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Abstract

Introduction: Chronic exposure to stress is a major risk factor in anxiety disorders

(ADs) and canbe accompaniedby an alteredmicrobiome–gut–brain axis and a compro-

mised immune system. In recent years, the study of inflammatory processes in AD has

gained special attention. Continued stress causes the reactivity of the hypothalamic–

pituitary–adrenal (HPA) axis, the alteration of the intestinal microbiota and the conse-

quent release of pro-inflammatory cytokines, affecting the sensitivity to stress and the

similar behavior of anxiety.

Method: The aim of the present study was to evaluate the interrelationships between

measures of proinflammatory cytokines and cortisol in patients with panic disorder

(PD).

Results: The main results of the correlation analysis revealed that the levels of pro-

inflammatory cytokines interleukin (IL)-1β, IL-12, and tumor necrosis factor gamma

were negatively correlated with cortisol scores (area under the curve with respect to

the ground).

Conclusions: These results suggest that the inflammatory response is associated with

the reactivity of the HPA axis in patients with PD and may influence the maintenance

of anxiety behavior.

KEYWORDS

chronic inflammatory disease, cortisol, depression, gastrointestinal symptoms, intestinal micro-
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1 INTRODUCTION

In recent years, there has been a surprising increase in the research

surrounding the role of the microbiome–gut–brain axis (MGBA) in the

pathogenesis of anxiety disorders (ADs; Burokas et al., 2015; Dinan

& Cryan, 2013; Rea et al., 2019; Tao et al., 2020). The MGBA enables

bidirectional signaling between brain and gastrointestinal (GI) function

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

the original work is properly cited.
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through the central nervous, endocrine, and immune systems, with

the intestinal microbiota (IM) being a key influence on a wide range of

pathophysiological and psychological processes (Butler et al., 2019).

Current studies have shown that chronic stress can disrupt this

extraordinary communication system between the brain and the

gut and induce an inflammatory response related to the etiology of

anxiety (Peirce & Alviña, 2019). Specifically, the disruption of the
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F IGURE 1 Inflammatory hypothesis of anxiety disorders from the perspective of themicrobiome–gut–brain axis (MGBA).Note. Chronic stress
alters the intestinal microbiota, increasing permeability and the risk of bacterial translocation into the bloodstream. This would trigger an
inflammatory response and nonspecific activation of the HPA axis, which would alter the communication of theMGBA. The HPA axis and the
immune system are key regulators of this axis. HPA axis, hypothalamic–pituitary–adrenal axis; IL, interleukin; TNF-α, tumor neurotrophic factor;
IFN-γ, interferon gamma

physiological pathways of MGBA can contribute to a hyperactivation

of the hypothalamic–pituitary–adrenal (HPA) axiswith the consequent

release of disproportionate levels of cortisol (Forsythe et al., 2010;

Foster & McVey Neufeld, 2013). Likewise, the alteration of the MGBA

can produce imbalances in the composition of the IM, causing GI

alterations (Bonaz et al., 2018) as a result of an intestinal inflammatory

responsemediated by pro-inflammatory cytokines. Under normal con-

ditions, IM intervenes in the proper functioning of theHPA axis (Butler

et al., 2019), and cortisol influences the maintenance of the immune

system, suppressing the expression of pro-inflammatory cytokines

to reduce inflammatory processes (Qing et al., 2020). However, as

the systems feed back to each other, maintaining high levels of stress

over time can lead to a malfunction of the HPA axis and the release of

cortisol. In turn, this may lead to modifications of the composition of

IM, whichmay affect the inflammatory response as well as anxiety and

depressive symptoms (Butler et al., 2019; Lange et al., 2020;Manigault

et al., 2019; Tao et al., 2020;Wang et al., 2018 ; see Figure 1).

Due mainly to these reasons, the study of inflammation in ADs

has gained special interest (Michopoulos et al., 2017; Peirce & Alviña,

2019). Although trials examining links between inflammation and

anxiety are less frequent in the literature, clinical research has

reported elevated levels of pro-inflammatory cytokines with increased

severity of anxiety symptoms, compared to healthy individuals (Alessi

& Bennett, 2020; Niles et al., 2018; Peirce & Alviña, 2019). In par-

ticular, patients with panic disorder (PD) present an inflammatory

response due to elevated levels of pro-inflammatory cytokines, such

as interferon gamma (IFN-γ), tumor necrosis factor alpha (TNF-α),
interleukin (IL) 6, and IL-1β (Alessi & Bennett, 2020; Petrowski et al.,

2018;Quagliato&Nardi, 2018). Furthermore, studies have shown that

the reduced availability of cortisol under conditions of mental stress in

patients with PD could be accompanied by a higher production of IL-6

and FNF-α as a latent mechanism of chronic low-grade inflammation

(Petrowski et al., 2018). The severity of panic symptoms seems to have

an impact on the inflammatory state, which is seen as a key process

that would explain the severity of anxiety symptoms (Schmidt, 2015).

