the
human gut microbiota, was shown to be negatively as-
sociated with psychological stress in children and adults
[32]. This is an unexpected finding since expansions in
Proteobacteria have been previously observed in mouse
models of chronic stress [33]. Especially when consid-
ering that previous studies have also demonstrated that a
proliferation of pro-inflammatory Proteobacteria can
disrupt gut-brain communication, causing activation of
microglia cells as well as contributing to increased adi-
posity [34]; both of which have been associated with
psychological stress [35, 36]. However, previous results
were based on animal models, whereas our findings were
summarized from human studies, therefore the findings
were inconsistent. More studies are needed to clarify the
associations between psychological stress and the
abundance of Proteobacteria.

Despite this, some of our findings were better aligned
with the literature. For example, we determined that
Verrucomicrobia was negatively related to psychological
stress. Verrucomicrobia is a phylum of gram-negative
bacteria and encompasses genera such as Akkermansia,
which is a mucus-degrading bacterium and has been
shown to infer beneficial properties in humans [30, 37],
such as anti-inflammatory effects and the ability to induce
regulatory T cells in adults [30]. From the studies in-
cluded in the current review, Michels et al. [24] also found
that the abundance of Akkermansia was negatively as-
sociated with chronic stress [38], which supports the
findings on Verrucomicrobia phylum. Furthermore, it
also supports the hypothesis that posits that a decreased
exposure to anti-inflammatory bacteria can lead to an
increased vulnerability to stress in mice [38]. The negative
relationship between Verrucomicrobia and psychological
stress as demonstrated by our findings is therefore in
agreement with the wider literature and provides further
evidence for a bi-directional relationship which governs
the gut-brain axis [39].

In addition to this, we also found an increase in the
abundance of Euryarchacota in those experiencing high
levels of psychological stress. Euryarchacota is a phylum
of archaea which consist of only a handful of organisms,
and make up a small proportion of the gut microbiome
[40]. Despite this Euyarchacota has been shown to infer
pathogenic effects which are possibly thought to result
from their ability to facilitate interspecies hydrogen

Psychological Stress and Gut Microbiota: A
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transfer [41]. The interspecies hydrogen transfer in hu-
mans might support the growth of fermenting bacteria,
which themselves could be either true pathogens or at
least opportunistic pathogens [41]. The second mecha-
nism of the negative impacts of Euyarchacota on health
may be via the transformation of heavy metals to toxic
derivatives, which are known to be more toxic than the
original compounds. Our findings highlight how Eur-
yarchacota is positively associated with psychological
stress and given the pathological nature of these organ-
isms this is perhaps a cause for concern since these ar-
chaea may be a contributing factor toward some of the
poor health outcomes often attributed to psychological
stress in adults [42].

At genus-level, we found that psychological stress was
associated with change in the relative abundance of
specific gut microbiota. For example, psychological stress
was associated with a lower abundance of Lachnospir-
aceae NK4A136 in two studies [24, 25]. Some studies also
reported that other mental health problems, such as
depression in adults [43], were associated with a de-
creased abundance of Lachnospiraceae NK4A136, which
is a butyrate-producing bacterium. Therefore, our find-
ings provide further evidence that mental health prob-
lems may have detrimental effects on the abundance of
Lachnospiraceae in children [44]. In addition to this, the
abundance of Roseburia was found to be positively as-
sociated with psychological stress in the current study.
This is an unexpected finding since Roseburia also be-
longs to the family of Lachnospiraceae. The associations
of psychological stress with Lachnospiraceae NK4A136
and Roseburia were opposite in the current study. This
may be related to the different measures of psychological
stress. In the included studies, psychological stress
measures of negative emotions and low happiness were
positively associated with the abundance of Roseburia.
However, psychological stress measures of happiness and
parasympathetic activity were negatively associated with
the abundance of Lachnospiraceae NK4A136. Further,
some studies have indicated that Roseburia is an im-
portant butyrate-producing bacterium, which has bene-
ficial effects on energy metabolism and intestinal barrier
integrity in adults [45]. Therefore, more studies are
warranted to determine the associations between dif-
ferent measures of psychological stress and the genera of
Lachnospiraceae NK4A136 and Roseburia.

As well as aiming to determine the association between
psychological stress and the gut microbiota, we also
aimed to investigate the influence of age, gender, and
ethnicity on such associations. Our findings show that
existing studies generally recruited humans from a
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diverse range of ages, spanning from 26.5 days to 82 years.
This is particularly important since previous research
illustrates how the diversity of the gut microbiota declines
in later life [9]. That said, many studies did not stratify by
age and therefore it is challenging to determine whether
the negative relationship between psychological stress
and the microbiota is exacerbated over an individual’s
lifespan and is an area which warrants further future
research. Similarly, although many of the available studies
were well-represented by both males and females, there
was a lack of stratification making it difficult to determine
the impact gender may have upon the relationship be-
tween psychological stress and the gut microbiota. As
such, this is an area of research which also warrants future
attention, especially since previous evidence suggests that
gender may indeed have an impact [10]. In terms of
ethnicity, many of the studies used in our analysis did not
report this and those which did investigated predomi-
nantly Caucasian or Hispanic populations [11]. There-
fore, further future research to determine the impact of
ethnicity upon the relationship between stress and the gut
microbiota is required in order to supports or refute
existing evidence which suggests a link.

Strengths and Limitations

The primary strength of our review is that it, for the first
time, provides a systematic synthesis of the existing available
literature and offers unique insights into the totality of the
evidence concerning the associations between psychological
stress and the gut microbiota composition. Despite this, our
review has several limitations. These being that there is
currently a lack of evidence to enable stratification by age,
gender, or ethnicity in a meaningful way. As previously
mentioned, these are areas of future research which should
warrant attention. Similarly, other factors such as diet and
medication use were not considered. Aspects such as these
are important since it is well known that dietary factors can
strongly modulate the gut microbiota in complex and in-
tricate ways which offer their own challenges in terms of
measurement and interpretation which were beyond the
scope of this review [46]. Furthermore, various pharmaco-
logical agents such as proton pump inhibitors, metformin,
and laxatives have also been shown to influence the com-
position and function of the microbiome and were not
considered in this study [47]. Moreover, the available data
were largely derived from observational studies as few
randomized controlled trials have been conducted in this
area. Of the studies which have been conducted only a
minority investigate the recovery time of the microbiota.
This is important since some bacterial elements, such as the
ratio of Fermicutes to Bactereoidetes, may have a relatively
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good degree of plasticity yet their associated metabolism may
not, leading to potentially slower recuperations times from
stress-related insults in animals as well as adults [8, 48].
Finally, from the available evidence it is also impossible to
determine the direction of the relationship between stress
and the microbiota or to infer causality. These are all areas
which should be considered for future research and ad-
dressing these aspects would further strengthen our un-
derstanding of the relationship between psychological stress
and the composition of the gut microbiota.

In conclusion, our review of the literature shows for the
first time that there is an overall negative association between
psychological stress and measures of alpha- and beta di-
versity of gut microbiota. Psychological stress was associated
with a decreased abundance of Proteobacteria and Verru-
comicrobia, and increased Euryarchaeota at the phylum level
and was also associated with a change in the abundance of
microbiota at the genus-level. There is currently a lack of
evidence regarding the impact of gender, age, and ethnicity
upon these factors and this should be addressed in future
research. Larger sample longitudinal studies are needed to
provide the causal relationship between psychological stress
and gut microbiota.
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