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introduCtion
Bipolar disorder
Bipolar disorder is characterized by one or more episodes of mania or hypomania 
and almost always accompanied by depressive episodes with variable inter-episode 
euthymic intervals (1). Following strict definitions, the life-prevalence of bipolar 
disorder in the Netherlands is almost 2% (2), increasing to 5% using the broad-
spectrum bipolar definition (3). Bipolar disorder is associated with a great burden of 
illness (4), accompanied by enormous social and financial costs (5). Unfortunately, 
available treatments are not always effective (6), while also not all patients receive 
adequate treatment (2). Therefore, many patients remain confronted with persisting 
problems regarding (subclinical) mood symptoms and associated problems regarding 
psychosocial functioning (7). Research findings call for an integrated medical care 
model, since bipolar disorder suggests describing a chronic, progressive, multisystem 
disorder (6).

Bipolar disorder and cognitive dysfunction
Patients suffering from bipolar disorder (bipolar patients) frequently show cognitive 
dysfunction. This topic is currently hot in research. For example, a PubMED-search 
using the terms “Bipolar Disorder [MESH]” and “Cognition [MESH]” leads to a total 
of 401 hits including 59 reviews, of which 70 hits including 11 reviews in the period 
of 2000 until 2005, and up to 172 hits including 33 reviews in the period of 2006 
until September 2010. 
During depression, patients mainly show cognitive problems in areas of attention, 
speed of information processing, verbal memory and executive functioning (8,9) 
and in (hypo)manic episodes comparable cognitive domains seem to be affected 
(10). Patients with type I and type II bipolar disorder show comparable results (11). 
Remarkably, cognitive dysfunction can persist during the euthymic intervals, showing 
problems in working memory, executive functioning, verbal reproduction and speed 
of information processing. There is growing evidence that cognitive dysfunction can 
be considered an endophenotype of bipolar disorder (12,13).  

Bipolar disorder: determinants and consequences
The exact cause of cognitive dysfunction is unknown, but it seems that both genetic 
and environmental factors, as well as neurodevelopmental and neurodegenerative 
processes play a role (14). More knowledge about the etiology of cognitive dysfunc-
tion is needed, since recent longitudinal studies revealed that the level of cognitive 
functioning, independent of mood symptoms, is found to be an important predictor 
of functional outcome (15-17). Together with subsyndromal mood symptoms, cog-
nitive functioning was found to explain 30% of variance in functional outcome (15). 
Finally, it is important to realise that remission of mood symptoms in bipolar patients 
does not automatically imply recovery to premorbid level of functioning (18). 
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Cognition in bipolar patients: the Cobi study
The studies described in this thesis were performed in a study population of 110 
bipolar patients and 75 healthy controls. Initially, a pilot study involving 64 patients 
and 41 healthy controls aimed to evaluate the extent and kind of cognitive dysfunction 
in bipolar patients, in relation with illness-specific characteristics and functional 
outcome in terms of compliance, work and quality of life with the aims to develop a 
standard cognitive test battery and to develop a short psychoeducation module with 
regard to cognition and consequences for daily functioning. However, although more 
than half of the patients showed cognitive dysfunction, no association was found 
between cognitive functioning and measurements of functional outcome. This led 
to the decision to stop proceeding with the development of the psychoeducation 
module and the intended trial.
Subsequently, it was decided to expand the study populations, more specifically 
focusing on the extent and kind of cognitive dysfunction in the bipolar cohort, as 
well as its determinants and consequences. This led to the current thesis: the study on 
cognition in bipolar disorder (Cobi study).

aims and outline of tHe tHesis
This thesis is meant to elucidate some aspects of important determinants and conse-
quences of cognitive dysfunction in bipolar disorder.
Chapter 2 presents an overview by four Dutch investigators who all recently did a PhD 
project on cognitive dysfunction in bipolar disorder, summarizing the most relevant 
literature with regard to the kind and extent of cognitive dysfunction in bipolar pa-
tients, the clinically relevant factors (determinants; e.g. illness characteristics, comor-
bidity and psychotropic/psychoactive drugs) and the relationship with functional 
outcome. Also, suggestions for a neuropsychological test battery which is suitable for 
daily clinical practice working with bipolar patients are discussed. 
Cognitive dysfunction is not only frequently present during mood episodes, but can 
also persist during euthymic intervals. While treatments aim to achieve clinical re-clinical re-
covery, many patients continue to have (subsyndromale) symptoms (7), more often 
depressive symptoms than (hypo)manic symptoms (19). Chapter 3 describes a study 
investigating cognitive functioning in bipolar patients as seen in daily clinical practice 
by assessing the extent and kind of cognitive dysfunction using an extensive cognitive 
battery. Furthermore, the association of cognitive functioning with two important 
determinants (severity of depressive symptoms and lifetime alcohol use disorder) is 
explored. 
Focusing more in-depth on biological determinants within the association of cog-
nitive dysfunction and depressive symptoms, Chapter 4 explores the role of cortisol, 
since hypothalamic-pituitary-adrenal (HPA) axis hyperactivity has been suspected 
to affect cognitive functioning as well as depressive symptoms in mood disorders.  
Chapter 5 investigates the association between cognitive complaints and objective cog-
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nitive functioning and assesses the possible moderating, blurring role of depressive 
symptoms, expecting that patients with more severe depressive symptoms would per-
form poorer in the assessment of their own cognitive functioning. 
In Chapter 6 we investigated the association of cognitive dysfunction with insight 
of the patients in their own illness. We expected that poorer cognitive functioning 
would be related to poorer insight. Also, insight was expected to be worse in patients 
with a history of psychotic features. The multifactorial relationship between illness 
insight on the one hand and neurocognition and clinical characteristics on the other 
hand was explored, with special interest regarding towards the moderating effect of 
lifetime psychotic features. 
In Chapter 7 the overall results of the presented studies are summarized, followed by a 
more general discussion and some suggestions for future research.
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samenvatting
achtergrond: 
Onderzoek naar de aard en omvang van cognitieve stoornissen bij patiënten met een 
bipolaire stoornis heeft het afgelopen decennium een vlucht genomen naar aanlei-
ding van bevindingen dat deze stoornissen kunnen blijven voortbestaan wanneer de 
stemmingssymptomen in remissie zijn en het psychosociale functioneren kunnen 
beïnvloeden. 

Doel: 
Een overzicht geven van de actuele stand van zaken betreffende I. de aard en ernst van 
deze stoornissen bij bipolaire patiënten, II. de beïnvloedende factoren, zoals ziekte-
kenmerken, comorbiditeit en psychofarmaca en III. de consequenties van cognitieve 
stoornissen. 

Methode: 
Literatuuronderzoek in PubMed met als zoektermen bipolar disorder, neuropsycho-
logical, cognitive functioning, cognition, functional outcome, determinants, psycho-
tropic/psychoactive drugs.

resultaten: 
Stoornissen in aandacht, geheugen en executief functioneren komen voor tijdens zo-
wel depressie als manie en kunnen blijven bestaan in afwezigheid van stemmings-
symptomen. De exacte oorzaak van de cognitieve stoornissen is onbekend. Persiste-
rende cognitieve stoornissen interfereren frequent met het dagelijks functioneren. 

Conclusie: 
Aangezien er bij behandeling van de bipolaire stoornis gestreefd wordt naar volledig 
herstel en niet alleen dat van klinische symptomen, is het belangrijk rekening te houden 
met de mogelijke aanwezigheid van cognitieve stoornissen bij deze doelgroep. 
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summary
Introduction: 
The kind and extent of cognitive dysfunction in patients suffering from bipolar dis-
order has been the focus of research in the last decennium, since it is known to be 
persistent even in euthymic phases of the illness and to be associated with functional 
outcome. 

aim: 
This article gives an overview of the I. the kind and extent of cognitive dysfunction 
in bipolar patients, II. the clinical relevant factors, e.g. illness characteristics, comor-
bidity and psychotropic/psychoactive drugs and III. the relationship with functional 
outcome. 

Methods: 
Literature search in PubMed, using the following keywords: bipolar disorder, neurop-
sychological, cognitive functioning, cognition, functional outcome, determinants, 
psychotropic/psychoactive drugs.

results:
Cognitive dysfunction in areas of attention, memory and executive functioning are 
present in depressive and manic episodes, but also in absence of mood symptoms. 
The exact cause of cognitive dysfunction is unknown. Persistent cognitive dysfunction 
frequently interferes with functional outcome. 

Conclusion: 
Since the treatment of bipolar patients nowadays is pointed towards clinical recovery 
instead of symptomatic remission, it is essential to take into account the possible 
presence of cognitive dysfunction.  
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inleiding
De bipolaire stoornis wordt gekenmerkt door één of meer hypomane of manische 
episodes, in vrijwel alle gevallen afgewisseld met depressieve episodes. Bij hantering 
van de strikte DSM-definitie is de levensprevalentie in Nederland bijna 2%, terwijl 
de prevalentie van een breder bipolair spectrum op ongeveer 5% wordt geschat (1). 
De stoornis gaat gepaard met aanzienlijke maatschappelijke gevolgen en financiële 
kosten (2). De meerderheid van de patiënten met een bipolaire stoornis (bipolaire 
patiënten) profiteert onvoldoende van het beschikbare behandelaanbod en regelmatig 
is er sprake van persisterende stemmingssymptomen en cognitieve stoornissen (3). 
Dit artikel beoogt een klinisch toepasbaar overzicht te bieden van de meest recente 
literatuur betreffende de aard, het vóórkomen, de beïnvloedende factoren en de 
consequenties van cognitieve stoornissen bij bipolaire patiënten.

metHode
Gezien de explosieve stijging van het aantal studies naar cognitief functioneren bij 
de bipolaire stoornis en gezien het de doelstelling van de auteurs is om op dit vlak 
een breed overzicht te bieden, werd gekozen voor een beschrijvend overzichtsartikel. 
Ter illustratie: een PubMED-zoektocht met de termen “Bipolar Disorder [MESH]” en 
“Cognition [MESH] levert 401 hits (inclusief 59 reviews) op, waarvan 70 (inclusief 11 
reviews) uit de periode 2000 tot en met 2005, en een ruime verdubbeling (172 hits 
inclusief 33 reviews) in de vijf jaar erna. De databases van PubMED werden doorzocht 
aan de hand van de volgende zoektermen: bipolar disorder, neuropsychological, 
cognitive functioning, cognition, functional outcome, determinants, psychotropic/
psychoactive drugs. Artikelen met een primaire focus op genetica of neuro-imaging 
werden geëxcludeerd. De aandacht ging uit naar onderzoek dat in de afgelopen tien 
jaar gepubliceerd is. Naast meta-analyses en reviews, zijn longitudinale en cross-
sectionele studies opgenomen, evenals enkele relevante boeken en individuele studies. 
Deze literatuurstudie heeft geresulteerd in 65 referenties. 

Cognitie: definitie en meting
Er bestaat geen eenduidige definitie van het begrip cognitie. Vanuit de cognitieve psy-
chologie wordt de term vaak gebruikt voor het beschrijven van de mentale activiteit 
die de processen van leren, waarnemen, herinneren, denken, interpreteren, geloven 
en probleem-oplossen bevat; deze cognitieve functies worden vaak opgedeeld in zo-
genaamde cognitieve domeinen, die in meer of mindere mate verwijzen naar bij-
behorende neuroanatomische substraten (4). Deze cognitieve domeinen overlappen 
deels (5,6); het domein executief functioneren wordt bijvoorbeeld beschouwd als 
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een verzameling van hogere-orde cognitieve processen, waaronder planning, werk-
geheugen, strategisch management, cognitieve flexibiliteit en het in staat zijn te kun-
nen onderdrukken van impulsen (4). 
Middels het Measurement and Treatment Research to Improve Cognition in Schi-
zophrenia (MATRICS)-initiatief is recentelijk consensus bereikt over de meest aan-
gedane cognitieve domeinen bij patiënten met schizofrenie (7,8). Deze betreffen 
I.werkgeheugen; II.aandacht/vigilantie; III.verbaal leren en geheugen; IV.visueel leren 
en geheugen; V.redeneren en probleem oplossen; VI.snelheid van informatieverwer-
king; VII.sociale cognitie. De MATRICS-domeinen lijken een goede uitgangspositie te 
vormen bij bipolaire patiënten, maar de International Society for Bipolar Disorders 
(ISBD) heeft geadviseerd om de testen op het gebied van verbaal leren en executief 
functioneren bij deze doelgroep uit te breiden, aangezien bipolaire patiënten vaak op 
meer complexe maten stoornissen laten zien (9). 

Cognitie: subJeCtief versus 
obJeCtief funCtioneren

Voor een betrouwbare inschatting van de cognitieve stoornissen bij bipolaire patiënten 
is het verrichten van een neuropsychologisch onderzoek onontbeerlijk, aangezien de 
gerapporteerde cognitieve klachten niet samenhangen met objectiveerbare stoornissen 
(10,11). Wel zijn depressieve symptomen geassocieerd met de subjectieve cognitieve 
klachten van patiënten (10). Bij oudere bipolaire patiënten speelt de vraag of cognitieve 
klachten het begin kunnen zijn van een dementieel proces of behoren tot een bij de 
leeftijd passende cognitieve achteruitgang. Oudere bipolaire patiënten (> 60 jaar) met 
weinig cognitieve klachten presteerden in een recente studie slechter dan patiënten 
met veel klachten, wat een relatie tussen verminderd inzicht in eigen (cognitief) 
functioneren en stoornissen op gebied van executief functioneren impliceert (11). 

Cognitie: beinvloedende 
faCtoren
Verschillende factoren spelen een rol in het ontstaan en onderhouden van cognitieve 
stoornissen bij bipolaire patiënten. Zowel genetische en omgevingsrisicofactoren, 
als ook ontwikkelingsneurologische en neurodegeneratieve processen lijken hierbij 
betrokken te zijn (12). 

Ziekte-specifieke factoren
Bipolaire patiënten ervaren frequent stemmingsymptomen (13), welke gepaard kunnen 
gaan met cognitieve stoornissen (14,15). Er wordt echter geen duidelijke cognitieve 
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specificiteit per stemmingsepisode gevonden: zowel bij een depressie als bij een (hypo)
manische episode komen stoornissen voor op het gebied van aandacht, geheugen en 
executief functioneren (16). De ernst van cognitieve stoornissen bij patiënten met 
een bipolaire I en II stoornis blijkt niet veel te verschillen, met uitzondering van het 
verbaal geheugen wat ernstiger is aangetast bij bipolaire I patiënten (17). 
Wanneer bipolaire patiënten worden vergeleken met patiënten met schizofrenie, blijkt 
dat in beide doelgroepen overeenkomstige cognitieve stoornissen voorkomen, hoewel 
de ernst van de afwijkingen over het algemeen groter is bij patiënten met schizofrenie 
(18,19). Er bestaat mogelijk een overlap in etiologie en symptomatologie tussen 
beide ziektebeelden (20), waarbij eerder de aanwezigheid van een grotere genetische 
kwetsbaarheid, in plaats van de daadwerkelijke lifetime psychotische symptomen een rol 
lijkt te spelen (21). 
In tegenstelling tot bij schizofrenie, is er bij de bipolaire stoornis geen duidelijke 
evidentie voor de aanwezigheid van premorbide cognitieve afwijkingen (22). Bij 
bipolaire patiënten blijft het cognitief functioneren intact tot aanvang van de ziekte 
waarna er cognitieve achteruitgang kan plaatsvinden en verschillende ziektefactoren het 
neurocognitieve beloop beïnvloeden (19), waaronder het aantal doorgemaakte 
stemmingsepisodes, het aantal opnames en ziekteduur (23). Met name de associatie 
tussen manische en gemengde episoden en een grotere achteruitgang in verbaal 
geheugen en executief functioneren betreft een consistente bevinding (24). Wat 
betreft de factor leeftijd zijn er aanwijzingen dat er bij oudere bipolaire patiënten een 
snellere cognitieve verslechtering optreedt in vergelijking met gezonde personen 
(25). Het doormaken van een eerste manische episode vóór het 40e jaar heeft een 
negatieve invloed op de cognitieve testprestaties van bipolaire patiënten boven de 60 
jaar (26), evenals een lagere premorbide intelligentie en hogere leeftijd (27). 

Comorbiditeit
De kans op een lifetime psychiatrische comorbide aandoening bij de bipolaire stoornis 
is hoog (28). Hoewel sommige van deze aandoeningen erom bekend staan tot 
cognitieve problemen te leiden (bijvoorbeeld alcoholafhankelijkheid en ADHD), is 
het daadwerkelijk additioneel cognitieve effect bij bipolaire patiënten onvoldoende 
duidelijk (29). 
Ook somatische comorbiditeit is eerder regel dan uitzondering (30), maar de invloed 
hiervan op cognitief functioneren bij bipolaire patiënten is onvoldoende onderzocht 
(29) met uitzondering van de nadelige cognitieve effecten van comorbide diabetes 
mellitus (26) en cardiovasculaire belasting bij oudere bipolaire patiënten (27). Nadelige 
effecten op het cognitief functioneren zijn te verwachten van endocrinologische 
afwijkingen zoals (subklinische) hypothyreoïdie (31), evenals immunologische 
(32) en inflammatoire processen (33), en een verhoogde activiteit van de hypofyse-
bijnier-as (34).