Likewise, AD is also often highly comorbid with other psychiatric

disorders, mainly with generalized AD (GAD), PD, agoraphobia, and

specific phobias (Michopoulos et al., 2017) as well as with other med-

ical conditions such as chronic inflammatory diseases (CIDs) typi-

cal of Westernized countries (Haro et al., 2006; Rook et al., 2014).

Among CIDs, epidemiological evidence links ADs to autoimmune dis-

orders (rheumatoid arthritis, systemic lupus erythematosus, inflamma-

tory bowel disease, Hashimoto’s thyroiditis, psoriasis) (Alessi & Ben-

nett, 2020; Black et al., 2020; Coit & Sawalha, 2016; Komine, 2020;

Ouabbou et al., 2020; Virili et al., 2018), allergic diseases (Yang et al.,

2017), and metabolic diseases (hypertension, chronic pain, GI symp-

toms, dyslipidemia; Belizário et al., 2018; De Gregori et al., 2018;

Richards, 2018). These comorbid disorders generate serious conse-

quencesonpeople’s health andquality of life (Schnorr&Bachner, 2016;

Tao et al., 2020).

Under these circumstances, it is common to relate symptoms of

anxiety and depression to higher levels of inflammation as a possible

primary mechanism that would explain the prevalence of medical

illnesses in people with these psychological symptoms (Niles et al.,

2018). Perhaps the breakdown of the correct communication between

the intestine and the brain and the associated inflammatory process

constitutes a fundamental role between AD, depression, and CID

(Amini-Khoei et al., 2019; Michopoulos et al., 2017; Sarkar et al.,

2018). Although the correlations between anxiety and CID are also

less studied and more controversial, promoting research on these
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associations could significantly help establish the clinical importance

of EDs in comorbidity with these medical illnesses (Butnoriene et al.,

2015; Niles et al., 2018). Some studies show relationships between

GADand themetabolic syndromemediatedmainly by the symptomsof

major depression. These facts suggest that both psychiatric symptoms

should be taken into consideration when studying metabolic effects

(Butnoriene et al., 2015). Another study could not detect an associa-

tion between anxiety and inflammation but did detect an association

with depression and bidirectional results. This means that depressive

symptoms induce a worsening of inflammation and that the levels of

inflammation increase depressive symptoms (Niles et al., 2018). It is

likely that the true etiology of EDs in the presence of depression symp-

toms comes from MGBA deregulation, which would explain the high

levels of comorbidity with thesemedical illnesses (Ganci et al., 2019).

As presented above, not all studies report results of direct associ-

ations between the severity of anxiety symptoms and inflammation,

which means that there are multiple confounding variables that make

it difficult to obtain consistent results (Jeon et al., 2019). For these

reasons, and given that in humans this link is not yet well-defined

(Peirce &Alviña, 2019; Salim et al., 2012), the importance of examining

the possiblemechanisms involved inAD fromamultifactorial approach

leads to a unifying conceptualization of health and disease. This would

provide a better understanding of these phenomena associated with

these highly prevalent disorders: providing new insights into possible

causes–effects and for the creation of new study models in the devel-

opment of innovative and multidisciplinary psychotherapies (Allen

et al., 2017; Black et al., 2020; Ganci et al., 2019).

The present study aims to analyze, from an integrative perspective,

the interrelationships between the variables associated with the

alteration of the MGBA. For this purpose, the following variables will

be analyzed: (a) cortisol levels to check the functioning of the HPA axis

through the cortisol awakening response (CAR); (b) pro-inflammatory

cytokines and depression levels to study the inflammatory response;

(c) GI symptoms as a possible alteration of IM; (d) perceived stress

as a psychological response to stressors; (e) and, finally, to check the

general physical health status in a clinical sample of patients with PD

who attend the publicMental Health services in Spain.

