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To Eryx and Leon,






“...this is part of what it means to think: to be right, it must be possible to be wrong’, Noam
Chomsky (and Karl Popper)






Popular science summary of the thesis, English

Imagine that while you are trying to concentrate to read this text, someone starts talking on the phone
next to you about something interesting. You try to ignore it, but the effort required to focus on the
text becomes greater. You get annoyed and even a little upset about this loud conversation. You are in
the library after all! Your attention is hijacked, you feel like rebuking the ‘offender’, but it feels
inappropriate to do so and you try to calm down telling yourself that it must be an important call, and
you remind yourself that you also accepted important calls in the library before. You take a deep
breath and try to shift your focus back to the text (that you really want to finish).

Well done! You just exerted cognitive control; intentionally and willfully, albeit with some effort, you
resisted distractions and inhibited socially inappropriate reflexive reactions to focus on the task at
hand. You may also have noticed that distractions can come in different forms. Cognitive processes
where emotion is involved are sometimes called ‘hot” cognition, for example when you try not to get
angry with your colleague checking his phone during your important presentation at work, and
cognitive processes where emotion is not involved are referred to as ‘cold’ cognition, for example
when cognitive control is needed to resist checking your phone during your colleague’s presentation.

This ability is vital both for good daily functioning and good mental health. Although it can decline
under certain conditions for anyone of us (for example when tired, stressed, overwhelmed), sustained
poor cognitive control and emotion dysregulation is central in many psychiatric diagnoses. ADHD
(Attention-Deficit/ Hyperactivity Disorder) is one such diagnosis where it is being more and more
recognized that both ‘hot’ and ‘cold’ cognitive control processes may be impaired.

Most psychiatric medications affect neurotransmitters such as serotonin, dopamine and noradrenalin,
chemical messengers that help regulate brain (and body) functions, but little is known about how they
may alter cognition and emotion. For example, the role of the most widely used antidepressants, the
serotonin reuptake blockers (SSRI), in cognitive control is not well understood. It is not known either
whether psychostimulants, the most widely used medications in ADHD, that affect dopamine and
noradrenalin in the brain, are as effective in treating emotion dysregulation as they are in treating
inattention and hyperactivity.

In this thesis, my aim was to study important aspects of cognitive control in healthy participants and
individuals with ADHD. This was done by examining how cognitive control could be modified
pharmacologically by SSRI and stimulant medications, psychologically by reappraisal, a strategy that
can help us change our emotional experience by adjusting our instinctive thoughts, and practically by
skills training with task repetition.

For this undertaking, we examined performance at the behavioural level, brain activity at the cortical
and subcortical level, and sympathetic nervous system activity (a system that without conscious
control regulates bodily functions such as blood pressure and breathing) at the peripheral
physiological level.

We found that a single dose of escitalopram, a commonly used SSRI, led to reduced experience of
negative emotions in healthy individuals, who subjectively reported lower rates of emotion intensity
when we showed them pictures with negative content, and objectively showed changes in arousal as
assessed by skin conductance and in prefrontal cortex activation, a brain area strongly associated with
cognitive control, as assessed by near infrared spectroscopy (fNIRS), a neuroimaging technique.

A similar reduction of subjective emotional experience was found when a single dose psychostimulant
medication was given instead, although probably through different mechanism.



Furthermore, we looked at how patients with ADHD experience and regulate emotion and found
differences (impairment) compared to healthy individuals. We also found differences in brain
structure and function: some areas related to emotion processing were on average smaller in patients
with ADHD, who also seemed to use a different strategy to regulate emotions compared to healthy
individuals. For example, when they were asked to do a demanding task to regulate their emotions,
unlike the healthy volunteers, the ADHD patients did not successfully deactivate the ‘default mode
network’, known as the mind-wandering network, while instead they deactivated attention-related
areas, the so-called dorsal attention network. Crucially, it was not found that stimulant medication
helped normalize these behavioural and brain activation differences.

Feeling less intense emotion can be a side effect or a desired outcome depending on the circumstance.
In our experiments, this phenomenon proved advantageous in the context of a task requiring cognitive
control of emotional distractions, where the participants performed better after they had taken a dose
of the antidepressant medication, escitalopram, compared to placebo. It is likely that escitalopram
made the negative emotional content less intense and thus less distracting. Interestingly, escitalopram
did not improve the performance when the distraction was not emotional. Moreover, in these studies,
psychological intervention and skills training with task repetition proved to be more effective in
improving both ‘hot’ and ‘cold’ cognitive control compared to pharmacological intervention with both
SSRI and stimulant medication.

These findings help build a body of knowledge regarding cognitive and emotional processes that are
components of practically all psychiatric disorders, regardless of categorical diagnosis. Ultimately,
improved knowledge in this field will ultimately lead to a paradigm shift in psychiatric praxis, helping
to formulate hypothesis-driven and science-informed working theories that will guide the patients’
treatment plan.



Popular science summary of the thesis, Greek (IlepiAnyn tng
AaKTOpIKNG daTpiPng, EAAnvikd)

DavTdoov OTL EVD GUYKEVTPOVESAL Y1d. VoL SLUACELS 0VTO TO KEIHEVO, KATO10G AGEL 6TO THAEP®VO
dimha. oov Yo kdt evdlopépov. H mpocndbeta eotioong 670 Keipevo yivetol peyolbtepn Kot o
amotntikr. Eniong exvevpilecan kot Bupmverg Aiyo pe ovt ) eacopio (e0Aoya apol Bpickeste ot
Bprodnkn!). H cvykévtpwon cov dwuondrar kot vidbelg 0Tt Béhelg va Eeondoelg Kot vo BAAELS TiG
PWVEG GTO TPOCMTO TOV GE EVOYAEL, 0ALE VidBEeS g ovTd Ha TaV ATPETNG GLUTEPIPOPEL, OTOTE
NPEUEIS Kol CKEPTEGAL OTL LAAAOV TPOKELTOL YO HLot TOAD GHAVTIKT KA ot ko Bupilels otov eontd
60V 0Tt €xel oupPet va dexdeic kan ec0 onpavTiky kKinon otn BiAodnkn oto Topehdov. [aipverg o
Babid elomvon kot cVYKEVIPMOVESUL TAAL Y10, VoL SIOBACELS TO KEIUEVO TTOV BEAELS TPOLYLOTIKA VOU
OAOKANPMGELS.

Zouyxopnmipla! MOAG doknoeg “yvaootikd EAeyyo’: okOmua Kot noeinpéva, maporlo Tov XpeldotnKe
Kamoto TPOoTABEL, AVTIOTAONKES OE TEPICTAGLLOVG KOl OTPEMEIG GUUTEPLPOPEG, TPOKELUEVOD VOL
€0TIAGELS GE OVTO TOL NTOV O GTLAVTIKO Y10, 5EVAL (KO O AOdEKTO KOW@VIKG). Mmopet eniong va
£YELC TOPOTNPNGEL OTL OL TEPIGTAGHLOL UTOPEL VaL EIVAL SIUPOPETIKNG PVONG: OE KATOLEG TEPITTAOCELS
cuvaucOnpata Tpémel va puOGTONY MGTE VO GUYKEVIPMOELS G€ 0VTO TOL KAVELS, Y10l TAPASEY QL
otav mpoonabdeig va EAEYEEIS TO BUUO GOV EVA KAVELS 0L GNUOVTIKN TOPOLGINGT) 6T dovAeia Kot
KATO10G GLVASEAPOG GOV KOLTA TO KIVITO TOL. X& GAAEG TTEPITTMGELS dEV EUTAEKOVTOL
cLVULGONHOTIKES TEPIOTAGELS, TOPE LOVO “VONTIKES', Yio Tapadetypa Otav ypetdletat vo avtiotadels
GTO VO, KOLTAEELS TO KIvTO GOV KOTh TN S1EPKELD TG TOPOVGILOGTG EVOS GLUVUSEAPOV GOV.

AvTég 01 IKavOTNTEG EIVOL LEYAANG ONUAGLOG TOGO Y10, VaL AVTOTEEEPYETOL KATO0G OTIC KAOMUEPIVES
TPOKANGELS OGO KO Yl TV Yok Tov vyeio. [Ipdypatt, av kot propet vo eanpeactodv opynTicd
KGT® 0o oplopéveg cLVONKES Y10, ToV KaOEvVa pag (0mmg, Yo Topddetypo, OTov EilaoTe KOLPOGHEVOL,
AYYOUEVOL, KOTUTOVIILEVOL), O XPOVIMG TAGKMV YVMGTIKOG EAEYYOG KOl 1] 0ToppuOLIcT| Tmv
cuvalsOnpatev givon e€éyovcag onpociog oe TOAES yuylatpikég Soyvmoels. To ADHD (Awtapoym
EMeypatung [pocoyng / Yaepkomtikdmrog) ivat pio omd avté, dmov avayvopiletor 6Xo kot
TEPLGGOTEPO OTL KOL 0L OVO LOPPES YVMSTIKOD EAEYXOV EUTAEKOVTOL.

Ta TeP1ocoTEPA YOYIATPIKA GAPLLOKE EXNPEALOVY TOVG VELPOSWPPAGTES, YNUKODS 0y YEAOPOPOLG,
7ov Ponbolv ot pHdLoN TOV AEITOVPYIOV TOL EYKEPAAOL (KOL TOL GOUOTOS), OTMS 1) GEPOTOVIVN, 1)
VTOTIOLIVI Ko 1) VOPadPEVOAivn, 0AAGL dev efvar péypt GTILEPO. EVTEADG KOTAVONTO Y10l TO TG UTOPEL
VoL ETNPEACOVY TIC YVOGIUKES Aettovpyieg Kot To cuvaicOnua. [a mapddetypa, o porog Tmv evpémg
APNOLLOTOIOVUEVOV AVTIKOTOOMTTIKOV opUdkv (Tov cuviBmg ennpedlovy T GEPOTOVIV GTOV
£YKEPALO) GTOV YVOOTIKO EAEYYO OV lval KOAG KATavonTdg Kot dev ivo YvmoTd edv Ta d1eyepTikd
TOL KEVIPUKOV VELPIKOV GUGTNLATOG (TTOV EXNPEALOVV KVPIMG TNV VIOTOUVY Kot TN VOPASPEVAALVT
GTOV £YKEPAAO), dNAAON Ta PApOKE TOV Ypnotpomotodvtar yio to ADHD, Bonfodv g avt) ™
Agttovpyia.

Ortov 1 yoyotpikn mpdén ocvvovaleton e Tig vevpoemioThipeg tibeton cuyvd to epdtuo: Me
O€00LEVO TO VPIOTAWEVO EMITEIO YVMOTG, EIVOL ETOPKNG O ETKPOTHG TPOTOG OKEYNG 1 aranteiTon
oAdayn mapadetyuotog (paradigm shift); Xkomodg ovtg TG StaTpPng fTav vo HeAetnBovv TTuyEg Tov
YVOOTIKOV EAEYYOL GE VY dTope 660 Kot og dtopa pe Sibryvoon ADHD. E&etdoaye nig pmopet va
EMNPEACTEL OO SLOPOPETIKA YUYLOTPIKA GAPLLOKE KOL ATAEG YUXOAOYIKES TaPEUPATELS, OTWS M
e&hoKnoN KoL 1 “YVOOTIKN avadounon’, o texviky mov Bonddet va adAldEovie T cuvorsOnpotikn
LLOG EUTELPIO TPOTOTOIMVTOG TIG EVOTIKTMOELS GKEWYELS LLOG TTOV EXNPEALOVY 0T TO. GuVIUGONLaTaL,
ONMG 6TO TAPUTAV® TOPASEYHO. AVTEG O1 pehéTeg eEéTacav Oyl LOVO TIG EXTTMOOELG 6T
GUUTEPIPOPA, OVTIKEYLEVIKT] 0TOS00T KO VTOKEWEVIKT EUTELPia, 0ALG Ko TL GupPaivel 6ToV



EYKEPOAO KO GTO CLUTAONTIKO O TOVOLO VEVPIKO GUGTNIA, TO GUGTILLOL TTOV OVTOLOTO KoL XMPig
ouveldnTod Eheyyo puOpiler Tig AelTovpYyieg TOL GOUATOG OTMG 1 APTNPLOKT TTEST KoL 0 pLOUAG TNG
OVOTVONC.

Avt6 ToV dlomiotdinKe HTav 6Tt po. Lovo doom ecttaronpaung (escitalopram), evog kool
avTIKoTaOMTTIKOD TToV YpetdleTan kabnpeptvy xopnynomn yio EOoUAdES OOTE Vo ExEl KAVIKO
OMOTEAEG IO, OONYNGE GE PELMUEVT] EUTEPIO OPVITIKOV GUVOLGONUATOV GE VYU] GTOWO. OTAV TOVG
detéaple gucdveg pe apvntikd mepieydpevo Hovo Aiyeg dpeg Hetd. Avtd dgv ftav LOVO KATL TOV
TEPLEYPO ALV Ol EBEAOVTEG TOL GUUUETELYOV, OAAG TOUPOAANAL LETPACOLE LIKPOTEPT JLEYEPTT] TOL
OLTOVOLLOV VEVPIKOV TOLG cLoThaToc. Emiong, dtav yopnynonke pua d6om ecttolompdun,
nopoTpNONKe Leiwon g EvepYomoinons TOL TPOUETMOTLOLO AOLOV, LG TEPLOYNS TOV EYKEPAIAOV
TIOV TPOTYOVLLEVES EPEVVEG ELYAV GLUGYETIOEL Pe TOV YVOOTIKO Aeyyo. [Tapdpoto anotélespa
petopévng cuvoucOnpatikig epmetpiog Bpédnke otav xopnynonke avt' avtov pia 601 SEYEPTIKAOV,
Kuping pebvieaviddtn (kdtt Tov mhovotato Vo GVUPOIVEL LEGH SLOPOPETIKDOV UNYUVICUDVY).