Psychofarmaca 
De effecten van medicatie op cognitie kunnen door verschillende mechanismen 
worden gemedieërd. Allereerst zijn er bijwerkingen die samenhangen met de 
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aangrijpingspunten van de diverse medicamenten en de daarmee samenhangende 
directe bijwerkingen (bijvoorbeeld anticholinerge en extrapiramidale effecten). 
Daarnaast kunnen ook bijwerkingen op langere termijn een rol spelen bij het ontstaan 
en/of verergeren van somatische comorbiditeit en daarmee gerelateerde cognitieve 
stoornissen (35), bijvoorbeeld het ontwikkelen van het metabool syndroom (36) en 
endocriene effecten (37) ten tijde van het gebruik van stemmingsstabilisatoren en 
antipsychotica. 
Wat betreft de directe cognitieve effecten van psychofarmaca lijkt er over het algemeen 
sprake van kleine negatieve maar soms ook positieve effecten (38,39). Belangrijk is 
een recente studie waarin geen verschil werd gevonden in cognitief functioneren 
tussen euthyme bipolaire patiënten mét en zonder psychofarmaca-gebruik (40). 
Het effect van lithium op cognitie is relatief het best onderzocht bij bipolaire 
patiënten, en resultaten zijn uiteenlopend. Er zijn aanwijzingen voor kleine negatieve 
effecten  op verbaal geheugen en snelheid van informatieverwerking op de korte 
termijn (41), hoewel een andere studie geen effect van lithium op cognitie vindt 
(42). Ook positieve effecten op de langere termijn worden gemeld, samenhangend 
met een verondersteld neuroprotectief effect van lithium (43), tot uiting komend 
in een kleinere kans op cognitieve achteruitgang in het kader van (beginnende) 
dementie in vergelijking met behandeling met andere stemmingsstabilisatoren 
(44). De cognitieve effecten van anticonvulsiva zijn beperkt onderzocht bij bipolaire 
patiënten, maar leiden mogelijk tot psychomotore traagheid (45). Valproaat heeft 
vergelijkbare effecten op cognitief functioneren als lithium (46) en wellicht ook een 
neuroprotectief effect (47). Lamotrigine heeft een gunstiger cognitief profiel dan 
de andere anticonvulsiva (48) en kan als mono-therapie mogelijk tot verbetering 
van cognitief functioneren leiden (49). Wat betreft (atypische) antipsychotica, is 
bij bipolaire patiënten vaak sprake van een negatief effect op cognitie, vooral op 
snelheid van informatieverwerking (39), verbaal geheugen en executieve functies 
(29). Quetiapine heeft in dit kader mogelijk een gunstiger cognitief profiel dan 
olanzapine en risperidon (50). Tricyclische antidepressiva kunnen, vooral door 
hun anticholinerge en antihistaminerge (vooral amiptriptyline) effecten, leiden tot 
cognitieve problemen en verminderde rijvaardigheid; hetzelfde geldt in lichtere mate 
voor SSRI’s en SNRI’s (51,52), alsmede mirtazapine, maar specifiek onderzoek naar 
cognitieve effecten van antidepressiva bij bipolaire patiënten ontbreekt. De nadelige 
cognitieve effecten van langdurig gebruik van benzodiazepines zijn algemeen bekend en 
betreffen vooral snelheid van informatieverwerking en geheugen (53,54), met een 
verhoogd risico op (verkeers-)ongevallen (55). 

Kwetsbaarheid voor bipolaire stoornis
De grootste cognitieve afwijkingen bij euthyme bipolaire patiënten worden gevon-
den op testen naar werkgeheugen, cognitieve flexibiliteit, verbale reproductie en in-
formatieverwerkingssnelheid (56,57). Aangezien zowel de bipolaire stoornis als ook 
cognitief functioneren grotendeels genetisch bepaalde fenotypen zijn, kunnen de 
cognitieve stoornissen tijdens de euthyme fasen van de bipolaire stoornis mogelijk 
een indicatie vormen van het genetisch risico voor de stoornis en als intermediair 
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fenotype (endofenotype) dienen (58). Om dit te onderzoeken is het noodzakelijk 
cognitief functioneren bij gezonde eerstegraads familieleden van bipolaire patiën-
ten te bestuderen. Deze familieleden delen het genetisch risico op de stoornis maar 
de mogelijk vertekenende invloed van medicatie, ziekte episoden en subsyndromale 
stemmingspathologie ontbreekt. Uit diverse meta-analyses blijkt dat bij de gezonde 
eerstegraads familieleden van bipolaire patiënten subtiele cognitieve afwijkingen in 
executief functioneren en verbaal leren en geheugen voorkomen (56,57). De effecten 
zijn echter klein en het bewijs dat cognitieve stoornissen gerelateerd zijn aan de ge-
netische kwetsbaarheid over het brede bipolaire spectrum is beperkt. Overigens zijn 
er aanwijzingen dat familieleden van bipolaire I patiënten (59) ernstigere cognitieve 
afwijkingen vertonen dan familieleden van bipolaire II patiënten, hetgeen suggereert 
dat de grote mate van heterogeniteit in cognitieve stoornissen deels gestuurd wordt 
door een variatie in de mate van familiaire belasting voor de ziekte.

Cognitie: relatie met 
psyCHosoCiaal funCtioneren
Herstel van een stemmingsepisode leidt bij bipolaire patiënten niet automatisch tot 
een terugkeer naar het premorbide niveau van functioneren (60); 30-60% van de 
bipolaire patiënten ervaart tussen de stemmingsepisodes problemen met het hervatten 
van sociale contacten en werk (3). De aanwezigheid van cognitieve stoornissen blijkt 
hierbij een belangrijke voorspeller te zijn (61,62), ook bij oudere patiënten (63).

disCussie
De ernst en aanwezigheid van cognitieve stoornissen bij bipolaire patiënten varieert 
sterk. Enige voorzichtigheid bij de betekenis van de neuropsychologische onderzoeks-
resultaten is daarbij wel op zijn plaats, aangezien een cognitieve testbatterij niet opti-
maal overeenkomt met de cognitieve uitdagingen in het alledaagse leven. Aanvullende 
(hetero)anamnestische en observationele gegevens blijven dan ook onmisbaar (64). 
Voor een optimaal testresultaat vindt het neuropsychologisch onderzoek bij voorkeur 
plaats tijdens een euthyme periode, en in elk geval niet tijdens een manische of ernstige 
depressieve episode. Bovendien gebruikt de patiënt bij voorkeur niet teveel verschil-
lende medicijnen, en in elk geval niet recent ingenomen (<8 uur voor start van onder-
zoek) sederende medicatie. 
Wat betreft de neuropsychologische testbatterij bestaat er geen specifieke voorkeur voor 
bepaalde cognitieve testen (dit is deels ook afhankelijk van de gewoontes en voorkeuren 
van individuele centra), maar het is wel van belang meerdere cognitieve domeinen in 
het onderzoek op te nemen (5,6), aangezien bipolaire patiënten vaak op één of twee 
domeinen stoornissen vertonen en er inter-individuele variatie bestaat in de aangedane 
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cognitieve domeinen (15). Zo wordt aanbevolen om, naast een inschatting van het 
intellectueel vermogen, informatie te verkrijgen over psychomotore snelheid, snelheid 
van informatieverwerking en aandacht/vigilantie, verbaal en visueel leren / geheugen 
en executief functioneren (met name redeneren, probleem oplossen en werkgeheugen). 
Ook computergestuurde cognitieve taken kunnen in korte tijd veel bruikbare informatie 
opleveren. Bij de interpretatie van de testuitslagen strekt het tot de aanbevelingen om 
een cognitief domein met meerdere taken te onderzoeken om te voorkomen dat er 
disproportioneel veel waarde wordt gehecht aan één enkele testuitslag (5). 
Er lijkt enige evidentie te bestaan voor een neurodegeneratief model als oorzaak van 
de cognitieve stoornissen bij de bipolaire stoornis, waarbij het herhaaldelijk optreden 
van stemmingsepisoden mogelijk een ‘neurotoxisch’ effect op het brein heeft (65). 
Aannemelijk is dat patiënten met een slechter beloop en inherent daaraan meer stem-
mingssymptomen meer cognitieve stoornissen hebben, mede omdat deze patiënten 
vaker worden gehospitaliseerd en vaak meer en hoger gedoseerd medicatie gebruiken 
die op hun beurt ook weer cognitief functioneren kunnen beïnvloeden. 

ConClusie
Cognitieve stoornissen op het gebied van aandacht, geheugen en executief functione-
ren komen voor tijdens zowel depressie als manie en kunnen blijven bestaan in afwe-
zigheid van klinisch relevante stemmingssymptomen. Adequate cognitieve vaardig-
heden zijn echter nodig voor een adequaat psychosociaal functioneren in termen van 
opbouwen en onderhouden van interpersoonlijke relaties en het volhouden van een 
opleiding of baan bemoeilijken (3). Hoewel met het huidige behandelaanbod voor 
bipolaire patiënten het vaak redelijk lukt tot herstel, of tenminste tot een aanzienlijke 
verbetering van het klinisch beeld te komen, blijft herstel van psychosociaal functio-
neren hier vaak bij achter en er is nog weinig bekend over hoe dit te beïnvloeden. Ge-
geven de relatie tussen (persisterende) cognitieve stoornissen en slechter psychosoci-
aal functioneren bij bipolaire patiënten, is het aan te bevelen bij patiënten die het niet 
lukt hun premorbide niveau van functioneren te hervatten een neuropsychologisch 
onderzoek af te nemen, ongeacht of deze patiënt subjectieve klachten rapporteert 
(10,11). Wanneer eventuele cognitieve stoornissen in kaart worden gebracht, kunnen 
de problemen in het dagelijks leven beter worden begrepen en mogelijk aanpassingen 
worden gedaan. Concrete mogelijkheden voor cognitief herstel en cognitieve reme-
diatie (bijvoorbeeld het aanbieden van specifieke psycho-educatie modules) bij de 
bipolaire stoornis zullen in de nabije toekomst moeten worden onderzocht. 
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abstraCt 
Background: 
Cognitive dysfunction is clearly recognized in bipolar patients, but the degree of 
impairment varies due to methodological factors as well as heterogeneity in patient 
populations. The goal of this study was to evaluate cognitive functioning in bipolar 
patients and to assess its association with depressive symptoms. Post hoc the 
relationship with lifetime alcohol use disorder was explored. 

Methodology/principal findings: 
The study included 110 bipolar patients and 75 healthy controls. Patients with 
severe depressive symptoms, (hypo)manic symptoms and current severe alcohol 
use disorder were excluded. Diagnoses were evaluated via the Mini-International 
Neuropsychiatric Interview. Cognitive functioning was measured in domains of 
psychomotor speed, speed of information processing, attentional switching, verbal 
memory, visual memory, executive functioning and an overall mean score. Severity of 
depression was assessed by the Inventory of Depressive Symptomatology-self rating. 
Patients were euthymic (n=46) or with current mild (n=38) or moderate (n=26) 
depressive symptoms. Cognitive impairment was found in 26% (z-score 2 or more 
above reference control group for at least one domain) of patients, most prominent 
in executive functioning (effect size; ES 0.49) and speed of information processing 
(ES 0.47). Depressive symptoms were associated with dysfunction in psychomotor 
speed (adjusted beta 0.43; R2 7%), speed of information processing (adjusted beta 
0.36; R2 20%), attentional switching (adjusted beta 0.24; R2 16%) and the mean score 
(adjusted beta 0.23; R2 24%), but not with verbal and visual memory and executive 
functioning. Depressive symptoms explained 24% of the variance in the mean z-score 
of all 6 cognitive domains. Comorbid lifetime alcohol use (n=21) was not associated 
with cognitive dysfunction. 

Conclusions/significance: 
Cognitive dysfunction in bipolar disorder is more severe in patients with depressive 
symptoms, especially regarding speed and attention. Therefore, interpretation of 
cognitive functioning in patients with depressive symptoms should be cautious. No 
association was found between cognitive functioning and lifetime comorbid alcohol 
use disorder.
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introduCtion
 
During mood episodes (1-3), as well in euthymic phases (4,5) bipolar patients show 
cognitive impairment in several neuropsychological domains. The degree of cognitive 
impairment varies extensively across studies due to methodological factors as well as 
the heterogeneity of illnesses and patient characteristics (3,4,6-11), as commonly seen 
in daily clinical practice. Sometimes clinicians may request for a neuropsychological 
assessment, since well-known social and occupational problems in bipolar patients 
(12-14) partly seem to be due to cognitive impairment (15-21). An important, yet 
unanswered, question is how to interpret the test results in the presence of mood 
symptoms or long standing alcohol use. Research looking for putative cognitive 
endophenotypes (6,8,22) explicitly rules out patients characterized by commonly 
seen illness characteristics, and thereby limits the generalizability of these study 
results; after all bipolar patients are known to be euthymic for not more than 50% 
of time (23-25) and many suffer from comorbid substance use disorders, mostly 
alcohol misuse (26,27). Also, no consensus is reached about the most appropriate 
cognitive test battery that should be used or about the most appropriate threshold 
value delineating impaired from unimpaired cognitive functioning. Prior research in 
bipolar patients mainly reported cognitive functioning in terms of group means. An 
alternative approach, possibly more applicable for clinical practice, is the use of cut-off 
scores, highlighting the heterogeneity within the patient samples. Although arbitrary, 
a test result exceeding the mean of the reference group with more than 2 standard 
deviations is commonly considered to indicate impaired cognition (21,28,29). 
In the current study cognitive functioning in bipolar patients as seen in daily clinical 
practice was evaluated. This was accomplished by including a relatively unselected 
group of bipolar outpatients. The extent and kind of cognitive impairment compared 
to healthy controls was assessed using an extensive cognitive battery. Furthermore, 
the association of cognitive functioning with severity of depressive symptoms 
was explored. In a post hoc analysis we also explored the association of cognitive 
functioning with lifetime alcohol use disorder. Results are expressed in group means, 
as well as proportions cognitively impaired. 

metHods
ethics statement
This study was conducted according to the principles expressed in the Declaration of 
Helsinki. The study was approved by the Institutional Review Board of the University 
Medical Centre Groningen (reference numbers METc2005.236 and METc2007.200). 
All participants provided written informed consent for the collection of data and 
subsequent analysis. 
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Participants
Recruitment of bipolar patients and healthy controls (age 18 - 65 years) took place 
between October 2005 and December 2008. General exclusion criteria were: mental 
retardation (IQ < 70) or a known systemic or neurological disease which could 
influence cognitive functioning. Bipolar patients had to meet DSM-IV criteria for 
bipolar I, II or not otherwise specified disorder, confirmed by the Mini-International 
Neuropsychiatric Interview (MINI) (30). Mild to moderate depressive symptoms 
were allowed, defined as a score of ≤ 38 points (31,32) on the 30 item-Inventory 
of Depressive Symptomatology-self rating [IDS-SR;(33)]. Patients with (hypo)manic 
symptoms, defined as  > 7 points on the Young Mania Rating Scale [YMRS;(34)] 
were excluded. Regarding alcohol use disorders, patients were only excluded when 
they currently needed treatment in a specialized setting. Controls were systematically 
interviewed to exclude participants with any current or lifetime major psychiatric 
disorder, which included alcohol and substance use disorder. In addition, controls 
were excluded in case of a positive first degree family history for these disorders. 
After screening for inclusion and exclusion criteria, 191 out of 261 patients 
from the outpatient clinic for bipolar disorder of the University Medical Centre 
Groningen were found eligible. No informed consent was obtained from 71 patients, 
for the following reasons: too busy (n = 22), fear for instability due to tests (n 
= 6) or other unspecified reasons (n = 43). Non-participants did not differ from 
the final bipolar sample in age (t = 1.32, p = 0.19), education level (t = 1.48, 
p = 0.14), gender (χ2 = 0.37, p = 0.54) or subtype of bipolar disorder (χ2 = 
1.15, p = 0.56). A total of 120 bipolar patients were tested, but due to missing 
data (n = 4) and an IDS-SR score above 38 (n = 6), the final sample consisted of 
110 participants. A total of 75 healthy controls were recruited using flyers in the 
university and hospital and by advertisements in a local newspaper. Healthy controls 
received 15 Euros (approximately 19 US Dollars) after participation in this study.  

Clinical evaluation
All assessments and tests were uniformly performed by trained psychologists. 
Lifetime and current attention deficit and hyperactivity disorder, lifetime and current 
alcohol and other substance use disorders, as well as current psychotic features were 
assessed using the MINI. Illness characteristics were provided by the clinician via the 
Questionnaire for Bipolar Disorder (QBP; an adaption of the Enrolment Questionnaire 
as previously used in the Stanley Foundation Bipolar Network) (35,36). In case of 
mismatch between MINI and QBP results, diagnoses were checked with the treating 
clinician. Level of education was based on the Dutch educational system which 
differentiates already after primary school into different levels, ranging from 1: 
primary school up to 6: PhD or higher degree obtained. 

Neurocognitive assessment
The composition of the cognitive test battery was based on existing literature and 
experience with the target group in clinical practice. The battery included seven 
cognitive domains, consisting of nine different tests, yielding 16 outcome variables. 
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The domain “psychomotor speed” was derived from the reaction time test of 
the Cambridge Neuropsychological Test Automated Battery (CANTAB) system 
(37). The corresponding outcome variables in this study were the variables 
simple movement time (in milliseconds) and five-choice movement time (in 
milliseconds). For the domain “speed of information processing” the Stroop Colour 
and Word Test [SCWT; (38)] and the reaction time test of the CANTAB system (37) 
were used for the outcome variables Stroop time 1 (words; in seconds), Stroop 
time 2 (colours; in seconds), simple reaction time (in milliseconds) and five-
choice reaction time (in milliseconds). For the domain “attentional switching” 
the Continuous Performance Task, based on research of Smid et al. (39) was used. 
After a one minute practice session, two 5 minutes task-blocks (either CPT-Q or 
CPT-HQ condition) were performed, in which 15% of the stimuli were target 
stimuli demanding a response. A reliable score of attentional switching was used 
as outcome variable, composed of the difference score of hits in CPT-Q version 
minus hits in CPT-HQ version. The domain “verbal memory” was derived from 
the California Verbal Learning Test (40) for the outcome variables CVLT-trial 1 
to 5 (verbal learning) and CVLT-number of words long term free recall. The 
Pattern Recognition Memory (PRM) test of the CANTAB system (37) was used to 
create the domain “visual memory” by calculating the outcome variables PRM-
immediate correct numbers and PRM-delayed correct numbers. The domain 
“cognitive flexibility/ planning” was derived from the Zoo map task as subtest 
from Behavioural Assessment of the Dysexecutive Syndrome [BADS;(41)] and 
Stockings of Cambridge (SOC) test from the CANTAB system (37). The outcome 
variables were the sum score of the raw scores of part 1 and part 2 from the Zoo 
map task, as well as the number of problems solved in minimal moves from 
the SOC. For the domain “executive functioning / working memory” the Spatial 
Working Memory (SWM) test of the CANTAB system (37) and the SCWT (38) 
were chosen to calculate the outcome variables of number of SWM-between errors 
for 8-box problems, SWM Strategy (counting number of times the subject begins 
a new search with the same box) and interference score of the SCWT (seconds).
In addition, premorbid intelligence (IQ) was estimated with the National Adult 
Reading Test [NART;(42)]. Detailed descriptions of the pen-and-paper measures 
are provided by Lezak et al. (43). Robbins et al. (37) discussed the CANTAB tests. 
The total cognitive test battery was administered within about 2½ hours, with one 
break if necessary.

