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Abstract

Background: Physiosomatic symptoms are an impomgartt of schizophrenia phenomenology.
The aim of this study is to examine the biomarkeyrocognitive and symptomatic correlates of
physiosomatic symptoms in schizophrenia.

Methods: We recruited 115 schizophrenia patients 43 healthy controls and measured the
Fibromyalgia and Chronic Fatigue Syndrome Ratingr)(Scale, schizophrenia symptom
dimensions, and the Brief Assessment of Cognitiddchizophrenia. We measured neuro-immune
markers including plasma CCL11 (eotaxinjterleukin-(IL)-6, IL-10, Dickkopf protein 1
(DKK1), high mobility group box 1 protein (HMGB1)nd endogenous opioid system (EOS)
markers includings-opioid receptor (KOR), p-opioid receptor (MOR)demorphin-2 (EM2) and
B-endorphin.

Results: Patients with an increased FF score displereased ratings of psychosis, hostility,
excitement, formal though disorders, psychomotdardation and negative symptoms as
compared with patients with lower FF scores. Agégpart of the variance in the FF score (55.1%)
is explained by the regression on digit sequentasl, token motor task, list learning, IL-10, age
(all inversely) and IL-6 (positively). Neural netvkoanalysis shows that the top-6 predictors of
the FF score are (in descending order): I1L-6, HMG8ducation, MOR, KOR and IL-10. We
found that 45.1% of the variance in a latent veaatracted from cognitive test scores,
schizophrenia symptoms and the FF score was expldip HMGB-1, MOR, EM2, DKK1, and
CCL11.

Conclusions: FF symptoms are an integral part ef ghenome of schizophrenia. Neurotoxic
immune and neurodegenerative pathways and to arlessent the EOS appear to drive FF

symptoms in schizophrenia.
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Introduction

Schizophrenia is a severe mental illness, whickctdfall essential aspects of life, such as
behavioral, cognitive and psychosocial functioni®witaj et al., 2012). Recent findings show that
the phenome of schizophrenia not only comprisegpsym domains such as psychosis, hostility,
excitation, mannerism (PHEM), negative symptomgcpsmotor retardation and formal thought
disorders, but also physiosomatic symptoms inclydihronic fatigue- and fibromyalgia-like
symptoms (Kanchanatawan, Thika, et al., 2018).

A relevant part of schizophrenia patients show msmnatic symptoms reminiscent of
Myalgic Encephalomyelitis (ME) / chronic fatiguergrome (CFS) and fibromyalgia, including
fatigue, gastro-intestinal (GI) and autonomic syonpg, a flu-like malaise, and muscle pain and
tension (Kanchanatawan, Sriswasdi, & Maes, 2019eWaNaik, & Rock, 2013). Kanchanatawan
et al. (2018) reported that, in schizophrenia pagieanxiety and ME/CFS-like symptoms are more
important predictors of a lowered health-relatedldy of life (HR-Qol) than negative and PHEM
symptoms (Kanchanatawan, Thika, et al., 2018). kheg those ME/CFS-like physiosomatic
symptoms are significantly associated with negated PHEM symptoms and with
neurocognitive impairments in executive functiond apisodic and memory (Waters et al., 2013).
Almulla et al. (2019) found that there is a highignificant association between the physiosomatic
symptoms as assessed with the Fibro-fatigue (FH#¢ $£achrisson, Regland, Jahreskog, Kron, &
Gottfries, 2002) and the diagnosis of deficit sopizrenia while all 12 items of the FF scale were
significantly higher in deficit schizophrenia asngmared with healthy controls (Almulla, Al-
Hakeim, Abed, Carvalho, & Maes, 2019). Moreoveeréhwere significant correlations between
the total FF score and PHEM and negative symptpeyshomotor retardation and formal thought

disorders (Kanchanatawan, Hemrungrojn, et al., 2018
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There is now evidence that schizophrenia is a reanoune disorder (Roomruangwong
et al.,, 2020; Smith & Maes, 1995) and that PHEM awedgjative symptoms, psychomotor
retardation and formal thought disorders are styoredated to peripheral blood immune markers
(Roomruangwong et al., 2020). The aberrationsendtter indicate activation of a) the immune-
inflammatory responses system (IRS) as indicatecdiivated M1 macrophages with higher
levels of interleukin (IL)-1 and tumor necrosis tiac(TNF)-, and Thelper (Th)-1 cells, and b)
the compensatory immune-regulatory system (CIRSpha@isated by activated Th-2 cells with
increased IL-4 and CCL11 or eotaxin levels, andylitaory (Treg) cells with increased levels of
IL-10 (Roomruangwong et al., 2020).

There is also evidence that ME/CFS is associatddmltiple neuro-immune aberrations
including elevated levels of the pro-inflammatoggakines IL-3 and TNFe (Maes & Twisk,
2010; Maes, Twisk, & Ringel, 2012). A recent studyorted a general upregulation of pro-
inflammatory cytokine and chemokines including CCL(eotaxin) in ME/CFS patients as
compared with controls, especially in the first g of illness, and additionally significant
associations between these immune markers anditgewérillness (Montoya et al., 2017).
Another study also reported increased levels of £Z@&hd CCL11 in ME/CFS (Roerink et al.,
2017).

