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Research suggests that inflammation is an important mediator in the pathophysiology of 
anxiety disorders. In addition, women are more likely to develop an anxiety and 
depression disorder, in comorbidity with a wide spectrum of diseases related to the 
immune system. In recent years, hydrogen-rich water has emerged as a promising 
therapeutic strategy to prevent and intervene in stress-related disorders, due to its 
antioxidant and anti-inflammatory properties. The present study aims to analyze the 
effects of psychological treatment and a hydrogen-rich drink on the severity of anxiety 
and depression, pro-inflammatory cytokine levels, the cortisol awakening response, and 
general health state in a sample of women with panic disorder. This is a completely 
randomized, placebo-controlled study. The treatment group simultaneously received 
psychological treatment and 1.5 L of hydrogenated water for three months, compared to 
the control group that received psychological treatment and placebo. The results show 
that the treatment group was not significantly better than the control group. But there 
was a further reduction in measured pro-inflammatory cytokine scores, improving body 
pain and physical health. When between-group treatment effects were removed, 
psychological treatment significantly decreased measured variables, including cytokines 
and cortisol. The results support the presence of a maladaptive inflammatory process in 
women with panic disorder. 

INTRODUCTION 

Anxiety disorders (AD) are characterized by experiencing 
excessive and irrational fear of potentially aversive stimuli.1 

In addition, it is common for women to be almost twice as 
likely as men to suffer from these prevalent disorders. In-
creasing the risk of later developing another AD and ma-
jor depression, in comorbidity with other medical patholo-
gies.2,3 In recent years, the interrelationships emerged 
between the gut microbiota (GM), the gut, the immune sys-
tem, the endocrine system, and the brain known as the Mi-
crobiome-Gut-Brain Axis (MGBA). As well as, its relation-
ship with AD, depression, and gastrointestinal (GI) health; 
highlighting the fundamental role of inflammatory 
processes as a common mechanism of AD and chronic in-
flammatory diseases (CID).4–9 

It is well known that chronic psychosocial stress, 
whether through psychological, emotional or physical 
threats, triggers harmful physiological and behavioral re-
sponses to mental health and GI, which are generally ac-
companied by dysregulated MGBA and a compromised im-
mune system.5,9–11 The overactivation of the 
hypothalamic-pituitary-adrenal (HPA) axis and the conse-
quent disproportionate release of glucocorticoids such as 
cortisol, could produce changes in GM generating a state 
of dysbiosis, which would increase the risk of bacterial 
translocation into the bloodstream. The immune system 
detects pathogenic bacteria and sends information to im-
mune cells, triggering an inflammatory process that affects 
the intestine and the central nervous system (CNS). Con-
sequently, there is an inflammatory response mediated by 
the production of pro-inflammatory cytokines and harmful 
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reactive oxygen species (ROS), which change the neuronal 
activity of brain regions involved in AD. This maladaptive 
process results in the homeostatic imbalance of the MGBA, 
producing profound changes in anxiety-like behavior and a 
more depressed mood.5,6,9,12–18 Although research is lim-
ited, studies have found elevated concentrations of pro-in-
flammatory cytokines in AD.4,14 

In recent years, hydrogen-rich water (HRW) has emerged 
as a promising therapeutic strategy to prevent and inter-
vene in stress-related disorders, due to its antioxidant and 
anti-inflammatory properties; positively influencing the 
body without generating unwanted side effects.19–22 Mole-
cular hydrogen (H2) is a natural element present in nature 
and in living beings, with the ability to mitigate the in-
flammatory response and excessive oxidative stress, gener-
ating neuroprotective effects in the brain.19,23 Although the 
exact mechanisms are unknown, HRW can spread rapidly 
through cells and tissues, protecting neuronal cells. It is ca-
pable of selectively deactivating harmful ROS, suppressing 
bacterial endotoxin, and restoring pro-inflammatory cy-
tokines such as tumor necrosis factor Alpha (TNF-α), inter-
leukin (IL) 6, and IL-1β.19,20,23,24 To our knowledge, there 
are no studies that have tested HRW in patients with AD. 
But if we start from the inflammatory hypothesis, preclinical 
research has discovered that H2 has anxiolytic and antide-
pressant effects, since it improves resistance to stress by re-
ducing the activity of the HPA axis and the inflammatory 
response, through the inhibition of corticosterone, IL- 6, 
IL-1β, IL-12 and TNF-α, as well as anxiety and depression 
behaviors, improving social interaction.19,22,25,26 In a clin-
ical study with healthy volunteers, they found that drinking 
600ml of HRW improves mood and anxiety by reducing the 
activity of the sympathetic nervous system.23 In a recent 
study they found that drinking 1.5 liters of H2 water for four 
weeks reduces the inflammatory response and cell death, 
promoting antioxidant capacity in adults over 30 years of 
age.27 Likewise, H2 is beneficial to normalize the activity 
of the GI system, attenuating GI symptoms (such as diar-
rhea, constipation, abdominal distension, among others).28 