Statistical analyses
Differences between bipolar patients and healthy controls on demographic 
variables were examined by means of independent t-tests for continuous variables 
or chi-square tests for categorical variables. All cognitive variables were assessed 
for normal distribution. When variables in the controls were normally distributed, 
the scores of controls and patients were transformed into z-scores using the 
mean and standard deviations of the control group. Otherwise, test scores were 
transformed to approximate normality by quadratic or log transformation. Higher 
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scores indicated poorer cognition. To correct for age difference between patients and 
controls age-adjusted z-scores for the patients were calculated using linear regression. 
Differences in age-corrected z-scores between patients and controls were tested using 
unpaired t-tests. The analyses went on with those cognitive tests that showed statistically 
significant differences between patients and controls. Cognitive domain scores were 
created by calculating the mean z-value of the pertaining cognitive variables. In 
addition, a mean score was created by averaging the z-scores of all six domains. For 
each cognitive domain the effect size (ES) was calculated as the difference between the 
mean age-corrected z-scores of controls and bipolar patients. This measure of effect 
size (Glass’s Δ) can be interpreted as a modified Cohen‘s d, in the sense that it is based 
on control group data only (44). ES were calculated for all cognitive domains and, 
if necessary, additionally corrected for the potential confounders gender, educational 
level and premorbid IQ using multiple linear regression analyses.
To study the association of depressive symptoms with cognitive functioning we 
performed linear regression analyses with the age-corrected z-scores for cognition as 
the dependent variable, and the IDS-SR total score and potential confounders gender, 
education and IQ as the independent variables. The continuous IDS-SR total score was 
divided by 13 and consequently the beta’s reported are per 13 points on the IDS-SR. 
The choice of 13 points is essentially arbitrary but approximately corresponds to 
shifting from the level of none (0-13) to mild (14-25) or from mild to moderate 
(25-38) depressive symptoms (31,32). We supplied each beta with the R2 (explained 
variance) as an indicator of model fit. In addition to the analysis of depressive 
symptoms as a continuum we analyzed depressive symptoms categorized as euthymic, 
mild, or moderate depressive symptoms. The same approach was followed for lifetime 
alcohol use disorder with the understanding that this variable was dichotomous only 
(present/absent). The linear regression model assumptions of normality, linearity and 
homoscedasticity were assessed using residual plots.
In addition to analyses of cognitive function in terms of group means, we analysed the 
proportions of cognitive impairment. To this end cognitive impairment in a patient 
was defined as a z-score of 2 or more above the reference control group for at least one 
domain; this comes down to a 2.5% prevalence of cognitive impairment per domain 
in the reference control group. As the analyses of continuous scores as described above 
are associated with optimal statistical power we refrained from additionally testing 
these categorical data. Statistical significance was defined as p < 0.05, two sided, 
except for the reduction of  the cognitive battery in which the statistical significance 
was defined as p < 0.25; the use of this more liberal significance level is advocated 
during screening of variables for inclusion in subsequent analyses using univariable 
analyses (45). All analyses were performed using Statistical Package for the Social 
Sciences (SPSS) Version 16.0 (46). 
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results
Sample characteristics
Demographical and clinical characteristics of bipolar patients and healthy controls 
were listed in Table 1. The study included 91 bipolar I patients (82.7%) and 19 bipolar 
II patients (17.3%). Patients were on average 5 years older than controls (t = -2.52, 
p = 0.01). Patients were euthymic (n = 46; IDS-SR score < 14) or known with mild 
(n = 38; IDS-SR score 14 - 25) and moderate (n = 26; IDS-SR score 26 - 38) (31,32) 
depressive symptoms. More than half of the patients never experienced psychotic 
features. Only 3 patients (2.7%) were medication-free; most other patients used 1 
(52.7%, n = 58) or 2 (30.9%, n = 34) different psychotropic drugs, mostly lithium 
(61.8%, n = 68) and anticonvulsants (43.6%, n = 48), all in therapeutic dosages or 
with therapeutic plasma levels. Lifetime alcohol use disorder was present in 19.1% 
(n = 21) of cases. Thirteen patients from this group were also known with a current 
alcohol use disorder.

table 1. Characteristics of participants.

Patients Controls test £ p

N = 110 N = 75

Age (yrs), mean (SD) 45.7 (10.7) 40.8 (14.4) -2.52 0.01 *

Female gender, n (%) 67 (60.9) 48 (64.0) 0.18 0.67

Premorbid IQ, mean (SD) 106.5 (9.2) 106.6 (9.9) 0.08 0.94

Education level (1-6), mean (SD) 3.6 (1.0) 3.7 (1.1) 0.53 0.60
Duration of illness (yrs), mean 
(SD)

20.8 (12.6) -

IDS-SR, mean (SD) 17.3 (10.0) -

YMRS, mean (SD) 0.5 (1.3) -

Lifetime psychotic features, n (%) 51 (46.4) -

Comorbidity, n (%)

Lifetime ADHD 1 (0.9) -

Lifetime alcohol use disorder 21 (19.1) -

Current alcohol use disorder 13 (11.8) -

Lifetime other substance use 6 (5.5) -

Current other substance use 0 (0) -

Type of medication, n (%) $ -

Lithium 68 (61.8) -

Anticonvulsants ‡ 48 (43.6) -

Antipsychotics 27 (24.5) -

Antidepressants 19 (17.3) -

Benzodiazepines 8 (7.3) -

* p < 0.05
$ 3 patients were medication-free
‡ 3 patients used 2 types of anticonvulsants
£ χ2 tests were used for categorical data and the unpaired t-test was used for continuous data
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Selection of the cognitive test battery
Two cognitive outcome variables were eliminated from the battery, since they did 
not discriminate between healthy controls and bipolar patients at an alpha of 0.25, 
namely the sum score of raw score part 1 and part 2 from the Zoo map task (t = 
-2.47, p = 0.49) and the number of problems solved in minimal moves from the 
SOC (t = -0.18, p = 0.86), which together formed the whole domain of cognitive 
flexibility / planning (see Table 2 for raw neuropsychological test results and Table 3 
for age-adjusted z-scores). Thus, further results refer to the remaining 14 cognitive 
outcome variables, covering six domains. 

table 2. Raw data of the neuropsychological tests from 110 bipolar patients and 75 healthy controls.

Cognitive variables Patients Controls

Mean SD Mean SD

Simple movement time (msec) 462.88 150.45 416.19 109.20

Five-choice movement time (msec) 428.13 134.33 385.30 101.33

Simple reaction time (msec) 367.47 111.08 327.67 72.77

Five-choice reaction time (msec) 386.97 97.06 344.83 57.66

Stroop time 1 (word; sec) 45.78 9.74 41.79 7.07

Stroop time 2 (colour; sec) 59.45 13.48 54.61 7.99

Difference CPT hitrate version Q minus HQ 0.05 0.07 0.03 0.07

CPT hitrate version Q (% correct) 0.99 0.03 0.99 0.06

CPT hitrate version HQ (% correct) 0.94 0.08 0.97 0.06

CVLT - verbal learning (total nr correct resp) 51.92 12.28 57.24 8.01

CVLT – long term free recall (nr correct resp) 11.65 3.36 13.15 2.31

PRM – number correct immediate 10.53 1.66 11.01 1.48

PRM – number correct delayed 9.20 2.05 10.04 1.71

SOC – problems solved in minimal moves (nr 
correct)

8.29 1.94 8.36 1.98

Zoo map task (total score) of BADS 12.99 3.80 13.72 3.29

SWM –between errors 8 boxes (nr correct 
resp)

22.38 12.75 14.69 12.04

SWM – strategy (efficiency score) 34.21 6.21 31.25 6.55

Stroop interference (difference rate; sec) 7.36 24.80 -0.11 10.16

CPT: Continuous Performance Task ; CVLT: Dutch version of California Verbal Learning Test; PRM: 
Pattern Recognition Memory; SWM : Spatial Working Memory; SOC: Stockings of Cambridge; 
BADS: Behavioural Assessment of the Dysexecutive Syndrome; msec: milliseconds; nr: number; resp: 
responses; SD: standard deviation; sec: seconds
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extent and kind of cognitive dysfunctions 
Mean age-adjusted domain specific z-scores of patients were significantly different 
from controls in the range of small effect sizes (i.e. ES < 0.5), with relatively large 
confidence intervals (see Figure 1). In the total bipolar cohort, largest ES were found 
for executive functioning/working memory and speed of information processing. 
After further correction for gender, education and IQ, results were similar. 
A total of 29 bipolar patients (26.4%) were defined as cognitively impaired. Except 

table 3. Age-adjusted cognitive z-scores of 110 bipolar patients.

Domains and pertaining variables Mean SD t test p

Psychomotor speed

Simple movement time † 0.33 1.3 -1.84 0.07 *

Five-choice movement time † 0.32 1.3 -1.88 0.06 *

Speed of information processing

Simple reaction time † 0.43 1.5 -2.41 0.02 *

Five-choice reaction time † 0.55 1.6 -3.06 0.00 *

Stroop time 1 (word) † 0.41 1.3 -2.53 0.01 *

Stroop time 2 (colour) † 0.50 1.7 -2.60 0.01 *

Attentional switching

Difference CPT hitrate version Q minus HQ † 0.30 1.0 -2.06 0.04 *

Verbal memory

CVLT - verbal learning (total of trial 1-5) † 0.50 1.5 -2.89 0.00 *

CVLT – long term free recall 0.34 1.0 -2.19 0.03 *

Visual memory

PRM – number correct immediate 0.33 1.0 -1.95 0.05 *

PRM – number correct delayed 0.41 1.0 -2.71 0.01 *

Cognitive flexibility / planning

SOC – problems solved in minimal moves † -0.11 0.9 0.69 0.49

Zoo map task (total score) of BADS 0.04 1.1 -0.14 0.89

Executive functioning / working memory

SWM –between errors 8 boxes 0.43 0.8 -3.49 0.00 *

SWM – strategy † 0.30 0.8 -2.32 0.02 *

Stroop interference † 0.73 2.4 -2.83 0.01 *

Healthy controls (n = 75) were used as reference score.
For all cognitive measures: higher values indicate worse performance.
* p < 0.25 
† normally distributed
CPT: Continuous Performance Task ; CVLT: Dutch version of California Verbal Learning Test ; PRM: 
Pattern Recognition Memory; SWM : Spatial Working Memory ; SOC : Stockings of Cambridge ; BADS: 
Behavioural Assessment of the Dysexecutive Syndrome
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for visual memory, dysfunctions were present in 11.8% (n = 13) of cases in the 
domain verbal memory, 10.9% (n = 12) in speed of information processing, 9.1% 
(n = 10) in attention, 8.2% (n = 9) in executive functioning and 7.3% (n = 8) in 
psychomotor speed. Heterogeneity within the cognitively impaired group was also 
illustrated by the number of impaired domains: most frequently one (51.7%, n = 15) 
or two (31.0%, n = 9) domains were impaired, and only in 17.3% (n = 5) of cases 
in the range of 3 to 5 domains. 

association between depressive symptoms and cognitive functioning
Data in Table 4 are beta’s, adjusted for age and additionally for gender, education 
and IQ, since these corrections led to substantial differences.  The assumptions of 
linear regression analysis were found to be sufficiently met. An increase of 13 points 
on the IDS-SR total score, approximately comparable with an increase of one level 
of depression severity was modestly associated with psychomotor speed, speed of 
information processing, attentional switching and the mean score. The proportion 
variance explained (R2) ranged from 7 to 25% for the various domains of cognitive 
functioning and 24% for the mean z-score of all 6 cognitive domains.
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Figure 1. Cognitive performance in the total group and subgroups of bipolar patients 
Total group (n = 110; dots), the euthymic subgroup (n = 46; triangle) and depressed subgroup (n = 64; 
square), with healthy controls (n = 75) used as reference score. 
Values are effect sizes, corrected for age. Error bars are 95% confidence intervals (95%CI). 
Statistical significance for group differences between bipolar patients and healthy controls was 
defined as p < 0.05, shown in the figure as 95%CI which does not cross the base-line.
Statistical significance (p < 0.05) of sub-group differences were marked with an asterix (*) and were 
based on continuous depression scores. 
Speed = psychomotor speed; Process = speed of information processing; Attention = attentional 
switching; Verbal = verbal memory; Visual = visual memory; Exec/WM = executive functioning / 
working memory; Mean = mean z-score of all 6 cognitive domains
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To further illustrate the effect of depressive symptoms on cognition, the data of the 
euthymic (n = 46; IDS-SR score < 14) and depressed (n = 64; IDS-SR score > 13) 
patients were added to Figure 1. Expressed as proportion impaired, 13% (n = 6) of 
euthymic patients, 37% (n = 14) of patients with mild depressive symptoms and 
35% (n = 9) of patients with moderate depressive symptoms could be defined as 
cognitively impaired. 

association between lifetime alcohol use disorder and cognitive functioning
Data in Table 5 are beta’s, adjusted for age only, since further correction for gender, 
education, IQ and additionally for depressive symptoms led to similar results. The 
assumptions of linear regression analysis were found to be sufficiently met. Lifetime 
alcohol use disorder (n = 21, 19.1%) in bipolar patients was not associated with the 
mean value of all six domains (age-adjusted beta -0.04, 95% confidence interval: 
-0.39; 0.31; R2 0.00), nor with any of the separate cognitive domains.  

table 4. Associations between depressive symptoms and cognitive performance 

Beta † 95%CI r2 p

Speed 0.43 0.12 ; 0.73 0.07 0.01 *

Process 0.36 0.07 ; 0.64 0.20 0.02 *

Attention 0.24 0.01 ; 0.47 0.16 0.04 *

Verbal 0.20 -0.06 ; 0.47 0.25 0.13

Visual 0.09 -0.11 ; 0.29 0.21 0.39

Exec/WM 0.04 -0.23 ; 0.30 0.05 0.78

Mean 0.23 0.06 ; 0.39 0.24 0.01 *

For all cognitive measures: Beta’s are corrected for age, gender, education and IQ. Higher values 
indicate worse performance.
* p < 0.05
95%CI: 95% confidence interval
† All beta’s are regression coefficients indicating the mean change in cognitive performance, 
associated with an increase of 13 points IDS-SR score.
R2: explained variance
Speed = psychomotor speed; Process = speed of information processing; Attention = attentional 
switching; Verbal = verbal memory; Visual = visual memory; Exec/WM = executive functioning / 
working memory; Mean = mean z-score of all 6 cognitive domains
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disCussion
The results of the current study confirm a significant impairment of cognitive func-
tioning in bipolar disorder (2-6,8). However, to our knowledge this is the first study 
which explicitly evaluated the effect of the severity of depressive symptoms and life-
time alcohol use disorder on different types of cognitive domains. Therefore, also 
patients with mild or moderate depressive symptoms were included. Compared to 
healthy controls (and using a statistical cut off score) around 10% of euthymic bi-
polar patients and more than one third of patients with mild or moderate depressive 
symptoms were found to be cognitively impaired. 
During euthymia cognitive problems in domains of executive functioning, verbal 
memory (4,5,8), as well as attention and processing speed (4) are often present in 
bipolar patients. These dysfunctions seem to be more prominent within an acute phase 
of bipolar disorder (1-3,47,48). This notion is supported by our results, especially for 
the domain of cognitive speed. In the total bipolar sample, including patients in the 
range from euthymic to moderate depressive symptoms, diffuse results with smaller 
effect sizes were found in all domains, except for the domain cognitive flexibility / 
planning which did not discriminate between patients and healthy controls. 
Depressive symptoms were associated with dysfunctions in psychomotor speed (ad-
justed beta 0.43; R2 7%), speed of information processing (adjusted beta 0.36; R2 

20%), attentional switching (adjusted beta 0.24; R2 16%) and the mean score (ad-
justed beta 0.23; R2 24%), but not with verbal and visual memory and executive 

table 5. Associations between lifetime alcohol use disorder and cognitive performance

Beta † 95%CI r2 p

Speed -0.36 0.95 ; 0.22 0.01 0.22

Process -0.08 -0.67 ; 0.51 0.00 0.79

Attention 0.12 -0.34 ; 0.59 0.00 0.60

Verbal 0.40 -0.17 ; 0.96 0.02 0.17

Visual -0.13 -0.55 ; 0.30 0.00 0.55

Exec/WM -0.19 -0.70 ; 0.32 0.01 0.47

Mean -0.04 -0.39 ; 0.31 0.00 0.82

For all cognitive measures: Beta’s are corrected for age. Higher values indicate worse performance.
* p < 0.05
95%CI: 95% confidence interval
† All beta’s are regression coefficients indicating the change in cognitive performance, associated with 
the presence of lifetime alcohol use disorder.
R2: explained variance
Speed = psychomotor speed; Process = speed of information processing; Attention = attentional 
switching; Verbal = verbal memory; Visual = visual memory; Exec/WM = executive functioning / 
working memory; Mean = mean z-score of all 6 cognitive domains
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functioning. Nevertheless, depressive symptoms explained a large proportion of the 
variance in some of the cognitive domains, indicating that the effect is substantive. To 
our knowledge, only one previous two-year follow up study by Frasch et al. (49) re-
ported the effect of mood symptoms on cognitive functioning reporting effect sizes; 
within a depressed cohort of patients with both unipolar and bipolar depression (to-
tal n = 62), they used three experimental tasks and indirectly reported that depressive 
symptoms were associated with processing speed instead of verbal memory. These 
findings are in line with our results. Importantly, subclinical mood symptoms (e.g. 
Hamilton depression scores < 8, comparable with IDS-SR scores < 14) have been 
stated as serious confounders (50), but a recent meta-regression did not show any 
impact of such low scores on any of the reported cognitive measurements in euthy-
mic bipolar patients (6). 
Another study goal was to evaluate the possible, largely undetermined (51,52) effect 
of lifetime comorbid alcohol use disorder on cognitive functioning. No (additional) 
effect of lifetime alcohol use disorder was found in any of the tested domains. This 
finding is in line with recently reported data by Sanchez-Moreno et al. (53), who 
compared cognitive function of 30 bipolar patients with and 35 without a lifetime 
history of strictly defined alcohol abuse or dependency. Other prior studies are am-
biguous, with some authors suggesting an additional decline in cognitive function-
ing in patients with comorbid substance use disorder (54,55), while others did not 
find any relation at all (56-59). In the current study we focused on the effect of 
lifetime, instead of current alcohol use disorder (11), because cognitive dysfunc-
tions can remain over more than 5 years in alcoholics who finally stopped using of 
alcohol (60,61) and past exposures are often not taken into account (11). We also 
did not demonstrate an effect of current alcohol use disorder on any of the cognitive 
domains. These negative findings can be explained by the post hoc condition, as a re-
sult of which we did not explicitly recruit patients with and without lifetime alcohol 
use disorders. This apparently resulted in relatively small numbers of patients with 
lifetime (19.1%, n = 21) and with current (11.8%, n = 13) alcohol use disorder. 
Another reason for these small numbers is that patients with current severe alcohol 
use disorder were excluded.
Highlighting the heterogeneity of cognitive dysfunctions revealed cognitive impair-
ments in 26% of our patient cohort, mainly in one variable domain. This result is 
difficult to compare with prior research. For example, Gualtieri and Morgan (28) 
defined five cognitive domains (memory, psychomotor speed, information process-
ing speed, attention and cognitive flexibility) based on different tasks than the current 
study and without mood ratings. In that study thirty percent of bipolar patients were 
considered cognitively impaired, using 2 standard deviations below mean as cut off 
score. Thompson et al. (62) evaluated the magnitude of effect sizes in 11 individual 
cognitive tasks in euthymic bipolar patients, with (arranged by the magnitude of effect 
sizes) 3-42% of all patients being cognitively impaired. Iverson et al. (63) calculated 
five domain scores based on fully computerized cognitive tests (memory, psychomo-
tor speed, reaction time, cognitive flexibility, and complex attention), evaluating 47 
outpatients with bipolar disorder derived from a sample of convenience (no formal 