2 METHOD

2.1 Participants

The sample consisted of 41 patients (M: 44.54, standard deviation [SD]:

9.42) with an age range between 19 and 64 years. A total of 26.80%

were men (n = 11), and 73.20% were women (n = 30). The patients

were under medical care in two centers of the Mental Health network

of the Region of Murcia: 58.50% (n = 24) came from the Mula Mental

Health Center (MHC; Area I Murcia West), and 41.50% (n = 17) came

from the Caravaca de la Cruz MHC (Area IV Murcia Northwest). They

had a diagnosis of PD [F41.0] according to the criteria International

Classification of Diseases (ICD) in its tenth version (World Health

Organization [WHO], 2000). Nearly all the entire sample presented

comorbidity with another AD (80.48%; n = 33). A total of 19.51%

(n= 8) were diagnosed with PD; 21.95% (n= 9) PD andmixed anxiety-

depressive disorder (MADD); 9.75% (n= 4) PD andGAD; 9.75% (n= 4)

PD, agoraphobia andMADD; 9.75% (n= 4) PD,MADD, and adaptative

disorder; 4.87% (n = 2) PD and SP; 4.87% (n = 2) PD, SP, and MADD;

4.87% (n = 2) PD and agoraphobia; 2.43% (n = 1) PD and adaptative

disorder; 2.43% (n = 1) PD, agoraphobia, and social phobia; 2.43%

(n = 1) PD, GAD, and MADD; 2.43% (n = 1) PD, SP, and MADD; 2.43%

(n = 1) PD, agoraphobia, and adaptative disorder; and 2.43% (n = 1)

PD,MADD, agoraphobia, and adaptative disorder.

2.2 Psychological measures

A semi-structured interview was developed to study the clinical

and sociodemographic characteristics. All participants were evaluated

using the followingbattery of instruments: PerceivedStress Scale (PSS;

Remor & Carrobles, 2001) to check the perception of stress; State-

Trait Anxiety Questionnaire (STAI; Buela-Casal et al., 2015) to mea-

sure anxiety intensity and predisposition; Beck Depression Inventory

(BDI-II; Sanz et al., 2005) to classify the severity of depression allow-

ing us to categorize the severity into four groups: “minimal depression”

(0 to 13 points), “mild depression” (from 14 to 19 points), “moderate

depression” (from 20 to 28 points), and “severe depression” (from 29

to 63 points); Gastrointestinal SymptomRating Scale (GSRS) (Dimenäs

et al., 1995; Kulich et al., 2005) to measure the specific symptoms of

GI disorders; and the Short Form36Health Survey (SF-36v2®; Alonso,

1995; Alonso et al., 1998), whose higher scores indicate a better state

of health.

2.3 Cortisol and pro-inflammatory cytokine
measurements in saliva

Cortisol and pro-inflammatory cytokine levelswere determinedby col-

lecting three saliva sampleswith sterile swabs from theDeltalab brand.

To avoid bias in the results due to the impact of covariates, a self-report

sheet with instructions to remove affected data from the analysis was

provided. The variables recordedwere the following: the time of awak-

ening, the timeof saliva collection, thenumber of hours asleep, the type

of awakening (spontaneous or with an alarm clock; Steptoe & Serwin-

ski, 2016), and the exact dayof themenstrual cycle in order to avoid the

ovulation period, when changes in cortisol levels are produced (Luet-

ters et al., 2007; Stalder et al., 2016).

2.3.1 Cortisol analysis

The reactivity of the HPA axis was determined using the CAR, which

expresses the increase in cortisol levels during the first 30–45 min

after awakening (Cohen et al., 2019; Powell & Schlotz, 2012; Stalder

et al., 2016). Participants were taken a sample upon awakening at 30

and 45 min. They refrained from brushing their teeth, drinking, eating,
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smoking, and exercising for the duration of the test. After collection,

the samples were kept refrigerated until they were taken to the

corresponding MHC on that same day. Research personnel collected

them and sent them to the laboratory to be frozen at −20◦C. On the

day of the test, the samples were thawed, vortexed, and centrifuged at

2000–3000 x g for 10min. Cortisol levelswere estimated inmicrogram

per deciliter by the technique enzyme-linked immunosorbent assay

(ELISA) (Thermo Fisher Scientific) with a Meck Millipore reagent kit

(Ref. HNCSMAG-35K) following the manufacturer’s instructions. The

values of the area under the curve (AUC) were calculated with the

three measurements collected as a measure of the CAR (Fekedulegn

et al., 2007; Powell & Schlotz, 2012; Pruessner et al., 2003).

2.3.2 Cytokine analysis

IL-1β, IL-6, IL-8, IL-12, IFN-γ, and TNF-α expressed in picogram per

milliliter were analyzed. The multiplex immunoassay method was used

with the capture sandwich technique and the technology Luminex

xMAP, with the analyzer Luminex 100/200, the software xPONENT,

and themicrosphere reagent kitMagPlex 6.5 μm in diameter according

to the manufacturer Luminex (Angeloni et al., 2013; Arellano-Garcia

et al., 2008; Bjerre et al., 2009).