This fact may be due to the fact that bacterial species of 
GM genetically have the ability to metabolize H2, affecting 
the state of GM.29,30 On the other hand, cognitive-behav-
ioral treatment (CBT) is the treatment of choice due to its 
efficacy and safety in addressing AD and reducing stress.31 

Through the restructuring of cognitive distortions associ-
ated with interpretations of events that initiate physiologi-
cal responses related to stress, CBT could reduce the body’s 
inflammatory response and the reactivity of the HPA axis.4 

Although studies in this field are scarce, CBT is known to 
help mitigate pro-inflammatory cytokines IL-6, IL-8, and 
TNF-α and diurnal cortisol levels; being able to become 
a beneficial strategy to attenuate the inflammatory levels 
of the organism and reestablish the communication of the 
MGBA.32–35 

Starting from this context and given that people who suf-
fer from panic attacks live with an intense state of antici-
patory anxiety due to the extreme fear of suffering, again, 
another panic attack.36 It constitutes a significant psycho-
logical stressor to study the inflammatory hypothesis and 
its effects on MGBA in women suffering from panic disorder 
(PD). One might think that a comprehensive intervention 

directed at reestablishing the MGBA, can decrease the in-
flammatory response and normalization of the HPA axis; 
recovering more effectively the communication between 
both distal organs and, ultimately, the symptoms associated 
with anxiety and panic. The present study aims to: a) to 
study the therapeutic effects of CBT and an ARW drink, on 
the levels of pro-inflammatory cytokines and the cortisol 
awakening response (CAR), and other psychological vari-
ables; b) and, to verify the inflammatory hypothesis by 
means of indicators of the function of the HPA axis (CAR) 
and inflammation (pro-inflammatory cytokines). As far as 
we know, this is the first study to evaluate a comprehensive 
treatment aimed at MGBA in women with PD. 

MATERIALS AND METHODS 
PARTICIPANTS 

The final sample consisted of 25 women (M: 42.92, SD: 9.84) 
with an age range between 19 and 64 years. The patients 
were selected from two centers of the Mental Health net-
work of the Region of Murcia: 52% from the Mental Health 
Center (MHC) of Caravaca de la Cruz (area IV Murcia North-
west) (n = 13); and 48% of the Mula CSM (Area I Murcia 
Oeste) (n = 12). The diagnosis of PD [F41.0] was obtained 
based on the ICD-10 diagnostic criterio.37 Most of the sam-
ple presented comorbidity with another AD (72%; n = 18). 
28% (n = 7) had the diagnosis of PD; 16% (n = 4) PD and a 
mixed anxiety-depressive disorder (MADD); 12% (n = 3) PD, 
agoraphobia and MADD; 8% (n = 2) PD and generalized anx-
iety disorder (GAD); 8% (n = 2) PD and specific phobia (SP); 
4% (n = 1) PD, SP and MADD; 4% (n = 1) PD and agorapho-
bia; 4% (n = 1) PD, MADD and adjustment disorder; 4% (n = 
1) PD and adjustment disorder; 4% (n = 1) PD, agoraphobia 
and social phobia; 4% (n = 1) PD, MADD and SP; and 4% (n 
= 1) PD, agoraphobia, MADD and adjustment disorder. 

INSTRUMENTS 

A psychological interview was constructed and all partici-
pants were administered in the first and last session, the 
following battery of instruments: Perceived Stress Scale 
(PSS)38–40; State-Trait Anxiety Inventory (STAI)41,42; Beck 
Depression Inventory-II (BDI-II)43–45; Gastrointestinal 
Symptom Rating Scale (GSRS)46–48; and the Short Form 36 
Health Survey (SF-36v2®).49–56 

To determine cortisol levels and pro-inflammatory cy-
tokine values, three saliva samples were collected with 
Deltalab brand sterile swabs, before and after treatment. 
In order to avoid errors in the collection of the samples, 
a record sheet was provided that included variables such 
as the time of awakening, the hours of sleep, spontaneous 
awakening or with an alarm clock, follicular phase, the ex-
act time of taking the samples, as well as the instructions to 
follow: 