42

CHapter 3

diagnostic interviewing or symptom rating scales) and reported 47% of patients as 
cognitively impaired, using one or more domain scores of 2 SD below the mean. 
Looking at the number of impaired cognitive domains, Martino et al. (29) stated that 
38% of euthymic bipolar patients were not impaired in any of the six domains (at-
tention, verbal memory, language, psychomotor speed, executive function and facial 
recognition task), 40% in 1 or 2 domains and 22% in 3 to 5 domains. Altogether this 
short overview shows that consensus about how to test (which domains, which tests) 
and how to define cognitive impairment is urgently needed.
The current study has several strengths and limitations. A major strength is the gen-
eralizability of test results. The study population comprised 60% of the patients of 
our outpatient clinic for bipolar disorders who fulfilled inclusion criteria other than 
informed consent, while refusers were not found to be different form those who gave 
consent on major demographic and illness characteristics. Moreover, although our aca-
demic centre is specialized in the treatment of bipolar patients, the majority of patients 
were not referred for tertiary care or more specialized treatment indicated by the fact 
that many patients receive only one or two types of medication. Finally, the exclu-
sion rate was very low; i.e. we excluded only patients who were severely depressed or 
(hypo)manic, patients with severe current alcohol or drug abuse and patients with a 
medical comorbidity known to affect cognitive functioning. Therefore, these findings 
are considered representative for the population of bipolar patients as seen in clinical 
practice. Also, since only one patient (0.9%) was diagnosed with lifetime Attention 
Deficit Hyperactivity Disorder (ADHD), the results are not confounded by the pres-
ence of comorbid ADHD (51), a factor often overlooked in cognitive literature. ADHD 
is characterized by attention and executive problems in childhood (64) and is reported 
in up to 16% of adult bipolar patients (65). Importantly, psychiatric comorbidity (e.g. 
anxiety disorder) did not seem to aggravate the level of cognitive dysfunction in de-
pressed young adults (56). The cognitive test battery used in this study is another 
major advantage, since it covers all relevant cognitive domains with regard to bipolar 
disorder, but by averaging different tasks within the corresponding domains, it reduces 
multiple comparisons for data analysis and avoids disproportionate emphasis of single 
test results (66). Also, in this manner we expanded the number of domains that have 
been evaluated in depressed bipolar patients (2).
Some limitations need to be considered. In absence of (hypo)manic patients, we 
can only make statements about the association of depressive symptoms with cogni-
tive functioning in bipolar patients. Furthermore, this is a cross-sectional study and 
therefore it does not allow drawing conclusions about the causality between cognitive 
functioning and the two commonly seen patient characteristics (depressive symptoms 
and lifetime alcohol use). Although the current study sample was large compared to 
previous studies in this area, it could have been too small to detect significant results, 
especially regarding the comparison of subgroups, including the post hoc analysis of 
the potential effect of lifetime alcohol use disorder. Therefore, future research should 
formulate a specific aim to recruit sufficiently large samples of patients from the vari-
ous subgroups. 
From a clinical perspective (instead of aetiological origin) we choose to study a 
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heterogeneous patient cohort. It has never been the main focus to take into ac-
count all the possible influence of medications and psychiatric comorbid condi-
tions. Research in this area (51,67) is still ongoing. For example, a recent meta-
analysis surprisingly showed that lithium treatment has only few and minor nega-
tive effects on cognition (68). Finally, it is tempting to define the effect sizes of 
cognitive domains and effect sizes of the association with patient characteristics 
in terms of small, moderate or even large effect sizes, but since the lack of knowl-
edge of clinical relevance (instead of statistical significance) these magnitudes of 
numbers have to be interpreted with caution. Also, it could be argued that the cut 
off score of 2 standard deviations is relatively conservative, but proven to detect 
significantly impaired persons.  
In conclusion, our study confirmed and extended the knowledge of cognitive 
dysfunction in patients with bipolar disorder. Cognitive dysfunction is more se-
vere in patients with depressive symptoms, especially regarding the domains of 
speed and attention. Therefore, assessment of cognitive functioning in patients 
with mild to moderate depressive symptoms should be interpreted with caution. 
Moreover, post hoc analysis did not show any association between cognitive func-
tioning and lifetime comorbid alcohol use disorder.
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summary
Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis is thought to be 
associated with more mood symptoms and worse cognitive functioning. This study 
examined whether variation in HPA axis activity underlies the association between 
mood symptoms and cognitive functioning. In 65 bipolar patients cognitive functioning 
was measured in domains of psychomotor speed, speed of information processing, 
attentional switching, verbal memory, visual memory, executive functioning and an 
overall mean score. Severity of depression was assessed by the Inventory of Depressive 
Symptomatology-self rating version. Saliva cortisol measurements were performed to 
calculate HPA axis indicators: cortisol awakening response, diurnal slope, the evening 
cortisol level and the cortisol suppression on the dexamethasone suppression test. 
Regression analyses of depressive symptoms and cognitive functioning on each HPA 
axis indicator were performed. In addition we calculated percentages explanation of 
the association between depressive symptoms and cognition by HPA axis indicators. 
Depressive symptoms were associated with dysfunction in psychomotor speed, 
attentional switching and the mean score, as well as with attenuation in diurnal slope 
value. No association was found between HPA axis activity and cognitive functioning 
and HPA axis activity did not explain the associations between depressive symptoms 
and cognition.
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introduCtion 
Bipolar disorder is characterized by recurrent (hypo)manic and depressive mood 
episodes. Moreover, many, but not all bipolar patients show cognitive dysfunction 
in areas of attention, memory and executive functioning, not only during mood 
episodes (1,2) but also when euthymic (3,4).  Dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis has been suggested to be involved (5-7).  For many 
years a change in set point of the HPA system, resulting in altered regulation of 
cortisol secretory activity [ultimately expressed as hypercortisolism and impaired 
glucocorticoid receptor function; (8)] has been emphasized in (unipolar) depression 
(9-11) as well as bipolar disorder (12-14). Moreover, patients with more severe illness 
characteristics, such as longer duration of illness and higher number of episodes, as 
well as psychotic features, appear to show even worse HPA dysregulations (13-16). 
All these characteristics are difficult to disentangle, but they are considered relevant in 
the pathogenesis and pathophysiology of bipolar disorders; endocrine abnormalities 
are thought to lead not only to affective symptoms, but also to contribute to cognitive 
problems due to partly reversible structural changes in the brain (7,13,17). Patient 
and illness characteristics such as age and severity of the illness have been suggested 
as determinants of these problems. Although the underlying mechanism is essentially 
unknown, dysregulation of the HPA-axis is thought to be involved. Although the 
precise time course remains unclear, fast and reversible negative effects of cortisol on 
cognition have been demonstrated in animal and human model studies (18). Studies 
in healthy younger (19) and older (20) populations suggested that psychosocial 
stress and subsequent cortisol excess is one of the mechanisms underlying 
(reversible) cognitive dysfunction. Regarding depression, many studies indicated 
an important role for HPA axis hyperactivity (including the use of corticosteroids) 
in its pathophysiology, affecting cognition through different neuronal networks 
(6,7,13,15,17,21,22). Consequently, HPA axis hyperactivity has been the focus of 
novel therapeutic approaches targeting the HPA axis in order to improve not only 
mood symptoms, but also cognitive functioning (6,15,17). 
The first studies to disentangle the association between mood symptoms, HPA 
responses and cognitive functioning have shown different results. Reppermund 
et al. (23) studied 75 inpatients with major depressive disorder and revealed that 
information processing was associated with mood symptoms, whereas verbal 
memory was associated with decreased cortisol response, which was evaluated with 
the dexamethasone (DEX)/corticotropin-releasing hormone (CRH) test. Egeland et 
al. (24) studied 26 patients with major depressive disorder and found that executive 
functioning and memory retrieval, both typical for depressive patients, were related 
to morning cortisol levels, whereas psychomotor retardation was associated with 
severity of mood symptoms. Zobel et al. (25) studied 64 patients with major 
depressive disorder and described an improvement of cognitive functioning instead 
of depressive symptoms after normalization of cortisol response pattern in the DEX/
CRH test; no relationship was found between memory and cortisol.
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aim of tHe study
The interplay between mood symptoms and HPA axis activity in their relation with 
cognitive functioning in bipolar patients is unclear. The present study is, to the best of 
our knowledge, the first to investigate the HPA axis as a factor explaining the association 
between depressive symptoms and cognitive functioning in bipolar disorder. Based 
on the sparse literature as described above, we expected to find an increased HPA 
axis activity in patients with cognitive dysfunction. As we have found in a previous 
study that cognitive functioning was associated with depressive symptoms (26), we 
hypothesized that HPA axis activity might explain this association. 

materials and metHods
Participants
The current study was part of a larger study in bipolar patients we performed between 
October 2005 and December 2008 in which we explored the kind and extent of 
cognitive functioning as well as the association with depressive symptoms (26). All 
patients (age 18-65 years) had DSM-IV bipolar I or II disorder, confirmed by the Mini-
International Neuropsychiatric Interview [MINI; (27)]. Mild to moderate depressive 
symptoms were allowed, defined as a score of ≤38 points (28,29) on the 30 item-
Inventory of Depressive Symptomatology-self rating [IDS-SR; (30)]. Hypomanic or 
manic symptoms were not allowed, defined as >7 points on the Young Mania Rating 
Scale [YMRS; (31)]. Other exclusion criteria were: mental retardation (IQ<70), a 
known systemic or neurological disease which could influence cognitive functioning, 
endocrine disorders, the use of corticosteroids and the need for current treatment for 
substance use disorders in a specialized setting. 
All patients who took part in the larger study were asked to participate in the current 
study which implied saliva sampling within 4 weeks after completion of the cognitive 
tests. Additional exclusion criteria were: current pregnancy, current breastfeeding, 
current use of corticosteroids or a delay of more than 30 days between cognitive 
testing and cortisol sampling. Due to refusal to take part in this additional study 
(n=30, 27.3%), the use of corticosteroids (n=2, 1.8%), missing saliva data (n=6, 
5.5%) and delay of more than 30 days of saliva sampling (n=7, 6.4%), 65 out of 110 
(59.1%) bipolar patients participated in the present study. Non-participants did not 
differ from the final bipolar sample in age (t = -1.39, p = 0.17), education level (t 
= - 0.41, p = 0.69), gender (χ2 = 3.44, p = 0.06) or subtype of bipolar disorder (χ2 

= 0.75, p = 0.69). The procedures were approved by the institutional review board of 
the University Medical Center Groningen, and in accordance with the latest version 
of the Declaration of Helsinki. All participants gave written informed consent after the 
nature of the procedures had been fully explained. 



Cognition, depressive symptoms and Hpa axis activity in bipolar disorder

53

4

Measurements 

Measurements of characteristics and symptoms
Clinical evaluation took place during the phase of cognitive testing. Patients’ and 
lifetime illness characteristics were provided by the clinician via the Questionnaire 
for Bipolar Disorder [QBP; an adaption of the Enrollment Questionnaire as 
previously used in the Stanley Foundation Bipolar Network; (32,33)]. In case of 
mismatch of results from the MINI in relation to the QBP, diagnoses were checked 
with the treating clinician. The level of depressive symptoms was measured by the 
30 item-Inventory of Depressive Symptomatology-self rating [IDS-SR; (30)]. The 
level of education was based on the Dutch educational system which differentiates 
already after primary school into different levels, ranging from 1: primary school 
up to 6: PhD student or higher degree. 

Neurocognitive assessment
The cognitive test battery has been described elsewhere (26). In short, the com-
position of the cognitive test battery was based on existing literature and experi-
ence with the target group in clinical practice. The battery included six cogni-
tive domains (psychomotor speed, speed of information processing, attentional 
switching, verbal memory, visual memory and executive functioning/working 
memory), consisting of seven different tests, yielding 14 outcome variables (see 
Table 1). In addition, premorbid intelligence (IQ) was estimated with the Nation-
al Adult Reading Test [NART; (34)]. Detailed descriptions of the pen-and-paper 
measures are provided by Lezak et al. (35). Robbins et al. (36) discussed the tests 
from the Cambridge Neuropsychological Test Automated Battery, a computer-
based cognitive assessment system which can be administered to subjects using a 
touch screen computer to examine various areas of cognitive function. The total 
cognitive test battery was administered within about 2½ hours, with one break 
if necessary.

Cortisol analyses
Saliva cortisol sampling was performed according to procedures of the Netherlands 
Study of Depression and Anxiety [NESDA; (11,37)]. Salivary sampling has shown 
to be a reliable and minimally intrusive method to assess the active, unbound form 
of cortisol (38). Patients were instructed to collect saliva samples at a day with 
regular activities (not a resting day, e.g. weekend or holiday) as soon as possible 
after the cognitive testing day. The median time between the cognitive testing day 
and saliva sampling was 6.0 days (25th-75th percentile, 2.0-11.5 days). Together 
with the saliva samples patients filled out a questionnaire, which described the 
time of awakening and subsequent saliva sampling times with the first one at 
awakening (T1), 30 (T2), 45 (T3)  and 60 (T4) minutes after awakening and 
evening levels at 10 pm (T5) and 11 pm (T6).  
Also in accordance with NESDA (11,37), four cortisol indicators were used in this 
study: cortisol awakening response (CAR), evening cortisol level, diurnal slope, 
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and cortisol suppression after the administration of 0.5 mg dexamethasone at 2300 h 
(T6; dexamethasone suppression test; DST). 
The CAR included four sampling points: at awakening (T1) and at 30 (T2), 45 (T3) 
and 60 (T4) minutes later. The CAR was assessed by calculating the area under the 
curve (AUC) with respect to the ground (AUCg) and with respect to the increase 
(AUCi), conform the formulas by Pruessner et al. (39). Only the AUCg was used for 
further analysis as the AUCi was in 25 cases negative due to the fact that T1 was higher 
than the subsequent values after awakening. Values were assigned missing in case of 
sampling outside a margin of 5 minutes before or after the time protocol or in case 
of more than 2 SDs from the mean. For AUC analyses, at least 3 samples had to be 

table 1. Data of 14 cognitive outcome variables, summarized in 6 domains (bold) for 65 bipolar 
patients

raw data age-adjusted 
data †

Mean SD Mean SD
Psychomotor speed
Simple movement time (msec) 450.06 133.77 0.18 1.15
Five-choice movement time (msec) 409.45 109.24 0.12 1.01

Speed of information processing
Simple reaction time (msec) 349.64 95.33 0.15 1.28
Five-choice reaction time (msec) 383.65 103.94 0.44 1.71
Stroop time 1 (word; sec) 44.49 8.67 0.19 1.16
Stroop time 2 (color; sec) 57.74 12.84 0.26 1.54

attentional switching
Difference CPT hitrate version Q minus HQ 0.05 0.07 0.29 0.91
- CPT hitrate version Q (% correct) 0.996 0.01
- CPT hitrate version HQ (% correct) 0.947 0.07

Verbal memory
CVLT - verbal learning (total nr correct resp) $ 53.94 12.09 0.21 1.39
CVLT - long term free recall (nr correct resp) $ 12.25 3.18 0.11 1.03

Visual memory
PRM - number correct immediate $ 10.57 1.54 0.35 1.01
PRM - number correct delayed $ 9.34 1.85 0.37 0.98

executive functioning / working memory
SWM - between errors 8 boxes (nr correct resp) 23.46 12.23 0.48 0.70
SWM - strategy (efficiency score) 35.37 5.22 0.43 0.69
Stroop interference (difference rate; sec) 7.22 22.14 0.72 2.18

† based on 75 healthy controls, taken from van der Werf-Eldering et al. (2010)
$ higher score indicates better performance; in further analyses age-adjusted data were reversed (100 
minus score)
CPT: Continuous Performance Task; CVLT: Dutch version of California Verbal Learning Test; PRM: 
Pattern Recognition Memory; SWM: Spatial Working Memory; msec: milliseconds; sec: seconds; nr: 
number; resp: responses
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available. In 10 cases the missing value was imputed using linear regression analyses 
including information on the available 3 cortisol levels, sex, age and awakening time. 
Evening cortisol levels were collected at 10 pm (T5) and 11 pm (T6). The mean of the 
two evening levels (T5 and T6) was used for further analyses of evening cortisol, since 
both values were moderately correlated (Pearson R = 0.41, p = 0.002). 
Diurnal slope was calculated by subtracting the value at 2300 h (T6) from the value at 
awakening (T1) and dividing it by the number of hours in between the two samples, 
resulting in the decline in cortisol level per hour (40). 
The cortisol suppression ratio in the DST was calculated by dividing the cortisol value 
at awakening on the first day (T1) by the cortisol value at awakening the next morning 
(T7) by strict instructions after the patients had taken the dexamethasone. 
The sample of the current analyses consisted of 61 out of 65 (93.8%) patients for 
CAR-analyses, 58 (89.2%) patients for evening cortisol-analyses, 62 (95.4%) patients 
for diurnal slope-analyses and 56 (86.2%) patient for DST-analyses. 