Likewise, also the ME/CFS-like physiosomatic symmpso in schizophrenia are
significantly associated with immune-inflammatoigroarkers. Firstly, 66.8% of the variance in
a latent vector (LV) extracted from the 12 FF iteamsild be explained by the regression on
increased plasma levels of Il3-and sIL-1RA (indicating increased IL-1 signaling)\lF-a and
CCL11 (eotaxin) (Almulla et al., 2019). Moreovehetsame immune-inflammatory indicants

explained up to 59.4% of the variance in an integftandex of overall severity of schizophrenia
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(OSOS) conceptualized as a LV extracted from PHHEMgative symptoms, psychomotor
retardation, formal thought disorders and FF symmgtas well (Almulla et al., 2019). Since this
LV fits a reflective model, it may be concludedtttfeese symptom domains are manifestations of
an underlying construct, namely OSOS, which isdbrgredicted by neuro-immune pathways.
Secondly, not only negative, PHEM and affective pioms but also physiosomatic symptoms are
associated with activation of the tryptophan cdislsTRYCAT) pathway as assayed with
IgA/IgM responses to TRYCATs (Kanchanatawan, Hergrapm, et al., 2018; Kanchanatawan,
Sirivichayakul, Ruxrungtham, Carvalho, Geffard, Angbn, et al., 2018; Kanchanatawan,
Sirivichayakul, Ruxrungtham, Carvalho, Geffard, Gtad, et al., 2018; Kanchanatawan et al.,
2017).

Recently, new biomarkers with neurotoxic activitere discovered in schizophrenia,
namely increased levels of the master inflammapooyein high mobility group box 1 (HMGB1),
which may damage the blood-brain-barrier (BBB) aadse neurodegenerative processes, and
Dickkopf-related protein {DKK1), a pro-inflammatory glycoprotein that funati® as an
antagonist of the canonical Wnt signaling pathvieyeby interfering with regeneration and repair
mechanisms while inducing a disassembly of synaffdeSujaili, Mousa, Al-Hakeim, & Maes,
2019). A combination of HMGB1, DKK1, IL-6 and CCLXlgnificantly predicted PHEM and
negative symptoms as well as neurocognitive impamts (Al-Dujaili et al., 2019).

We also reported that the endogenous opioid syste@®S) may contribute to the
symptomatology and neurocognitive impairments ihizgphrenia through increased levels of
mu-opioid (MOR) and kappa-opioid (KOR) receptonsgd @ndomorphin-2 (EM2) (Moustafa et
al., 2020). There are few papers suggesting tlaEDS may play a role in the pathophysiology

of ME/CFS. One study showed that some patients MEWCFS show increased opioid activity in
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their monocytes (Prieto, Subira, Castilla, Arro§oSerrano, 1989) while other studies suggested
loweredp-endorphin levels in peripheral blood mononuclegisConti et al., 1998; Panerai et
al., 2002). Nevertheless, to the best of our kndgéethere are no published data whether MOR,
KOR and EM2 are associated with ME/CFS or with thieysiosomatic symptoms of
schizophrenia.

Hence, the present study aims to delineate theorieunune and EOS biomarkers of
physiosomatic symptoms as assessed with the FIE statchizophrenia and whether these

ME/CFS-like symptoms are part of the phenome oizegihrenia.

Participants and Methods
Participants

In the present study, 115 schizophrenia patierds4@rhealthy controls of both sexes, and
ages between 18 and 65 years were recruited aPdfehiatry Unit at Al-lmam Al-Hussain
Medical City, Karbala Governorate, Iraq during gegiod July 2019 until September 2019. The
patients complied with the DSM-IV-TR criteria oftszophrenia. Heathy controls were family
members or friends of staff members or friendsatigmts. Both schizophrenia patients and healthy
controls were recruited from the same catchmerd, aramely Karbala city, Iraq. We excluded
schizophrenia patients and controls who ever etllizmmunomodulatory drugs such as
immunosuppressive and glucocorticoids, and antamticupplements (therapeutic doses) three
months before the study. We excluded healthy ctanwvben they complied with the DSM-IV-TR
criteria of any lifetime or current axis-1 diagrnosr showed a positive family history of any
psychiatric disorder. We excluded schizophrenigeptt if they suffered from: a) (auto)immune

disorders including rheumatoid arthritis, diabetesllitus, inflammatory bowel disease, and
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psoriasis; b) neuroinflammatory or neurodegenegatisorders including Parkinson’s and
Alzheimer’s disease, multiple sclerosis, and str@ed c) axis-1 DSM-IV-TR diagnoses other
than schizophrenia including autism spectrum disard schizoaffective disorder, major
depression, psycho-organic conditions, and bipdisorder. Moreover, all participants showed
serum C-reactive protein (CRP) levels < 6 pg/mLIekag participants with sings of overt
inflammation.

All controls and patients, as well as the guardinzatients (parents or the closest family
members), gave written informed consent prior tdig@pation in our study. The study was
conducted according to International and Iraq sthiad privacy laws. Approval for the study was
obtained from the Institutional Review Board of theiversity of Karbala (418/2019) and Karbala
Health Department (1331/2019), which is in compt@nvith the International Guidelines for
Human Research protection as required by the DCsdar of Helsinki, The Belmont Report,
Council for International Organizations of Medi&diences (CIOMS) Guideline and International

Conference on Harmonization in Good Clinical Pac(iICH-GCP).

M easur ements
Clinical assessments

A senior psychiatrist specialized in schizophresialuated inclusion and exclusion
criteria and made the diagnosis of schizophreniaguthe Mini-International Neuropsychiatric
Interview (M.1.N.1.), in a validated Arabic transian. The same day, the same senior psychiatrist
assessed sociodemographic data, clinical data usirggemi-structured interview, and the
Fibromyalgia and Chronic Fatigue Syndrome Ratingpr@iFatigue or FF) scale to measure

severity of ME/CFS-like symptoms (Zachrisson et @002). “The FF scale measures 12
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symptoms, namely FF1: muscle pain, FF2: musculssita, FF3: fatigue, FF4: concentration
difficulties, FF5: failing memory, FF6: irritabilit FF7: sadness, FF8: sleep disturbances, FF9:
autonomic disturbances, FF10: irritable bowel, EFieadache, and FF12: a flu-like malaise. The
total sum of all 12 items (FFtot) was used as afexnof overall severity of fatigue and
physiosomatic symptoms” (Kanchanatawan, Thikal.eP@18). Subsequently, we dichotomized
the patients into two FF subgroups according tontieelian FF value in the patients. We also
computed a “pure” physiosomatic FF (FFsom) scoréghfut for example neurocognitive
disorders) as the sum of scores of FF1 + FF2 +#FB10 + FF11 + FF12. The same day, the
same psychiatrist also measured the Scale for gsegsments of Negative Symptoms (SANS)
and the negative syndrome scale of the PositiveNeghtive Syndrome Scale for schizophrenia
(PANSS) to assess negative symptoms (Kay, FiszBeipler, 1987). We also assessed the Brief
Psychiatric Rating Scale (BPRS) (Overall & Gorha888) and the positive and general subscales
of the PANNS in order to compute composite scoflectng PHEM symptoms, formal thought
disorders (FTD) and psycho-motor retardation (PNARnulla et al., 2019).