Cortisol analysis salivary. To determine the reactivity 
of the HPA axis, the CAR was used as a measure.57,58 Partic-
ipants were asked to take a sample upon awakening, at 30 
minutes, and at 45 minutes after awakening. They were in-
structed to refrain from brushing their teeth, drinking, eat-
ing, smoking, or vigorous physical exercise for the duration 
of the test. We insisted on the correct fulfillment of the col-
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lection of the samples in time and form to avoid bias in the 
results. After collection, it was advised that the samples be 
kept refrigerated until they were taken to the correspond-
ing MHC that same day. A member of the research staff duly 
collected them and sent them to the laboratory. Once deliv-
ered, they were frozen at -20 ° C until all the study samples 
were obtained. On the day of testing, samples were thawed, 
vortexed, and centrifuged at 2000-3000 xg for 10 minutes. 
Next, cortisol levels were quantified in µg / dl by ELISA en-
zyme immunoassay (Thermo Fisher Scientific®, Waltham, 
MA USA) and with the Merck Millipore reagent kit (Ref. 
HNCSMAG-35K), following the manufacturers instructions. 
The values of the area under the curve (AUC) were calcu-
lated with the three measurements collected as a measure 
of the CAR.58–60 

Analysis of cytokines in saliva. The values of the cy-
tokines IL-1β, IL-6, IL-8, IL-12, Interferon Alpha (IFN-γ) 
and TNF-α were analyzed through the multiplex im-
munoassay by means of the catch sandwich technique and 
with technology Luminex® xMAP (Chicago, IL, EEUU). The 
analyzer was used Luminex® 100/200TM and the software 
xPONENT®, with microsphere reagent kit MagPlex® 6.5 
microns in diameter according to the manufacturer Lu-
minex®.61–63 Cytokine concentrations were expressed in 
µg/ml. 

INTERVENTION 

Psychological treatment. The CBT treatment was based 
on the treatment manual for the control of panic and anx-
iety of Barlow and Craske.36 It is an evidence-based pro-
gram that was implemented at the group level, structured 
in 12 weekly sessions of 90 minutes duration. In general, 
the first session was devoted to the presentation, evalua-
tion, consolidation of the group and a brief introduction 
to the cognitive model of panic was made. The other ses-
sions were aimed at incorporating new strategies for obser-
vation and learning of the disorder through psychoeduca-
tion (sessions 2 and 3); physical control techniques through 
diaphragmatic breathing and relaxation (sessions 4, 5 and 
6); cognitive restructuring (session 7); progressive intero-
ceptive exposure and elimination of avoidance and escape 
behaviors (sessions 8, 9, 10 and 11); and, finally, there was 
a review of the knowledge acquired and its maintenance to 
avoid future relapses (session 12).36,64,65 In each session, 
skills were learned that were put into practice and reviewed, 
and homework assignments were delivered with self-regis-
tration and information documents. 

Hydrogen water (HW). The model HW generator was 
used Jarra Hydrogen® from the range Osmostar (Osmostar 
Soriano, Elche, ALC, Spain), it uses the electrolysis method 
to break down water (H2O) into hydrogen (H2). The HRW 
was administered orally with a concentration of H2 diluted 
in water of 1.2 ppm and an ORP of -550 mV. For its trans-
formation, weak mineralized water was used, with a dry 
residue of less than 100 mg/liter. The company’s technical 
staff was in charge of installing and starting the generator, 
providing information on its operation and maintenance. 
Aluminum bottles were supplied for transport and mainte-
nance of the properties up to 8 hours.22 The participants 
had to drink a total of one and a half liters per day, distrib-

uted throughout the day (fasting, at noon, before lunch, in 
the middle of the afternoon, before dinner and before going 
to bed) in 250 ml. Machines designed with characteristics 
and anagrams similar to the originals, which provided nor-
mal water, were used as placebo. 