2.4 Procedure

The clinical sample consisted of individuals with PD who were going

to receive group cognitive-behavioral treatment to control panic and

anxiety (Barlow & Craske, 1989). It is a program of 12 weekly sessions

of 90-min duration, based on evidence and empirically validated

(Moreno & Martín, 2011). During the first session, the group was

presented, evaluated, and consolidated, and the meeting ended with

a brief introduction to the cognitive model of panic. The rest of the

sessions were dedicated to new strategies for learning and observing

the disorder through psychoeducation (Sessions 2 and 3); diaphrag-

matic breathing and relaxation (Sessions 4–6); cognitive restructuring

(Session 7); progressive interoceptive exposure and elimination of

escape and avoidance behaviors (Sessions 8–11); and, finally, a review

of the knowledge acquired and maintenance for the prevention of

relapses was made (Session 12; Barlow & Craske, 1989; Craske &

Lewin, 2007;Moreno &Martín, 2011).

Patients belonged to a waiting list derived solely from clinical

psychologists and psychiatrists from each respective MHC. During

the start of each treatment, the group was offered the possibility of

participating in the study. Those who wanted to participate signed

up for a list and were summoned to be interviewed and evaluated

individually. During the interview, the data were collected, and the

scales were administered. If they met the inclusion criteria, the saliva

collection kit was delivered, together with the instructions. Saliva

samples were collected during the second group session and sent to

the laboratory for storage. This protocol was repeated with every

group. A total of 47 participantswere enrolled, and sixwere eliminated

for not meeting the inclusion criteria. The data were obtained from

five groups studied between September 14, 2018, and July 19, 2019.

Three groups belonged to theMula MHC, and two groups belonged to

the Caravaca MHC. The inclusion criteria were as follows: (1) meeting

the diagnostic criteria for PD [F41.0]; (2) being over 18 years old

and under 65 years old; (3) not having other psychiatric disorders

(bipolar disorder, hypochondriac disorders, schizophrenia, substance

abuse, personality disorder, etc.); (4) does not consume glucocorticoids

or other medications that influence the functioning of the immune

and endocrine systems; (5) does not have night work shifts that

influence the circadian rhythm; (6) does not have or have had serious

physical illnesses such as heart disease, cancer, viral infections, or

operations of the digestive system; and (7) does not have oral diseases,

inflammations, or injuries that can cause bleeding (Stalder et al., 2016).

The studywas approved by the ethics committee of theUniversidad

Católica SanAntonio—UCAM,with the codeCE041807.Authorization

was obtained from the coordinator of Mental Health Areas I Murcia

West and IV Northwest and the written informed consent of the par-

ticipants prior to participation in the study.

2.5 Statistical analysis

A descriptive and associative study was carried out to analyze the clin-

ical characteristics and explore relationships between variables. Cron-

bach’s alpha internal consistency coefficientwas analyzed for the stan-

dardized questionnaires. The chi-square test was used for the qualita-

tive variables, Student’s t-test for age and the clinical variables that ful-

filled the assumption of normality, and the Mann–Whitney U-test was

used for the variables that did not show a normal distribution (SF36-

Mental Summation Component (MSC), TNF-α). A one-way analysis of

variance was performed to check the degree of depression between

the clinical and biological variables. Descriptive results and mean dif-

ferences are expressed as the means (±) and standard deviation (SD).

Thedatawere treatedwith a confidence level of 95% (p< .05). Thedata

analysis was developedwith JASP statistical software version 0.9.0.1.

3 RESULTS

Table 1 shows the clinical characteristics among men and women who

attended the MHC with a PD. Neither the quantitative nor the quali-

tative variables indicated statistically significant differences between

men andwomen. Regarding the reported CID, of the total sample, only

17.10% (n=7) indicated that they did not have aCID. A total of 29.30%

(n= 12) of the patients reported having allergic diseases, 4.90% (n= 2)

reported having autoimmune diseases, 9.80% (n = 4) reported hav-

ing metabolic diseases, and 39.10% (n = 16) reported concomitance

between them (allergic and autoimmune: 19.50%, n = 8; allergic and

metabolic: 9.80%, n= 4; autoimmune and metabolic: 4.90%, n= 2; and

allergic, autoimmune, andmetabolic: 4.90%, n= 2).