Statistical analyses
Cognitive test scores were obtained in a previous study in which we included 110 
bipolar patients (26). In order to measure cognitive dysfunction, we transformed 
cognitive scores into age-adjusted z-scores using the mean and standard deviations of 75 
healthy controls. Higher scores indicated worse performance. Cognitive domain scores 
were created by calculating the mean z-value of the pertaining cognitive variables. In 
addition, a mean score was created by averaging the z-scores of all six domains. 
The association of depressive symptoms with cognitive functioning was quantified by 
performing linear regression analyses with the age-corrected z-scores for cognition as 
the dependent variable, and the IDS-SR total score and potential confounders for this 
association gender, education and IQ as independent variables. The continuous IDS-SR 
total score was divided by 13 and consequently the beta’s reported are per 13 points 
on the IDS-SR. The choice of 13 points is essentially arbitrary but approximately 
corresponds to shifting from the level of none (0-13) to mild (14-25) or from mild 
to moderate (25-38) depressive symptoms (28,29). 
The associations of HPA axis activity indicators with cognitive functioning and 
depressive symptoms were performed using the same approach. In these analyses, 
higher scores of the HPA indicators meant worse functioning, indicating a higher rate 
of HPA axis dysregulation. 
The last step was to investigate the potential explanation of the associations be-
tween depressive symptoms and cognitive functioning by HPA-axis functioning. The 
amount of explanation was defined as the change in the magnitude of the relation 
between depressive symptoms and cognitive functioning when including the HPA 
axis indicator as an independent variable. It was scaled as the relative change in the 
regression coefficient for the HPA indicator and was expressed as a percentage. We 
applied bootstrapping techniques drawing 5000 samples with replacement to obtain 
95% confidence intervals (95%CI) for the percentages explained (41). The analyses of 
percentage explained were restricted to those cognitive domains shown to be signifi-
cantly related to depressive symptoms in our prior study (26) and to those HPA axis 
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indicators showing a statistically significant association with depressive symptoms or 
with cognitive performance. The linear regression model assumptions of normality, 
linearity and homoscedasticity were assessed using residual plots and were found to 
be sufficiently met in all analyses. 
The level of statistical significance was set at 0.05, two-sided. Analyses were performed 
using SPSS Version 16.0 (42). 

results 
Sample characteristics
Raw neurocognitive data are presented in Table 1. Demographic and clinical charac-
teristics of the bipolar sample are listed in Table 2. The study included 53 bipolar I 
patients (81.5%) and 12 bipolar II patients (18.5%). Patients were euthymic [n=29; 
IDS-SR score <14 (28,29)], mildly depressed [n=19; IDS-SR score 14-25 (28,29)] 
or moderately depressed [n=17; IDS-SR score 26-38 (28,29)] with a mean IDS-SR 
score of 17.0 (SD=10.7). Only two bipolar patients (3.1%) were medication-free; 
the majority of all other patients used 1 (52.3%, n=34) psychotropic drug. Unfortu-
nately, no complete information on dosage of psychotropic medication is available. 

association between depressive symptoms and cognitive functioning
Evaluation within subgroups of availability of the respective HPA axis indicator showed 
that depressive symptoms were modestly associated with psychomotor speed, atten-
tional switching and the mean cognitive score; effect sizes were in the range of 0.19 
and 0.50 (see Table 3). These results were comparable with our prior study in the total 
sample (26), except for the association with speed of information processing which 
lost its statistical significance in this smaller sample.

association between hPa axis activity and cognitive functioning
Table 4 demonstrates that changes in HPA axis activity were not associated with any 
of the cognitive domains.

association between hPa axis activity and depressive symptoms
From Table 5 it can be seen that depressive symptoms were modestly associated with 
attenuation in diurnal slope value only.

the potentially explaining role of hPa axis activity in the association between 
depressive symptoms and cognitive functioning
Table 6 presents the results of the analyses on the explanation of the association of 
depressive symptoms with cognition by diurnal slope, since this HPA axis indicator 
was the only one that was shown to be associated with either cognitive functioning 
or depressive symptoms (Tables 4 and 5). After addition of this HPA axis indicator to 
the independent variables as a possibly explaining factor, only minute and statistically 
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table 2. Characteristics for the 65 bipolar patients 

Mean SD

Age (years) 46.9 10.4

Premorbid IQ 107.5 9.3

Education level (range 1-6) 3.6 1.0

Duration of illness (years) 21.8 13.1

IDS-SR 17.0 10.7

YMRS 0.35 1.1

Cortisol (mmol/dL)

- T1, at awakening 16.8 6.8

- T2, 30 min after awakening (n=63) 18.8 8.4

- T3, 45 min after awakening (n=61) 19.5 10.8

- T4, 60 min after awakening (n=62) 18.4 12.8

- AUCg (n=61) 18.4 7.5

- AUCi (n=61) 1.8 7.0

- T5, at 10 PM (n=59) 4.4 2.7

- T6, at 11 PM (n=62) 5.2 4.6

- mean evening cortisol (n=58) 4.8 3.1

- diurnal slope decline per hour (n=62) 0.7 0.6

- T7, at awakening (n=56) 7.3 3.7

- DST suppression ratio (n=56) 3.1 2.7

N %

Female gender 44 67.7

Bipolar disorder type I 53 81.5

Type of medication

- Lithium 43 66.2

- Anticonvulsants ‡ 26 40.0

- Antipsychotics 15 23.1

- Antidepressants 10 15.4

- Benzodiazepines 5 7.7

- None 2 3.1

‡ 1 patient used two different types of anticonvulsants
AUCg: area under the curve (AUC) with respect to the ground; AUCi: AUC with respect to the 
increase; DST: cortisol suppression on the dexamethasone suppression test; IDS-SR: Inventory of 
Depressive Symptomatology-self rating; YMRS: Young Mania Rating Scale

non-significant mediated effects were found in the percentage change-range of 1% to 
17% with large 95%-confidence intervals, all including zero.
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table 3. Associations between depressive symptoms and cognitive performance, presented in 
subgroups of availability of the respective HPA indicator 

Car (n=61) evening (n=58) Diurnal (n=62) DSt (n=56)

Beta † [95%CI] Beta † [95%CI] Beta † [95%CI] Beta † [95%CI]

Speed 0.45 [0.12; 0.78] 0.50 [0.17; 0.83] 0.47 [0.14; 0.79] 0.47 [0.16; 0.78]

Process 0.35 [-0.01; 0.70] 0.26 [-0.11; 0.63] 0.26 [-0.10; 0.61] 0.29 [-0.06; 0.65]

Attention 0.28 [0.05; 0.51] 0.25 [0.01; 0.48] 0.26 [0.04; 0.49] 0.02 [0.06; 0.53]

Verbal 0.003 [-0.32; 0.33] 0.02 [-0.29; 0.34] 0.08 [-0.24; 0.40] 0.03 [-0.30; 0.36]

Visual 0.10 [-0.17; 0.36] 0.13 [-0.13; 0.40] 0.14 [-0.12; 0.40] 0.09 [-0.17; 0.34]

Exec/WM 0.02 [-0.26; 0.30] 0.02 [-0.26; 0.31] 0.03 [-0.24; 0.29] -0.01 [-0.29; 0.27]

Mean 0.20 [0.03; 0.36] 0.20 [0.02; 0.37] 0.21 [0.04; 0.37] 0.19 [0.03; 0.36]

† All values are regression coefficients (beta’s) indicating the mean change in z-score of cognitive 
performance, associated with an increase of 13 points IDS-SR score
Bold text indicates statistical significance
Higher values indicate worse performance (see method section)
Betas are corrected for age, gender, education and IQ
Speed = psychomotor speed; Process = speed of information processing; Attention = attentional 
switching; Verbal = verbal memory; Visual = visual memory; Exec/WM = executive functioning/ 
working memory; Mean = mean z-score of all 6 cognitive domains; CAR = cortisol awakening 
response; evening = mean evening cortisol level; Diurnal = diurnal slope; DST = cortisol suppression 
on the dexamethasone suppression test; 95%CI = 95% confidence interval

table 4. Associations between HPA categories and cognitive performance 

Car (n=61) evening (n=58) Diurnal (n=62) DSt (n=56)

Beta † [95%CI] Beta † [95%CI] Beta † [95%CI] Beta † [95%CI]

Speed -0.03 [-0.06; 0.01] 0.03 [-0.07; 0.12] 0.03 [-0.47; 0.53] 0.09 [-0.01; 0.19]

Process 0.01 [-0.03; 0.05] 0.01 [-0.09; 0.11] 0.09 [-0.43; 0.60] 0.06 [-0.05; 0.18]

Attention 0.02 [-0.01; 0.04] -0.01 [-0.08; 0.05] -0.05 [-0.39; 0.29] 0.05 [-0.02; 0.13]

Verbal -0.01 [-0.05; 0.02] -0.03 [-0.11; 0.05] -0.39 [-0.83; 0.06] -0.04 [-0.14; 0.06]

Visual 0.02 [-0.01; 0.05] 0.004 [-0.07; 0.07] 0.08 [-0.29; 0.46] -0.01 [-0.09; 0.08]

Exec/WM 0.02 [-0.01; 0.05] 0.01 [-0.06; 0.09] -0.28 [-0.66; 0.10] 0.03 [-0.06; 0.11]

Mean 0.003 [-0.02; 0.02] 0.001 [-0.05; 0.05] -0.09 [-0.34; 0.16] 0.03 [-0.02; 0.09]

† All values are regression coefficients (beta’s) indicating the mean change in cognitive performance, 
associated with an increase of 1 unit HPA value
Higher values indicate worse performance (see method section)
Betas are corrected for age, gender, education and IQ
Speed = psychomotor speed; Process = speed of information processing; Attention = attentional 
switching; Verbal = verbal memory; Visual = visual memory; Exec/WM = executive functioning 
/ working memory; Mean = mean z-score of all 6 cognitive domains; CAR = cortisol awakening 
response; evening = mean evening cortisol level; Diurnal = diurnal slope; DST = cortisol suppression 
on the dexamethasone suppression test; 95%CI = 95% confidence interval
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disCussion
In our previous study (van der Werf-Eldering et al., 2010) we showed that cognitive 
dysfunction is associated with depressive symptoms in bipolar disorder. Aim of the 
current study was to investigate a potential mechanism explaining this relationship. 
Variation in HPA-axis activity, and therewith altered circulating cortisol levels, might 
play a role as disturbances of the HPA axis have been reported in bipolar disorder 
and depression (8-13,15) and to be associated with cognitive disturbances in both 
healthy subjects and subjects with mood disorders (18-20,23-25). 
In the present study we assessed the magnitude by which the association between 
depressive symptoms and cognitive function is explained by HPA-indicators. The 

table 5. Associations between HPA categories and depressive symptoms

        Car (n=61)    Diurnal (n=62)      evening (n=58)         DSt (n=56)

Beta † [95%CI] Beta † [95%CI] Beta † [95%CI]     Beta † [95%CI]

IDS-SR -0.02 [-0.05; 0.02] 0.39 [0.02; 0.77] -0.01 [-0.09; 0.06] -0.03 [-0.12; 0.06]

† All values are regression coefficients (beta’s) indicating the mean change in IDS-SR total score, 
divided by 13, associated with an increase of 1 unit HPA value.
Bold text indicates statistical significance
Higher values indicate worse performance (see method section)
Betas are corrected for age, gender, education and IQ
IDS-SR = Inventory of Depressive Symptomatology-self rating; CAR = cortisol awakening response; 
Diurnal = diurnal slope; evening = mean evening cortisol level; DST = cortisol suppression on the 
dexamethasone suppression test; 95%CI = 95% confidence interval

table 6. The explaining effect of diurnal slope (n=62) on the associations between depressive 
symptoms and cognitive performance (only beta’s presented)

Beta † [95%CI] Beta £ [95%CI] % change [95% CI]

Speed 0.47 [0.14; 0.79] 0.50 [0.16; 0.84]  6.76 [-9.35; 65.58]

Process 0.26 [-0.10; 0.61] 0.26 [-0.11; 0.63]  1.21 [-40.36; 40.16]

Attention 0.26 [0.04; 0.49] 0.29 [0.06; 0.53]  12.22 [-1.49; 59.68]

Mean 0.21 [0.04; 0.37] 0.24 [0.07; 0.41]  16.71 [-1.90; 68.14]

For all measures: Beta’s are corrected for age, gender, education and IQ
Higher values indicate worse performance (see method section)
95%CI: 95% confidence interval
† Regression coefficients (beta’s) indicating the mean change in cognitive performance, associated 
with an increase of 13 points IDS-SR score
£ Regression coefficients (beta’s), after inclusion of diurnal slope in the model.
Diurnal = diurnal slope; Speed = psychomotor speed; Process = speed of information processing; 
Attention = attentional switching; Mean = mean z-score of all 6 cognitive domains; % change = 
difference score divided by startvalue †; 95%CI = 95% confidence interval
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amount of explanation appeared negligible and therefore we could not confirm the 
hypothesis that the relationship between depressive symptoms and cognitive func-
tioning is mediated by HPA-axis activity. 
This led us to reevaluate the literature on findings supporting the hypothesis that 
there is a relationship between HPA-axis functioning and cognition, since negative 
effects of glucocorticoids on hippocampal neurons have been described in both ani-
mal experiments and humans in relation to depression (43). Although hippocampal 
atrophy is found in both hypercortisolemic patients suffering from Cushing’s disease 
(44) and in patients with major depressive disorder (45), there is so far no evi-
dence that this explains disturbances in cognitive functioning in depression.  Stress 
has an effect on all memory related processes - encoding, consolidation, retrieval, and 
re-consolidation (46). However, we did not find an association between depressive 
symptoms and the cognitive domain memory. The association between depression 
and cognition we found was with attentional switching and psychomotor speed. 
The relation between cortisol and these two domains remains unclear and has to 
our knowledge not specifically been studied in relation to the HPA-axis. In a study 
by Comijs et al. (47) the association found between levels of cortisol and memory 
and information processing speed were independently from depression status, also 
suggesting that although both cognitive dysfunction and HPA-axis dysregulation co-
occur in depression, the mechanism behind cognitive dysfunction might be a differ-
ent one than HPA-axis dysregulation.  
This study is, to our knowledge, the first investigating the relation between HPA-axis 
activity and cognitive functioning in bipolar patients. We consequently compared 
our results with three previous studies in unipolar rather than bipolar depression 
keeping this limitation in mind. In unipolar depressed patients Egeland et al. (24) 
found an association between high morning cortisol levels and the cognitive domains 
executive functioning and post-encoding memory, both retrieval and storage. The 
26 subjects were on average severely depressed (mean Hamilton Depression Rating 
Scale scores 21.4 ± 2.9) which is in contrast with our group of 65 mildly depressed 
subjects (mean IDS-SR 17.0 ± 10.7), closer to non-depressed subjects. Zobel (25) 
and Reppermund et al. (23) studied the relationship between the HPA axis, cognitive 
functioning and depression in a different way: by repeated assessments and in relation 
with treatment outcome. Zobel (25) found that the reduction of the HPA axis activity 
was related with improvement in working memory, while this was independent of a 
reduction in depression severity. Reppermund et al. (23) reported a similar dissocia-
tion between depressive symptomatology and HPA-axis functioning in their impact 
on cognitive functioning. 
To appreciate our findings some strengths and limitations have to be mentioned. With 
respect to the reliability of our data assessment, the cognitive test battery used in our 
study covers all relevant cognitive domains with regard to bipolar disorder, but by 
averaging different tasks within the corresponding domains, it reduces multiple com-
parisons for data analysis and avoids disproportionate emphasis of single test results 
(48). In this manner we expanded the number of domains that have been evaluated 
in depressed bipolar patients (2). Regarding the HPA axis we used the same, well 
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defined parameters and protocol for assessing the HPA-axis responsiveness (DST and 
CAR) and cortisol levels (diurnal slope and evening cortisol levels) as used in the 
NESDA study (11,14,37). However, despite the overall quality of the HPA-indicators, 
the reliability of the DST is limited, due to the fact that only one sample was taken 
at awakening the morning after dexamethasone intake without later samples. In this 
manner the suppression of the rise of cortisol after awakening may have been missed. 
Also, the time lapse between neuropsychological assessment and saliva sampling in 
our study with a median of 6 days could be a possible limitation. As the HPA-system 
is very sensitive for stressful events it is possible that in some cases the HPA-axis indi-
cators might have changed compared to the moment of neuropsychological testing. 
Also, due to lack of available data, the effect of smoking and clinical determinants (e.g. 
duration of illness) regarding HPA-axis indicators could not be evaluated. Another 
potential limitation is the fact that exclusion of possible dementia was made clinically 
without formal assessments. In addition, the sample size of our study counted a total 
number of 65 bipolar patients. Although this number is limited regarding evaluation 
of more detailed analyses, it seemed to be sufficient to answer the primary question. 
The percentages explained were mostly close to zero and it is in our view unlikely that 
they would become statistically significant if we had included a larger sample. Finally, 
our study was cross-sectional which leaves the temporal order of events unspecified. 
Consequently, we could not distinguish between on the one hand a model in which 
HPA axis disturbances causes depressive symptoms which in turn cause cognitive 
problems (through another mechanism), and on the other hand a model in which 
HPA axis disturbances cause both depressive symptoms and cognitive deficits, i.e. 
they form a common cause.
In conclusion, in line with previous studies in unipolar depression, our results indi-
cate that the significant association between severity of depressive symptoms and cog-
nitive functioning in bipolar patients cannot be explained by changes in HPA-axis ac-
tivity. As our study is the first one in this field specific for bipolar patients, other stud-
ies are needed to evaluate other factors that might explain the relationship between 
depressive symptoms and cognitive functioning. Future studies on mediation of the 
relationship between cognitive dysfunction and mood symptoms should preferably 
be longitudinal. In addition, more knowledge is needed and recent research in psy-
chiatric disorders hypothesizes for example about inefficient glucocorticoid signaling 
at different levels (21,49), but also about other divergent kinds of knowledge, like a 
link with inflammatory processes (50), with sleep (51), or with cerebrovascular and 
degenerative changes (52).
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abstraCt
Objectives: 
To investigate the association between cognitive complaints and objective cognitive 
functioning in bipolar patients, with a focus on the moderating role of depressive 
symptoms. 

Methods: 
The association between cognitive complaints (measured by the total score and four 
subscales of the Cognitive Failure Questionnaire; CFQ) and objective cognitive func-
tioning (domains of psychomotor speed, speed of information processing, atten-
tional switching, verbal memory, visual memory and executive functioning / work-
ing memory, and the total score) was assessed in 108 euthymic (n=45) or mildly to 
moderately depressed bipolar patients (n=63). We studied potential moderation of 
this association by depressive symptoms (total score of the Inventory of Depressive 
Symptomatology-self rating). Analyses were performed using Pearson correlations 
and multiple linear regression. 

results:
Cognitive complaints were not associated with objective cognitive functioning, except 
for CFQ ‘memory for names’ which was positively correlated with speed of informa-
tion processing (r=0.257, p=0.007). Although depressive symptoms were positively 
associated with cognitive complaints (total score and three subscales; p<0.01), the 
association between cognitive complaints and objective cognitive functioning was 
not moderated by depressive symptoms (p for interaction 0.054 to 0.988). 

Limitations: 
It can be argued whether the retrospective questionnaire (CFQ) is sufficiently accurate 
to measure the type of cognitive dysfunctions seen in bipolar patients. 