PROCESS 

The clinical sample consisted of participants drawn from 
a waiting list, who derived only clinical psychologists and 
psychiatrists from each corresponding MHC. Patients were 
referred to the group if they met the diagnostic criteria for 
PD. The start of each group was managed by the nurses of 
each MHC who also acted as co-therapists. The CBT for the 
control of anxiety and panic was taught by the same clini-
cal psychologist, specialized in AD and with more than 30 
years of experience. The data were obtained from a total of 
five groups, carried out between September 14, 2018 and 
July 17, 2019. Three groups belonged to the Mula MHC and 
received sessions on Wednesdays, and two groups from the 
Caravaca MHC, with sessions on Fridays. At the beginning 
of each group (session 1) the possibility of participating in 
the research was offered, and those who agreed were regis-
tered in a list to be interviewed individually before the next 
session. During the individual interview, sociodemographic 
and clinical information was collected and the question-
naires were completed. Those who met the inclusion crite-
ria, the interviewer continued to offer information related 
to HW. A sterile swab kit, a record sheet and instructions to 
follow for the correct collection of biological samples were 
delivered, which they had to record and deliver in session 2. 
At the end of all the interviews, the main researcher used 
a simple random sampling to assign the subjects, obtain-
ing a control group (psychological treatment and placebo) 
and an experimental group (psychological treatment and 
HW). Before session 3, the machines were delivered to the 
homes of the subjects for the start of the session. During 
the three months that the CBT lasted, two telephone fol-
low-ups were carried out in order to confirm the appropriate 
use and procedure. In session 11, another saliva collection 
kit and another record sheet were given again. Finally, in 
session 12, saliva samples were collected, the battery of se-
lected questionnaires was administered in groups, and the 
samples were taken to the laboratory properly refrigerated. 
Repeating the protocol of action in each new group that 
started. Both the psychologist and the technician who de-
livered the machines to the participants remained blinded 
after assigning the interventions. 

The sample was selected according to the following in-
clusion criteria: (1) the patients were selected if they met the 
diagnostic criteria according to the ICD-10 of PD [F41.0]; 
(2) it is essential to be over 18 years old and under 65 years 
old; (3) attend a minimum of eight therapy sessions and 
regularly to ensure the effectiveness of CBT; (4) not have 
cognitive difficulties to follow the group sessions; (5) have 
no other mental disorders (bipolar disorder, personality dis-
order, schizophrenia, substance abuse, hypochondriac dis-
order, etc.); (6) drink a minimum of one and a half liters 
of water daily; (7) do not consume glucocorticoids or other 
medications that affect the functioning of the immune and 
endocrine systems; (8) not having night work shifts that in-
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fluenced the circadian rhythm; (9) not having or having had 
serious physical illnesses such as cancers, heart disease, vi-
ral infections or operations of the digestive system; (10) and 
not have oral diseases, injuries or inflammations that could 
cause bleeding. 

ETHICAL CONSIDERATIONS 

The study was approved on 27/04/2018 by the ethics com-
mittee of the Universidad Católica San Antonio - UCAM 
with the code CE041807. Authorization was obtained from 
the coordinator of mental health areas I Murcia West and IV 
Northwest, and the written informed consent of the partic-
ipants prior to participation in the study. This clinical trial 
was registered with the ISRCTN on 10/09/2021 retroactively 
(registration number ISRCTN95058526). All methods were 
performed in accordance with the relevant guidelines and 
regulations. 

STATISTIC ANALYSIS 

It was an experimental study with a completely random-
ized, design with pre- and post-treatment measures. Cron-
bach’s Alpha internal consistency coefficient was used in 
the battery of standardized questionnaires. The Kol-
mogorov-Smirnov normality test was used to assess the 
normal distribution of the data. The quantitative variables 
between the two treatment groups were compared using the 
Mann-Whitney U test for independent samples. The analy-
sis of qualitative variables was carried out using the Chi-
square test. A one-way ANOVA was calculated to study the 
effects of the variable “chronic inflammatory disease” on 
the clinical and biological variables. As well as “drug use” in 
GI symptoms. To check the variations and the results of the 
clinical variables after treatment between the two groups, 
it was compared using the ANOVA of one factor (type of 
group) of repeated measures. Eta squared (η2) was used as 
the effect size. For the analysis of the biological variables, 
an ANCOVA was performed using the covariate “tobacco” to 
eliminate the influence on the results. For cases that did not 
meet the assumption of homogeneity with Levene’s test, 
the Welsh and Brown-Forsythe test was used. No treatment 
was performed for missing values as there were none. All 
data were treated with a confidence level of 95% (p < .05). 
The data analysis was developed with the JASP statistical 
software version 0.9.0.1. 

RESULTS 

The final sample of the study consisted of 25 patients with 
PD: 13 subjects belonged to the control group (CG) and 12 
to the treatment group (TG) (see Figure 1). 

In Table 1, you can see the sociodemographic character-
istics of the sample of women with PD. Regarding the dis-
eases reported, of the total sample, only 20% (n = 5) indi-
cated that they did not have CID. 36% (n = 9) suffered from 
allergic diseases; 4% (n = 1) an autoimmune disease; 4% (n 
= 1) a metabolic disease; 20% (n = 5) an allergic disease in 
combination with an autoimmune disease; 8% (n = 2) an al-
lergic and metabolic disease; 4% (n = 1) an allergic, autoim-
mune and metabolic disease; and 4% (n = 1) an autoimmune 

Figure 2. Mean values of the cortisol response on 
awakening 
Note. (CAR) Cortisol awakening response 

and metabolic disease. The rest of the reported diseases, 
12% (n = 3) suffered from migraines, 12% (n = 3) herniated 
discs and 16% (n = 4) herniated discs and migraines. 