Table 2 illustrates the Pearson correlation analysis between all

the variables under study. The results show a significant correlation
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TABLE 1 Clinical characteristics and biological data of the study sample betweenmen andwomen

Men (n= 11) Women (n= 30) p-valuea

Sociodemographic characteristics

Age, mean (SD) 46.45 (9.17) 43.83 (9.56) .43a

Tobacco use, n (%) 4 (36.40) 13 (43.30) .69b

Alcohol consumption, n (%) 10 (90.9) 25 (83.30) .54b

Psychotropic drugs, n (%)

Bz 0 (0.00) 6 (20.00) .10b

AD 0 (0.00) 2 (6.70)

Bz and AD 4 (36.40) 14 (46.70)

Chronic inflammatory disease, n (%) 8 (72.70) 23 (76.70) .79b

Questionnaire results (mean± SD)

PSS [0–56] 30.55± 7.80 34.47± 6.88 .12a

STAI-State [0–60] 33.73± 12.52 34.43± 9.52 .84a

STAI-Trait [0–60] 38.73± 11.38 40.53± 7.55 .56a

BDI-II [0–63] 20.73± 14.41 27.70± 10.59 .09a

GSRS [7–98] 37.36± 17.43 43.50± 11.02 .18a

SF36-BP [0–100] 43.38± 11.72 37.95± 7.83 .09a

SF36-PSC [0–100] 45.90± 10.55 46.59± 9.16 .84a

SF36-MSC [0–100] 35.99± 13.03 30.89± 7.43 .22c

Biological variable results (mean± SD)

Cortisol awakening 0.48± 0.17 0.49± 0.22 .89a

Cortisol 30min 0.47± 0.18 0.48± 0.21 .94a

Cortisol 45min 0.44± 0.18 0.44± 0.21 .92a

AUCG 21.06± 8.03 21.42± 9.61 .91a

IL-1β 92.00± 21.35 89.47± 11.45 .62a

IL-8 77.00± 16.60 77.57± 13.76 .91a

IL-12 78.18± 13.43 75.20± 10.22 .45a

IL-6 77.82± 11.63 75.83± 14.96 .69a

FNT-α 78.64± 13.67 75.33± 11.17 .36c

IFN-γ 70.00± 17.66 66.93± 12.61 .54a

Abbreviations: AD, antidepressants; AUCG, area under the curve with respect to the ground; BDI-II, Beck Depression Inventory; BP, body pain; Bz, ben-

zodiazepines; GSRS, Gastrointestinal Symptom Rating Scale; IFN-γ, interferon gamma; IL, interleukin; MSC, mental summation component; PSC, physical

summation component; PSS, Perceived Stress Scale; SF-36, health questionnaire; SD, standard deviation; STAI, Anxiety Questionnaire (S) State and (T) Trait;

TNF-α, tumor neurotrophic factor.
aStudent’s t-test for independent samples.
bChi-square test.
cMann–WhitneyU-test.

between the psychological and some biological variables. Regarding

thepsychological variables, the subjectswho scoredhigh in stress (PSS)

also did so in anxiety (STAI-S: r= .57, p< .001; STAI-T: r= .72, p< .001),

depression (BDI-II: r = .64, p < .001), GI symptoms (GSRS: r = .35,

p < .05), and a lower health-related quality of life (SF36-BP: r = −.40,

p < 0, 01). The variable IL-12 correlates negatively with perception of

stress (PSS: r=−.30, p< .05), trait anxiety (STAI-T: r=−.27, p< .05), GI

symptoms (GSRS: r = −.43, p < .01), and body pain (SF36-BP: r = −.26,

p< .05). IFN-γ negatively correlateswith trait anxiety (STAI-T: r=−.35,
p < .05) and depression (BDI-II: r = −.42, p < .01). Finally, IL-1β also

presents an inverse relationship with GI symptoms (GSRS: r = −.27,

p< .05) and body pain (SF36-BP: r=−.31, p< .05). In relation to biolog-

ical variables, cortisol levels (AUC with respect to the ground [AUCG])

show a negative correlationwith the pro-inflammatory cytokines IL-1β
(r=−.35, p< .05), IL-12 (r=−.30, p< .05) and TNF-γ (r=−.30, p< .05).

IL-1β has a positive relationshipwith IL-8, IL-12, TNF-α, and IFN-γ. IL-8
positively correlates with IL-12, IL-6, TNF-α, and IFN-γ.