Emm\éov, e€etdoaye Tov Tpomo e Tov omoio ot acBeveic pue ADHD Pidvovv kot puOpilouv ta
GLVALGONLOTO TOVG, KOt SLOTICTMOCUUE OTL KOL 01 dVO SOIKAGIES SIEPEPAV OE GUYKPION LE OTOLO
YOPIg YyuxoTpikh didyvoon. Ot acbeveic pe ADHD mepiéypayov Aydtepo Eviova cuvaucOnpato
KOTd T S1EPKELD TOL TEWPAUATOG, AAAG Ko kpOTEPT WKavOTn T VoL ToL puBpicovy. Bprikaype emiong
S10pOpEG GTOV EYKEQAAD TOVG: O)L LOVO SOMICTAOGOUE OTL OPIGUEVES TTEPLOYEG TOV TYETICOVTAL UE TV
eneepyaocio cuvarsOnpatov NTav Aiyo pikpoTepes Katd HEGO 0po, OAAAL eniong o1 acBeveis pe
ADHD angvepyomoinoay pe Pkpdtepn nTuyion T0 YvmoTd 0 «SIKTLO TEPITAAVAOUEVIG TKEYT|O»
(‘default mode network’, éva dikTLO EYKEQPUMK®DY TEPLOYDV TTOL GLVHOMG EVEPYOTOLEITOL OTOV Y10
TOPASELY O OVELPOTIOAOVLLE 1) EYOVUE EGMTEPIKO S1AAOYO KOl OEVEPYOTOLEiTAL OTOV YPELGLETOL VO
oLYkevTpBoLEe G GUYKEKPLUEVO EpYo) OTOY TTpocTafovoay va eTPBALOVY YVOGTIKO EAEYYO.
Inpovtiko stvon 6t dev Pprkatte 0Tt N eoppokevtikn aymyn v 1o ADHD Bonbnoe g avtd tov
Topéa.

To va axeBdvecon Arydtepo vtovo cuvauctnparta propei v givat pia mapevépyeta 1 éva emtBountod
OOTEAEG O AVAAOYOL LE TO ATOLO KO TIG TTEPLOTAGELS, GAAG GTO, TEPAUATO OGS, CVTO TO POLVOLEVO
amodeiyOnke TAeovekTid 6To TAIGI0 LG EpYAGIG OV amoLTel EAEYYO0 TOV GLVOIGONUATOV, OOV O1
GUUUETEXOVTES iV KAADTEPES EMOOCELG LETA TNV ANYT| EGLTOAOTPAUNG GE GUYKPLOT| LE EIKOVIKO
@bppoxo. Etvar mBovo n pio §66m 10v avTikataOMITIKoD Vo EKOVE TO apynTIkKé ovadvuOUeEVO
ouvocOnuaTikd TepleyOLevo AydTEPO EVIOVO Kol ETOUEVOG AYOTEPO AMOTEAEGHATIKO GTT SLACTOoN
™G mpocoyng. Eivar evduapépov 611 m ecttarompdyn dev Peltiooe v anddoon 6tav 1 amdomao TG
TPocoyNg dev Mfrav cuvonsOnpatikn. Eivon onpavticd va avaeepOel 61t o1 yoyohoyticés Kot
GUUTEPLPOPIKES TTOPEUPATELS amodeiyBnKay TOAD o anoteAeopoTiKEG péBodot Bertioons TG0 Tov
GLVALGONLLOTIKOD OGO KOl TOL YVMGTIKOD EAEYYOV G GUYKPLON LE TO PAPLLOKO, TOLAGYIGTOV Y10l TOVG
GUUUETEXOVTEG OTN LEAETT.

Avtd Ta VPN LATO GUUPAAAOVY GTN KOTOVONON TOV YVOOCLOKAOV KOl GUVOLCOMLATIK®V S1EPYAcIOHV
TOV OTOTELOVY GLOTATIKO GYEGOV OOV TOV WYOYLTPIKOV SLOTAPOYDV, OVEEAPTNTO OO TIG TUTTIKEG
Swyvooels. H Bedtiopévn yvaon o antdv tov topéa edmilovpe 6t Oa 0dnynoet oe po alloyn
TOPOOETYUOTOS GTNV YOYLOTPIKN TPAEN, [e Tpocéyyion Pacilopevn o€ emoTHOVIKE ded0UEVHL Kot
€oTiaom o€ 0VTéG TIG depyaocies (Aettovpyieg yvmotakég/ cognitive, cuvaroOnpoticés/ emotional,
(yoyo)kvntikég/ motivational KTA) avTi Yo 0TOKAEIGTIKA TIG KATNYOPIKES SLoYVAOGELS PactlONEVES
670, GUUTTOLOTA (KATAOANYT), OyXDOELG DUTOPAUYES, YUXOTIKEG dtaTapayég KTA) COUPOVA IE TOV
EMKPATN TPOTO GKEYNG Kot ToL d1ebv drayvwotikd cuetinata DSM (Diagnostic and Statistical
Manual of Mental Disorders) kot ICD (International Classification of Diseases). Avto ywo Tov og0svn
petappaletat o€ pio mo eEATOUKEVUEVT, EEEIOIKEVUEVT], GTOXEVUEVT] KOl OAMGTIKT| TTPOGEYYION.



Popular science summary of the thesis, Swedish
(Populdrvetenskaplig sammanfattning av avhandlingen, Svenska)

Forestill dig att medan du koncentrerar dig pa att 14sa den hér texten borjar nagon bredvid dig prata i
telefon, om nagot intressant dessutom. Du far svart att fokusera pa vad du ldser. Du blir ocksa irriterad
och till och med lite upprord 6ver detta hogljudda samtal, ni befinner er trots allt pa biblioteket! Din
koncentration &r kidnappad och du vill séga till, men det kénns oldmpligt sa du lugnar dig sjélv med
att anta att det maste vara ett viktigt samtal for personen i friga och kommer ihag att du ocksa tagit
emot viktiga samtal pa biblioteket ndgon gang. Du andas ut och flyttar fokuset tillbaka till att 14sa den
hir texten (som du verkligen vill ldsa klart).

Bra jobbat! Du utévade kognitiv kontroll; avsiktligt och medvetet, och trots att det var med viss
anstrangning lyckades du motsta distraktioner och oldmpliga reaktioner, for att fokusera pa uppgiften
och gora det som var mer lampligt socialt. Du kanske ocksa har mérkt att distraktioner kan vara av
olika karaktdr. Den aspekt av hjarmprocesserna dér kénslor ar inblandade benédmns ibland ‘het’ (eng
‘hot”) kognition, till exempel nér du forsoker lata bli och inte kénna dig arg nér en kollega tittar pa sin
mobil under din viktiga presentation, medan da kénslor inte 4r inblandade, bendmner man kognitionen
‘kall’ (eng ‘cold’), exempelvis nér kognitiv kontroll krévs for att motsta att kolla din mobil under din
kollegas presentation pa jobbet.

Denna f6rmaga ér avgérande bade for god funktion och for mental hilsa. Kognitiv kontroll kan brista
under vissa forhdllanden for vem som helst, till exempel nér vi ar trotta, stressade, 6vervildigade, men
ihallande nedsatt kognitiv kontroll och emotionell dysreglering &r centrala i de flesta om inte alla
psykiatriska diagnoser. ADHD ér en av de diagnoser dér det &r alltmer allmént godtaget att bada
formerna av kognitiv kontroll kan péverkas.

De flesta psykiatriska mediciner paverkar signalsubstanser, kemiska budbérare som hjélper till att
reglera hjérnans (och kroppens) funktioner, sdsom serotonin, dopamin och noradrenalin, men hur
dessa substanser kan paverka kognition och kénslor ar otillrackligt klarlagt. Exempelvis vet vi for lite
om antidepressiva likemedels (de flesta antidepressiva medel paverkar serotonin i hjarnan) effekt pa
emotion och kognitiv kontroll och huruvida centralstimulantia (en medicin som anvénds vid ADHD
och som framst paverkar dopamin och noradrenalin i hjdrnan) ar effektiva for att behandla problem
med kénslomaissig dysreglering.

I min avhandling har jag undersokt aspekter av kognitiv kontroll hos friska deltagare och individer
med ADHD diagnos. Detta gjordes genom att underséka hur kognitiv kontroll kan paverkas av olika
psykiatriska mediciner och enkla psykologiska interventioner, sdésom dvning och kognitiv
omstrukturering, en teknik som kan hjélpa till att fordndra ens kénsloméssiga upplevelse genom att
justera de tankar som ger form till dessa kédnslor, som illustreras i exemplet ovan.

I mina studier har jag undersokt effekter av dessa interventioner pa beteende, men ocksa vad som
hénder i hjdrnan och i det sympatiska autonoma nervsystemet, systemet som automatiskt och utan
medveten kontroll reglerar kroppsfunktioner som blodtryck och andningshastighet.

Resultaten fran olika studier visade att dven en engangsdos av escitalopram, ett vanligt antidepressivt
lakemedel, ledde till minskad upplevelse av negativa kénslor hos friska individer: Dels rapporterade
de detta subjektivt, men vi kunde samtidigt médta en mindre aktivering av studiedeltagarnas autonoma
nervsystem och en minskning av aktiveringen i prefrontala cortex, ett omrade i hjarnan som har
forknippats med kognitiv kontroll. En liknande effekt av minskad emotionell upplevelse noterades nér
en dos centralstimulantia gavs i stéllet, &ven om mekanismen hér troligen &r en annan.



Vidare undersokte vi hur patienter med ADHD upplever respektive reglerar sina kanslor. Vi fann att
bada dessa processer var nedsatta jamfort med personer utan diagnos och att ADHD patienterna
rapporterade mindre intensiva emotionella reaktioner pa negativa bilder liksom mindre kapacitet att
reglera dessa emotioner. Vi fann ocksa skillnader nér vi tittade pa hjarnan: vissa omraden som
relateras till kinslobearbetning var storleksméssigt lite mindre i genomsnitt hos patienterna som
dessutom hade svart att stinga av sitt ‘standardnétverk’ (eng ‘default mode network’), som ér ett
nétverk av omraden i hjarnan som aktiveras nar man later tankarna vandra spontant. Vi fann inte att
ADHD medicinering forbéttrade funktionen i dessa aspekter.

Att uppleva kénslor mindre intensivt kan anses som en biverkning eller ett 6nskat resultat beroende pa
individen och omstédndigheterna. I véra experiment visade sig detta fenomen vara fordelaktigt for
prestation i en uppgift som kréaver kognitiv kontroll av kénslor: deltagarna presterade battre efter att de
tagit en dos av escitalopram jamfort med placebo. Det &r troligt att escitalopram gjorde upplevelsen av
kansloméssigt negativt innehall mindre intensiv och darmed mindre distraherande. Intressant nog
forbattrade inte escitalopram prestationen nér distraktionen inte var av emotionell karaktar.

Viktigt dr att beteendemaéssiga och psykologiska interventioner visade sig vara mer effektiva metoder
for att forbéttra kognitiv kontroll, jamfort med de farmakologiska, dtminstone under de specifika
omstédndigheterna i studierna.

Avhandlingens resultat bidrar med en pusselbit kring forstéelsen av de kognitiva och emotionella
processer som ingar i alla psykiatriska storningar, oavsett diagnoskategori. Férhoppningsvis kommer
forbattrad kunskap inom detta omrade att leda till ett paradigmskifte i psykiatrisk praxis och bidra till
att formulera hypotesdrivna och vetenskapsorienterade arbetsteorier som kan végleda behandlingen av
psykiatriska patienter.



Abstract

Background:

Impairments in cognition are components of practically all psychiatric disorders and in that sense
transdiagnostic factors. In both clinical and non-clinical populations, ‘hot” and ‘cold’ cognitive
control, i.e., in emotional context and non-emotional context, is strongly associated with daily
functioning and physical and mental well-being. The paradigm shift that the National Institute of
Mental Health (NIMH) Research Domain Criteria initiative (RDoC) has introduced, signifies that
targeting the underlying biological and behavioural endophenotypes that determine mental health and
illness might be more fruitful than simply focusing on symptom based diagnostic categories. Yet, little
is known on how pharmacological interventions such as selective serotonin reuptake inhibitors (SSRI)
and psychostimulants (CS), that are routinely used in everyday clinical praxis, affect cognitive and
emotional processes beyond the symptoms they are supposed to treat.

Aim:

The aim of this thesis was to compare induction and regulation of fear and disgust in healthy subjects,
and to investigate how SSRI affect these processes. This basic design was expanded to also include
the effect of stimulant medication on the induction and regulation of negative emotions in healthy
controls and patients with ADHD. A parallel aim was to compare pharmacological emotion regulation
(SSRI and CS) with psychological emotion regulation (reappraisal) and emotion regulation with skills
training/ exposure (task repetition).

Methods:

A multimodal approach was used to explore (i) subjective rating of emotion intensity and objective
measures of performance at the behavioural level, (ii) neural underpinnings in the CNS with
functional near-infrared spectroscopy (fNIRS), functional magnetic resonance imaging (fMRI) and
voxel-based morphometry (VBM) and (iii) physiological components of the sympathetic nervous
system (electrodermal activity), which were all evaluated in the absence and presence of
pharmacological and psychological interventions, during emotion induction, emotion regulation,
cognitive Stroop and emotional Stroop paradigms.