In order to control for GI symptoms as possible side ef-
fects caused by the consumption of psychotropic drugs, a 
one-way ANOVA was performed to check the relationships 
between means. The results do not show significant dif-
ferences between the groups in the GSRS variable [(Bz M: 
49.40, SD: 18.71), (AD M: 33.00, SD: 11.31), (Bz y AD M: 
39.55, SD: 7.51), (No psichotropic drugs M: 44.29, SD: 8.55), 
F = 1.48; p < 0.25]. 

Table 2 shows the results of the repeated measures fac-
torial ANOVA for the clinical variables, which studies the 
effects of treatment in women in each group (TG and CG). 
As can be seen, the effects of treatment with HRW and CBT 
(TG) are practically null. Only greater differences were ob-
served in the scores in the TG of the variables SF36-BP and 
SF36-PSC. 

Figure 2 shows the mean values of CAR measured before 
treatment. The decline pattern is slightly constant, showing 
nearly flat cortisol levels between waking (M: 0,49, SD: 0,21) 
and the 30 minutes later (M: 0,48, SD: 0,20). 

Table 3 shows the results of the repeated measures fac-
torial ANCOVA using the covariate “tobacco” to eliminate 
the effects on the results. Likewise, the significance of the 
TG does not turn out to be different from the GC. What 
is observed are greater changes in the means of the scores 
of each and every one of the proinflammatory cytokines in 
TG (IL-1β, IL-8, IL-12, IL-6, TNF-α, IFN). Possibly, statisti-
cal significance is not reached due to the small sample size. 
Regarding the AUCG variable, the effects of the interaction 
were significant, showing an effect size of small magnitude. 
The Levene test was higher than 0.05 (F = 1.33, p <0.25) ful-
filling the assumption of homogeneity. 

Now, if we eliminate the differences between groups, the 
intra-subject contrast test shows a significant decrease in all 
the variables measured, both for the clinical and biological 
variables. Except for the variable SF36-PSC, staying close to 
significance (F = 3,30, p <0.08). The rest of the variables, 
including those that measure GI symptoms and body pain, 
show a large effect size, reaching an η2 of 0.68 in GSRS (see 
Table 4). 

DISCUSSION 

The aim of the present study was to analyze the clinical 
characteristics of women who come to mental health with 
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Figure 1. The CONSORT Flow Diagram 

Table 2. Descriptive data and mean differences of the clinical variables for independent groups before and after 
treatment 

TG (n=12) CG (n=13) 

Variables pretest postest pretest postest F p 

PSS 33.42 ± 6.51 26.25 ± 5.08 34.69 ± 7.46 24.69 ± 9.21 0.00 0.95 

STAI-State 33.50 ± 8.45 25.08 ± 6.03 33.46 ± 11.03 25.15 ± 10.99 0.00 0.99 

STAI-Trait 39.50 ± 6.58 31.83 ± 6.01 39.46 ± 8.66 27.69 ± 10.84 0.55 0.46 

BDI-II 25.83 ± 11.04 13.50 ± 9.04 27.61 ± 11.03 14.77 ± 8.66 0.19 0.66 

GSRS 43.33 ± 9.35 31.42 ± 11.20 41.38 ± 13.17 31.62 ± 11.02 0.04 0.84 

SF36-BP 37.81 ± 7.65 46.88 ± 9.58 39.51 ± 7.79 43.20 ± 9.84 0.09 0.75 

SF36-PSC 45.58 ± 8.20 49.40 ± 7.71 50.65 ± 8.11 50.93 ± 5.31 1.45 0.24 

SF36-MSC 32.03 ± 5.31 38.49 ± 4.49 30.05 ± 9.95 40.31 ± 7.77 0.00 0.97 

Note. The data shows the mean ± SD. (PSS) Perceived Stress Scale; (STAI) State-Trait Anxiety Inventory; (BDI-II) Beck Depression Inventory; (GSRS) Gastrointestinal Symptom Rating 
Scale; (SF-36) Short Form 36 Health Survey (BP) Body pain, (PSC) Physical Summation Component y (MSC) Mental Summation Component. 

a PD; and evaluate the effects of CBT and an HRW drink on 
the levels of pro-inflammatory cytokines (IL-1β, IL-8, IL-12, 
IL-6, TNF-α, IFN-γ), the cortisol response on awakening 
(AUCG) and the values of the subjective scales (PSS, STAI, 
BDI-II, GSRS, SF-36) from the perspective of the MGBA. 