On the same day, a well-trained psychologist whe blanded to the clinical diagnosis,
completed the Brief Assessment of Cognition in zgphrenia (BACS) (Keefe et al., 2004).
Episodic memory was probed using the List Learrtiegf; working memory with the Digit
Sequencing Task; semantic memory and verbal fluenitis the Category Instances and
Controlled Word Association tests; attention wita Symbol Coding test; and executive functions
with the Tower of London. Tobacco Use Disorder (TUkas diagnosed using DSM-IV-TR
criteria. The Body mass index (BMI) was assessethersame day as the clinical interview as

body weight in kg / length in fn

10
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Assays

Fasting (overnight fast) venous blood was sampktavéen 8.00 and 9.00 a.m. (5 mL)
utilizing disposable needle and plastic syringbs; samples were transferred into a clean plain
tube and blood was left at room temperature fomirb for clotting, centrifuged 3000 rpm for 10
min, and then serum was separated and transpotetivo Eppendorf tubes to be stored at -80
°C until thawed for assay. We employed commercidBA sandwich kits to assay serum DKK1,
CCL11, IL-10 and HMGB1 (Elabscierigelnc. CA, USA) and IL-6 (Melsin Medical Co, Jilin,
China). The CCL11 (sensitivity=9.38 pg/mL), DKK1le(sitivity=18.75 pg/mL), HMGB1
(sensitivity=18.75 pg/mL), and IL-6 (sensitivity20pg/mL) concentrations all exceeded the
sensitivity of the assays. The intra-assay coefficof variation (CV) (precision within an assay)
for all assays was were < 10.0%. Serum CRP wasureghsising a kit supplied by Spinre&ct

Spain. The test is based on the principle of lagylutination.

Statistical analysis

Analysis of variance (ANOVA) was used to check eliéinces in scale variables between
groups and analysis of contingency tablgstést) to assess associations among categorical
variables. In order to assess the associationseeetWwiomarkers, and clinical and cognitive test
scores, we used correlation matrices based on dfesangroduct-moment or Spearman’s rank-
order correlation coefficients. Univariate and nwatiate general linear model (GLM) analysis
was employed to check the associations betweendsiars and diagnostic groups (controls
versus schizophrenia dichotomized into two grouyasnely high versus low FF values) while
adjusting for possible intervening variables suslsex, age, TUD, BMI, and education. Tests for

between-subject effects were performed to ascett@rassociations between diagnostic classes

11
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and biomarkers while effect sizes were estimategl@ying partial eta-squared values. GLM-
generated estimated marginal mean (SE) values wadoellated and we conducted protected
pairwise comparisons among treatment means. Meltggression analysis was used to delineate
the significant biomarkers predicting FFtot and étRsscores using biomarkers, symptom
domains, and cognitive test scores as explanatmghies in an automatic stepwise method with
a p-to-enter of 0.05 and p-to-remove 0.06. All hsswere checked for Rchange and
multicollinearity using VIF and tolerance valuesatistical tests were 2-tailed and a p-value of
0.05 was used for statistical significance. Altistical analyses were performed using IBM SPSS
windows version 25, 2017.

Partial least squares (LSD) analysis (Ringle, 2048% employed to delineate a) the
associations between the biomarkers entered aswapables and neurocognitive and symptom
domains scores entered as output variables; awtiéther the total FF score belongs to the same
latent vector as all other symptom profiles. Dagaierentered as single indicators (the biomarkers)
or as a latent vectors extracted from symptoms wéo@s (including the FF score) and the
neurocognitive test scores (Al-Hakeim, Almulla, &bk, 2019). PLS path analysis was performed
using 5000 bootstrap samples only when: a) theativguality of the model as indicated by
Standardized Root Mean Squared Error (SRMR) < 0W86 adequate; b) the latent vectors
extracted from indicators (symptoms and cognitiest tresults) had adequate reliability as
indicated by and average variance extracted (AVE)500, Cronbach alpha > 0.7, composite
reliability > 0.7, rho_A > 0.80; c) all indicatolsaded highly (>0.400 and by preference > 0.660)
at p<0.001 on the latent vector; and d) constmagszvalidated redundancies are adequate (Ringle,
2015). We employed complete bootstrapping (500Gamiples) and PLS path modeling to

compute path coefficients with p-values (Luo, Hea#g, Ou, & Fan, 2019).

12
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We employed multilayer perceptron Neural NetworlNjNnodels to examine the more
complex relationships between biomarkers and retelbackground variables entered as input
variables predicting the FFtot score entered azoow variable. We used an automated
feedforward architecture model to train the netwaitk two hidden layers with up to 8 nodes and
employed minibatch training with gradient descentl 250 epochs. Stopping rule was one
consecutive step with no further decrease in trer &grm. The study group was split in three sets,
namely a training set to estimate the network patars (46.67% of all participants), a testing set
to prevent overtraining (20.0%) and a holdout eetvaluate the final network (33.33%). Error,

relative error, and importance and relative impuetaof all input variables were computed.