Table 3 shows the comparative analysis of the influence of the

degree of depression on the psychological and biological variables. The

degree of depression has a significant association with the perception

of stress, state and trait anxiety symptoms, GI symptoms, and IFN-

γ. Although there are no significant differences in body pain, physical
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TABLE 3 Differences in means between the degree of depression and the psychological and biological variables

Variables n M SD F p η2

PSS Minimal depression 6 22.67 7.28 11.07 .001 0.47

Mild depression 9 32.78 4.55

Moderate depression 7 32.71 6.62

Severe depression 19 37.37 4.81

STAI-S Minimal depression 6 25.50 7.50 3.23 .03 0.21

Mild depression 9 30.89 8.61

Moderate depression 7 35.14 11.45

Severe depression 19 38.26 9.62

STAI-T Minimal depression 6 32.00 11.02 4.22 .01 0.25

Mild depression 9 38.78 8.05

Moderate depression 7 37.57 7.39

Severe depression 19 44.11 6.51

GSRS Minimal depression 6 26.17 8.56 6.01 .002 0.33

Mild depression 9 38.00 7.51

Moderate depression 7 47.43 8.58

Severe depression 19 46.58 13.65

SF36-BP Minimal depression 6 48.09 11,93 2.42 .08 0,16

Mild depression 9 39.32 5,93

Moderate depression 7 38.04 9,47

Severe depression 19 37.21 8.50

SF36-PSC Minimal depression 6 52.43 5.26 1.07 .37 0.08

Mild depression 9 46.90 6.75

Moderate depression 7 44.92 5.44

Severe depression 19 44.81 11.98

AUCG Minimal depression 6 15.90 9.88 1.85 .14 0.13

Mild depression 9 18.77 10.27

Moderate depression 7 26.34 3.85

Severe depression 19 22.40 9.03

IL-1β Minimal depression 6 93.67 13.52 1.45 .24 0.10

Mild depression 9 97.33 11.31

Moderate depression 7 89.43 10.55

Severe depression 19 85.89 16.54

IL-12 Minimal depression 6 81.83 9.41 2.10 .11 0.15

Mild depression 9 81.11 11.50

Moderate depression 7 74.43 10.40

Severe depression 19 72.32 10.65

INF-γ Minimal depression 6 78.17 17,42 2.73 .05 0.18

Mild depression 9 70.67 12,88

Moderate depression 7 70.71 13,62

Severe depression 19 62.00 11.63

Abbreviations: AUCG, area under the curve with respect to the ground; BDI-II, Beck Depression Inventory; BP, body pain; GSRS, Gastrointestinal Symptom

Rating Scale; IFN-γ, interferon gamma; IL, interleukin;MSC,mental summation component; PSC, physical summation component; PSS, PerceivedStress Scale;

SF-36, health questionnaire; SD, standard deviation; STAI, Anxiety Questionnaire (S) State and (T) Trait; TNF-α, tumor neurotrophic factor.
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health, AUCG, IL-1β, and IL-12, it shows the same pattern conditioned

by thedegreeofdepression. PatientswithPDwhopresentmore severe

symptoms of depression are associated with significantly greater anxi-

ety symptoms, GI symptoms, and lower concentrations of IFN-γ.

4 DISCUSSION

To our knowledge, this is the first study to evaluate, from the inte-

grative perspective of the MGBA, the association between levels of

pro-inflammatory cytokines (IL-1β, IL-8, IL-12, IL-6, TNF-α, and IFN-

γ), morning cortisol levels and psychological variables in patients with

PD. This is because stressors could lead toMGBA symptoms, creating a

depletion of the physiological stress and immune response. Over time,

it would trigger an intestinal vulnerabilitywithGI and inflammatory con-

sequences and a psychological vulnerabilitywith dysfunctional cognitive

patterns that would influence the sensitivity of stress and the similar

behavior of anxiety and depression, with a feedback character (Giol-

labhui et al., 2020; Li et al., 2019; Zainal &Newman, 2022).