In the first place, and after analyzing the descriptive re-
sults of the clinical sample, it is striking that the women, in 
addition to having high symptoms of perceived stress, anx-
iety and depression, presented high scores of GI symptoms 
and a more deteriorated physical health, with significant 

levels of body pain. In fact, most of the patients had CID, 
whether it was allergic, autoimmune, hormonal and / or 
metabolic or in combination with each other. This would in-
dicate that PD in women are frequently comorbid with CID, 
so typical of developed countries.8,14,66 There are many re-
ports that show that dysregulation of the inflammatory re-
sponse, as a consequence of an aberrant microbial struc-
ture, contributes to the development of a large number of 
CIDs.67,68 And now, inflammation is beginning to be associ-
ated with ATs, directly modulating affective behavior.14 At 
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Table 1. Clinical characteristics of the study sample 

Variables TG (n = 12) CG (n = 13) p-value 

Age, mean years (SD) 45 (12.31) 41 (6.83) 0.30a 

Start anxiety crisis, n (%) 

4 (33.30) 9 (69.20) 
0.07b 

8 (66.70) 4 (30.80) 

Tobacco, n (%) 

4 (33.30) 8 (61.50) 
0.16b 

8 (66.70) 5 (38.50) 

Alcohol, n (%) 

1 (8.30) 3 (23.10) 

0.18b 
11 (91.70) 7 (72.00) 

0 (0.00) 1 (7.70) 

0 (0.00) 2 (15.40) 

Physical exercise, n (%) 

6 (50.00) 4 (30.80) 

0.50b 

0 (0.00) 1 (7.70) 

2 (16.70) 2 (15.40) 

3 (25.00) 2 (15.40) 

1 (8.30) 4 (30.80) 

Insomnia, n (%) 

5 (41.70) 6 (46.20) 
0.82b 

7 (58.30) 7 (53.80) 

CID, n (%) 

11 (91.70) 9 (69.20) 
0.16b 

1 (8.30) 4 (30.80) 

Psychotropic drugs, n (%) 

3 (25.00) 2 (15.40) 

0.67b 
1 (8.30) 1 (7.70) 

6 (50.00) 5 (38.50) 

2 (16.70) 5 (38.50) 

Menstrual cycle, n (%) 

8 (66.70) 12 (92.30) 
0.11b 

4 (33.30) 1 (7.70) 

PSS (mean ± SD) 33.42 ± 6.51 34.69 ± 7.46 0.46a 

STAI-State (mean ± SD) 33.50 ± 8.45 33.46 ± 11.03 0.95a 

STAI-Trait (mean ± SD) 39.50 ± 6.58 39.46 ± 8.66 0.82a 

BDI-II (mean ± SD) 25.83 ± 11.04 27.62 ± 11.03 0.70a 

GSRS (mean ± SD) 43.33 ± 9.35 41.38 ± 13.17 0.60a 

SF36-BP (mean ± SD) 37.81 ± 7.65 39.51 ± 7.79 0.68a 

SF36-PSC (mean ± SD) 45.58 ± 8.20 50.65 ± 8.11 0.10a 

SF36-MSC (mean ± SD) 32.03 ± 5.32 30.05 ± 9.95 0.43a 

Note. aMann-Whitney U test for independent samples; bChi-cuadrado test. (CID) Chronic inflammatory disease; (PSS) Perceived Stress Scale; (STAI) State-Trait Anxiety Inventory; 
(BDI-II) Beck Depression Inventory; (GSRS) Gastrointestinal Symptom Rating Scale; (SF-36) Short Form 36 Health Survey (BP) Body pain, (PSC) Physical Summation Component y 
(MSC) Mental Summation Component. (Bz) Benzodiazepines; (AD) Antidepressants. 

the same time, these medical conditions presented with mi-
graines and back pain, which are usually common charac-
teristics in the Spanish population with mood and anxiety 
disorders.69,70 And that, likewise, have been related to mal-
adaptive inflammatory processes.71 About half of the pa-
tients showed harmful behavior patterns that could pos-

sibly be contributing to increased levels of inflammation 
and anxiety symptoms. It has been discovered that certain 
factors related to lifestyle have a negative impact on the 
communication of the MGBA with negative consequences 
on the GI system and on the immune response with man-
ifestations in the CNS, such as the maintenance of anxiety 