Results
Socio-demographic data
The sociodemographic data of the participants amve in Table 1. There were no

significant differences in age, sex ratio, urbararuesidence ratio, BMI and TUD between the
three study groups. There were somewhat more suivienia subjects with high FF scores who
were single as compared with controls. Significantiore schizophrenia participants were
unemployed as compared with healthy controls. Bitutavas somewhat lower in schizophrenia
patients with high FF scores as compared withwlwedther groups. There were no differences in
age at onset between schizophrenia patients widhagimout increased FF scores. Table 1 also

shows the FFtot scores are significantly highescinizophrenia patients than in controls.

Associations between diagnosis and biomarkers

13
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Table 2 shows a significant association between diagna$disses and biomarkers with
an effect size of 0.265 while there were no sigaiiit effects of sex, age, education, BMI and
TUD. Tests for between-subject effects drable 3 (with GLM-generated estimated marginal
mean values and results of protected pairwise casgres among groups) indicates that IL-6,
DKK1, HMGB1, EM2, KOR and MOR were significantlydfier in schizophrenia than in healthy
controls, while IL-10 was significantly higher intszophrenia patients with lower FF scores than
in controls. The top-4 important variables (evaddgiatising effect sizes) were in descending order:
HMGB1, KOR and EM2 and MOR. These intra-class d#feees remained significant after p-
correction.

Multivariate GLM analysis showed a significant asation between the three study
classes and neurocognitive probe results (F=89df414/290, p<0.001). All confounding
variables were non-significant, except years ofcatlon (F=2.67, df=7/145, p=0.012, partial
n?=0.114). Tests for between-subjects’ effects Blettr onic Supplementary File (ESF), Table
1 shows that all cognitive test results (except @atg Instances) were significantly different
between the three classes and decreased from Isofitrechizophrenia with low FF score3
schizophrenia with higher FF scores. Category hts&ia scores were significantly lower in
schizophrenia than in controls.

There was a significant association between didgnoksses and symptoms domains
(F=28.27, df=16/290, p<0.001, partigg-0.609) and ESF, table 1 shows that all symptomaiiom
scores are strongly associated with the diagnaséisses and that all symptom domains are
significantly different between the diagnostic gvewand increase from controls to schizophrenia
with low FF scores to schizophrenia with higher $&éres while mannerism was significantly

higher in schizophrenia than in controls.

14
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Effects of background variables

As described above, there were no significant &ffe€ age, sex, BMI and TUD on the
biomarkers. In patients with schizophrenia, we exach the effects of antipsychotic drug
administration on the FFtot score by means of urate GLM analysis and found no significant
effects of clozapine (F=3.10, df=1/145, p=0.08)Joparidol (F=0.02, df=1/145, p=0.888),
risperidone (F=1.67, df=1/145, p=0.20), and quétegF=0.46, df=1/145, p=0.50). Previously,
we reported that (in the same study sample) ther@a significant effects of these drugs on the

symptom domains and cognitive tests as watDijaili et al., 2019).

Clinical, cognitive and biomarker correlates of the FFtot and FFsom scores

Inspection of intercorrelation matrices showed tinathe total study group there were
significant associations between the FFtot sco RHEM symptoms, the PANSS negative
subscale score, psychomotor retardation and fothmight disorders (all r>0.500, p<0.001,
n=158). In the restricted study group of schizoptagatients, the FFtot score was associated with
psychosis (r=0.400, p<0.001, all n=115), hostil{tyz0.415, p<0.001), excitation (r=0.403,
p<0.001), mannerism (r=0.262, p=0.005), PANSS negatscore (r=0.330, p<0.001),
psychomotor retardation (r=0.433, p<0.001), ananfdrthought disorders (r=0.373, p<0.001).
The FF score was significantly associated with [(<80.291, p<0.001, all n=158), HMGB1
(r=0.249, p=0.002), EM2 (r=0.223, p=0.005), KORQ219, p=0.006) and MOR (r=0.242,
p=0.002). In the total study group, there were algaificant correlations between the FF score
and the different cognitive test scores (all r>98,30<0.001, n=158). These associations remained

significant in the restricted study sample of soplzrenia patients: list learning (r=-0.454,

15
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p<0.001, all n=115), digit sequencing task (r=-8,5p<0.001), token motor task (r=-0.365,
p<0.001), category instances (r=-0.202, p=0.03DWA (r=-0.448, p<0.001), symbol coding
(r=-0.293, p=0.001) and Tower of London (r=-0.3@20.001).

Table 4 shows the results of different stepwise multiglgression analyses with the FFtot
or FFsom scores as dependent variables and bioread@gnitive test scores, and symptom
domains as independent variables while allowing thar effects of age, sex, and education.
Regression #1 shows that 43.7% of the varianchdar-F score was explained by the regression
on Token Motor Task, Digit Sequencing Task, and Learning (all inversely associate#)gure
1 shows the partial regression of the FFtot scorehenDigit Sequencing Task probe scores.
Regression #2 shows that 55.1% of the variancénenRtot score can be explained by the
regression on digit sequencing task, Tower of Londb-10, token motor task, and age (all
inversely associated) and IL-6 (positively ass@dat Regression #3 shows that 22.3% of the
variance in the FF score was explained by IL-6 ldMIGB1 (both positively associated) and IL-
10 and education (both inversely associatedjure 2 shows the partial regression of FFtot on
HMGB1. Regression #4 shows that a considerable gfaitie variance in FFtot (42.4%) was
explained by the regression on psychosis and Ibeh(positively) and IL-10 anfl-endorphin
(both inversely). Table 4 shows the results of esgion analyses with the FFsom score as
dependent variable. We found that hostility (pesilf) and education and IL-10 (inversely)
explained 30.7% of the variance in the FFsom s¢see regression #5igure 3 shows the
regression of FFsom on hostility scores. Regresgoshows that 12.9% of the variance in FFsom
was explained by the combined effects of EM2 an@ (both positively) and education (inversely

associated). Regression #7 shows that 39.9% ofdhance in FFsom was explained by the

16
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combined effects of IL-10, token motor task, dggtjuencing task, Tower of London and age (all

negatively associated).