Conclusions: 
Cognitive complaints are not associated with objective cognitive functioning, irre-
spective of depressive symptoms. However, cognitive complaints are indicative for 
depressive symptoms. Clinicians should be to be alert to depressive symptoms rather 
than objective cognitive problems in patients expressing cognitive complaints. 
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introduCtion
Cognitive dysfunction is common in symptomatic (1-3) and euthymic (4,5) bipolar 
patients and has been related to treatment non-adherence (6,7) and worse functional 
outcome (8,9). However, in clinical practice neurocognitive assessment is often not 
performed in the absence of an appropriate cognitive test battery (10) and uncertain-
ty whether cognitive complaints correspond to actual cognitive impairment. Studies 
using varying patient groups (e.g. patients with cardiac problems, major depression 
and schizophrenia) found conflicting results, i.e. negative (11-14) and positive (15-
17) associations between cognitive complaints and objective cognitive functioning. 
To date, only a few relatively small studies in bipolar populations with limited neu-
rocognitive test batteries have been performed showing no association between sub-
jective and objective cognitive functioning (18-21). 
The discrepancy between cognitive complaints and objective cognitive performance 
may be explained by heterogeneity of populations with respect to depressive symptoms 
(11,12,19). This hypothesis is worthwhile testing in bipolar patients, since depressive 
symptoms are frequent (22), are correlated with objective cognitive dysfunctions (1-
3) and seem to exaggerate cognitive complaints (21,23-26). 
Aim of our study was to investigate the association between cognitive complaints 
and objective cognitive functioning in bipolar patients and to assess the possible 
moderating, blurring role of depressive symptoms. We hypothesized a priori that 
patients with a higher level of depressive symptoms would not adequately assess their 
objective cognitive functioning. 

materials and metHods
Subjects
We included 108 patients (age 18-65 years) with DSM-IV bipolar I (n = 89, 82.4%) 
and II (n = 19, 17.6%) disorder, confirmed by the Mini-International Neuropsychiatric 
Interview [MINI;(27)]. Mild to moderate depressive symptoms were allowed, defined as 
a score of maximally 38 points (28,29) on the Inventory of Depressive Symptomatology-
self rating IDS-SR (30). Patients with (hypo)manic symptoms were excluded, defined 
as a score of more than 7 points on the Young Mania Rating Scale [YMRS; (31)]. Other 
exclusion criteria were: mental retardation (IQ<70) or a known systematic or neurological 
disease which could influence cognitive functioning. 
To create standardized objective cognitive scores, 75 healthy control subjects, without 
any lifetime major psychiatric disorder or a positive first degree family history for these 
disorders and fulfilling the same exclusion criteria were recruited in the same time period. 
Except for age, no differences were found between patients and controls regarding gender, 
premorbid IQ or level of education (Table 1). The procedures were approved by the 
institutional review board of the University Medical Center Groningen, and in accordance 
with the Helsinki Declaration of 1975. All participants gave written informed consent. 
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table 1. Sample characteristics of 108 bipolar patients and 75 healthy controls

Measure Patients Controls test ‡ p-value

Age (years), mean SD 45.8 10.7 40.8 14.4 - 2.67 0.008 

Female gender, n % 67 62.0 48 64.0   0.07 0.787

Premorbid IQ, mean SD 106.5 9.2 106.6 9.9   0.12 0.904

Education level (range 1-6 a), 
mean SD

3.6 1.0 3.7 1.1   0.41 0.685

Duration of illness (years), 
mean SD

21.0 12.6 -

Lifetime psychotic features, 
n %

49 45.4 -

IDS-SR, mean SD 17.3 9.8 -

YMRS, mean SD 0.5 1.3 -

Effect size cognitive domains †, 

mean SD

- psychomotor speed 0.34 1.2 n/a

- speed of information 
processing

0.47 1.2 n/a

- attentional switching 0.31 1.0 n/a

- verbal memory 0.42 1.2 n/a

- visual memory 0.37 0.9 n/a

- executive functioning/WM 0.49 1.1 n/a

- total cognitive score 0.40 0.7 n/a

CFQ total score, mean SD 40.5 13.4 33.3 9.1 - 4.36 0.000 

CFQ memory, mean SD 9.8 4.6 7.5 3.1 - 4.14 0.000

CFQ distractibility, mean SD 16.3 5.0 13.6 3.8 - 4.15 0.000

CFQ blunders, mean SD 9.8 3.9 8.1 2.9 - 3.26 0.001

CFQ names, mean SD 4.5 1.6 4.1 1.7 - 1.80 0.074

IQ: intelligence quotient; IDS-SR: 30-item Inventory Depressive Symptoms-self rating; YMRS: Young 
Mania Rating Scale; executive/WM: executive functioning/working memory; CFQ: Cognitive Failure 
Questionnaire; n/a: not applicable
a Level of education was based on the Dutch educational system which differentiates already after 
primary school into different levels, ranging from 1: primary school up to 6: PhD student or higher 
degree
† Age-corrected standardized scores, based on 75 healthy controls; higher value indicates worse 
performance
‡  t-test and χ2-test, as appropriate
p < 0.01 indicates statistical significance
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assessments
Patient- and lifetime illness characteristics were extended using the Questionnaire 
for Bipolar Disorder [QBP; (32,33)], which is an adaption of the Enrollment 
Questionnaire as previously used in the Stanley Foundation Bipolar Network. The 
25-item Cognitive Failure Questionnaire [CFQ; (24)] was used to measure cognitive 
complaints in terms of everyday cognitive slips and failures over the last 6 months, 
leading to the following variables: CFQ total score (24), as well as four subscales 
(memory, distractibility, blunders and memory for names; (34,35). 
Premorbid intelligence (IQ) was estimated with the National Adult Reading Test 
[NART; (36)]. The cognitive test battery consisted of seven tests, yielding 14 variables 
in six domains. An individual domain score was calculated as the mean value of 
the pertaining cognitive variables. A total cognitive score was created by averaging 
the z-scores over all domains. The domain “psychomotor speed” was derived from 
the reaction time test of the Cambridge Neuropsychological Test Automated Battery 
(CANTAB) system (37) with the corresponding variables simple movement time 
(in milliseconds) and five-choice movement time (in milliseconds). For the domain 
“speed of information processing” the Stroop Color and Word Test (SCWT; (38) 
and the reaction time test of the CANTAB system (37) were used to formulate the 
variables Stroop time 1 (in seconds), Stroop time 2 (in seconds), simple reaction 
time (in milliseconds) and five-choice reaction time  For the domain “attentional 
switching” the Continuous Performance Task, based on research of Smid et al. (39) 
was chosen. After a 1 min practice session, two 5 min task-blocks (either CPT-Q or 
CPT-HQ condition) were performed, in which 15% of the stimuli was target stimuli 
demanding a response. A reliable score of attentional switching was used as outcome 
variable, composed of the difference score of hits in CPT-Q version minus hits in CPT-
HQ version. The domain “verbal memory” was derived from the California Verbal 
Learning Test (40), making use of the variables CVLT-trial 1 to 5 (verbal learning) and 
CVLT-number of words long term free recall. The Pattern Recognition Memory (PRM) 
test of the CANTAB system (37) was used to create the domain “visual memory” by 
calculating the variables PRM-immediate correct numbers and PRM-delayed correct 
numbers. For the domain “executive functioning / working memory” the Spatial 
Working Memory (SWM) test of the CANTAB system (37) and the SCWT (38) were 
chosen to calculate the number of SWM-between errors for 8-box problems, SWM 
Strategy (counting number of times the subject begins a new search with the same 
box), and interference score of the SCWT (in seconds). Detailed descriptions of the 
pen-and-paper and computerized measures are provided by respectively Lezak et al. 
(41) and Robbins et al. (37). 

Statistical analyses
Bipolar patients and healthy controls were compared for age, gender, premorbid IQ, 
level of education, and CFQ total score and subscales using t-tests for continuous 
and χ2 tests for categorical variables. All cognitive variables were checked for normal 
distribution in the healthy controls and if necessary transformed to approximate 
normality. Objective cognitive functioning scores were transformed into z-scores using 
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the mean and standard deviations of the control group and were adjusted by age using 
linear regression. This precluded age as confounding factor in this study. Scores were 
constructed in such a way that higher scores indicated worse performance. Pearson 
correlations were used to quantify bivariate associations. To investigate moderation of 
the associations between subjective complaints and objective cognitive problems by 
depressive symptoms, we performed multiple regression analyses. In these analyses 
the six individual cognitive domain scores and the overall total score were entered 
one at a time as dependent variables. The CFQ total score and individual subscales, 
the IDS total score and a product-term for their interaction (CFQ score x IDS total 
score) were entered as independent variables (expressed as z-scores). A moderating 
effect was considered present when the interaction term was statistically significant. 
To correct for multiple testing, statistical significance was defined as p <0.01, two-
sided. Analyses were performed using SPSS Version 16.0 (42). 

results
Sample characteristics
Table 1 shows characteristics of the study population. Patients were euthymic [41.7%, 
n = 45; IDS-SR score <14; (28,29)], mildly depressed [35.2%, n = 38; IDS-SR score 
14-25; (28,29)] or moderately depressed [23.1%, n = 25; IDS-SR score 26-38; 
(28,29)]. With an average duration of illness of more than 20 years, almost half of 
the patients had experienced lifetime psychotic features. Only three (2.7%) were 
medication-free; the majority of all other patients used one (52.8%, n = 57) or two 
(31.5%, n = 34) psychotropics, mostly lithium (61.1%, n = 66) and anticonvul-
sants (43.5%, n = 47), all in therapeutic dosages or with therapeutic plasma levels; a 
minority used antipsychotics (25.0%, n = 27), antidepressants (17.6%, n = 19) or 
benzodiazepines (6.5%, n = 7). Neurocognitive performance showed dysfunctions 
in all domains, particularly in executive functioning/working memory and speed 
of information processing. On the CFQ total score and three out of four subscales, 
bipolar patients reported significantly more cognitive complaints in comparison with 
healthy controls (Table 1).

relationship between cognitive complaints, objective cognitive functioning 
and depressive symptoms
No associations were found between the CFQ total score and total cognitive score in 
the whole group, as well as in subgroups of depression severity (Figure 1 and Table 
2). Also, no associations were found between the CFQ total score and individual 
cognitive domain scores. Moreover, all CFQ subscales were not associated with the 
total cognitive score or with the individual cognitive domain scores. An exception 
was the CFQ subscale ‘memory for names’ showing a statistically significant positive 
association with speed of information processing, although the correlation coefficient 
was small. Depressive symptoms were highly correlated with psychomotor speed, as 
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well as with all variables of cognitive complaints, except for the subscale ‘memory for 
names’ (Table 2). 

the moderating effect of depressive symptoms on the relationship between 
cognitive complaints and objective cognitive functioning
We observed no moderating effect of depressive symptoms on the relationship 
between the cognitive complaints (CFQ total score and CFQ subscales) and objective 
cognitive functioning (total cognitive score, as well as individual domains; p for 
interaction ranged from 0.054 to 0.988). The lowest p-value (0.054) was observed 
for the interaction term for CFQ subscale distractibility and depressive symptoms 
associated with psychomotor speed [Rsquare=0.096; α = 0.453 (p=0.001);  
β

CFQ distractibility 
= -0.011 (p=0.934); β

IDS total score 
= -0.365 (p=0.011);  β

interaction term 
= 

-0.210 (p=0.054)].

table 2. Association between cognitive complaints (normalized CFQ total score and subscales), 
objective cognitive functioning (normalized total cognitive score and individual domain scores) and 
severity of depression (IDS-SR score) (n = 108)

CFQ 
total score

CFQ
 memory

CFQ 
distractibility

CFQ 
blunders

CFQ 
names

IDS

Speed 0.121   0.145 0.110      0.045   0.126       0.248 **

Process   0.097   0.125   0.070  - 0.021        0.257 **     0.199 *

Attention   0.001   0.031    0.004   - 0.097   0.162 0.174

Verbal   0.001   0.059 - 0.056    - 0.059   0.105   0.096

Visual   0.052   0.088   0.039   - 0.042     0.190 *   0.087

Exec/WM - 0.042   0.027 - 0.066  - 0.134    0.060   0.038

Mean   0.061  0.122   0.027  - 0.071      0.223 *    0.215 *

IDS       0.532 **        0.478 **       0.558 **          0.485 **   0.143   -

Values are correlation coefficients.
Cognitive scores are age-adjusted, with healthy controls (n = 75) used as reference score; higher values 
indicate worse performance. 
Speed = psychomotor speed; Process = speed of information processing; Attention = attentional 
switching; Verbal = verbal memory; Visual = visual memory; Exec = executive functioning / working 
memory; Mean = total cognitive score (mean z-score of all 6 cognitive domains); CFQ = Cognitive 
Failure Questionnaire; IDS = 30-item Inventory Depressive Symptoms-self rating
** p < 0.01 (indicating statistical significance)
 * p < 0.05
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disCussion
This study showed no association between cognitive complaints and objective cogni-
tive functioning with the exception of the subscale ‘memory for names’ which showed 
a positive correlation with speed of information processing. Our hypothesis that se-
verity of depressive symptoms would moderate the association between cognitive 
complaints and objective cognitive functioning was not confirmed. Whereas cogni-
tive complaints were not associated with objective cognitive functioning, they were 
strongly related to depressive symptoms.
As far as we know, this is the first study addressing associations between subscales of 
cognitive complaints and objective cognitive functioning. Although we found a statisti-
cally significant relationship between the subscale ‘memory for names’ and speed of 
information processing, this may well be a chance finding, since it lacked any relation-
ship with other CFQ scores. Otherwise, it could be argued that lower speed of process-
ing is a more subtle cognitive dysfunction, whereby patients do remember everyday 
slips of actions. Alternatively, forgetting people’s names leads to social inconvenience 
and reactions from other persons, leading to a more realistic complaint of memory 
problems. Moreover, our study is of added scientific value, since prior studies in bipo-
lar patients (18-21) were unable to determine whether the lack of association between 
subjective and objective cognitive functioning was due to depressive symptoms in the 
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Figure 1. Association between cognitive complaints (standardized CFQ total score) and objective 
cognitive functioning (standardized total cognitive score), according to the severity of depression. 
Regression lines are shown for the total group (n = 108, p = 0.529) and the subgroups of euthymic 
patients (n = 45, p = 0.914), patients with mild depressive symptoms (n = 38, p = 0.961) and patients with 
moderate depressive symptoms (n = 25, p = 0.805).
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study population (11,12,19). This is important as these symptoms are common in 
patients seen in daily clinical practice. In addition, the former studies were smaller and 
therefore less precise.
To appreciate our findings some limitations have to be mentioned. First, the Cogni-
tive Failure Questionnaire (24) was designed to quantify everyday cognitive failures 
someone is normally capable of doing. Since bipolar patients show higher scores on 
the CFQ compared to healthy controls and they do suffer from objective cognitive dys-
functions, their complaints seem real. Nevertheless, it can be argued that neither the 
CFQ total score, nor the four subscales are sufficiently accurate to measure the type of 
cognitive dysfunctions seen in bipolar patients. Notably, the CFQ was not specifically 
developed for patients with psychiatric disorders. However, the CFQ showed strong in-However, the CFQ showed strong in-
terrelationships with other cognitive self-reports in bipolar patients (19). A qualitative 
method by just asking patients about their experiences could also be useful in practice, 
although doing this Martinez-Aran et al. (21) also found comparable negative results. 
Patients may be unable to report their cognitive complaints retrospectively as with the 
CFQ. It may be worthwhile investigating whether patients are capable to report cogni-
tive complaints more realistic making use of cognitive behavioral treatment principles 
of daily registration forms. Second, in absence of (hypo)manic patients, we can only 
make statements about the possible role of depressive symptoms regarding the asso-
ciation between subjective and cognitive functioning within bipolar patients. Future 
research should pay attention to the development of a valid tool to predict objective 
cognitive problems from cognitive complaints with the ultimate aim to make burden-
ing and expensive cognitive test batteries redundant. In the absence of such tool, a 
complete objective neurocognitive evaluation remains necessary. 
In conclusion, cognitive complaints and objective cognitive functioning were not 
associated with each other, irrespective of depressive symptoms. Nevertheless, cogni-
tive complaints were strongly associated with depressive symptoms. Thus, whenever 
a patient expresses cognitive problems, the clinician should be aware that this patient 
might be depressed rather than actually objective cognitively impaired. 
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abstraCt 
Objectives:  
To investigate the multifactorial relationship between illness insight, cognitive and 
emotional processes and illness characteristics in bipolar patients.

Methods: 
Data from 85 euthymic or mildly to moderately depressed bipolar patients were 
evaluated. Insight was measured using the Mood Disorder Insight Scale (total score 
and subscale scores: awareness of illness, symptom attribution, need for treatment). 
Cognitive and emotional functioning was measured in four domains (processing 
speed, memory, executive functioning and emotional learning) in addition to 
premorbid IQ. Illness characteristics were assessed using the Mini International 
Neuropsychiatric Interview, the Questionnaire for Bipolar Disorder and the Inventory 
of Depressive Symptomatology-self rating. Regression analyses were performed for 
the whole sample. Post-hoc, interactions with lifetime psychotic features (LPF) were 
statistically tested and if significant, analyses were repeated for patients with (n=36) 
and without (n=49) LPF separately. 

results:  
In the whole group, better insight was associated with lower processing speed, better 
memory performance, increased emotional learning, higher level of depressive 
symptoms and longer duration of illness. Patients with LPF had worse awareness 
of illness, but better symptom attribution than patients without LPF. No group 
differences for need for treatment and overall insight were found. Finally, processing 
speed significantly predicted subscores for symptom attribution in patients with LPF 
only. 