Adolescense 

Adulthood 

Yes 

No 

Never 

Almost never 

Sometimes 

Almost always 

Never 

Almost never 

Sometimes 

Almost asways 

Always 

Yes 

No 

Yes 

No 

Bz 

AD 

Bz y AD 

No psychotropic drug 

Si 

No 
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Table 3. Descriptive data and mean differences of the biological variables for independent groups before and 
after treatment 

TG (n=12) CG (n=13) 

Variables pretest postest pretest postest F p η2 

AUCG 15.85 ± 7.88 9.83 ± 544 27.03 ± 7.44 12.22 ± 7.28 11.04 0.00 0.30 

IL-1β 94.08 ± 11.32 65.50 ± 14.15 88.23 ± 10.74 67.69 ± 17.64 0.42 0.52 0.01 

IL-8 80.83 ± 16.19 59.83 ± 15.92 75.69 ± 12.52 62.00 ± 17.76 0.49 0.49 0.02 

IL-12 75.75 ± 6.87 54.50 ± 13.81 74.38 ± 13.19 63.62 ± 15.95 0.01 0.92 0.00 

IL-6 72.33 ± 13.26 51.67 ± 12.20 78.69 ± 17.05 61.15 ± 21.51 1.07 0.31 0.05 

FNT-α 74.50 ± 11.07 49.25 ± 18.22 77.00 ± 12.10 60.69 ± 18.24 1.11 0.30 0.05 

IFN-γ 71.00 ± 13.71 50.25 ± 8.50 66.00 ± 11.91 51.38 ± 14.78 0.43 0.51 0.02 

Note. The data shows the mean ± SD. (AUCG) Area under the curve with respect to the groud; (IL) Interleukin; (TNF-α) Tumor Neutrotrophic Factor; (IFN-γ) Interferón gamma. The 
effect of the tobacco covariate on the results was controlled. 

Table 4. Intra-subject contrast test between clinical 
and biological variables 

variables F p η2 

PSS 25.70 0.001 0.52 

STAI-E 13.40 0.001 0.37 

STAI-R 28.85 0.001 0.54 

BDI-II 37.37 0.001 0.62 

GSRS-T 49.80 0.001 0.68 

SF36-DC 15.78 0.001 0.38 

SF36-PSC 3.30 0.082 0.11 

SF36-MSC 29.19 0.001 0.54 

AUCG 55.96 0.001 0.65 

IL-1β 58.64 0.001 0.66 

IL-8 53.31 0.001 0.68 

IL-12 45.84 0.001 0.62 

IL-6 45.32 0.001 0.66 

FNT-α 33.95 0.001 0.58 

IFN-γ 27.03 0.001 0.53 

Note. (PSS) Perceived Stress Scale; (STAI) State-Trait Anxiety Inventory; (BDI-II) Beck 
Depression Inventory; (GSRS) Gastrointestinal Symptom Rating Scale; (SF-36) Short 
Form 36 Health Survey (BP) Body pain, (PSC) Physical Summation Component y (MSC) 
Mental Summation Component. (AUCG) Area under the curve with respect to the 
ground; (IL) Interleukin; (TNF-α) Tumor Neurotrophic Factor; (IFN-γ) Interferon 
gamma. The effect of the tobacco covariate on the results of the biological variables was 
controlled. 

and depression.18,72–75 Tobacco and alcohol consumption, 
sedentary lifestyle, poor sleep quality and the intake of psy-
choactive drugs could generate an inflammatory response 
in the intestine, affecting microbial quality and modifying 
GI function, influencing anxiety behavior.16,76–80 In addi-
tion, the participants exhibited an elevated CAR corre-
sponding to a reactive HPA axis, with an increased cortisol 
concentration on awakening, relative to the second and 
third saliva samples. It seems that the patients have a clin-
ical profile with characteristics related to a possible dereg-
ulated MGBA, where PDs and CIDs could be closely related 
to each other.4,5,8 

In relation to the clinical variables, according to our re-
sults, the intervention with CBT and HRW did not show bet-