Results:

Study I and IV demonstrated that emotion regulation with reappraisal is an effective strategy with
robust effects on subjective emotional experience and electrodermal activity. Study II and III showed
that task repetition improved performance during both cognitive and emotional Stroop tasks, and
reduced electrodermal activity during cognitive Stroop, without significantly modifying emotion
induction or emotion regulation.



Study II and III showed significant effects of single dose escitalopram in reducing subjective
emotional experience, improving task performance during affective interference of an ongoing
cognitive process, altering prefrontal activity in a task-specific manner, and blurring the differences in
the electrodermal activity between fear and disgust seen at baseline. Study IV showed that single dose
CS reduced emotion induction, and that emotion regulation with reappraisal was significantly more
effective in reducing subjective emotional experience compared to pharmacological emotion

regulation with CS.

Lastly, Study IV revealed aberrant emotion processing in patients with ADHD both at the behavioural
and CNS levels, with patients reporting lower emotion induction and regulation scores, accompanied
by less activation of dorsolateral prefrontal cortex, less deactivation of the default mode network and
instead greater deactivation of the dorsal attention network, during emotion regulation compared to
healthy controls. Structurally (VBM), less gray matter volume was found in limbic and paralimbic
areas in patients with ADHD compared to healthy controls.

Conclusions and implications:

Dimensional approach using behavioural endophenotypes is a fruitful framework for studying normal
physiology and diagnostic and treatment aspects of psychiatric disorders. In this thesis, it is
demonstrated that emotional and non-emotional cognitive processes, although part of a continuum,
likely respond differentially to psychological and pharmacological interventions and skills training
with task repetition. Ultimately, improved knowledge in this field will help formulate hypothesis-
driven and science-informed frameworks that will guide diagnosis and treatment plans, and usher a
shift in psychiatric praxis.
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Introduction

The paradigm shift introduced by the Research Domain Criteria (RDoC) initiative (1) and other
similar frameworks signifies that targeting specific biological and behavioural dimensions that
comprise mental health and illness may be more fruitful than simply focusing on symptom based
categorical diagnoses. Indeed, domains and constructs, such as emotion regulation and cognitive
control, are core components of practically all psychiatric disorders, transdiagnostically. In the clinical
setting, emotion dysregulation and aberrant cognitive functioning can be mitigated by
pharmacological, psychological, skills training and psychosocial interventions, but none of these are
‘one-size-fits-all’ tools. Characterizing affective and cognitive domains and constructs and
investigating which interventions can modify them best not only provides a ‘window into the
mind’(2), but also has real life applications that are highly relevant to clinical praxis.

1 Literature review

1.1 Cognition

Cognitive neuroscience focuses on the biological basis of mental processes. Cognition can be
approached by studying its neural correlates in the brain and the associated physiological
manifestations in the periphery, but importantly, since ‘behaviour is the macroscopic embodiment of
brain activity’ (3), measures of performance and subjective experience are also of paramount
importance linking research insights to clinical applications.

There are different ways to conceptualize cognitive functions. A useful and pragmatic way is to
organize them into ‘hot’, when emotional or motivational aspects are relevant, and ‘cold” cognitive
processes, when the latter is not the case (4, 5), figure 1.1.

Cognitive control, often also referred to as executive function, and emotion regulation are among the
domains that are most relevant for human behaviour and central for the human experience. They are
also fundamental psychopathological elements of psychiatric disorders such as depression (6-8),
bipolar disorder (9, 10), schizophrenia (11) and anxiety disorders (12).
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Figure 1.1 (4) Domains and constructs in neuroscience research. Biased competition theory
advocates the idea that every ‘item’ (sensory-driven stimuli and higher-order functions) competes for
cortical representation and cognitive processing due to limited capacity (13-16) and attention
(automatic or controlled) ‘decides’ which. Attention and arousal are overlapping constructs (see also
figure 1.2). This categorization is practically useful, but artificial and probably inaccurate when it
comes to biological systems that are parts of a continuum, overlap, affect, and modulate each other
reciprocally. (B) ‘Hot’ and ‘Cold’ cognition, modified after Salehinejad, Ghanavati (5)

1.1.1

Cognitive control

Cognitive control comprises of a set of mental processes that exert top-down control enabling goal-
directed behaviour in demanding situations when automatic modulation is found to be suboptimal (17-
20). Cognitive control is an umbrella term that includes a variety of subprocesses generally
operationalized through some of its core functions: response inhibition, working memory and



cognitive flexibility. Executive function is the first thing to suffer under the detrimental effects of
stress, insomnia, physical and mental illness, which can be seen at the functional and structural levels
in prefrontal cortex and at the behavioural level in the form of impaired function and performance (17,
21-25).

Cognitive interference occurs when the processing of a task-irrelevant stimulus impedes the
simultaneous processing of task-relevant processes (26). Inhibitory control entails the ability to
override prepotent response tendencies in favor of what’s more appropriate for the goal at hand (17).
The concept of response inhibition incorporates both behavioural inhibition and interference control
(15, 17). The Stroop task is an example of a paradigm that tests response inhibition and inference
control.

1.1.2  Affective cognition

Emotion, the affective aspect of consciousness (27), provides an interface at which affective and
cognitive processes are integrated to generate behaviour. Researchers in the field have been
attempting to approach emotion by studying emotion generation, emotion perception, emotion
expression, subjective experience and emotion regulation (28). ‘Core affect’, the most basic and
fundamental form of emotional experience, is characterized by two orthogonal domain-general
dimensions - valence and arousal (29-33). Although other dimensional models have been proposed
(34-36), there is a general agreement on this framework within the scientific community.

High

VALENCE

AROUSAL

Positive
(pleasant)

Negative
(unpleasant)

Low

Figure 1.2 ‘Core affect’ is seen as an ongoing neurophysiological process defined by two dimensions,
arousal (activation values) and valence (hedonic values). Valence is the property of an affective state
distinguishing how positive/ attractive or negative/ unattractive it is experienced intrinsically, a
property most likely emergent in a context-dependent and probabilistic whole-brain fashion (37, 38).
Arousal on the other hand, can be described as a state of activation, vigilance or alertness presumed
to be in response to sensory stimulation via the reticular activating system and involving physiological
peripherical and CNS responsiveness (39, 40).



When it comes to our understanding of emotion, however, it is still a hotly debated issue (32, 36, 41,
42). A century or so ago, Charles Darwin described emotion in evolutionary terms and highlighted the
basic similarities in emotional behaviour among different species, including humans (43). According
to the classical view of emotion, which still is popular among many today, a few basic emotions exist,
each with characteristic biological signature, belonging to well-defined clusters of processes
demarcated by physiological factors and served by distinct dedicated neural circuits (44-49). An
alternative view is that emotion categories are culture-dependent and that instances of emotion emerge
from the subjective experience of context-dependent processes of a brain that is constantly trying to
give meaning to sensory events with the ultimate goal of serving homeostasis and allostasis (50, 51).
Emotion experience, interpretation, and communication, thus, depend on individual characteristics
(for example gender, social role, etc.), background (forming one’s internal model of the world),
umwelt and affective niche (what is relevant for the individual in her perceptual environment), priors
(past experiences) and goals. Furthermore, in this context it has been proposed that emotion
generation and emotion regulation are two sides of the same coin, engaging the same neural networks
(37, 52) and experientially differing only in terms of whether one perceives agency over this
experience or not (36).

Emotion is often operationalized as transient and prepotent response to salient external stimuli or
internal mental representations (4, 53), with changes in experiential, behavioural and physiological
systems (Gross 2011). Since emotion is important for guidance of behaviour and survival, another
practical approach to conceptualize emotion has been through its functional features (12, 35, 41, 54,
55). For example, identification of threat is thought to activate survival mechanisms potentially
contributing to the emergence of a conscious experience categorized as fear, which would then guide
choice of a suitable behaviour from a wide repertoire of possible actions in model-free or model-based
ways (12, 56). Disgust, on the other hand, is thought to have evolved from a phylogenetically
primitive sensation of distaste (34, 57) and associated with disease and contamination (58). In this
framework, categorizing an instance of emotion as ‘fear’ would guide behaviour differently than if it
was labelled as ‘disgust’ (for example fight or flight response for fear and avoidance behaviour for
disgust). Clinically, although fear has been put in the anxiety disorders’ spectrum, recent research
suggests that some anxiety disorders (e.g., spider phobia, contamination-related OCD, blood-injury-
injection phobia) may also be associated with disgust (59-61).

1.1.2.1  Emotion regulation

Within the study of cognitive control, emotion regulation has received a lot of attention. Emotional
content, especially that with negative valence, is almost always salient, receiving priority in processing
and its flexible regulation being crucial for optimal mental health and adequate function (14, 22, 62,
63). Emotion regulation is of interest not only because it is useful to the study of how humans
adaptively respond to affective events, but also because it is associated with a myriad of psychiatric
diagnoses and as such is the target of many psychological therapy methods (6, 64-66).

Conceptually, cognitive control of emotion involves different types of appraisal processes that
continuously assess the significance of stimuli to current goals, and it can be done at the cognitive,
namely reappraisal, or behavioural level, namely suppression (4, 53, 67-70).
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Figure 1.3 (4) The process model of emotion regulation (68, 71) (B). Emotion regulation can be
explicit or implicit regarding its goal, and willed (synonymous to effortful, cognitive or controlled) or
automatic, depending on its nature. Two strategies that are often used, and have been therefore
studied more, are cognitive reappraisal and suppression. Reappraisal is an antecedent-focused
regulation of the attention or interpretation of emotion-eliciting situations — a strategy considered
effective and more functional at least for moderate intensities of emotion. Inhibition at the behavioural
level on the other hand is a response-focused regulatory strategy, consisting of suppression of
expressive behaviour without affecting the subjective experience - a resource-demanding strategy with
potential side effect further dysregulation of other cognitive and physiological processes. Figure 1.3B
inspired by various publications including Diamond (17), Gross (68), (71), Braunstein, Gross (72),
McRae and Gross (73).

Emotion regulation can be applied voluntarily, by processes mediated by a lateral prefrontal cortex
that is neocortical in origin and operates by a feedback mechanism, or automatically via a medial
prefrontal cortex that is paleocortical in origin and operates through a feedforward mechanism (14).
These regulatory systems integrate with subcortical regions and cortical association areas, modulating
emotion and its effects on behaviour (69). When the goals of emotion regulation are explicit, this



process follows pre-determined rules (model-based regulation), but the bulk of everyday emotion
regulation happens more crudely, automatically and without specific goals, based on direct feedback
from the environment (model-free regulation) (7). Implicit emotion regulation can be achieved
through different mechanisms, such as automatic control of attention, distraction or extinction (14,
72). Placebo has also been described as inducing automatic control of affect, albeit with varying
degree of cognitive reappraisal taking place, and its pain-modulating and emotion regulating potential
has been amply demonstrated (74-77).

1.2 Neural correlates of affective cognition

In the endeavor to model affective cognition including emotion regulation, Philips and colleagues (78)
divided the controlling networks into a ventral (ventral PFC, aCC, OFC, amygdala, insula and
striatum), responsible for identifying emotionally salient stimuli and generating emotional states, and
dorsal affective systems (DLPFC, hippocampus) that implements cognitive control and voluntary
regulation of emotional states. Later, they (69) revised and augmented their model, identifying a
medial system (OFC, aCC, DMPFC) mediating automatic emotion regulation and a lateral system
(DLPFC and VLPFC) exerting voluntary emotion regulation. From a different perspective, Ochsner
and Gross (4, 79, 80) identify a subcortical bottom-up emotion appraisal network and a prefrontal top-
down regulatory network. The fop-down regulatory network in turn is further divided into a ventral
part that exerts direct, outcome-based appraisal and a dorsal part related to description-based
appraisal, leading to mental representation of affective states to make possible for reappraisal to
regulate emotion.

1.2.1 Brain systems involved in emotion generation

Amygdala, traditionally relegated to the encoding of fear has had its role refined, implicating it in the
detection of threat and coordination of response to danger (81). Beyond fear, further rigorous research
has expanded amygdala’s role in a variety of arousing stimuli of relevance to the organism’s affective
goals regardless of valence (82) and as such is central to the study of affective cognition (28).

Ventral striatum is involved in forming associations between stimuli and predictors of rewarding
outcomes (72, 82).

Orbitofrontal PFC (OFC)/ Ventromedial PFC has been associated with assigning valuation by
combining information from other cortical and subcortical areas so that this process becomes context
and goal-informed (82).

Insula receives interoceptive signals from the internal milieu and negative affective experiences (71,
82, 83). Although there are findings implicating both amygdala and insula in negative emotions, a
plethora of studies support some specificity for insula and disgust and for amygdala and fear (61),
probably related to disgust having an intensive visceral component.

Hippocampus provides temporal and spatial context related to memory and can thus affect the
appraisal of the situation and contribute to emotional experience and its regulation (71).

1.2.2  Brain systems involved in emotion regulation
The dorsal anterior cingulate cortex (aCC) is associated with performance monitoring and is
implicated, among other things, in appraising ongoing emotional processes (71, 82).