To begin with, our findings showed that PD patients who inter-

preted life circumstances with a greater sense of insecurity and

uncontrollability, scoring high in perceived stress, presented higher

symptoms in both state and trait anxiety, depression, GI symptoms,

body pain, and worse physical health. These facts showed a direct

association between the variables. It seems that patients with PD

show characteristic symptoms that could be related to the alteration

of the MGBA. This is in line with the accumulated evidence show-

ing that bidirectional dysregulation between the gut and the brain,

responsible for connecting emotional and psychological centers with

GI functions (Dinan & Cryan, 2013; Johnson et al., 2020; Sarkar et al.,

2018), are associated with higher anxiety and depression scores,

physical symptoms such as GI discomfort, and an increased suscepti-

bility to visceral pain (Black et al., 2020; Takada et al., 2016), possibly

attributable to stressful events (Takada et al., 2016). Previous studies

have shown that it is common in those patients who present body

pain and bothersome GI symptoms to be a consequence of a chronic

inflammatory state (Belizário et al., 2018). Perhaps for this reason,

according to our analysis, we found that, in addition to anxiety and

depression, GI symptoms, body pain, and a more deteriorated state

of health were related to each other in patients with PD. This new

integrating concept of the physiology of the organism guarantees

the correct functioning of the intestine through visceral messages,

which exert profound effects on the regulation of stress and in the

similar behavior of anxiety and depression (Allen et al., 2017; Cryan

et al., 2019; Foster et al., 2017; Mayer, 2011). Any threat that alters

the MGBA can change the appropriate functioning of both distal

organs (Khlevner et al., 2018) and produce an inflammatory response

implicated in the pathophysiology of ADs and a wide range of chronic

medical conditions (Meuret et al., 2020;Michopoulos et al., 2017).

In order to verify the interactions between the HPA axis and the

inflammatory response in patients with PD, we observed during our

study that cortisol levels were negatively correlated with the concen-

trations of pro-inflammatory cytokines IL-1β, IL-12, and IFN-γ. This

means that higher levels of IL-1β, IL-12, and IFN-γ were linked with a

less pronouncedCAR and vice versa. Thiswas consistentwith previous

findings (Petrowski et al., 2018), which would suggest that there is a

link between the HPA axis and the immune system in PDs. Both the

HPAaxis and the immune systemare part of theMGBAsignalingmech-

anisms, and both systems influence each other and are orchestrated

by the IM, being able to alter the inflammatory response and promote

various physical and mental disease processes (Manigault et al., 2019;

Petrowski et al., 2018). Other studies indicate that gut bacteria are

implicated in virtually all noncommunicable diseases as a result of

immune dysregulation, altered stress response, and lifestyle factors

(Butler et al., 2019). It should be noted that IM communicates with the

brain through cytokines released from the intestinal mucosa, which

are responsible for modulating the body’s inflammatory response.

These proteins travel to the brain by crossing the blood–brain barrier

or through the metabolism of neurotransmitters, activating the vagus

nerve or the HPA axis (Alessi & Bennett, 2020; Butler et al., 2019;

Johnson et al., 2020; Raff & Levitzky, 2013).

In this regard, our results could suggest that the reactivity of the

HPA axis would lead to an ineffective inflammatory response of the

organism with consequences in affective behavior (Lopresti, 2017;

Michopoulos et al., 2017; Milrad et al., 2018). In fact, psychological

variables were associated with some pro-inflammatory cytokines.

IL-12 was negatively correlated with perceived stress, trait anxiety,

GI symptoms, and body pain. The same happened with IFN-γ, which
was inversely correlated with trait anxiety and depression. IL-1β was
negatively related to GI symptoms and body pain in patients with

PD. In this sense, the greater the severity of the symptoms of the

psychological variables, the lower the levels of pro-inflammatory

cytokines. This finding is in line with research like that of Tükel et al.

(2012), who found a relationship between reduced levels of IL-12,

IFN-γ, and TP. This indicates that having inadequate levels of IFN-γ
could have a negative impact on psychological stress and be a cause

of anxiety since it intervenes in the normal activity of the amygdala

and influences the regulation of the HPA axis. Furthermore, it is

important to note that fluctuations in the reactivity of the HPA axis

and pro-inflammatory cytokines in patientswith PDmay be dependent

on the severity of depression (Butnoriene et al., 2015; Niles et al.,

2018). This was reflected in the analysis of mean differences between

the degree of depression and the variables measured. On the one

hand, both perceived stress, state and trait anxiety, GI symptoms,

and cortisol (although the latter was not significant) showed higher

scores depending on the severity of depression. On the contrary, the

more severe the depression, the lower the IFN-γ levels, and similarly,

although theywere not significant, IL-1β and IL-12 presented the same

pattern. It seems that depending on the degree of depression suffered

by patients with PD, cortisol and cytokine concentrations fluctuate

inversely. That is, the greater the depression is, the higher the levels

of anxiety and cortisol and the lower the levels of IFN-γ, IL-1β, and
IL-12. These results could agree with the research by Butnoriene et al.