Results of PLSanalysis

Figure 4 shows the results of PLS path analysis with tlenbirkers as input variables and
symptom domains (including FFtot scores) and cognitests results as output variables. The
model shows an accurate fit with SRMR=0.029 andatent vector extracted from the symptom’s
domains and cognitive tests (denoted as OSOS) Haduate reliability with AVE=0.741,
Cronbach alpha=0.975, rho_A=0.984 and compositahiéty=0.978. All indicators showed
loadings > 0.680 (at p<0.001) on this OSOS LV, excBoken Motor Task (loading=0.414,
p<0.001), which was however sufficient to be inelddThe FFtot score showed a loading of 0.681
(p<0.001). Confirmatory Tetrad Analysis shows ttia latent vector OSOS fitted a reflective
model whilst blindfolding showed a good cross-valétl redundancy of 0.328. We found that
45.2% of the variance in this latent vector wasl&red by the regression on HMGB1, MOR,
EM2, DKK1 and CCL11. The other biomarkers were s@nificant and, therefore, deleted from

the model.

Results of neural networks

The final neural network was trained with 12 unigshidden layers namely five in hidden
layer 1 and four in hidden layer 2 while hyperbaéingent was used as activation function in the
hidden layers and identity in the output layer anth of squares was used as the error term. The
sum of squares in the testing set (4.956) was roweér than that in the training set (31.107) while

also the relative error was lower in the testingnthn the training set (0.644 versus 0.798,
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respectively) indicating the neural network mo@elrhed to generalize from the trend. The relative
error in the holdout set was 0.889 and Spearmamk order coefficient between the predicted
FFtot value and the actual FFtot value was r=0.500,001, n=158)Figure 5 shows the
importance and relative importance of the inputaldes. IL-6, HMGB1, and education were the
top-3 most important determinants of the predicpoever of the model, and MOR, KOR and IL-

10 followed at a distance.

Discussion
FF symptoms are an integral part of schizophrenia

The first major findings of this study are that igophrenia patients show significantly
increased FF scores as compared with controlsha@tound 50% of the patients show very high
FF scores. These findings agree with those of @que study showing that more than 50% of
schizophrenia patients suffer from physiosomatimmypms as assessed with the FF scale
(Kanchanatawan et al., 2017). Moreover, anothedystshowed that patients with deficit
schizophrenia show highly significantly increasde $eores as compared with normal controls
(Almulla et al., 2019). As such, a meaningful subsk schizophrenia subjects suffer from
ME/CFS-like symptoms including increased levellofonic fatigue, sleep disorders, a flu-like
malaise, gastro-intestinal and autonomic symptans, fibromyalgia-like symptoms including
muscle pain and muscle tension, and neurocogrnitipairments (Kanchanatawan et al., 2019;
Kanchanatawan, Sriswasdi, et al., 2018). Thesanigsdextend the results of previous studies
reporting increased physiosomatic symptoms in sgiigenia including: a) elevated fatigue and
lowered energy, sleep and gastro-intestinal symgto(@hen, 2017; Hedlund, Gyllensten, &

Hansson, 2015; Palmese et al., 2011; Skapinakigisl.& Meltzer, 2000) and b) fiboromyalgia-
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like symptoms including hyperalgesia and changpaim perception, (Zachrisson et al., 2002).
Previously, we reported that subjective cognitieenplaints (SCCs), as measured with the FF
score, are associated with test scores on neuriis@gprobes (Sirivichayakul, Kanchanatawan,
Thika, Carvalho, & Maes, 2019). Not only schizoptiae but also ME/CFS is accompanied by
cognitive impairments in information processingeghememory, and working memory (Cockshell
& Mathias, 2010; Deluca et al., 2004; Jason e&l02; Lange et al., 2005).

The second major finding of this study is that meréased FFtot score is associated with
a) symptoms domains of schizophrenia phenomenatagyding negative symptoms, psychosis,
excitation, and formal thought disorders; b) psyobtor retardation and scores on the token motor
task (inversely), and c) lowered scores on prolssessing episodic and semantic memory,
executive functions and working memory. These tesKtend those of previous reports showing
that FF symptoms are significantly associated wéfative and PHEM symptoms (Almulla, Al-
Hakeim, & Maes, 2020; Kanchanatawan, Thika, et28l1,8) and additionally with psychomotor
retardation and formal thought disorders (Almutlaleg 2020). It is interesting to note that memory
disorders may increase risk to develop false mesa@ind, consequently, psychosis (Corlett et al.,
2007; Harvey, Patterson, Potter, Zhong, & BrecBef6; Tamminga, Buchanan, & Gold, 1998)
and that impaired executive functions may mediatigdie (Dobbs, Dobbs, & Kiss, 2001).