The prefrontal cortex (PFC) is central to cognitive control of emotion, with its topographical

organization determining which function is related to which neuroanatomic substrate. Separate brain
networks with hubs in the PFC interact via local and global hierarchical networks (84). The PFC is
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reciprocally connected with the ascending midbrain modulatory systems (85-88), so that the neural
activity of the PFC gets distributed, with consequence for the activity pattern of various circuits of the
brain (89, 90). On the rostral-caudal axis, it is thought that rostral areas get gradually more involved
when cognitive tasks become increasingly abstract and demanding, and information processing in
rostral areas both precedes and determines processing in caudal areas (85, 91). The functions of the
PFC are also often studied along a dorsal - ventral axis. Dorsal and lateral areas preferentially
receiving input from the external world (visual and auditory association cortices), with ventral and
medial areas receiving input mainly arriving from the internal milieu, taste, smell, somatosensory and
nociceptive information (85, 92, 93). Specifically, dorsomedial PFC is implicated in appraising
affective states, DLPFC in selective attention and working memory, and VLPFC in response
inhibition (82). The OFC has been implicated in assigning value to incoming stimuli, while the
temporal lobe is thought to be involved in processing semantic and perceptual aspects of a stimulus
(82). Ventral regions (including ventral aCC, ventromedial and ventrolateral PFC) serve as relay
stations for ‘bottom-up’ emotion regulation (14, 94) and are thought to have a more ‘intermediate’
function, contributing to both emotion generation and regulation.

1.2.3 Intrinsic brain networks

A more recent framework, an alternative to associating specific brain areas with specific functions, is
the change in the level of analysis to networks, namely discrete areas that show functional
connectivity with each other. The Triple Network Model draws on how the interplay among the
default mode network, the frontoparietal network and the salience network plays an important role in
almost all cognitive functions.

1.2.3.1 Default mode network (DMN)

The DMN includes the medial PFC, posterior cingulate cortex and precuneus. It increases its activity
during task-free conditions and during tasks that require autobiographical memory, prospective
thinking and theory of mind. The DMN activity decreases when the individual is engaged in specific
tasks, and as such is known as a task-negative network (95, 96).

1.2.3.2  Frontoparietal (or dorsal attention) network (FPN)

The FPN, as its name implies, consists of frontal (DLPFC) and parietal cortical areas that are activated
during executive functions. Activity in FPN is negatively correlated with that in the DMN (96).

1.2.3.3  Salience network (SN)

The salience network includes the anterior insula and middorsal cingulate cortex. It has a role as an
intermediate network affecting a dynamic switch between the DMN and FPN, and acts as a
gatekeeper for salient stimuli to orchestrate activity in the DMN and FPN. Its function has been
associated with affective processes (including reward, motivation, emotion, vigilance and pain) and
homeostasis (96).

1.3 Aminergic neurotransmission

Monoamine transmitters, which include serotonin, dopamine and noradrenalin, have a number of
common properties: they cannot cross the blood brain barrier, they are synthesized from amino acid
precursors, are metabolized by monoamine oxidase (97) and with one notable exception they all
exert their actions by binding to metabotropic receptors (98-100). Another shared element they have
is that their cell bodies are located in small subcortical nuclei, while their axon arborizations
diffusely innervate large target areas, in the majority of cases without making synaptic contact (100)



and thus, act mainly by volume transmission to modify more general states such as mood, attention,
arousal (3, 100). Monoamine transporters are members of the same superfamily, and although they
preferentially transport one kind of transmitter, they have ability to take up other transmitters as
well (100). Most psychiatric drugs primarily act on aminergic transmitters.
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Figure 1.4. Spontaneous (without presynaptic action potentials and regulation by other neurons,
reuptake, or degradation) firing, that is slow and irregular, is responsible for the tonic
neutransmission. Action potentials, on the other hand, lead to synchronized burst firing resulting in
a fast and transient neurotransmitter release in the synaptic cleft (phasic neurotransmission).
‘Wired’ or synaptic transmission occurs when the transmitter is released into the synaptic gap and
acts on postsynaptic low affinity receptors located in the synaptic gap, while non-synaptic, ‘volume’
communication occurs when the transmitter diffuses out of the synaptic gap or is released from a
bouton without making synaptic contact and reaches its target non-synaptic (perisynaptic or
extrasynaptic) receptors. Importantly, it has been speculated (mainly for dopamine but even other
neurotransmitter) that the tonic levels affect phasic neurotransmission by altering their dynamic
range (101-103). From Klein, Battagello (104), used with permission; modified according to Vizi,
Fekete (100).
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Figure 1.5 Three monoaminergic neurotransmitter systems: noradrenergic (4), serotonergic (B),
and dopaminergic (C) neuropathways. Cell bodies are in the nuclei (red-filled shapes) positioned
within the brainstem. Nerve fibers (red lines) terminate in the dorsal and ventral striata, amygdala,
and frontotemporal cortex. There is a tight interconnection and reciprocal regulation among the
monoaminergic systems. Modified with permission from prof. Dr. Anton JM. Loonen, University of
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1.3.1 The serotonergic system

Serotonin is the most wide-spread neurotransmitter in the brain (105). Clusters of a few 100 000
serotonin-containing cell bodies, mainly restricted to the midline raphe nuclei, innervate nearly every
area of the central nervous system (106). Conversely, midbrain 5-HT neurons receive input from,
among others, medial PFC, lateral habenula and dorsal raphe GABA neurons (107). The large variety
of serotonin receptors with dissimilar affinities respond differentially to distinct firing patterns of
raphe nuclei (85, 108). Thus, serotonergic manipulations affect differentially cortical and subcortical
areas, and in the PFC affect more ventral and medial areas compared to dorsolateral areas, which
instead are more robustly affected by catecholaminergic transmission (85, 109-111).

Serotonin is considered to be an elusive transmitter (112) and according to Miiller and Jacobs (113)
‘involved in everything, but responsible for nothing’. It has a role in sleep-wake cycle, appetite, sexual
behaviour, mood and anxiety, reward, learning, memory, social behaviour and pain (27, 114-122).
Serotonin’s multiple roles can be partly attributed to the fact that there are many different receptors
with varying distribution in the brain (123), co-activation (124) and interaction with other
neurotransmitters (125). Moreover, since only a small number of serotonin-synthesizing neurons in
the brainstem innervate nearly the entire neuroaxis, the overall role of serotonin is thought to be quite
general (3) (see also ‘Implications, personal reflections and future directions’).

1.3.1.1 Serotonin and affective cognition

The serotonergic system is the target of most antidepressants and theories about its role in mood
disorders have been influential, although hotly debated (126). Serotonergic modulation of cognition
and emotion in humans can be studied through acute or chronic effect of its uptake inhibitors (127,



128), acute depletion of its precursor tryptophan (ATD), and using agonists and antagonists at its
various receptors.

Serotonin is thought to have differential effects on emotional processes, depending on the areas it
regulates. Serotonergic modulation of subcortical areas, for example, affects motivational processes
(103) and limbic reactivity, while its cortical effects supervise emotion regulation (103) and cognitive
flexibility (129). ATD leads to perseverative deficits in reversal learning (110, 130, 131) and deficits
in the OFC-related behavioural flexibility (132), without much effect on DLPFC-related functions.
ATD reduces the effects of anxiety-related aversive stimuli and facilitates prediction of punishment
without affecting reward prediction per se (103). ATD also accentuates the interference of negative
emotional stimuli on cognitive processes (133, 134), while SSRI may increase sensitivity to
emotionally salient negative feedback (135). Relevant to this is also the effect of serotonin on
emotional bias in modulating learning (85, 112, 136-139).

Clinical studies with antidepressants implicate serotonin in depression and anxiety disorders.
Although a clinical change usually requires repeated administration for several weeks, as early as
hours after the first dose, measurable changes in emotional processing and brain activations can be
seen (134, 140-156). Last but not least, borrowing from clinical insights, mild serotonergic syndrome
is associated with increased anxiety and hypervigilance (157), and psychedelic agents have intense
emotional components causing among other things increased sense of meaning/ salience (158, 159).

1.3.1.2  Serotonin transporter (SERT) and its selective inhibitors (SSRI)

The localization of the SERT is predominantly extrasynaptic and these non-synaptic transporters are
the main targets of SSRI (100). Acute administration of SSRI blocks the serotonin transporter in axon
terminals, increasing serotonin levels and duration of action in the synaptic cleft (160), although the
net effect on serotonin concentrations in the projection areas is also regulated by activation of 5-HT
auto-receptors (149, 161-164). Escitalopram is the most selective SSRI available (165) and a single-
dose escitalopram is rapidly absorbed and reaches maximum plasma concentrations in approximately
3—4 hours (166). Clinically, SSRIs are used to treat depression, anxiety disorders and OCD, but the
effect of acute and chronic administration of SSRI can vary, and at times even be opposite (167).
Patients treated with SSRIs generally respond within 4-12 weeks after the start of treatment (168), but
a substantial number report increased anxiety and blunted emotions as early side effects of treatment
(169).

1.3.2 Catecholamines

Noradrenaline and dopamine are two of the best studied transmitters in the brain. Their release
depends on the arousal state of the individual and their effects exhibit an inverted-U dose response
relationship at many of their receptors (85, 170-173).
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Figure 1.7 Inverted U effects of the arousal modulators on network generation of mental
representations of visual space held in working memory. During deep sleep, there is no release of
acetylcholine, and minimal monoamine release, and thus glutamatergic circuits in layer 11 DLPFC
have no NMDA-R neurotransmission, contributing to an unconscious state. In an awake, but less alert
or fatigued state, cholinergic release allows NMDA-R transmission, but both connectivity and lateral
inhibition are feeble leading to weak and diffuse representations. When arousal is optimal, Nic-a7R
and a2A4-AR neurotransmission is active leading to strong connectivity and stable representations.
When even dopaminergic (DI1R) stimulation increases to optimal levels (for example in the case of
increased but controlled/ tolerable stress or pharmacologically), sculpting of ‘noise’ and improving
the signal-to-noise ratio is possible, narrowing the representations held in working memory.
However, when stress increases more than the optimal levels and becomes uncontrollable, high levels
of DIR and a.1-AR stimulation deteriorate signal-to-noise ratio and erode the representations. In this
model it is speculated that extreme stress may disconnect DLPFC circuits sufficiently to create a
dissociative state. Figure from Cools and Arnsten (85), used with permission.

1.3.2.1 The dopaminergic system

A few decades ago, Goldman-Rakic (174) demonstrated the important role that dopamine (DA) plays
in the PFC. Since then, several lines of evidence have demonstrated that DA, among other things,
plays crucial roles in the physiology and pathology of executive functions by regulating the activity of
pyramidal neurons that are involved in descending cognitive and limbic projections and implicated in
many psychiatric disorders (21, 175). DA is thought to modulate the balance between PFC and striatal
activity, the former promoting cognitive stability and the later flexibility (176). Subpopulations of DA
neurons, so-called ‘value’ neurons, increase their firing to reward stimuli, while other populations,
‘salience’ neurons, increase their firing to salient events regardless of valence. These different DA
neuron populations project to the PFC, with differing proportions in different subregions (177-180).
DA in the OFC is involved in the process by which neutral stimuli, by being associated with reward,



take reinforcing properties. DA is necessary for processes requiring maintenance of information in the
absence of stimuli, i.e., working memory, in the so-called ‘delay active’ neurons (85). Baseline
working memory function has been identified as a proxy measure of baseline DA synthesis capacity
(181, 182).

D1, the most prominent dopamine receptor subtype in pyramidal cells in the cortex (183), regulate
signal-to-noise ratio and the function of ‘delay neurons’ (cells that maintain activity in the absence of
sensory stimulus), thus these receptors are relevant to processes employing working memory and
cognitive control. The relationship between D1R and performance depends on baseline cognitive
capacity and follows an inverse-U formed curve. Previous studies have shown, for example, that
dopamine agonists improve performance only in individuals with low baseline working memory,
while worsening performance in those with higher baseline dopamine synthesis capacity (181, 184-
190). These improvements are accompanied by reductions in DLPFC activity (191-194). According to
the dual-state theory of prefrontal cortex dopamine function (195), moderate DA levels are associated
with D1R-dominated state and distractor-resistant stabilization of working memory representations,
while the D2R system has been hypothesized to be relate to flexible updating of working memory
representations. PFC D2 receptors, concentrated on interneurons, are associated with regulating the
firing of the so-called ‘response’ neurons, and distortions of their signaling might be related to
psychotic phenomena, for example attributing thoughts and perception as not self-generated (85). D2
receptors have higher affinity for dopamine than D1 receptors, so it has been hypothesized that low
affinity D1-receptors are activated by phasic synaptic events, whereas D2 receptors detect low levels
of extrasynaptic dopamine (196).

The DA transporter (DAT) is responsible for clearing DA from extracellular space back into the
dopaminergic neuron, by which it is exclusively expressed. DAT inhibitors include drugs such as
methylphenidate and dexamphetamine (197, 198). Therapeutic doses of methylphenidate have been
estimated to occupy >50% of striatal DAT (199). For comparison, cocaine shows higher occupancy
around 75% (at reinforcing doses) and bupropion, a NET and DAT blocker that has indication as an
antidepressant, has a DAT occupancy less than 25% (200, 201). The striatum has the highest levels of
DAT, followed by basal ganglia, while, importantly, other regions of the dopaminergic circuit
including the PFC have little or no DAT. The implication of this is that DAT can rapidly coordinate
inputs to the striatum and outputs from the basal ganglia, but not cortical functions to the same extent
(198).

1.3.2.1.1 Dopamine and affective cognition

Previous laboratory studies and clinical observations strongly implicate DA in the processing of
natural rewards and drugs of abuse (196, 202). The work of Wolfram Schultz (203) has advanced our
understanding of the role that DA plays in prediction of rewarding cues and reinforcement learning,
demonstrating VTA neurons responding with phasic bursts to reward prediction errors. OFC is
involved in representing stimulus-reward value, a process modulated by the dopaminergic system.
Optimal levels of dopamine refine stimulus-rewards associations for which OFC and amygdala are
important (132). It has been hypothesized that the dopaminergic effects on cognitive control are partly
mediated by motivation and value-based processes in the striatum (204, 205). Dopamine has also a
role in regulating fear conditioning and aversive learning via projections to the amygdala, medial PFC
and striatum (206), and enhanced tonic DA levels enhances fear extinction (207).