Conclusions:  
Cognitive functioning as well as impairments in emotional learning and psychotic 
features independently contribute to impaired insight in bipolar disorder. Processing 
speed seems to be a key variable in the prediction of insight in patients with LPF and 
not in patients without LPF. 
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introduCtion 
A substantial proportion of patients with bipolar disorder has poor insight of illness, 
i.e. they have difficulty recognizing that they suffer from a psychiatric disorder 
for which they may need medication or other forms of treatment. The concept of 
insight in psychiatric populations is clinically relevant, since impaired insight has 
been associated with poorer global functioning (1), severity of psychopathology (2), 
poorer functional outcome (3) and reduced treatment compliance (4;5). While it 
is widely agreed that poor insight is important in the treatment of bipolar disorder, 
there is a paucity of research regarding insight in bipolar disorder. Dias et al. (6) 
found that insight was impaired in 60% of remitted bipolar patients. Varga et al. (7) 
compared insight in patients suffering from bipolar disorder and schizophrenia and 
found that overall insight in both groups was about the same, with slightly better 
symptom awareness among bipolar patients. Insight was found to be mood state 
dependent (8; 9). However, when mood symptoms have resolved, insight appeared 
to remain impaired to some extent (9-11). 
Poor illness insight is also a widely recognized problem in psychotic patients. It was 
even described by Kraepelin as a core feature of psychosis (12). In this study insight 
is viewed as a neuropsychological impairment (13). Even though insight can also 
be viewed as a personal narrative (14), such a qualitative interpretation is highly 
subjective and does not lend itself very well for experimental manipulation. Therefore, 
the approach of the current study was to define insight as a multidimensional 
construct along the dimensions of David (15). In psychotic patients he distinguished 
three dimensions of insight: (I) awareness of having an illness; (II) recognizing 
psychotic symptoms as abnormal; and (III) acceptance of prescribed treatment. 
These dimensions were also used in the current study. Various studies have looked at 
factors determining illness insight in schizophrenia (2;16). One line of research is the 
relationship between insight and neurocognition. A small but significant relationship 
between insight and set-shifting (r=0.25), IQ (r=0.14) and executive functioning 
(r=0.19) was found (16). Other studies also reported associations between insight 
and executive functioning and planning (17;18) and insight and working memory 
performance (17). However, the associations between insight and executive 
functioning have not always been replicated (19-21). In addition social cognitive 
factors have been investigated in relation to illness insight in schizophrenia (22). Bora 
et al. (23) found a significant relationship between Theory of Mind (ToM) and illness 
insight, which was most prominent for second order false belief conditions or the 
ability to look at yourself through the eyes of another person. This relationship was 
confirmed by Lysaker et al. (24), suggesting that patients with poor illness insight 
may have problems in the exchange of social information and using social cues in 
the interpretation of behaviour. Finally, the association between symptom severity 
and illness insight has been studied in schizophrenia (2;25). Regarding psychotic 
symptoms, this relationship is only slightly stronger than the relationship between 
insight and neurocognitive measures [r=0.25; (2)]. In contrast, several studies found 
an inverse relationship between illness insight and depressive symptoms, i.e. patients 
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with better insight show more signs of depression than patients with worse insight 
(6;26;27).
Compared to schizophrenia, illness insight in bipolar disorder has been studied less 
intensively and the various studies had different results. Some studies demonstrated 
a clear relationship between neurocognitive performance and insight (6;7;9;28-31), 
while others showed no relationship at all on similar measures (18;20;32). With 
regard to social cognitive factors and insight in bipolar disorder, to our knowledge, 
no studies have been published to date. This is remarkable in view of the fact that 
impairments in social and emotional processing are present in bipolar patients. 
Patients with bipolar disorder show a decreased volume and increased functional 
activity of the amygdala (33) as well as increased activation in prefrontal and ventro-
lymbic areas (34) upon emotional stimuli. In addition, bipolar patients demonstrate 
more problems recognizing facial expressions, in particular surprise (35), matching 
facial expressions (36), the regulation of emotions (37) and do not benefit from 
an enhanced memory for emotional stimuli (38). The perception of emotional 
stimuli and faces do not occur in isolation, but are always connected to a context. 
This is apparent from a study by Shur et al. (39), who demonstrated that impaired 
mentalizing ability was related to impairment in the integration of emotional and 
non-emotional stimuli. Therefore, the paradigm that was selected for the purpose of 
this study was an emotional learning task, requiring the coupling of emotional and 
non-emotional stimuli, which reflects a more realistic process as is encountered in 
daily life. 
The aim of this study was to explore, for the first time, in a large bipolar patient group 
(n=85) the multifactorial relationship between illness insight on the one hand and 
neurocognition, emotional learning and clinical characteristics on the other hand. 
Most importantly, we investigated to what extent the combination of these domains 
could predict level of insight in bipolar patients. By investigating all domains in one 
model, the possible overlap in predictive value between the three predictor domains 
was taken into account. We expected that better neurocognitive performance and 
increased emotional learning would be related to better insight. Furthermore, we 
expected to find a relationship between clinical characteristics and level of insight. 
More specifically, we expected that better insight would be related to more depressive 
symptoms. Moreover, this study is unique by investigating the moderating effect of 
LPF in this complex relationship between cognition, emotional learning and insight. 
Since insight is sometimes considered as a core feature in psychosis (12), and since 
patients with LPF demonstrated worse cognitive impairment than patients without 
LPF (40;41), we expected to find a poorer insight in patients with LPF. Therefore, 
the relationship between insight on the one hand and neurocognitive and emotional 
performance on the other hand was specifically investigated in patients with and 
without lifetime psychotic features (LPF). This study aims to contribute to the 
literature on insight in bipolar disorder. Its results can be of use for the development 
of neurocognitive training targeted at improving insight in patients with bipolar 
disorder.
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materials and metHods
Subjects 
A total of 85 bipolar patients (age 18-65 years) were included between October 
2005 and December 2008. Patients had to meet DSM-IV criteria for bipolar I or II 
disorder, confirmed by the Mini-International Neuropsychiatric Interview [MINI; 
(42)]. Mild to moderate depressive symptoms were allowed, defined as a score of 
≤38 points (43;44) on the 30 item-Inventory of Depressive Symptomatology-self 
rating [IDS-SR; (45)]. Hypomanic or manic symptoms were not allowed, defined 
as >7 points on the Young Mania Rating Scale [YMRS; (46)]. Other exclusion 
criteria were: mental retardation (IQ<70), a known systemic or neurological 
disease which could influence cognitive functioning or the need for current 
treatment for substance use disorders in a specialized setting. The study was 
approved by the Ethics Committee of the University Medical Centre Groningen 
and all participants gave written informed consent. 

Measurements of symptoms and insight
All assessments and tests were uniformly administered by trained psychologists. 
Illness characteristics were provided by the clinician using the Questionnaire for 
Bipolar Disorder [QBP; an adaption of the Enrollment Questionnaire as previously 
used in the Stanley Foundation Bipolar Network; (47;48)]. In case of mismatch 
of results from the MINI in relation to the QBP, diagnoses were checked with the 
treating clinician. Patients were considered to have current psychotic symptoms if 
one or more of the five relevant items of the Positive and Negative Symptoms Scale 
scored above 3 (light) [PANSS; (49): P1 delusions, P2 conceptual disorganization, 
P3 hallucinations, P6 paranoia, A9 unusual thoughts] or in case the MINI indicated 
one or more positive current psychotic symptoms. The presence of lifetime 
psychotic features was defined as a positive score on either current psychotic 
features or on the history of psychotic features, derived from the QBP.
Illness insight was measured with the Mood Disorders Insight Scale [MDIS; (50)]. 
The MDIS was adapted from the Birchwood Insight Scale (51) for psychotic 
disorders (chronbachs α=0.75; test-retest reliability r=0.90), for the assessment 
of insight in mood disorders. The MDIS contains three subscales; recognition of 
symptomatology, attribution of symptoms and treatment compliance. The validity 
of the MDIS was based on clinician ratings (r=0.49) in nearly 75% of the patients 
(total n=101; clinician based validity n=69) and the reliability was high [test-
retest reliability r=0.75, n=45 (50)]. This implies that the MDIS is a relatively 
good and quick instrument to measure self-report insight in patients with mood 
disorders.    
Level of education was based on the Dutch educational system which differentiates 
six levels, ranging from 1 (primary school) up to 6 (PhD student or higher 
degree). 
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Cognitive and emotional processing
The cognitive test battery included three composite cognitive domains (consisting 
of six different tests, yielding 14 outcome variables) and an estimate of premorbid 
intelligence (IQ). First, the composite domain “processing speed” was derived 
from the mean value of domains of psychomotor speed and speed of information 
processing. The domain psychomotor speed was derived from the reaction time test 
of the Cambridge Neuropsychological Test Automated Battery (CANTAB) system (52) 
with the corresponding variables reaction time (RTI) simple movement time (in 
milliseconds) and RTI five-choice movement time (in milliseconds). For the domain 
speed of information processing the Stroop Color and Word Test [SCWT; (53)] and 
the reaction time test of the CANTAB system (52) were used to formulate the variables 
Stroop time 1 (in seconds), Stroop time 2 (in seconds), RTI simple reaction time 
(in milliseconds) and RTI five-choice reaction time (in milliseconds). Second, the 
composite domain “memory” was derived from the mean value of domains of verbal 
and visual memory. The domain verbal memory was derived from the California Verbal 
Learning Test (54), making use of the variables CVLT-trial 1 to 5 (verbal learning) and 
CVLT-number of words long term free recall. The Pattern Recognition Memory (PRM) 
test of the CANTAB system (52) was used to create the domain visual memory by 
calculating the variables PRM-immediate correct numbers and PRM-delayed correct 
numbers. Third, the composite domain “executive functioning” was derived from the 
mean value of domains of attentional switching and working memory. For the domain 
attentional switching the Continuous Performance Task, based on research of Smid 
and colleagues (55) was chosen. After a one minute practice session, two five minutes 
task-blocks (either CPT-Q or CPT-HQ condition) were performed, in which 15% of 
the stimuli were target stimuli demanding a response. A reliable score of attentional 
switching was used as outcome variable, composed of the difference score of hits in 
CPT-Q version minus hits in CPT-HQ version. For the domain working memory the 
Spatial Working Memory (SWM) test of the CANTAB system (52) and the SCWT (53) 
were chosen to calculate the number of SWM-between errors for 8-box problems, 
SWM Strategy (counting number of times the subject begins a new search with the 
same box; efficiency score), and interference score of the SCWT (seconds). Finally, 
the estimated level of premorbid IQ was included as a separate variable, measured by 
the National Adult Reading Test [NART; (56)]. Detailed descriptions of the pen-and-
paper measures are provided by Lezak et al. (57); Robbins et al. (52) have discussed 
the CANTAB tests. 
Additionally, patients were asked to complete the Emotional Learning Task [ELT; 
(58)]. The ELT presents pairs of objects and faces over six learning and six recall 
trials. In the learning trial, six pairs of stimuli containing an object and a picture 
of an emotional expression [objects (broom, candle, table, belt, suitcase and book) 
and basic emotional facial expressions of the same woman (joy, surprise, fear, anger, 
sadness, disgust)] are successively presented on a computer screen for 30 seconds 
each. Subjects are instructed to memorize each pair. In the recall trial immediately 
following the learning trial, subjects have to select the matching emotional facial 
expression out of six possibilities to each object. Feedback is given after each response 
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by either a positive or a negative drawing. In total, the experiment consisted of six 
sessions, each containing six learning and six recall trials. In each trial, pairs are 
presented at random. The domain “emotional learning” was created by calculating the 
mean of the used outcome variables ELT reaction time (ELT-RT; seconds) and accuracy 
(ELT-ACC; percentage correct). The total duration of the cognitive task battery was 
approximately 2.5 hours, allowing one break if necessary.

Statistical analyses
All variables in the cognitive and emotional domains were checked for normal 
distribution and transformed into z-scores using the mean and standard deviations of 
the patient group. When the distribution was not normal test scores were transformed 
to approximate normality by logarithmic or quadratic transformations. Higher scores 
indicated poorer performance, with the exception of the insight measure in which 
higher scores indicate better insight. To make the interpretation of the results more 
straightforward and meaningful, individual domain scores were created for processing 
speed, memory, executive functioning and emotional learning by calculating the 
mean value of the individual tests (see Table 2).  A composite cognitive domain 
score was derived from averaging the scores of the corresponding individual tests. 
By creating only a few domains, instead of including multiple variables, analyses 
become more sensitive due to reduction of noise within the concept and the risk 
of false positive results caused by multiple comparisons is reduced. Correlations 
of individual variables with the composite domains lead us to conclude that these 
variables measure the same construct [composite domain processing speed r=0.532 
(p<0.0001) to r=0.834 (p<0.0001); composite domain memory r=0.509 
(p<0.0001) to r=0.809 (p<0.0001); composite domain executive functioning 
r=0.373 (p<0.0001) to r=0.511 (p<0.0001); composite domain emotional learning 
r=0.287 (p<0.0008)].
The Mann Whitney U test was used to assess differences between patients with 
and without LPF with regard to MDIS total score and subscales. To investigate the 
predictive value of cognitive, emotional and clinical characteristics for insight, 
multiple regression analyses were performed, using insight subscale scores and the 
total insight scores as outcome variables. A first multiple regression analysis included 
the four composite domains (processing speed, memory, executive functioning and 
emotional learning), IQ and the standardized scores of illness characteristics duration 
of illness (years), LPF and level of severity of depressive symptoms (sum score of 
IDS-SR). 
In a second multiple regression analysis, the modifying effect of LPF on insight was 
measured in the whole group by including interaction terms of LPF with the composite 
domains processing speed, memory, executive functioning and emotional learning. 
Finally, separate multiple regression analyses were performed in patients with and 
without LPF using only those (social) cognitive domains of which the interaction term 
with LPF was statistically significant. Statistical significance was defined as p<0.05, 
two sided. Rsquare was provided as a measure of explained variance. Analyses were 
performed using SPSS Version 16.0 (59). 
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results
Sample characteristics
Demographic and clinical characteristics of the whole sample as well as the subgroups 
(i.e. with and without LPF) are listed in Table 1. The study included 69 bipolar I 
patients (81.2%) and 16 bipolar II patients (18.8%). Patients were euthymic [n=37; 
IDS-SR score <14 (43;44)], mildly depressed [n=30; IDS-SR score 14-25 (43;44)] 
or moderately depressed [n=18; IDS-SR score 26-38 (43;44)], and had a mean YMRS 
score of 0.6 (SD=1.4). More than half of the patients never experienced psychotic 
features (57%). Only three bipolar patients (3.5%) were medication-free; the majority 
of all other patients used 1 (50.6%, n=43) or 2 (30.6%, n=26) different psychotropic 
drugs. Unfortunately, no complete information on dosage of medication is available. 

table 1. Demographic and clinical characteristics for bipolar patients 

all patients
N = 85

Patients + LPF  
N = 36 

Patients – LPF  
N = 49

Mean SD Mean SD Mean SD

Age (years) 45.5 0.8 42.8 11.2 47.5 10.2

Premorbid IQ 106.4 8.5 104.2 8.6 108.0 8.1

Education level (range 1-6) 3.5 1.0 3.4 1.0 3.7 10

Duration of illness (years) 21.1 12.3 17.0 11.8 24.2 11.8

IDS-SR 16.8 9.9 16.6 8.0 16.9 11.1

YMRS 0.6 1.4 0.42 1.1 0.7 1.5

N % N % N %

Female gender 56 65.9 21 58.3 35 71.4

Lifetime psychotic features 36 42.4 - -

Comorbidity

- Lifetime ADHD 1 1.2 0 0 1 2.0

- Lifetime alcohol use disorder 14 16.5 6 16.7 8 16.3

- Current alcohol use disorder 10 11.8 5 10.2 5 13.9

- Lifetime other substance use disorder 2 2.4 1 2.8 1 2.8

- Current other substance use disorder 0 0 0 0 0 0

Type of medication

- Lithium 53 62.4 20 55.6 33 67.3

- Anticonvulsants ‡ 35 41.2 10 27.8 25 51.0

- Antipsychotics 22 25.9 8 22.2 14 28.6

- Antidepressants 16 18.8 6 16.7 10 20.4

- Benzodiazepines 8 9.4 1 2.8 7 14.3

- None 3 3.5 3 8.3 0 0

LPF: known with (+) of without (-) lifetime psychotic features
‡ two patients used two different anticonvulsants (one patient + LPF and one patient - LPF)
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Patients with LPF were significantly younger, had lower IQ and lower duration of 
illness (p<0.05). Duration of illness and IQ were included as predictor variables and 
cognitive scores were corrected for the effects of age. Raw neurocognitive data for the 
whole sample as well as for the subgroups (with and without LPF) are presented in 
Table 2.

table 2. Raw data of 18 cognitive outcome variables, summarized in 7 domains (bold) for 85 bipolar 
patients

all patients
N = 85

Patients + LPF 
N = 36 

Patients – LPF 
N = 49

Mean SD Mean SD Mean SD
Psychomotor speed
Simple movement time (msec) † 460.73 159.91 452.18 17155 467.02 152.31
Five-choice movement time (msec) † 429.11 143.67 422.21 162.20 434.18 129.92

Speed of information processing
Simple reaction time (msec) 374.04 115.31 352.73 71.55 389.69 137.64
Five-choice reaction time (msec) † 393.82 101.69 382.66 75.71 402.02 117.29
Stroop time 1 (word; sec) † 45.16 9.22 44.64 8.0 45.55 10.11
Stroop time 2 (color; sec) † 58.74 12.35 58.89 11.58 58.63 13.01

attentional switching
Difference CPT hitrate version Q minus HQ † 0.05 0.07 0.05 0.08 0.04 0.06
- CPT hitrate version Q (% correct) 0.99 0.04 0.99 0.02 0.99 0.04
- CPT hitrate version HQ (% correct) 0.94 0.08 0.94 0.09 0.94 0.07

Verbal memory
CVLT - verbal learning (total nr correct resp) † $ 52.26 12.16 52.67 11.78 51.96 12.54
CVLT - long term free recall (nr correct resp) † $ 11.76 3.43 11.92 3.45 11.65 3.44

Visual memory
PRM - number correct immediate $ 10.35 1.76 10.17 1.70 10.49 1.80
PRM - number correct delayed † $ 9.06 2.11 8.64 2.07 9.37 2.11

executive functioning / working memory
SWM - between errors 8 boxes (nr correct resp) 22.82 12.20 19.61 11.87 25.18 12.02
SWM - strategy (efficiency score) † 34.54 5.55 33.39 5.13 35.39 5.74
Stroop interference (difference rate; sec) † 6.78 19.89 4.28 16.54 8.62 22.01

emotional learning
ELT- reaction time (sec) † 6.17 1.70 6.06 1.57 6.24 1.81
ELT- accuracy (% correct) 0.67 0.22 0.63 0.24 0.70 0.20

† for whole group: normally distributed
$ higher score indicates better performance; in further analyses data were reversed (100 minus 
score)
CPT: Continuous Performance Task; CVLT: Dutch version of California Verbal Learning Test; PRM: 
Pattern Recognition Memory; SWM: Spatial Working Memory; SOC: Stockings of 
Cambridge; BADS: Behavioural Assessment of the Dysexecutive Syndrome; ELT: Emotional Learning 
Task; msec: milliseconds; sec: seconds; nr: number; resp: responses
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MDIS scores in patients with bipolar disorder
Total and subscale Insight scores are listed in Table 3. The average score on total in-
sight in the whole group is 9, which corresponds to the cut-off score suggested by 
Birchwood (51). Subscale scores demonstrate the most severe impairment for the 
subscale need for treatment. Subscale awareness of illness seems to be least impaired 
in the whole group. On average patients with LPF have significantly less awareness of 
their illness (U=674, p<0.004), but on the other hand better symptom attribution 
(U=517, p<0.001) than patients without LPF. Patients with and without LPF did 
not significantly differ on MDIS total score nor on the score of the subscale need for 
treatment. 