Nevertheless, the current study found that a lateator extracted from all cognitive tests
and symptom domains, including the FFtot scoregdddahighly on all those indicators and
additionally showed adequate internal consistenclypaedictive validity while fitting a reflective
model. These results agree with a previous studhyctwreported that all these schizophrenia
features are reflective manifestations of a comonuaterlying construct, namely OSOS, which is

the common cause of all its manifestations (Almetial., 2020).
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Immune and EOS biomarkers of physiosomatic symptoms in schizophrenia
The results of the present study show that a caatibbim of pro-inflammatory and

neurotoxic signals (IL-6, HMGB1) and lowered Tregiwty (IL-10) is associated with the FF
score. These results extent those of previous tepwat the FF score is strongly predicted by a)
indicants of IRS/CIRS activation, namely TNF4L-1p, sIL-1RA and sTNFR1 and CCL11
(Almulla et al., 2020), and b) indicants of TRYCAsathway activation, namely increased IgA
responses to neurotoxic TRYCATS xanthurenic acigplmic acid and 3-OH-kynurenine
(Kanchanatawan, Sirivichayakul, Ruxrungtham, CdmwalGeffard, Ormstad, et al., 2018).
Although Almulla et al. (2020) detected that CCLdn#ficantly predicts the FF score no such
findings were reported in the present study (Almut al., 2020). Differences in study samples
may explain these discrepant results with higherLTClevels in the groups of deficit
schizophrenia (Almulla et al., 2020) and no diffeses in the current group which comprises
relatively few patients with deficit schizophrendsl in all, the results of our studies in Thai and
Irag patients indicate that the severity of FF sioms is predicted by IRS (TN&-IL-1p, sIL-
1RA, sTNFR1, CCL11, HMGB1, DKK1, IgA directed agsirfRYCATS) and CIRS (SIL-1RA,
STNFR1, IL-10) biomarkers. This is a first studypoeing that increased EOS biomarkers are
associated with ME/CFS-like symptoms in schizopiemamely MOR, KOR and EM2
(positively) andp-endorphin (inversely). As described in the Intrctilon, there are only few
studies in ME/CFS and these reported contradictsylts (Conti et al., 1998; Panerai et al., 2002;
Prieto et al., 1989).

The results of the current study show that a lgyae of the variance (45.1%) in the OSOS

index, including FF symptoms and neurocognitiveampents is explained by a combination of
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neuro-immune and EOS biomarkers, in descendingr afleslevance: HMGB1, MOR, EM2,
DKK1 and CCL11. These data extend the findingsloflla et al. (2020) who reported that pro-
inflammatory signals (IL-B, sIL-1 receptor antagonist, TNE-CCL11) explained 59.4% of the
variance in PHEM and negative symptoms combinetl Wie FF score (Almulla et al., 2020),
affective scores, psychomotor retardation and fothm@ught disorders. This is important as the
common latent trait underpinning those late phenoragifestations of schizophrenia is predicted

by the combined effects of neuro-immune and EO$hbrters.

Mechanistic explanations

Recently, we have discussed that IRS (e.g.ALTNF-a, IL-6, IFN-y, CCL11, TRYCATS)
as well as CIRS (e.qg. IL-4) products may induceroixic and excitotoxic effects and, therefore,
may induce impairments in episodic, semantic andkiwg memory, executive functions and
formal thought disorders and, consequently, schimaga symptom domains including PHEM
and negative symptoms as well as psychomotor aiard(Maes et al., 2020; Sirivichayakul et
al., 2019). The same immune products are also assdavith ME/CFS-like symptoms (Gerwyn
Morris, F Carvalho, Anderson, Galecki, & Maes, 20a6d fioromyalgia. (Andrés-Rodriguez et
al., 2019) ME/CFS (which includes fibromyalgia syomps) is conceptualized as a neuro-
inflammatory disorder characterized by diverse immwand autoimmune aberrations while
immune triggers are often associated with the oosetaintenance of the disease (Maes, 2011,
Maes, Bosmans, & Kubera, 2015; Maes et al., 2018:3ITwisk, & Johnson, 2012; G. Morris &
Maes, 2013). Thus, activation of IRS/CIRS couplethwowered immune-regulation may
underpin ME/CFS-like and the other symptom domairechizophrenia. Moreover, HMGBL1 is a

biomarker of neuro-immune activation which stimatathe production of IL-6 and TN&{AI-
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Dujaili et al., 2019; Kwak et al., 2015), and maguse breakdown of the BBB as well as
neurodegeneration. (Festoff, Sajja, van Dreden, &ullo, 2016). Second, DKK1 is a pro-
inflammatory glycoprotein (Chae & Bothwell, 2019jat may cause breakdown of the BBB,
interfere with neurogenesis, repair and tissuerreggion and induce neuroprogression (Chae &
Bothwell, 2019; Gerwyn Morris, Berk, Galecki, Wald& Maes, 2016; Orellana et al., 2014;
Salinas, 2013; Scali et al., 2006).

Recently, we reviewed that the EOS may contribmthizophrenia symptomatology and
neurocognitive impairments (Moustafa et al., 20E@).example, KOR activators or agonists have
psychotomimic properties and may induce hallucoreti and negative-like symptoms,
neurocognitive deficits and psychomotor retardaf@lark & Abi-Dargham, 2019; Land et al.,
2008; Nemeth et al., 2010; Shekhar, 2019). KORsalaeimplicated in chronic inflammatory and
visceral pain, fatigue, weakness, and autonomicpsyms (Mysels, 2009). EM2 may trigger
excitation, a bell-shaped curve for locomotor erdeament and place aversion, and may stimulate
postsynaptic MOR causing hyperpolarization of etorty interneurons (Y.-B. Chen et al., 2015;
Heinke, Gingl, & Sandkihler, 2011). On the othardh@-endorphin and MOR have antinoceptive
effects and may exert CIRS activities by suppresdsine primary immune response in
schizophrenia (Moustafa et al., 2020). Future mebeshould examine the EOS in ME/CFS and

fiboromyalgia to delineate the role of those opioids

Limitations

The results of our study should be interpreted wetpard to its limitations. First, this is a
case-control study and, therefore, no causal infeg can be firmly drawn. Second, it would have
been more interesting if we had measured more IRSGIRS biomarkers as well as levels of
dynorphin and enkephalins. Future research shaubsstigate whether the onset of physiosomatic
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symptoms in ME/CFS and schizophrenia may have anatiared etiopathology including leaky
gut with breakdown of the gut tight and adheremgiions (Maes, Mihaylova, & Leunis, 2007;

Maes, Sirivichayakul, Kanchanatawan, & Vodjani, 203lyepchenko et al., 2017).