1.3.2.2  The noradrengic system

The noradrenergic input to the brain comes from only a few dozen thousand neurons in the locus
coeruleus (LC). Most inputs project broadly throughout the brain regulating arousal and attention, but



distinct subpopulations are connected to specific target areas serving distinct behavioural functions
(206, 208). Noradrenaline (NA) is implicated in alertness and attention (209-211), working memory
(211-216), impulsivity (130, 217-227) and cognitive flexibility (228-230). The balance between tonic
and phasic NA activity regulates salience, anticipated reward or punishment (208), sustained attention
(phasic mode) and distractibility (tonic mode) (173, 231). Transition between states by noradrenergic
‘neural interruption’ informs unpredicted change in the environment and prompting for a ‘network
reset’ (232).

1.3.2.2.1 Noradrenaline and affective cognition

NA seems to play opposite roles in the PFC and subcortical areas (173, 233), with a1-AR stimulation
impairing prefrontal and improving subcortical functions, and a2-AR stimulation having the opposite
effect. NA’s role in fear conditioning and fear extinction is also studied. Aversive events promote NA
release in the amygdala modulating aversive memory acquisition and consolidation mechanisms,
while blocking extinction learning. NA via different subpopulation of LC cells has opposite effect on
the PFC, promoting fear extinction in an effect that varies with baseline levels of NA (206).

1.3.2.3  Stimulant medications

Central stimulants (CS) potentiate catecholaminergic neurotransmission by blocking NA (NET) and
DA (DAT) transporters (234). NET can take up both NA and DA (235), thus methylphenidate and
dexamphetamine increase NA and DA availability in the PFC (216, 236), while increasing DA levels
in striatal areas (237). The net effect of methylphenidate leads therefore to increased cognitive stability
(resisting distraction), but at the cost of cognitive flexibility (impaired updating) (238). Importantly,
the effect of CS on cognition is state and task-dependent (234). The effect of CS on emotional
processing is not well studied. Pharmacological studies suggest a role of NA in the formation of
memories for emotional events and stimuli, with beta-blockers reducing recall of emotionally salient
stimuli (239, 240) and suppressing amygdala during viewing of unpleasant stimuli (241). Clinically,
ADHD treatment with CS seems to have positive effects on some aspects of dysregulated emotions
(242).

1.4 Attention deficit/ hyperactivity disorder (ADHD)

Attention deficit/ hyperactivity disorder (ADHD) is a neurodevelopmental disorder with symptoms
that arise in childhood but can persist in later life, affecting approximately 2.5-5% of the adult
population (243-245). Its core symptoms include inattention, impulsiveness and/ or hyperactivity
combined to form different subtypes according to both the DSM (246) and ICD diagnostic manuals
(247). Neuroimaging studies have illustrated structural changes in ADHD, both in cortical and
subcortical areas (248, 249). Mega-analyses of MRI data suggest that these structural changes are
more prominent in children than adults (248-250). Functional studies have shown hyperconnectivity,
or failure to deactivate, in the default-mode network (DMN) during rest (251) and cognitive tasks
(252-254), with some evidence that CS may reverse this (255, 256). Other studies found abnormal
reward processing that did not normalize with CS (257-259). Increased connectivity between ventral
striatum and PFC in ADHD patients was associated with greater impulsivity (260). Most studies have
been conducted in pediatric populations, which limits extrapolation of these results to adults given the
temporal and developmental aspects of ADHD.



1.4.1 Emotion dysregulation in ADHD

Emotional dysregulation is being increasingly recognized as a core symptom in ADHD, with
prevalence of roughly two third among adults with ADHD (242), and has been related not only to
more severe ADHD, but also to higher risk for psychiatric comorbidity (245, 261-266). Adults with
Previous studies have shown that CS and atomoxetine lead to only partial improvement on emotion
dysregulation with smaller efficacy compared to their effect on core ADHD symptoms (267-271). CS
can also increase irritability (272-274), making their effect on emotion dysregulation difficult to
disentangle.

Emotion induction:

There is evidence that emotion induction may be altered in ADHD (267, 275), with some
neuroimaging studies implicating amygdala and other limbic and paralimbic areas (276-278). Various
studies have demonstrated a bias for negative valence (267, 275, 277, 279) and atypical fear
processing in patients with ADHD (256, 280). In clinical research, ADHD is associated with aberrant
emotion generation, with impulsive, fast-rising emotion reactivity and emotional lability (268), but
experimental studies have revealed different facets of emotion induction impairment in ADHD.
Recent studies (281, 282) demonstrated emotion recognition deficits with slower and less accurate
response to emotional stimuli. Indeed, alexithymia is thought to occur at a higher prevalence among
ADHD patients compared to the general population (283, 284). Implicit emotion regulation is also
thought to be altered in ADHD (285), possibly being part of the observable phenotype related to
emotional lability and hyperresponsivity in this patient group. Schulz, Krone (286) found that
reduction in ADHD symptom caused by lisdexametamine was correlated altered functional
connection of amygdala to inferior frontal regions.

Emotion regulation:

Adults with ADHD show impaired emotion regulation and a more frequent use of non-adaptive
emotion regulation strategies, such as limited use of reappraisal and preferential use of suppression
(279, 287, 288), which is correlated with reduced amygdala-prefrontal cortex connectivity (289).
Additionally, a phenomenon of desynchrony between emotional experience and behaviour has been
described, namely expression of behaviour that is disproportional in intensity and duration to the
emotional experience (268). Previous research has also shed light on peripheral markers of emotion
processing in patients with ADHD, identifying less adaptive and significantly elevated sympathetic
and parasympathetic reactivity, likely related to emotion induction and emotion regulation processes,
respectively (269, 290-292), as well as weaker coherence between facial expression and
parasympathetic activation in response to emotional information (293).



2 Research aims

2.1 Overall aims

Multimodal treatment options, combining pharmacological, psychological, psychosocial intervention
and skill training, are recommended for almost all psychiatric disorders. However, little is known
about which aspects respond better to which types of intervention. The overall aim of this thesis was
to probe aspects of affective cognition across different units of analysis (behavioural, central nervous
system, autonomic nervous system) to study the:

- induction and regulation of two negative emotions, fear and disgust

- cognitive control of affective processes, and compare this with cognitive control of ‘strictly
cognitive’ processes

- effect of different type of interventions - pharmacological, psychological and skills training with task
repetition - on cognitive control in healthy subjects and patients with ADHD

2.2 Specific research questions

- How do psychological interventions with reappraisal, pharmacological intervention with
SSRI/ CS and skills training with task repetition affect emotion induction and emotion
regulation in healthy individuals (Study I-II) and patients with ADHD (Study IV)?

- What are the similarities and differences in how the brain manages cognitive and affective
interferences on an ongoing cognitive process, and how do pharmacological intervention with
SSRI and skills training with task repetition modify this (Study III) in healthy individuals?






3 Materials and methods
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Figure 3.1. The overall project design consisting of Studies I-IV

Four different tasks (emotion induction, emotion regulation, cognitive Stroop, and emotional Stroop
task) were employed to study psychiatric (ADHD) and non-clinical cohorts. Participants were
recruited from a non-clinical population by advertisement in Psychiatry Southwest and Karolinska
University Hospital, Huddinge Sweden (Study I-11I) and from the local community and outpatient
clinic at Orebro University Hospital, Orebro Sweden (Study IV).

3.2 Experimental design

3.2.1  Studyl

The experimental design consisted of emotion induction and emotion regulation tasks of two different
emotions, fear and disgust, using images taken from the International Affective Picture Series (IAPS).
See figure 3.2.
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Figure 3.2. Study design, Study 1

3.2.2  Study II, IIT

The design in Study II and III consisted of an experimental procedure that was repeated twice, i.e.,
before and 4 hours after pharmacological intervention with single dose 10 mg escitalopram or
placebo. The experimental tasks in Study II were identical to those in Study I, i.e., emotion induction
and emotion regulation tasks using emotive pictures from IAPS. In Study III, cognitive control of
affective and cognitive interferences on an ongoing cognitive process was studied using cognitive and
emotional Stroop task, see figure 3.4 and 3.6.
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Figure 3.3. Study design, Study 11
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3.2.3 Study IV

In Study IV, a single negative emotion (disgust) was studied before and 2 hours after ingestion of
either 30 mg short-acting methylphenidate (T-Ritalina, healthy controls) or methylphenidate /
lisdexamfetamine as selected and dose-optimized by the treating physician (ADHD patients), see
figure 3.5. The task was otherwise the same as in Study I.
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Figure 3.5. Study design, Study IV
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3.3 Tasks and behavioural measures

3.3.1 Emotion induction and emotion regulation tasks (Study L, II, IV)

The tasks consisted of blocks where five pictures were presented to generate emotions of fear and
disgust. The International Affective Picture System (IAPS, Lang et al., 2008) was used as a source of
standardized pictures. The participants were instructed to passively view the pictures during emotion
induction (EI) and to actively down-regulate the generated emotion using reappraisal during emotion
regulation (ER). The participants were asked to score emotion intensity for every image in a scale
ranging from 1 to 9 during emotion induction and emotion regulation, where 1 represented lowest and
9 highest level of emotion intensity. They were also interviewed immediately after the end of the
experiment about the specific strategy they used for emotion regulation. The mean score for the
images was calculated to represent emotion rating for each condition (EI and ER). For Study I and
Study II two negative emotions, fear and disgust, were studied, before and after SSRI medication or
placebo. For Study IV, one negative emotion, disgust, was studied before and after CS medication.
The tasks were implemented in E-Prime (version 2.1, http://www.pstnet.com/eprime.cfm).

3.3.2 The Stroop task (Study III)

An adapted version of the Color—Word interference task (26, 294) was used. Participants were
presented with two rows of letters and instructed to determine, by button-press, if the color of the top
row letter corresponded to the color name written at the bottom row. The experimental setup included
a block design of two tasks: cognitive Stroop (CST) and emotional Stroop task (EST). Each task
consisted of four blocks, each block 30 seconds long and preceded and followed by a 30-second
period of Rest. In each block, 15 trials were presented, randomized between congruent and
incongruent trials for cognitive Stroop and neutral and emotionally charged words for the emotional
Stroop, figure 3.6. Reaction time and accuracy were analysed as measures of performance. ‘Online’
practice was defined as real-time change in performance or electrodermal activity during an ongoing
task. Delayed or ‘offline’ effect of task repetition was defined as change in performance, cortical or
electrodermal activity four hours after the first session, figure 3.4.
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Figure 3.6 Experimental procedure in Study 111. (4) The Cognitive Stroop task, comprised of
congruent and incongruent trials and interference was introduced when the color of the top word and
the lexical information contained did not match (incongruent trials) (B) Emotional Stroop task,
comprised of trials with neutral words and negatively charged word, where interference was
introduced by using emotionally charged words with negative valence (negative trials).
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3.4 Measures of brain function and structure
3.4.1 Functional near infrared spectroscopy (fNIRS)

3.4.1.1 Background

Functional near infrared spectroscopy (fNIRS) is a neuroimaging method with superior ecological
validity that allows more naturalistic experimental designs compared to other imaging methods. It is
increasingly being used to probe cognitive and affective processes in cortical areas (295-300). fNIRS
allows the determination of relative changes in the concentration of oxygenated (oxy-Hb) and
deoxygenated Hb (deoxy-Hb) in areas of the cortex. Simultaneous functional magnetic resonance
imaging (fMRI) and fNIRS recordings have shown that the blood oxygen level-dependent (BOLD)
and fNIRS signals are strongly correlated to each other (301, 302). fNIRS has frequently been used to
study neural underpinnings of emotion processes (94, 298, 300, 303-305).

3.4.1.2 fNIRS recordings and preprocessing
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Figure 3.7. (A) Sixteen channels recorded different parts of the prefrontal cortical mantle, mainly BA
9, 10, 45, 46 (306). The light sources emitted at two different wavelengths (730 and 850 nm) and the
raw light intensity data was automatically converted to levels of oxygenated and deoxygenated
hemoglobin utilizing the modified Beer-Lambert Law. Figure from Ayaz, Onaral (306), used with
permission. (B) Raw fNIRS recordings, example with four channels
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A continuous wave fNIRS device consisting of a flexible headband holding light sources and detectors
(fixed distributions), and a fNIR100 data acquisition box with a sampling rate of 2 Hz connected to a
personal computer via an MP150 data acquisition and analysis system (Biopac Systems Inc, JOR AB
Sweden) was used to measure the relative changes in the concentration of Oxy- and Deoxy-
hemoglobin (Oxy-Hb, Deoxy-Hb). NIRS-SPM toolbox (307) was used to analyze mean Oxy-Hb
concentration changes (AOxy-Hb), as it has been reported to provide greater signal-to noise ratio than
Deoxy-Hb (301). The AOxy-Hb data were preprocessed to remove physiological noise and baseline
drift.

3.4.2 Magnetic resonance imaging (MRI)

Neuroimaging data were collected using a GE Premiere 3 Tesla MRI scanner and three types of
analyses were performed:

1) Task-related BOLD activation. We used fMRI-prep (308) (version 22.0.2) and AFNI
(https://afni.nimh.nih.gov/, v23) programs to preprocess the raw data. Beta coefficients from
the first-level statistical analysis using a general linear model (GLM) were used for group-
level analysis.