ter results in the subjective variables, compared to the CG 
that only received CBT. What can be seen in the TG is a 
greater increase in the body pain score (SF36-BP) and in 
the global mean of physical health (SF36-PSC), indicating 
an improvement in symptoms, although without statistical 
significance. Regarding the biological variables, likewise, 
the intervention with CBT and with HRW did not report sta-
tistically significant results. However, in this group there 
was a greater reduction in the levels of pro-inflammatory 
cytokines, showing a continuous pattern in all the parame-
ters measured. Although the results were not statistically 
significant, possibly as a consequence of the small sam-
ple size, it is interesting to note that both the variables 
related to physical health and the pro-inflammatory cy-
tokines obtained better scores in the results. It would be 
possible that CBT and HRW can generate more beneficial 
effects on the health of participants with PD, helping to re-
store the immune response. In fact, H2 has the ability to 
mitigate the inflammatory response through the reduction 
of IL-6, IL-1β, IL-12 and TNF-α.19,26,30 This inhibition of 
pro-inflammatory cytokines could be linked to decreased 
levels of body pain and increased physical health in patients 
with PD. In recent years, evidence has shown that certain 
pro-inflammatory cytokines are involved in the initiation 
and maintenance of pathological pain, specifically IL-1β, 
IL-6 and TNF-α.71 ARH has anti-inflammatory and antiox-
idant properties that help improve people’s quality of life, 
without causing adverse effects on the body.22,25,26 In ad-
dition, GM has the genetic ability to assimilate and trans-
form H2,29,30 facilitating intestinal fermentation and the 
increase of substances beneficial to health.81 However, the 
psychological variables were not better than the CG, proba-
bly because the treatment with HRW was not implemented 
long enough to influence the symptoms of anxiety and de-
pression. Nevertheless, the understanding of the mecha-
nisms of action of H2 is limited, although it can become 
an attractive strategy in disorders that share inflammatory 
mechanisms, due to its biological properties. But, it is nec-
essary to define the appropriate mode, frequency and time 
of administration to ensure the therapeutic effects of treat-
ment with HRW.29 

Now, if we eliminate the different types of treatment, 
according to the within-subjects analysis, the results show 
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statistically significant effects in all the variables measured, 
both clinical and biological. It is clear that CBT is effective 
in improving the psychological processes involved in reduc-
ing stress, anxiety and depression, being the treatment of 
choice for its efficacy and safety.1,31 But the most striking 
thing is that it is also capable of normalizing the reactivity 
of the HPA axis and the inflammatory response, through the 
reduction of pro-inflammatory cytokines; also contributing 
to improve symptoms related to body pain, GI symptoms 
and physical health; which could help reestablish MGBA 
communication. Research has shown the efficacy of CBT 
in reducing inflammatory processes and normalizing the 
HPA axis.4 It seems that the chronic inflammatory process 
is involved in the onset and maintenance of symptoms of 
anxiety and depression and, furthermore, it is common in 
CID.14,33,67,75 Based on our results, the inflammatory re-
sponse could be modulated through cognitive restructuring, 
modifying irrational thoughts that activate physiological 
response mechanisms associated with stress. This would 
decrease pro-inflammatory cytokines and CAR, resulting in 
anti-inflammatory effects and less activation of the HPA 
axis; improving clinical psychological symptoms of anxiety 
and depression, and symptoms related to physical 
health.4,14,32,33,35 

However, this study had some limitations such as low 
statistical power, which may be influencing the fact that 
some of the results were not statistically significant. Fur-
thermore, the effects of HRW could not be explained sep-
arately and the intervention was administered for a short 
period of time, so the results cannot assess the effect of 
HRW in the long term. Finally, the sample may not be repre-
sentative since only two MHCs were recruited from the Re-
gion of Murcia. Also, there are other inflammatory factors 
not considered in this research that are important for fu-
ture research, and that may be maintaining these disorders 
that are so frequent and comorbid with diseases related to 
the immune system (type of diet, sex, exposures to trauma, 
consumption of antibiotics, etc.). 

In conclusion, our results show evidence of an associated 
inflammatory response in women with PD in comorbidity 
with CID, possibly due to a compromised immune system 
as a consequence of prolonged exposure to stressful stimu-
lus. In addition to anxiety and depression, the sample pre-
sented GI symptoms, body pain and a more deteriorated 
physical health, together with unhealthy behavior patterns 
that may be contributing to the alteration of the MGBA 
and the increase in inflammation. Likewise, after the inter-
vention, and although the effect of HRW was not signifi-
cant, there was a greater reduction in all the pro-inflam-

matory cytokines measured and, when the effect between 
groups was eliminated, CBT significantly decreased both 
the psychological and biological variables, helping to re-
store the communication of the MGBA. To date, we did not 
have results on the effects of HRW and CBT in a clinical 
sample of women with PD and with a completely random-
ized design. The results would support the presence of a 
maladaptive inflammatory process in women suffering from 
PD. These data would be contributing, on the one hand, to 
broadening the etiopathogenic perspective of PD and, on 
the other hand, to promoting healthy lifestyles and imple-
menting new therapeutic approaches in order to reduce in-
flammatory processes and reestablish MGBA communica-
tion. 
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