Conclusions

In schizophrenia, there is an association betwe&/¥S-like symptoms and negative
symptoms, psychosis, hostility, excitation, forfedugh disorders, and psychomotor retardation
as well as impairments in episodic, semantic andkiwg memory, attention and executive
functions. ME/CFS-like symptom are an integral drthe phenome of schizophrenia. A large
part of the variance in the FF score is positivagsociated with neurotoxic immune and
neurodegenerative markers including IL-6, HMGB1, KIK and EOS biomarkers, including
MOR, KOR, END2. The FF score is inversely assodiatgh IL-10 andp-endorphin levels.
Neurotoxic immune and neurodegenerative pathways$ lawered immune-regulation and

alterations in the EOS appear to drive FF symptionsshizophrenia.
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Table 1. Demographic and biomarker data in healthy con{td(S), and schizophrenia (SCZ) patients divided thiose with low
versus high scores on the Fibromyalgia and Chrieaigue Syndrome Rating or FibroFatigue (FF) scale

Variables HCA SCZ+FF <median | SCZ+FF >median | F/WP/y? df p
n=43 B C
n=55 n=60

Age (year) 33.2(11.1 37.2(9.7 35.3 (124 1.71 2/15¢ 0.18¢
Sex (Female/Mal 19/2¢ 15/4( 22/3¢ 3.0¢ 2 0.21¢
Single/marriec 12/31¢ 25/3( 32/28* 6.6¢ 2 0.03¢
Residency Urban/Rui 30/1: 36/1¢ 39/21 0.2¢ 2 0.86¢
BMI (kg/m?) 279(4.1) 29.0 (4.6 289 (4.7 0.¢4 2/15¢ 0.39¢
Educatior(year) 11.1 (3.6)° 11.2 (4.5° 8.4 (4.5)\B 7.€4 2/15¢ 0.001
Age of onset of schizophrenia - 28.6 (8.7) 28.3 (9.5) 0.02 1/113 0.88
(years

Employment (No/Ye: 17/268C 36/194 43/174 11.6: 2 0.00s
FFtot scor 8.4 (3.9)BC 11.5 (4.6Y*C 29.9 (8.8*E 179.8¢ | 2/155 | <0.00]
TUD (No/Yes 30/1z 44/11 40/2C 2.71 2 0.25¢
Interleukir-6 (pg/mL)* 48(57)°¢ 5.€ (5.3) 7.4(6.0)* 7.42 2/15¢ 0.C01
Interleukir-10 (pg/mL 11.C(3.8) B ° 14.2 (7.2 13.C(4.8) " 3.8¢ 2/15¢ 0.C22
CCL11 (pg/mL 1783 (46.8)BC 2097 (662) * 205.5 (678) A 2.4 2/15¢ 0.Co1
DKK1 (pg/mL)* 697.5 (52£7) BC 9249 (546.0* 10104 (6462) A 4.8¢ 2/15¢ 0.Co¢
HMGB1 (ng/mL)* 79(7.9)B¢ 212(12.2)* 2060 (106)* 37.4¢ 2/155 | <0.001
B-endorphir(pg/mL)* 206 (14.6 22.7 (21.7 19.5 (10.1 0.2z 2/15¢ 0.80:
Endomorphil-2 (pg/mL)* 260.7 (226.58°¢ 398.3 (2929) A 420.3 (25¢1) A 9.2( 2/158 | <0.00!
KOR (ng/mL)* 4.04 (3.40%° 7.00 (8.16" 7.99 (7.44* 1437 | 2/15¢ | <0.00]
MOR (pg/mL 3.0C(2.13)¢ 3.8C(2.27 4.52 (2.73)" 8.32 2/158 | <0.00!

All results are shown as mean (SB¥,C: pairwise comparisons between group means; *tdadsed in Ln transformation.
BMI: Body mass index, CCL11: CC-motif chemokinedrleotaxin,DKK1: Dickkopf protein 1, HMGB1: high mobility grqubox 1

protein, KOR:k-opioid receptor, MOR: p-opioid receptor, and TU@bacco use disorder.
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Table 2: Differences in biomarkers betwebealthy controls (HC), and schizophrenia (SCZ)gras divided into those with low versus

high scores on the Fibromyalgia and Chronic Fatigyedrome Rating or FibroFatigue (FF) scale.

Dependent Explanatory Partial
Tests variables variables F df p n?
HC and 2 FF groups 5.69 18/284 <0.001 0.265

Sex 1.31 9/142 0.235 0.077

.. . Age 0.74 9/142 0.676 0.045
Multivariate All 9 Biomarkers Education 0.92 9/142 0.513 0.055
BMI 0.74 9/142 0.672 0.045

TUD 0.38 9/142 0.942 0.024

IL-6 6.89 2/150 0.001 0.084

IL-10 3.05 2/150 0.050 0.039

CCL11 2.90 2/150 0.058 0.037

DKK1 5.05 2/150 0.008 0.063

Between-subject effects | HMGBL1 HC and 2 FF groups 33.05 2/150 <0.001 0.306
B-EP 0.64 2/150 0.529 0.008

EM2 9.07 2/150 <0.001 0.108

KOR 13.55 2/150 <0.001 0.153

MOR 9.02 2/150 <0.001 0.107

All results of multivariate GLM analysis with thédmarkers as dependent variables and diagnosispéanatory variable while
adjusting for extraneous variables.