2) Task related functional connectivity. Functional connectivity networks for the whole group
were mapped with independent component analysis (ICA) using FSL’s MELODIC pipeline.
The resulting functional connectivity time courses and their corresponding spatial maps were
then inferred onto each subject using a dual regression analysis method (309-312).
Appropriate networks were manually selected through visual inspection for 2™ level analyses
of the spatial inference maps and time courses.

3) Voxel based morphometry (VBM): FSL-VBM software (v1.1) was used to perform structural
analysis on the T1-weighted structural MRI data (313). The preprocessing steps included
brain extraction, tissue segmentation, spatial normalization to the MNI152NLin2009cAsym
template, and modulation by the Jacobian determinant of the deformation field.

3.4.3 Measures of peripheral physiological activity (Electrodermal activity, EDA)

Raw data were preprocessed to remove artefacts and noise, and then they were decomposed into three
components: tonic electrodermal signal, phasic electrodermal response and white Gaussian noise
using a convex optimization approach (314). Finally, three variables were extracted: 1) mean
electrodermal level (EDL, tonic), 2) mean phasic electrodermal response (EDR) magnitude and
frequency.
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Figure 3.8 Raw EDL and EDR data (higher green line) during a Stroop task (pink and green block in
the bottom represent the blocks of stimuli). Flagged are the stimulus-induced phasic electrodermal
responses (EDR).

3.5 Pharmacological manipulations

Escitalopram (Study II and III) or methylphenidate/ lisdexamfetamine (Study IV) were used to probe
effects of the monoamine transmitters serotonin and dopamine/ noradrenaline. No specific hypotheses
or expectations relating to the possible effects of the psychoactive agents or placebo were discussed
with the subjects. Measurements were done approximately 4 hours after ingestion of escitalopram and
1-2 hours after ingestion of CS, when maximum serum concentration is reached according to the
pharmacokinetics of these drugs. At the end of the experiments, participants were asked to freely state
any side effect they experienced (escitalopram) or fill a side-effect questionnaire (psychostimulants).

3.6 Statistical analysis

For data in Study [, 11, 11, as well as behavioural data in Study IV, a set of multilevel mixed-effects
linear regression models were applied to the dependent measures of primary outcomes (behavioural
measures, fNIRS and EDA data) and the Benjamini-Hochberg method was used to control for
multiple testing.
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4 Results

Figure 4.1 Different parameters affecting subjective (negative emotion) intensity. Reappraisal
reduced subjective emotion rating by 40-50% (Study I, IV). Task repetition had no significant effect on
emotion induction or regulation (Study II). Patients with ADHD had 20% lower emotion rating scores
compared to healthy controls (HC, Study IV). In healthy controls, acute administration of SSRI
reduced emotion induction by about 12% (Study I1), while acute administration of CS reduced
emotion induction by roughly 7% (Study 1V). Female participants had 25% higher emotion rating
scores than male participants. Pooled data from fear and disgust and Study I, Il and 1V for HC shown
in the graph.

4.1 Comparison of fear and disgust during emotion induction (Study I and IV)

The pictures chosen to generate emotional experience of fear and disgust were relatively well
calibrated and gave roughly similar subjective ratings in emotion intensity. Compared to males,
female participants had higher emotion rating during emotion induction for both fear and disgust.
During emotion induction, significant activations were seen in medial PFC for fear. For disgust, PFC
activation was even more widespread covering almost all fNIRS channels. Comparing the two
negative emotions directly, we found stronger activation for disgust in right lateral PFC during
emotion induction. Regarding electrodermal response (EDR), we found no difference between task-
evoked and spontaneous resting EDR during emotion induction for fear. For disgust, the frequency of
task-evoked EDR was significantly lower and its magnitude significantly smaller compared to
spontaneous resting EDR. When comparing the two basic emotions directly, fear had significantly
higher task-evoked EDR frequency compared to disgust. Similar tendency was seen for EDR
magnitude, which however didn’t attain statistical significance.

4.2 Comparison of fear and disgust during emotion regulation (Study I and IV)

For fear, emotion regulation was more efficient the higher emotion rating was. No such variation in
the efficiency of emotion regulation with emotion rating was seen for disgust. There was roughly 40-
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50% reduction in emotion rating for fear and disgust with reappraisal, with no significant difference in
this between the two negative emotions. Female participants had higher emotion regulation compared
to males, but this did not attain statistical significance. There was no significant activation during
emotion regulation in the fNIRS recordings for fear, while for disgust significant activation was seen
in left lateral PFC. The frequency of phasic task-evoked EDR during emotion regulation was
significantly lower for both negative emotions compared to rest.

4.3 Cognitive regulation of negative emotions under different conditions (Study
I-11, IV)

As mentioned above, reappraisal reduced emotion induction scores by 40-50%. This was irrespective
of the type of negative emotion tested (fear and disgust), gender (male and female), and population
(healthy controls and ADHD patients) analyzed. Also, it was under all conditions significantly more
efficacious than pharmacological emotion regulation with SSRI (Study II) and CS medication (Study
1V), as described below. See also figure 4.1.

4.4 Effect of task repetition on negative emotions (Study II) and on cognitive
control of affective and cognitive interferences (Study III)

Task repetition in the absence of active substance (placebo) did not significantly change emotion
induction scores for fear and disgust (Study II). During both cognitive and emotional Stroop (Study
11I), task repetition (four hours later) in the absence of active substance (placebo) improved
performance as measured by shorter reaction time (‘offline” improvement). Task repetition also
improved performance within each block, as well as between blocks within a session, in both
cognitive and emotional Stroop (‘online’ improvement). fNIRS recordings in the PFC showed no
significant change when task was repeated a second time four hours later (Study II and III). Task
repetition had thus no significant effects on PFC, although at the same time it improved performance
at the behavioural level. Task repetition four hours later did not have any significant effect on the
frequency of task-evoked EDR, neither for the Stroop tasks (Study III) nor for emotion induction
(Study 1I). In cognitive Stroop, however, EDR frequency decreased significantly with increasing
block number within an ongoing session, which was not the case for emotional Stroop (Study I1I).

4.5 Emotion dysregulation in patients with ADHD (Study IV)

Compared to healthy controls, patients with ADHD had significantly lower emotion rating during
emotion induction, and lower emotion regulation capacity regardless of their medication status.
ADHD patients had no significantly greater activation during emotion regulation compared to emotion
induction, while healthy controls activated more bilateral middle frontal gyrus during emotion
regulation compared to emotion induction (figure 4.2 B). Compared to healthy controls, ADHD
patients had greater activation in medial PFC and posterior cingulate cortex/ precuneus during
emotion regulation, areas which are known to be part of the task-negative default-mode network
(DMN) and which were significantly deactivated in healthy participants (figure 4.2 C). Instead, during
the emotion regulation task, ADHD patients deactivated the cingulo-insular saliency network and the
dorsal attention network (figure 4.2 D). Voxel based morphometry (VBM) showed that ADHD
patients had significantly less gray matter volume in pertinent limbic and paralimbic areas compared
to healthy controls and in specific right ventromedial PFC, left dorsal hippocampus and right fusiform

gyrus.
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Figure 4.2 Task-related BOLD activity in healthy control (HC) and patients with ADHD. (4)
HC>ADHD during emotion regulation, (B) Emotion regulation>emotion induction in HC, (C)
Deactivation of the default-mode network during emotion regulation in HC, (D) Deactivation of
cingulo-insular saliency network and dorsal attention network during emotion regulation in patients
with ADHD.

4.6 Serotonergic modulation of cognitive control and emotional processes

4.6.1 Serotonergic modulation of emotion induction (Study II)

Emotion intensity was reduced by roughly 10% after acute ingestion of 10 mg escitalopram for both
fear and disgust, with no significant difference in this between the two negative emotions. Regarding
fNIRS, escitalopram increased activations in right lateral PFC for fear, and decreased it in left lateral
and medial PFC for disgust. When the two negative emotions were directly compared to each other,
escitalopram significantly increased activation for fear in right and left lateral PFC compared to
disgust. In the absence of emotive stimuli, escitalopram increased spontaneous resting EDR frequency
by roughly 30% for fear, but not for disgust. Escitalopram also reduced task-evoked EDR frequency
for fear, but not for disgust. Placebo had no behavioural, cortical or peripheral effect during emotion
induction.

4.6.2 Serotonergic modulation of emotion regulation (Study II)

Neither escitalopram nor placebo had any significant effect on emotion regulation with reappraisal for
fear, although our hypothesis based on clinical experience was that escitalopram could somehow
destabilize emotion regulation. Escitalopram reduced task-evoked EDR frequency for disgust, but not
fear during emotion regulation, while placebo had no such effect. Emotion regulation with reappraisal
was more effective than escitalopram in reducing emotion intensity for both fear and disgust. When
psychological emotion regulation was compared with pharmacological emotion regulation with
escitalopram, there was greater activation for fear in right lateral PFC during escitalopram, with no
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PFC areas more active during psychological emotion regulation compared to escitalopram. For
disgust, there were no significant differences in PFC activation when psychological and
pharmacological regulations were compared to each other. There was no significant difference either
in task-evoked EDR frequency when pharmacological emotion regulation with escitalopram was
compared to psychological emotion regulation with reappraisal.

4.6.3 Serotonergic modulation of cognitive control on cognitive and affective interferences
(Study III)

As mentioned in section 4.4, there was significant “oftline” and “online” improvement in performance
with task repetition. These were not modified by escitalopram during cognitive Stroop, while for
emotional Stroop, there was an additional “offline” improvement in performance after escitalopram.
Also, in each block, escitalopram had no significant effect on the first stimulus, but improved
performance for subsequent stimuli in every block. Escitalopram, but not placebo, also reduced the
occurrence of premature responses, defined as reaction time of 200 msec or less. During cognitive
Stroop, escitalopram significantly reduced activation in dorsolateral and ventrolateral PFC, but not in
medial PFC. During emotional Stroop, on the other hand, escitalopram reduced activation in
ventrolateral and ventromedial, but not dorsolateral channels. Placebo had no such effect, neither
during cognitive nor emotional Stroop.

4.7 Catecholaminergic modulation of emotional processes (Study IV)

In both healthy controls and ADHD patients, stimulant medication significantly reduced emotion
induction compared to control conditions. As mentioned above, the lower emotion regulation scores
that ADHD patients reported compared to healthy controls, was a deficit not normalized by stimulant
medication. Psychological emotion regulation with reappraisal was significantly more effective than
stimulant medication in reducing negative emotion intensity in both ADHD patients (mean difference
5.5, SE 2.17, p= 0.011) and healthy controls (mean difference 12.5, SE 2.27, p< 0.001 - these
statistical p values are shown here as they are not taken up in the manuscript for Study IV).
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5 Discussion

In relation to the research questions outlined in the introduction, in this section I discuss and put in

context:

[0}

emotion processes of two negative emotions (fear, disgust), in relation to different
interventions (reappraisal, skills training with task repetition) in two different populations
(healthy controls, ADHD patients). Results from all studies contribute to this part of
discussion (5.1).

the role of serotonin in emotion induction, emotion regulation, and cognitive control of
cognitive and affective interferences, as revealed by a single dose of the SSRI escitalopram.
Results from Study II and III are discussed in relation to this (5.2).

the role of dopamine/ noradrenaline in emotion induction and regulation, as revealed by single
dose CS medication. Results from Study IV are taken up in this section (5.3).

5.1 Emotion processing

5.1.1

Summary of main results

Fear and disgust showed different activation patterns both in the central (CNS) and
peripheral nervous systems (ANS) during emotion induction. Fear increased activation in
medial PFC, whereas task-evoked electrodermal responses (EDR) were no different
compared to spontaneous resting EDR. Disgust, on the other hand, induced a more
widespread PFC activation and significantly reduced task-evoked EDR compared to resting
EDR. Direct comparison of the two emotions revealed greater right lateral PFC activation
and lower frequency of task-evoked EDR for disgust compared to fear.

Emotion regulation with reappraisal was effective in reducing emotion intensity for both
negative emotions. For fear, but not disgust, there was increased emotion regulation
efficiency with higher emotion intensity. Emotion regulation abolished the cortical and
peripheral differences between fear and disgust seen during emotion induction.

Task repetition improved performance for both cognitive and emotional Stroop tasks, but
did not affect emotion induction and emotion regulation. Performance during Stroop task
improved both ‘online’, within an ongoing task, and ‘offline’, when the task was repeated
four hours later, albeit without any concomitant change in PFC or electrodermal activity.
Task-evoked EDR showed signs of habituation during the cognitive Stroop, but not the
emotional Stroop task.

Compared to healthy controls, patients with ADHD had (i) lower emotion induction and
emotion regulation capacity, (ii) failed to successfully disengage the default mode network
(DMN) to the same extent as healthy controls during task performance, (iii) deactivated
instead cingulo-insular saliency network and dorsal attention network and (iv) had smaller
gray matter volume in limbic and paralimbic areas.
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5.1.2 Discussion of main results

The ability to exert voluntary control over emotional experience and the ensuing behaviour is crucial
for goal-directed behaviour (4, 78, 315) and its dysregulation is associated with impairment in the
clinical setting in (5) psychosis (316), depression (317), anxiety disorders (318) and ADHD (245) and
increased vulnerability to physical and mental illness in the non-clinical population (319, 320).
Dysregulation of specific emotions is thought to be implicated in specific psychiatric disorders, for
example sadness is a core symptom in major depressive disorder, fear in paranoid schizophrenia and
anxiety disorders, and disgust in obsessive compulsive disorder (321).