(2015), who showed an association between GAD and the metabolic

syndrome mediated by the symptoms of major depression. Other

research found that elevated CAR can predict depression (Fiksdal
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et al., 2019; Pruessner et al., 2003; Steptoe & Serwinski, 2016) and is

related in subjects with anxiety symptoms in comorbidity with depres-

sion (Vreeburg et al., 2010). In another study, Petrowski et al. (2018)

reported that the reduced availability of cortisol under conditions

of psychological stress in patients with PD may be accompanied by

an increased production of pro-inflammatory cytokines as a latent

mechanism of chronic low-grade inflammation. Other authors have

observed the same reversed effect between the diurnal pattern of

cortisol and pro-inflammatory cytokines (IL-1β, IL-12, TNF-α, and
IFN-γ; Petrovsky et al., 1998; Yang et al., 2017). Nevertheless, this does
not mean that cortisol can inhibit cytokine production but that gluco-

corticoids could neutralize the transcription factor of some cytokines

(IL-1, IL-6, IL-8, IFN-γ) by negatively regulating them. Cortisol is likely

to interfere with the balance between Th1 and Th2 cells by preventing

the release, for example, of IFN-γ produced by Th1 cells (Petrovsky

et al., 1998). In any case, and given that the underlying mechanisms

are not clear, according to our results, the pattern of variation found

between the levels of pro-inflammatory cytokines and cortisol may be

conditioned by the degree of depression that patients with PD have.

Likewise, it is important to note that most of the patients who

attendedmental health with a PD (83%, n= 34) reported having a CID,

whether it was allergic, autoimmune, metabolic, and/or combined with

each other. This could be because increased inflammation can also

have detrimental consequences on physical health (Michopoulos et al.,

2017). Our data agree with the idea that increased ADs are generally

concomitant with these chronic inflammatory disorders, intrinsically

related to lifestyle. For this reason, the alteration of theMGBA and the

associated inflammatory process could be the link that links the CID,

the AD, and depression (Alessi & Bennett, 2020; Michopoulos et al.,

2017; Paiva et al., 2020; Schnorr & Bachner, 2016). In short, if anxiety

is the cause of the inflammatory response or if inflammation causes

an increased anxiety response and this is dependent on the symptoms

of depression, it is a question to be confirmed since there are multiple

confounding variables that prevent obtaining robust results (Jeon

et al., 2019). However, it must be considered that the dysregulation of

the MGBA could sustain the inflammatory response from becoming

ineffective and contribute over time to the increase in anxiety levels

and, perhaps, interfere with the maintenance and worsening of symp-

toms (Jeon et al., 2019; Michopoulos et al., 2017). For these reasons,

and in line with the biopsychosocial model that understands the dis-

ease from a multifactorial point of view, considering the existence of

a powerful connection between the brain and the intestine would help

explain the variables associated with PDs and provide a new concep-

tualization for understanding possible causes (Black et al., 2020). Also,

it would promote new diagnostic evaluation methods and evaluate

the administration of adjuvant treatments to improve the effects of

established first-choice interventions in PDs (Petrowski et al., 2018).

Despite the relationships found, the present study had some limita-

tions. In addition to a small sample size, it did not consider influencing

lifestyle variables such as type of diet, pharmacology, exposure to

trauma, physical exercise, antibiotics, and so forth. Similarly, the results

do not allow conclusions to be drawn about the levels of cytokines and

cortisol in patients with PD. In future studies, longitudinal research is

needed to analyze the existence of common inflammatorymechanisms

betweenATandCID that canexplain the causes. Itwouldbe interesting

to analyze the bidirectionality of appearance over time of GI and psy-

chological symptoms (Black et al., 2020) and to study the moderating

effects of biopsychosocial variables associated with the inflammatory

andendocrine response in patientswithPD.Additionally, the standard-

ization of the covariates that influence inflammationwas performed to

facilitate comparisons between studies (Majd et al., 2020).

In conclusion, our findings provide direct evidence that, in addi-

tion to perceived stress, anxiety, and depression, PD patients have

more severe GI symptoms, body pain, and more impaired phys-

ical health. This relationship is probably mediated by the nega-

tive correlation between the reactivity of the HPA axis and pro-

inflammatory cytokines IL-1β, IL-12, and IFN-γ. Furthermore, some

pro-inflammatory cytokines (IL-12, IFN-γ, and IL-1β), but not all, are
involved in the regulation of anxiety in patients with PD and are neg-

atively associated with greater severity of depression, GI symptoms,

bodily pain, and poorer physical health. It is likely that the fluctuations

found between the reactivity of the HPA axis and the cytokines may

be dependent on the degree of depression suffered by patients with

PD. In this sense, the greater the depression in patients with PD, the

higher the state and trait anxiety, the perceived stress, the GI symp-

toms, the reactivity of the HPA axis and the lower the levels of IFN-γ,
IL-1β, and IL-12. This could be consistent with the idea that the alter-

ation of the bidirectional communication between the MGBA and the

associated inflammatory response may be mediating both the severity

of the psychological symptoms and the physical symptoms involved in

PD.
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