BMI: Body mass index3EP: -endorphin, CCL11: CC-motif chemokine 11 or eotakiKK1: Dickkopf protein 1, EM2:
Endomorphin-2, HMGB1: high mobility group box 1 prm, IL: interleukin, KORx-opioid receptor, MOR: p-opioid receptor, and

TUD: tobacco use disorder.
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Table 3: Model-generated (see Table 2) estimated margieahmralues in healthy controls (HC), and schizaphrpatients divided
into those with low versus high scores on the Fibyalgia and Chronic Fatigue Syndrome Rating ordfhatigue (FF) scale

Dependent Variables HC An=43 SCZ+FF < median B SCZ+FF > median ©
(in zscores n=55 n=60

IL-6 -0.366 (0.1508° 0.087 (0.134% 0.371 (0.138%
IL-10 -0.332 (0.157% 0.164 (0.141}% 0.018 (0.145)
CCL11 -0.334 (0.158) 0.127 (0.142) 0.080 (0.146)
DKK1 -0.383 (0.156%° 0.194 (0.141% 0.191 (0.144%
HMGB1 -0.898 (0.133}¢ 0.340 (0.119% 0.362 (0.122%
B-EP 0.023 (0.160) 0.137 (0.144) -0.086 (0.147)
EM2 -0.497 (0.152§° 0.149 (0.137} 0.333 (0.141%}
KOR -0.588 (0.147%° 0.143 (0.132% 0.403 (0.135%}
MOR -0.47 1 (0.1525° 0.071 (0.137%} 0.386 (0.140%
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ABC. pairwise comparisons between group means.

BEP:B-endorphin, CCL11: CC-motif chemokine 11 or eotakiKK1: Dickkopf protein 1, EM2: Endomorphin-2, HMGBhigh
mobility group box 1 protein, IL: interleukin, KOR:opioid receptor, MOR: p-opioid receptor
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Table 4 Results of multiple regression analysis with thtaltéibromyalgia and Chronic Fatigue Syndrome RptinFibroFatigue

scale total score (FFtot) or the FF somatic subdoiffdsom) as dependent variables

Regression Explanatory variables B t p F mode df p R?
#1. FFtot M odel 39.54 3/153 <0.001 0.437
Digit sequencing tas -0.40¢ -4.9¢ <0.00:
Token motor tas -0.17¢ -2.6< 0.00¢
List learning -0.217 -2.€3 0.00¢
#2. FFtot M odel 30.26 6/148 <0.001 0.551
Digit squencing tas -0.35¢ -3.7C | <0.00!
Tower ofLondor -0.32i -3.4i 0.001
IL-1C -0.161 -2.8¢ 0.00¢
Token motor tas -0.15] -2.55 0.012
Age -0.13: -2.41 0.01%
IL-6 0.12¢ 2.1¢ 0.03(
#3. FFtot M odel 10.83 4/151 <0.001 0.223
IL-6 0.25] 3.23 0.001
HMGB1 0.321 3.69 <0.00!
IL-1C -0.20z -2.5C 0.01:
Educatiot -0.16¢ -2.3( 0.02:
#4. FFtot M odel 27.76 4/151 <0.001 0.424
Psychosi 0.59¢ 8.8¢ <0.00!
IL-1C -0.14¢ -2.2¢€ 0.02:¢
IL-6 0.16¢ 2.52 0.01:
B-Endorphir -0.13¢ -2.1C 0.03:
#5. FFsom M odel 22.31 3/151 <0.001 0.307
Hostility 0.52¢ 7.44 <0.00!
IL-1C -0.17: -2.4¢ 0.01¢4
Educatiot -0.13¢ -2.0C 0.04¢
#6. FFsom M odel 7.43 3/151 <0.001 0.129
IL-6 0.207 | 253 | 0.01¢
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Educatior -0.18( -2.3¢ 0.02]
Endomorphin2 0.157 2.0C 0.04¢
#7. FFsom Model 19.69 5/148 <0.001 0.399
Digit Sequencing Ta: -0.24¢ -2.25 0.02¢
Token Motor Tas -0.19( -2.7¢€ 0.00¢
Tower of Londo -0.34( -3.15 0.00z
IL-10 -0.16¢ -2.5¢ 0.011
Age -0.15¢ -2.35 0.02(
IL: interleukin; HMGB: high mobility group box 1 protein
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Partial Regression Plot

30 ° R? Linear=0.140
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Digit squencing task score (z values)

Figure 1 Partial regression of the Fibromyalgia and Chrdrétigue Syndrome Rating or FibroFatigue (FFtojrewmn the Digit

Sequencing Task probe scores.
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Partial Regression Plot

RZ Linear =0.087

FF total
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Figure 2 Partial regression of the Fibromyalgia and Chrdtatigue Syndrome Rating or FibroFatigue (FFtobyas®n high mobility

group box 1 protein (HMGB1).
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Partial Regression Plot
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Figure 3 Partial regression of the Fibromyalgia and Chréiatigue Syndrome Rating or FibroFatigue (FFtatys©n hostility
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Figure 4 Results of Partial Least Squares (PLS) path aisalygh the biomarkers as input variables and symptiomains and
neurocognitive tests results as output variables.

LL: List learning, DS: Digit Sequencing Task, TMToken Motor Task, CI: Category Instances, COWA: @aled Oral Word
Association Test, SC: Symbol coding, TOL: Towet.ohdon, FTD: formal thought disorders.

FF: Fibromyalgia and Chronic Fatigue Syndrome Rptmn FibroFatigue, PMR: psychomotor retardation,NSA Scale for the
Assessment of Negative Symptoms, PANSSneg: negaibvgcales of the Positive and Negative SyndrorageSc
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Figure5 Results of a neural network showing the importaaret relative importance of the biomarkers predicthe Fibromyalgia
and Chronic Fatigue Syndrome Rating or FibroFatgpade score. IL: interleukin, HMGB1: high mobiligyoup box 1 protein,
MOR: p-opioid receptor, KOR¢-opioid receptor, DKK1: Dickkopf protein 1, CCL1CC-motif chemokine 11 or eotaxin.

TA'CEY0'E00C0CSIUL

40



https://doi.org/10.20944/preprints202003.0432.v1