5.1.2.1 Emotional processing of different negative emotions

Previous studies have shown differences in the physiological responses fear and disgust elicit, such as
acceleration of heart rate for fear and deceleration for disgust (45, 61, 322). In these studies, I
hypothesized that participants would activate different central and peripheral processes relevant to a
favoured action plan appropriate for respective emotion, namely a more sympathetic nervous system
activation for fear that is congruent with ‘fight or flight’ response, and a more parasympathetic
activation for disgust that is congruent with withdrawal and avoidance behaviour. Medial PFC
(MPFC) is thought to be involved in cognitive aspects of emotional processing such as identification,
attending to and appraisal of emotion (Phan et al., 2002), and is assumed to be engaged in this
regardless of emotional valence. For disgust, which is thought to have evolved from the
phylogenetically older sensation of distaste (34, 57), it was hypothesized that it would also induce
emetic reactions (323) that would initiate automatic or effortful suppression of the motor response,
and that this may activate ventrolateral PFC (VLPFC) including right inferior frontal junction (IFJ), an
area known to play important roles in behavioural inhibition (324-327). Comparing the neuroimaging
data of fear and disgust during emotion induction, there was indeed greater activation in right VLPFC
for disgust compared to fear, which could be related to suppression of emetic responses. Significant
differences between the two negative emotions were also found in the frequency of task-evoked EDR
during emotion induction, probably reflecting a sympathetic dominance for fear and preferential
parasympathetic activation during disgust.

To conclude this part of the discussion, irrespective of the current debate about the nature of emotions,
whether they are evolutionarily hardwired or culturally learned and incorporated in the brain’s internal
model, classifying a stimulus as threat-related and fear-generating seems to be readily associated with
relevant PFC areas and autonomic activation, whereas categorizing a stimulus as disease-/
contamination-related and disgust-generating elicits other central and peripheral responses.

5.1.2.2  Cognitive control, effects of psychological intervention and skills training

5.1.2.2.1 Cognitive emotion regulation with reappraisal

Cognitive control using reappraisal is an effective strategy in increasing or decreasing subjective
rating of emotions (68, 79, 328). In both Study I and IV, it was found that effortful emotion regulation
with reappraisal reduced the intensity of subjective experience of negative emotions by 40-50%. The
healthy participants of Study I and IV, although from different regions and belonging to different
socio-economic groups, showed similar magnitude of emotion regulation with reappraisal. In Study I,
emotion regulation for fear was more efficient the higher the emotion rating was, while there was no
such variation for disgust. This may indicate difference in the capacity or flexibility of emotion

34



regulation in fear and disgust, as it has indeed been reported that disgust may be more difficult to
modulate cognitively (57, 329). A reflection of this is also seen in the clinical setting, where while
Obsessive Compulsive (OCD) and anxiety disorders are both pharmacologically treated with
antidepressants, OCD generally requires higher doses and takes longer time to treat compared to
anxiety disorders (321). Also, psychotherapies facilitating cognitive restructuring are generally
recommended for anxiety disorders, while exposure and response inhibition is recommended for
OCD. These pharmacological and psychological treatment differences might reflect differences in the
nature of these two basic emotions and the difference in regulation efficiency by reappraisal that was
found.

Study I could also demonstrate that the robust differences in prefrontal and sympathetic activation
patterns, seen during emotion induction between fear and disgust, disappeared upon successful
emotion regulation with reappraisal. In fNIRS, we found less prefrontal activation during emotion
regulation compared to emotion induction, an outcome that can appear to be odd when considering the
classical notion of the PFC as regulating subcortical limbic areas. However, both increased and
decreased PFC activations are expected when down-regulating emotions as shown by Ochsner, Bunge
(79), who divided their results into PFC areas modulated by regulation (where activation decreases)
and PFC areas activated by regulation (where activation increases), see also figure 5.1. We do not thus
believe that all parts of PFC behave in the same direction; parts of PFC related to evaluation and
automatic regulation of emotion may increase their activation during emotion induction and decrease
their activation during successful regulation, while regulatory parts might operate in the opposite
direction. Studies of emotion regulation on a larger time scale has also shown reduction of activation
in prefrontal areas after accomplished emotion regulation (330). Our hypothesis was thus that
successful emotion regulation may reflect reduced activation in many parts of PFC. Importantly, in
this study, not only PFC, but also task-evoked EDR showed blunted activation during successful
emotion regulation, supporting the above hypothesis.

Figure 5.1 (A-B) fNIRS (Study 1) showing activation patterns during emotion induction (4) and
emotion regulation (B) for disgust. (C) BOLD fMRI (Study IV) showing activation patterns during
emotion induction (red) and emotion regulation (green) in healthy subjects demonstrating that
multiple areas are active during both conditions. The relatively greater or smaller activity in one or
the other condition likely varies depending on the experimental design.

35



5.1.2.2.2 Effect of task repetition on cognitive control of cognitive and affective interferences

Cognitive control of cognitive and affective interferences was investigated in Study III using cognitive
and emotional Stroop tasks. In these tasks, performance improved with task repetition both ‘online’
and ‘offline’. Interestingly, the ‘offline’ improvement was not accompanied by any significant change
in PFC or electrodermal activity. Also, ‘online’ performance improvement was seen alongside a
habituation of phasic EDR in cognitive, but not emotional Stroop. Task repetition (placebo) was not
associated with any significant change in any outcome measure in the emotion induction and emotion
regulation tasks (Study II).

Combining these findings, one can draw the conclusion that task repetition, contrary to emotion
regulation with reappraisal, does not effectively, in this time scale, modify subjective emotional
experience or central and peripheral emotional processes. Additionally, as far as EDR goes, emotional
distractions appear to be quite robust and not modifiable by task repetition in contrast to cognitive
interference. Indeed, learning to ignore threatening cues would not be advantageous for survival in
evolutionary terms, which likely makes negatively valenced affective stimuli more slowly adapting
and habituating.

When differentiating ‘hot’ and ‘cold’ cognitive processes, it is important to mention that although it
might be practically useful to study their content this way, it is unlikely that they are biologically
distinct. An alternative way to conceptualize them is as parts of a continuum of processes that appraise
and update perception and generate and regulate behaviour, which in turn updates the brain’s
representation of the internal and external world (36, 50, 68, 331-334). In other words, in real life, just
as ‘cold’ cognition always has an affective ‘colour’, ‘hot’ cognition has also a ‘cold’ cognitive
component that is modifiable by psychological and pharmacological modulations (see also discussion
in 5.3). This element was likely more evident in the emotional Stroop task (Study III), which
regardless of the emotional character of the distractor, participants were still required to keep their
attention on task and constantly make active choices. Thus, although impossible to know beyond
doubt, it is reasonable to assume that at least some of the improvement in performance seen with
practice may be due to improvement in this part of the cognitive domain for both Stroop tasks. In
Study II, however, involving a less cognitively demanding task, task repetition in the placebo trials
had no significant effect on emotion induction and regulation.

5.1.2.3  Emotion induction and regulation in ADHD

Emotion dysregulation is increasingly being acknowledged as a core feature of ADHD and is often
associated with worse functional outcome and increased comorbidity (245, 268, 335). However, it is
not well understood which aspects of emotion processing are most relevant for patients with ADHD,
although ‘explosive’ reactive emotion, emotional lability and emotion dysregulation have been
discussed as being relevant to the clinical presentation (268). In Study IV, patients with ADHD had
both lower emotion induction and emotion regulation capacity. The latter is well in line with similar
other studies, as well as clinical observations, that have found that patients with ADHD often have
difficulties with emotion regulation and preferentially use suppression as emotion regulation strategy,
with suboptimal outcome (336). ADHD patients have also been found to underutilize cognitive
strategies such reappraisal, which come with greater processing cost but are more adaptive and
efficient (245, 289). We also found that ADHD patients during emotion regulation fail to deactivate
the default mode network (DMN) to the same extent as healthy controls. Instead, they deactivated the
cingulo-insular saliency network and dorsal attention network indicating that they may be using
different strategies, or nonspecialized compensatory areas, in regulating negative emotions. The
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cingulo-insular network is thought to integrate sensory stimuli to emotional processes and implements
switch between the task-negative DMN and task-positive frontoparietal cognitive network. Similar
findings have previously been reported for non-emotional tasks (251, 337).

Regarding emotion induction, the results may initially appear to be paradoxical and not fully
congruent with the fast and intensive emotional reactivity this patient group tend to display. One
explanation could be that patients with ADHD have a high emotional baseline tonus and comparing to
that they rate non-ecological emotional stimuli in the laboratory as blunt, and thus lower than healthy
controls. However, other studies have found evidence for increased implicit emotion regulation (285)
and impaired emotion recognition (281, 282) in this patient group that are congruent with the results
of this study. Interestingly, desynchrony between subjective emotional experience and observed
behaviour has also been described in ADHD (268), as well as alexithymia and inability to label
emotions (283, 284). It is therefore likely that, at least in a subgroup of patients, the observed
‘explosive’ affect may not be a result of elevated emotion intensity, but a consequence of emotion
dysregulation leading to maladaptive expressive behaviours. The latter is also partly supported by the
structural findings in our sample. Recently published mega-analyses (248, 249) have reported both
cortical and subcortical structural abnormalities in ADHD, although this was mainly in children and
adolescents and less so in adult ADHD. However, large sample sizes, although they confer
generalizability, may suffer from low levels of sample homogeneity, which can reduce power. In
Study IV, reduced gray matter volume in limbic and paralimbic areas was found in patients with
ADHD when compared to healthy controls, more specifically in right ventromedial PFC (VMPFC),
left dorsal hippocampus and right fusiform gyrus. These areas have all been implicated in emotional
processes and could therefore be contributing to the aberrant emotional processing we report in
ADHD patients. Impairment of VMPFC function has been associated with problems in valuation,
appraisal and sense-making of emotional experience (14, 338, 339), which could be relevant for the
changes in reports of experience of negative emotions.

5.2 Serotonergic modulation of ‘hot’ and ‘cold’ cognition (Study II, IIT)

5.2.1 Summary of main results

Escitalopram

e increased affective tonus in the absence of emotive stimuli (spontaneous rest EDR) for fear,
but not disgust

e reduced emotion rating for fear and disgust during emotion induction (flattened affect), but
did not have any effect on the efficacy of emotion regulation with reappraisal

e reduced stimulus-evoked EDR frequency for fear, but not for disgust

e improved performance in emotional Stroop, but not cognitive Stroop, albeit without
affecting the first stimulus in the block after each period of rest

e decreased fNIRS activations in left and medial PFC during emotion induction of disgust,
but increased the activation of the right lateral PFC for fear
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e reduced fNIRS activation in dorsal and lateral PFC during cognitive Stroop and in ventral
and medial PFC during emotional Stroop

e reduced the occurrence of premature responses

5.2.2 Discussion of main results

Serotonergic neuromodulation is implicated in many processes including constraining impulsive
choice and enabling waiting (119, 150, 340), limiting response to aversive emotional stimuli (119),
decreasing vigilance (341-343), enhancing reversal learning and reducing perseverative behaviour and
‘stimulus stickiness’ (a tendency to make new choices depending on previously choices and
models)(110, 111, 125, 344-347). It has also been speculated that SSRI might act by filtering aversive
emotions from reaching conscious awareness (143) and in this way reduce cognitive processing of
negative emotions (146, 161, 348). In these studies, it was indeed found that escitalopram reduced the
impact of the negative emotions, as assessed by rating of subjective experience (Study II), objective
performance (Study III), prefrontal activity (Study II, III) and sympathetic arousal (Study II).
Qualitatively, the effects of pharmacological emotion regulation with escitalopram were all in the
same direction as those of psychological emotion regulation with reappraisal, although more modest
in size. Escitalopram decreased emotion intensity, shrank the emotional Stroop effect, altered the
pattern of electrodermal responses, and reduced the prefrontal activity. There was, however, one
notable exception to the latter with escitalopram increasing activity in right lateral PFC during fear.
The reason why this was so, is unclear, but it could reflect activation of right IFJ to suppress emetic
reactions that was a common side-effect of the SSRI. Study III helped disambiguate the specificity of
the effects of escitalopram for emotional content, as escitalopram was not associated with any
improvement in the cognitive Stroop task.

The observation that escitalopram had opposite effects on both prefrontal and sympathetic activity for
fear and disgust supports the notion that some of its effects may be task-specific. Moreover, since
SERT are located both in synaptic and extrasynaptic areas (100), SSRI can alter both the serotonin
levels that drive the wired, synaptic transmission and the serotonin levels that are related to the slower
and spatially diffuse extrasynaptic transmission. In the amygdala, for example, which is under strong
serotonergic regulation and rich in SERT (123, 349) synaptic transmission seems to be more
dominant, while extrasynaptic transmission is assumed to prevail in the PFC (123).

Some evidence supporting this claim was provided in Study III, namely the fact that during emotional
Stroop, the first stimulus in each block was unaffected by escitalopram while subsequent stimuli were
influenced. We hypothesised that if the effects of escitalopram were mediated by ambient changes in
extrasynaptic serotonin levels, all stimuli would have been equally affected. If, however, the effect of
serotonin on the emotional Stroop task was mediated by specific stimulus-evoked serotonin release at
intrasynaptic receptors, then serotonin would have no effect on the first stimulus but would modulate
subsequent stimuli, as was found. During cognitive Stroop, deactivation in right PFC was observed,
mainly covering dorsolateral PFC and inferior frontal gyrus, two areas that are often activated during
Stroop tasks (350). However, as mentioned above, this change in PFC activity was not associated with
improved performance. It is possible that the changes in the PFC during cognitive Stroop were related
to changes in extrasynaptic serotonin levels, compatible with previous studies suggesting that the
prefrontal areas activated during cognitive tasks depend on the serotonergic tonus (351).
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Lastly, escitalopram increased spontaneous resting EDR during the fear experiments. Persistence of
emotional state due to inefficient recovery, also known as emotional inertia, is a well-characterized
phenomenon (352-354). It is possible that the increase we saw in spontaneous resting EDR reflects
either heightened general arousal or increased emotional inertia, with carry-over effects of fear when
the emotive stimuli are no longer present. The latter is more likely, since increased general
sympathetic arousal was not observed in relation to the disgust experiments or during the Stroop
experiments.

5.3 Catecholaminergic manipulation of emotion processing (Study IV)

5.3.1 Summary of main results

Psychostimulants (CS)

e reduced the rating of emotion intensity during emotion induction in both healthy controls
and ADHD patients

e were less potent in reducing emotion intensity than psychological emotion regulation with
reappraisal, in both healthy controls and ADHD patients

e did not significantly affect the efficacy of psychological emotion regulation with
reappraisal

e did not normalize the emotion induction and emotion regulation deficits seen in patients
with ADHD compared to healthy controls as described in 5.1

5.3.2 Discussion of main results

Two findings regarding the effects of CS on emotion processing are important. First, CS reduced
emotion induction both in healthy controls and ADHD patients. Some empirical and genetic studies
have hinted that dopamine can modify emotion recognition (355), especially for disgust (356), but not
much is known about dopamine’s role on negative emotions. Both top-down and bottom-up
mechanisms, involving for example increased prefrontal control on subcortical emotion generation
areas and increased positive affect that can bias the negative emotional experience can be theorized to
be behind the reduction in emotion rating scores caused by CS.

Secondly, in this cohort, CS did not significantly improve emotion regulation. Clinically, this is
important because it implies that traditionally prescribed ADHD medications, although they
substantially improve core ADHD symptoms, might not improve emotion regulation deficits per se
when compared to healthy controls. Other studies have shown that pharmacological treatment for
ADHD with CS or atomoxetine is associated with partial improvement in emotional dysregulation,
and smaller effect size compared to the improvement in attention and hyperactivity (267-271). As
previously mentioned, emotion processing has always components that are affected by ‘cold’
cognitive processes. For example, situation selection and attention, which are central in emotional
processes, see Figure 1.3 and (68), are likely to be affected by ADHD impairments related to
impulsivity and inattention and as such be amenable to modification by stimulant medication.
Nevertheless, accumulating evidence suggests that emotion dysregulation, even if not fully
orthogonal, is distinct from the purely cognitive impairments seen in ADHD.
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6 Summary and Conclusions

6.1 Overall conclusions

Opverall, these studies add to our knowledge regarding the role of the ascending monoaminergic
systems in cognition and emotion and how common psychiatric medications can affect these
processes already a few hours after a single dose. More importantly, these studies contribute to the
understanding that not all processes are amenable by all types of intervention. For example, affective
cognition seems to be more modifiable by serotonergic intervention and psychological methods such
as reappraisal, while cognitive processes in non-emotional settings may be more sensitive to
catecholaminergic intervention and skills training with task repetition practice. Crucially, under all our
experimental conditions, emotion regulation by single session psychological intervention was
significantly more effective than pharmacological emotion regulation with single dose SSRI or CS.

6.2 Strengths and limitations

The major strength of the present studies is the multimodal approach with data gathering at the
behavioural, central and peripheral nervous system level, and the symmetrical design in contrasting
two different negative emotions, fear and disgust, and two categories of interference, cognitive and
affective interference. This approach increases reliability of the results wherever there is internal
consistency among the various methods, and the symmetrical design functions that for every outcome
measure there is an active comparator. All studies also employed robust well-established paradigms to
compare cognitive and emotional processes under physiological and pathological conditions, both at
baseline and after manipulation with pharmacological and psychological probes. However, some
limitations should be mentioned.

In Studies I, II and IV, two active conditions (emotion induction and regulation) were compared, but
lack of an emotionally neutral condition is a limitation that restricts the conclusions that can be drawn.
In Study IV, although there was an active comparator in the form of healthy individuals taking CS
medication, there was no placebo group, which means that we cannot rule out the possibility that some
of the changes seen were due to non-specific effects such as task repetition. In all studies, the sample
sizes and the characteristics of the cohorts affect the generalizability of our findings and their
extrapolation to clinical settings. Finally, for all studies, the experiments were performed under
laboratory conditions where the emotive stimuli are static pictures or words on the screen of a
computer, aspects that limit the generalizability to real-world conditions.

6.3 Ethical considerations

The four main requirements - the information, consent requirement, confidentiality and usage
requirement - as set by the Swedish Research Council, are met in these studies that were performed
after approval from the Swedish Ethical Review Authority. Some ethical considerations are however
important to name:

e Patients are a vulnerable population and research including them always entails ethical dilemmas.
Although participation in the study was completely voluntary, after informed consent and
withdrawal of participation anytime was possible, it can be said that in some cases the patients
may not always assert their autonomy and their right to self-determination, and may feel pressured
to participate because they are being asked by healthcare professionals. Although ADHD
diagnosis by itself is not considered to compromise capacity, severe deficits may however limit
the ability to fully comprehend the consequences of participation.
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e In the data analysis, we found some statistically non-significant results showing strong tendencies
and we speculate that some may be due to lack of power despite our initial calculations. These
were secondary or post-hoc outcome measures, but the correct calculation of power is important,
because it means that resources and burden for the participants are utilized optimally so that the
results can be statistically viable. However, we believe that we had done a correct power analysis
because we were able to get statistically valid answers to our main questions.

e Healthy participants received an active substance (escitalopram or methylphenidate): although all
participants were informed and consented to participate, and there is no reason to believed a single
dose escitalopram or methylphenidate would produce any long-term harm, side effects such as
headache, concentration difficulties, nausea and fatigue can be a problem.
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7 Implications, personal reflections, and future directions

This chapter consists of a few reflections on clinical and theoretical implications of the findings, of
how they fit in a broader context and of some insights I gained during these studies.

The main findings of these studies fit well with the clinical observations that treatment with SSRIs can
result in ‘flat affect’, a terrible side effect as some patients describe it or a welcome relief of ‘too
intense’ emotions as some others report.

Figure 7.1 ‘Before I felt I was inside a maze, constantly facing walls and obstacles. When I took the
medicine (viz. SSRI), 1 felt that there still was a maze, with all my difficult feelings, thoughts, and
problems, but I was not inside anymore, instead, I was above, facing them from a safe distance so 1
could get perspective and in that way they became more manageable’, description from anonymous
patient Huddinge, 2017 during personal communication. Photo: "Longleat Maze" by joncandy is
licensed under CC BY-SA 2.0. To view a copy of this license, visit https://creativecommons.org/licenses/by-

sa/2.0/?ref=openverse.

Given the potential for both negative and positive implications and the prevalence of this
phenomenon, the reduced emotion intensity associated with SSRI is likely a more important and more
central aspect than it has been given credit for and attention to so far, and therefore it ought to be
addressed early in the course of treatment. This can be an even more crucial and complicating factor
in some contexts. If the patient already suffers from alexithymia or poor ‘emotional granularity’, if the
patient’s reduced emotional reactivity is conflicting with the parental role (especially early
postpartum), if the patient takes part in psychotherapy where emotions are in focus are a few
examples. Not to be forgotten, evidence from Study IV suggests that other medications, such as
stimulants, can also have the same net effects on emotions.
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With regards to ADHD, emotion dysregulation seems to be a core issue. It is important to shed more
light on this aspect and address not just its nature, but also its response to treatment, pharmacological
and non-such, in both preclinical and clinical settings. Another timely matter stemming from these
reflections, is a much larger one, namely the current use of categorical diagnoses with very limited
dimensional approach. There is a plethora of empirical evidence supporting the notion that focusing
on specific domains and dimensions that vary in a spectrum (rather than being binary) can be more
pragmatic, have larger ecological validity and prove to be more fruitful for problem formulation and
treatment plans, compared to categorical diagnoses. This is of course an issue heavily discussed in the
research field, but its impact hasn’t reached the ‘critical mass’ in the clinics, yet.

Another practical insight that | have gained from these studies is the significance of behavioural
measures. Modern technological advances have done extraordinary contributions to the way we can
see, measure and probe different aspects of psychiatric disorders, and that has offered new ways of
thinking and understanding previously uncharted territory. However, often the appeal of colorful
neuroimaging pictures and the objectivity of physiological measures can shy away the importance of
measures of subjective experience or behavioural performance. It is essential though to remember that
it is the latter that guides the interpretation of the former and allows for the mental leap towards the
translational applications and clinical relevance.

A fascinating new approach that I came across a few years ago during this research project, is the
framework of predictive coding. This way of thinking is a real paradigm shift from previous views,
transforming the field of neuroscience and is likely going to inform more and more psychiatry in
general (and my future research plans in specific!). Although this framework was not explicitly
applied in the studies included in this thesis, it has affected my way of thinking and interpretations to a
great extent. Specifically, in the context of serotonin, I have been finding the concept of the predictive
brain exceptionally helpful to build for myself a ‘scaffold’ in order to grasp this neurotransmitter’s
elusive role: since only a small number of serotonin-synthesizing neurons in the brainstem innervate
nearly the entire neuroaxis, the role of serotonin is thought to be quite general (3). The latter is
supported by the fact that the majority of its neurotransmission is ‘volume’ rather than ‘wired’ (106),
contributing to the conceptualization that the 5-HT system has more of an orchestrating role. Indeed,
the DR activity reflects changes in the global reward state: general, average reward rate of a stimulus
in an environment (357) and that it encodes for salient events regardless of their valence (358),
although anxiety and stress are potent inducers of 5-HT release (129, 359). Association of serotonin
with increased brain plasticity has also been demonstrated, perhaps most impressively as illustrated by
Vetencourt and colleagues (360).

But how can this general role be accounting for so different phenomena such as sexual behaviour,
anxiety, learning, impulsivity and mood?

A clue can come from the observation that the serotonergic activity is related to the experienced
controllability of the environment (361) and under conditions of uncertainty, activation of the
ascending serotonergic system is associated with increased learning and enhanced cognitive flexibility
(362), whereas serotonin depletion is associated with stimulus-bound responding, preventing
competing, task-irrelevant, salient stimuli from biasing responding (111).

Harnessing this interesting observation, different versions of a similar model (Carhart-Harris and Nutt
(129), Belsky, Jonassaint (363), Branchi (364), Friston (365) among others),viewing the brain in
Bayesian terms, suggest that serotonin signals uncertainty and unpredictability and thus promotes
updating of the organisms internal models, increasing the weights of perceptual evidence and their
prediction errors against the weights of priors (see figure 7.2). A way this could be mediated is
through the serotonergic inhibitory action on the arousal of the cortex (366).
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Figure 7.2 A theoretical, but promising framework capturing many serotonergic functions. Increases
in serotonin associated with uncertainty and unreliability of the current generated predictions that
prompts for an update of the internal model and increased influence of the prediction errors stemming
from the internal and external milieu. In practice, this view could be accounting for phenomena
related to serotonergic manipulations such as clinical effects (increased initial anxiety after initiating
SSRI, symptomatology of serotonergic syndrome, psychedelic experiences and therapeutic effects) and
experimental findings on reversal learning and perseverative behaviour (110, 111, 125, 344-347),
learning regardless of valence (367), reduction of vigilance (341-343), role on interference (368),
enabling of ‘waiting’ (119, 150, 340) and neural plasticity (360), likely mediated by cortical effects
via 5-HT 24 receptors, but subcortical inhibitory effects via 5-HT 14 (129) might also be implicated.
1t is important to acknowledge that this is a framework rather than a falsifiable theory, at this stage,
and that this model does not fully capture the complexity of the serotonergic system with distinct
receptors(129), regions and temporal aspects (359) distinct of raphe 5-HT systems. Figure inspired
and adapted from several publications including Carhart-Harris and Nutt (129), Walker, Mikheenko
(132), Bigos, Pollock (147), Carhart-Harris (159), Belsky, Jonassaint (363), Branchi (364), Friston
(365), Mainen (369).

Finally, I have reflected a lot on the results of these studies, showing the robust and large effects of
non-pharmacological interventions. It is often being dreamt of (or dreaded) that a mechanistic
complete understanding of the brain will be achieved. The journey is breathtaking, but we are far from
such a destination. However, it is assumed that the closer we get there, the more likely it becomes that
the remission of ailments and diseases will be possible via a mechanistic approach with designed and
tailor-made, precise pharmacotherapy that can target the desired receptors or systems. Not suggesting
that one can predict what the future holds when it comes to revolutionary treatments and biomedical
advancements, but an insight I believe I have gained from both performing these studies and reading
the relevant literature is that although, psychiatric medication can indeed improve some aspects of
cognition (in the context of mental health or illness) and with indeed a positive overall global effect,
there are two caveats that follow. The first is that it comes with an inflexible cost: optimizing one
function that is desirable in a context will likely result with a less optimal state for another function or
different context. The second is that although medication may be helping or necessary for many
conditions, the need for and importance of a biopsychosocial, holistic perspective will not disappear —
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just as the science of quantum physics does not make classical mechanics obsolete! Psychological and
sociological approaches will still be necessary to understand the fellow human in suffering, and
relevant interventions such as psychoeducation, psychotherapy, physical and mental training, and
social support will likely have a great (if not greater) impact in one’s function, and quality of life.
Given my personal interest in the brain, pharmacology, neuroimaging and neuroscience in general,
that is a humbling insight ought to be remembered and defended.
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