Illness insight in the whole bipolar cohort
Insight: Awareness of Illness
Together neurocognitive, emotional learning and clinical characteristics significantly 
predicted subscale scores for awareness of illness (F (8,76) = 4.508, p<0.0001, 
Rsquare 0.322, adjusted Rsquare 0.250). Variables that significantly contributed to this 
effect were processing speed (β=0.180, 95%CI=0.053; 0.307, p<0.006), emotional 
learning (β=-0.237, 95%CI=-0.455; -0.020, p<0.033),  LPF (β=-0.376, 95%CI=-
0.705; -0.047, p<0.026) and depressive symptoms (β=0.217, 95%CI=0.060; 0.374, 

table 3. Insight scores for the whole group, the subgroups + LPF and – LPF, and literature data.

Mean SD
Whole group (n=85) Awareness of illness 3.7 0.8

Symptom attribution 2.9 1.0
Need for treatment 2.4 0.5
MDIS total score 9.0 1.5

Subgroup with lifetime psychotic 
features (n=36)

Awareness of illness 3.4 1.0

Symptom attribution 3.3 0.8
Need for treatment 2.4 0.5
MDIS total score 9.1 1.6

Subgroup without lifetime psychotic 
features (n=49)

Awareness of illness 3.9 0.5

Symptom attribution 2.6 1.0
Need for treatment 2.4 0.5
MDIS total score 8.9 1.4

Reference data from literature * Awareness of illness 3.4 1.0
Symptom attribution 3.1 1.2
Need for treatment 3.7 0.6
MDIS total score 10.2 2.0

* taken from Sturman et al. (50)
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p<0.007); the cognitive domain of memory almost reached significance (β=-0.177, 
p<0.054). Thus, impaired emotional learning, and impaired memory, but better 
processing speed was associated with lower awareness of illness. Moreover, presence 
of LPF was indicative of worse awareness of illness, while better awareness of illness 
was associated with more depressive symptoms. 

Insight: symptom attribution
The scores on the subscale symptom attribution were significantly predicted by a 
model including cognitive functioning, emotional learning and clinical characteristics 
(F(8,76)=2.452, p<0.020, Rsquare=0.205, adjusted Rsquare=0.122). The variable 
significantly contributing to this effect was LPF (β=0.737, 95%CI=0.300; 1.174, 
p<0.001). This implies that the presence of LPF was indicative of better symptom 
attribution.

Insight: need for treatment
The scores on the subscale need for treatment were significantly predicted by a model 
including cognitive functioning, emotional learning and clinical characteristics 
(F(8,76)=3.536, p<0.002, Rsquare=0.271, adjusted Rsquare=0.195). The variables 
significantly contributing to this predictive effect were IQ (β=-0.117, 95%CI=-
0.226; -0.008, p<0.036), depressive symptoms (β=0.203, 95%CI=0.092; 0.314, 
p<0.000) and duration of illness (β=0.114, 95%CI=0.004; 0.223, p<0.042). Thus, 
higher IQ scores were associated with worse insight in the need for treatment, while 
better insight in need for treatment was associated with more depressive symptoms 
and a longer duration of illness.

Insight: Total score
Overall insight (total MDIS score) was significantly predicted by a model including 
cognitive functioning, emotional learning and clinical characteristics (F(8,76)=3.275, 
p<0.003,  Rsquare=0.256, adjusted Rsquare=0.178). Most importantly, a significant 
effect of the variables processing speed (β=0.356, 95%CI=0.101; 0.611, p<0.007), 
memory (β=-0.279, 95%CI=-0.518; -0.040, p<0.007) and depressive symptoms 
(β=0.590, 95%CI=0.275; 0.904, p<0.0001) was found. Thus, impaired memory, 
but better processing speed was associated with worse general insight. Moreover 
better general insight was associated with more depressive symptoms.

Illness insight in patients with and without LPF
Insight: awareness of illness
The inclusion of the interaction terms [LPF x (processing speed; memory; executive 
functioning; emotional learning)] in the whole group led to a statistically significant 
model (F(12,72)=3.841, p<0.0001, Rsquare=0.390, adjusted Rsquare=0.289). The 
predictive value of this model was not explained by any interaction term or other 
predictor [depressive symptoms almost reached significance (β=0.158, p=0.054)]. 
Therefore, post-hoc regression analyses in patients with and without LPF separately 
were not performed.
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Insight: symptom attribution
The inclusion of the interaction terms [LPF x (processing speed; memory; executive 
functioning; emotional learning)] in the whole group led to a statistically signifi-
cant model (F(12,72)=2.238, p<0.018, Rsquare=0.272, adjusted Rsquare=0.150). 
The predictive value of this model was fully explained by the interaction term LPF 
x processing speed (β=0.457, 95%CI=0.009; 0.905, p<0.046). Post-hoc regres-
sion analysis in patients with LPF resulted in a significant model (F(1,34)=9.052, 
p<0.005, Rsquare=0.210, adjusted Rsquare=0.187), indicating that processing speed 
significantly predicted subscale scores (β=0.366, 95%CI=0.119; 0.614, p<0.005). 
Post-hoc regression analysis in patients without LPF did not result in a significant 
model. Thus, better processing speed was associated with worse symptom attribution 
in patients with LPF, but not in patients without LPF.

Insight: need for treatment
The inclusion of the interaction terms [LPF x (processing speed; memory; executive 
functioning; emotional learning)] in the whole group led to a statistically significant 
model (F(12,72)=2.361, p<0.013, Rsquare=0.282, adjusted Rsquare=0.163). The 
predictive value of this model was not explained by one of the interaction terms, but by 
the cognitive variable premorbid IQ (β=-0.127, 95%CI=-0.242; -0.013, p<0.030), 
as well as depressive symptoms (β=0.185, 95%CI=0.066; 0.304, p<0.003); dura-
tion of illness almost reached significance (β=0.110, p<0.061). Post-hoc regression 
analyses were therefore not performed in patients with and without LPF separately.

Insight: total score
The inclusion of the interaction terms [LPF x (processing speed; memory; executive 
functioning; emotional learning)] in the whole group led to a significant model 
(F(12,72)=2.849, p<0.003, Rsquare=0.322, adjusted Rsquare=0.209). The pre-
dictive value of this model was explained by the interaction term LPF x processing 
speed (β=0.708, 95%CI=0.033; 1.383, p<0.040), as well as depressive symptoms 
(β=0.470, 95%CI=0.146; 0.794, p<0.005). Post-hoc regression analyses did not 
result in a significant model in patients with or without LPF. 

disCussion
Our study is the first to investigate the complex relationships between illness insight 
and cognitive, emotional and clinical characteristics in a large group of bipolar pa-
tients. The major fi nding is that both cognitive functioning and clinical characteris-The major finding is that both cognitive functioning and clinical characteris-
tics are associated with awareness of illness. Like in schizophrenia, several cognitive 
impairments were found to be related to impaired insight. Furthermore, not only 
cognitive functioning but also emotional learning appeared to be an important factor 
in awareness of illness. Regarding clinical characteristics lifetime psychotic features 
(LPF) predicted worse awareness of illness, whereas patients without LPF demonstrat-
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ed worse symptom attribution. Finally, impaired insight was associated with fewer 
depressive symptoms. 

Insight and neurocognition
Only a limited number of studies have investigated the relationship between illness 
insight and neurocognition in patients with bipolar disorder, demonstrating ambigu- ambigu-
ous results. While some studies showed a relationship between insight and working 
memory (6;9;28), (verbal) intelligence (9;28), decision making (29), and executive 
functioning (6;31), other studies have not found such a relationship (18;20;32). 
In the current study, the most robust finding with regard to insight and neurocognition 
was the positive relationship between processing speed and insight: the longer the 
time between initiating a response and the actual response, the better the insight. 
This effect was even more pronounced in patients with LPF. Initially this seemed 
counterintuitive, since processing speed is impaired in patients with bipolar disorder 
(40;60) as well as in patients with schizophrenia (61-63). However, Varga et al. (7) 
reported a similar, although non-significant, finding. One could hypothesize that 
in patients with psychosis and also bipolar disorder, taking more time to consider 
alternative explanations for their abnormal experiences, results in better insight. Such 
a hypothesis would be consistent with the processing efficiency theory that states 
that hightened mood states, such as in mania, and/or psychosis reduces processing 
capacity (64). Thus, in a more euthymic state bipolar patients should trade off speed 
for accuracy. That is, in order to perform as well as healthy subjects euthymic patients 
will respond slower. In a manic state the opposite may be expected, response times 
should be similar to healthy controls, but number of errors should be higher. Indeed 
such a speed/accuracy trade of has been demonstrated in bipolar patients by Fleck 
et al. (65). Thus, taking more time to respond correctly comes at the cost of slower 
processing speed. This explanation should be interpreted with caution however, since 
no data on accuracy are available. 
Moreover, worse memory was found to be significantly associated with poor total 
insight and (as a trend) with awareness of illness. This is in line with similar findings 
demonstrating an association between insight and verbal memory performance in 
patients with a first psychotic episode (66;67). Moreover, other studies demonstrated 
an association between insight and working memory performance in bipolar disor-
der (6;9;28). These results suggest that worse memory may have a negative impact 
on the level of insight in the disorder. A limited capacity to hold information in verbal 
memory or to recall past behavior (autobiographical memory), may have a negative 
impact on the ability to evaluate the own behavior and drawing subsequent conclu-
sions on the abnormality of the behavior.  
Finally, contrary to expectations, higher pre-morbid IQ was found to be associated 
with less recognition of need for treatment. A possible post hoc explanation is that 
patients with a higher IQ may be more critical and more likely to question the advice 
of the treating psychiatrist and more likely to set their own standards with regard to 
treatment of their symptoms. The negative effect of IQ only occurred in the subscale 
need for treatment, which supports such an interpretation. 
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Notably, no relationship was found between executive functioning and insight. This is 
in concordance with the findings of Yen et al. (18), who did not find such a relation-
ship in bipolar patients either, although they did find an association in patients with 
schizophrenia. This may be due to a more severe neurocognitive performance in gen-
eral, including executive functioning, of schizophrenic patients compared to bipolar 
patients (68). Thus, the relationship between executive functioning and insight may 
be less pronounced in bipolar disorder. 

Insight and emotional learning
In the whole patient group, an association between emotional learning and the sub- association between emotional learning and the sub-
scale awareness of illness was demonstrated. Previous studies have found that patients 
with bipolar disorder are impaired in recognizing emotional expressions in faces 
(33;35;37). Similarly, the facilitating effect of emotional stimuli in memorizing ob-
jects was diminished in patients with bipolar disorder (38). This may be related to the 
ability to pick up social cues from the social environment. If this process is hampered, 
reflecting upon oneself is biased. Hence, alarming signals from the social environ-
ment may not be incorporated in the self-representation. Interestingly, this effect does 
not seem to be specific for patients with LPF, which indicates a more general effect of 
emotional learning on insight. 

Insight and clinical characteristics 
In a meta-analysis, Bora et al. (40) found  that bipolar patients with LPF are more 
cognitively impaired than bipolar patients without LPF. The present study suggests 
that to some extent this more severe impairment can be extended to poorer illness 
insight. Patients with LPF have worse awareness of illness in the disorder. The higher 
scores on the subscale symptom attribution in patients with LPF may be explained 
by the presence of psychotic symptoms, which may be more salient in the sense of 
“being abnormal” than manic or depressive symptoms making it more likely that 
patients recognize these symptoms as abnormal once they are in a remitted state. 
Moreover, better insight was found to be associated with more depressive symptoms. 
Although this effect has been reported before (6;26;27;69;70), the underlying 
mechanism of this effect is not clear. Possibly patients with better insight have a more 
realistic representation of their own situation, which makes them more depressed. 
However, reasoning in the opposite direction is also possible. Depressive patients 
tend to have a more realistic representation of their own skills, reflected by a smaller 
self-serving bias (71). This more realistic self-representation may result in better 
insight. Importantly, some studies in psychotic patients show that this relationship 
between insight and depressive symptoms may be mediated by internalized stigma, 
i.e. to what extent do patients experience stigmatized feelings enforced by the social 
environment (69;72). That is, psychotic patients with good insight who are concerned 
by stigmatization show more depressive symptoms. 

Clinical implications
In clinical settings, often illness insight is considered as a single dimensional concept, 



being judged as present or absent. Amador and Kronengold (73) have discussed that 
insight is a complex and multidimensional phenomenon. In the current study such a 
multidimensional approach for insight in patients with bipolar disorder is confirmed:  
insight should be defined along the three dimensions of David (15); recognition of 
symptomatology, attribution of symptoms and treatment compliance. Indeed, some 
of the predictors in our study were differently associated with the three subscales. 
This is also illustrated by the different scores of patients with and without LPF on the 
different dimensions of insight. Finally, impairment of illness insight can be subtle 
and may be easily missed. 
This has different implications for clinical practice. For instance, our study demon-
strated that clinicians should be specifically aware of impaired symptom attribution 
in patients without LPF, whereas in patients with LPF a lack of awareness of the ill-
ness may be more prominent. The relationship between higher processing speed and 
worse insight suggests that impulsivity may be related to lack of insight. Training 
patients in taking the time to evaluate thoughts and behavior may result in less jump- behavior may result in less jump- may result in less jump-
ing to conclusions and a more well considered opinion regarding their own illness 
and situation in life
Finally, it is important to note that insight plays an important role in the recognition 
of bipolar disorder (74). In a depressed episode, patients are more likely to have good 
insight and consequently seek help. When they are not aware of (or do not speak 
about) their previous (hypo)manic symptoms, this may result in a misdiagnosis of 
unipolar depression. Being aware that patients may not have insight into manic or 
psychotic symptoms may prevent such misdiagnoses and result in more adequate 
treatment of such patients. 

Strengths and limitations 
First, a major advantage of this study is the sample size. To the best of our knowledge 
this study is the largest to address illness insight in relation to various possible predic-
tors. Moreover, the extensive cognitive task battery, including an emotional learning 
paradigm, in combination with clinical characteristic allowed a multidimensional 
approach. 
Some limitations also need to be discussed. The present study did not include patients 
with current manic or psychotic symptoms. Therefore (and in contrast to depressive 
symptoms) the effect of current manic or psychotic symptoms could not be investi-
gated. Type of medication and thus the number of different kinds of medication was 
registered in our study but not dosage. Moreover, we have no information on actual 
medication compliance. However, it has to be noted that inconsistent findings have 
been reported on cognitive side effects for lithium as well as other psychotropic 
medication (75-79). Definitely, more research is needed on the effects of specific 
medications on cognitive performance. Until then no golden standard is available 
for correcting for medication side effects in cognitive studies. In the current study, 
no differentiation between patients with type I and II bipolar disorder was possible 
due to limited sample size (n=16) of bipolar II patients. However, post-hoc compari-
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sons did not show any statistically significant differences between the subgroups in 
total insight score or any of the subscales (p>0.05). In addition, post-hoc analyses 
in only bipolar I patients revealed that most differences as observed in the whole 
group, remained significant. Furthermore, most of the patients participating in the 
current study have received psychoeducation, which may have improved level of ill-
ness insight and consequently resulted in less pronounced insight scores. However, 
the insight scores in the current study were similar to those reported by Sturman et 
al. (50), suggesting that our sample is still representative for evaluating illness insight 
in bipolar patients. 
In addition, only an estimate of premorbid IQ was measured (NART), therefore no 
firm conclusions regarding the relationship between current full IQ and insight could 
be drawn. Even though the domain executive functioning used for the current study 
encompasses all major aspects of executive functioning (80), the relationship between 
executive functioning and insight has often been assessed with the Wisconsin Card 
Sorting Task [WCST; see Aleman et al. (16) for a meta-analysis in schizophrenia]. Thus, 
in order to compare this relationship across studies, future studies could additionally 
include the WCST in the cognitive task battery. Furthermore, only one aspect of the 
social cognitive domain, an emotional learning paradigm, was measured. In a future 
study a more extensive social cognitive battery may be more informative, for example 
including a measure of Theory of Mind [cf. Shur et al. (39) and Bora et al. (23)]. 
Finally, in this study only one instrument [the self-report measure of insight (MDIS)] 
was used to measure insight. An interview based measure of insight such as the 
Scale to Assess Insight - Extended [SAI-E; (4)] or the Scale to assess Unawareness 
of Mental Disorder [SUMD; (10)] may reveal more subtle hints of lack of insight. 
Ideally, multiple measures of insight should be used to get the best representation of 
insight.

Conclusion
The current study demonstrated that insight in bipolar disorder is determined by 
neurocognitive, emotional and clinical characteristics, which confirms the complex 
nature of the concept of insight, Moreover, bipolar patients with LPF have more 
impaired insight than patients without LPF, most specifically with regard to awareness 
of illness. In patients with LPF especially, slower processing speed is predictive for 
impaired insight, suggesting that impulsivity or disinhibition may result in worse 
insight. Furthermore, this study extends the relationship between insight and 
depressive symptoms in schizophrenia patients to bipolar patients. That is, also in 
bipolar patients better insight is associated with more depressive symptoms. Clinicians 
should be aware of this strong relationship. Treatment targeted at improving the insight 
of patients should take into account that the patient may temporarily develop more 
depressive symptoms. Understanding the factors that moderate the concept of insight 
is important in the treatment of bipolar disorder. We suggest that improving insight 
may improve the willingness of patients to accept treatment for their symptoms, 
which may ultimately improve outcome.
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summary and general 
disCussion

During the last decennium, cognitive functioning in patients with bipolar disorder 
(bipolar patients) has become a major focus of research, since many bipolar patients 
show cognitive dysfunction, which may persist even in the euthymic phases of the 
illness and has been shown to be of great influence on functional outcome (e.g.  
(1-3)). This is reflected by the number of publications on the topic bipolar disorder 
and cognitive functioning or dysfunction, which has increased from 15-20 per year 
around 2000 to over 100 per year during the last years. 
The overall aim of this thesis is to improve the knowledge of cognitive functioning in 
bipolar patients, which may provide more fundamental knowledge how to improve 
current daily clinical practice and functional outcome. In this final chapter the findings 
from the previous chapters will be summarized and discussed. Also, some relevant 
methodological considerations will be explored, as well as possible implications for 
clinical practice, followed by a few suggestions for future research and an overall 
conclusion.

Main findings
Chapter 2 provides background information about the kind and extent of cognitive 
dysfunction in bipolar patients as seen in daily clinical practice, its clinical relevant 
factors (e.g. illness characteristics, comorbidity and psychotropic/psychoactive 
drugs) and the relationship with functional outcome. There is much evidence that 
cognitive dysfunction in areas of attention, memory and executive functioning are 
present in many patients during depressive and manic episodes, but that they can also 
be present during euthymia, i.e. in absence of mood symptoms. The exact cause of 
cognitive dysfunction is unknown. Symptomatic remission of mood symptoms does 
not automatically imply functional recovery. Cognitive dysfunction is associated with 
lower level of occupational and psychosocial functioning. Therefore, the treatment 
of bipolar patients not only needs to be focussed on recovery from mood epiodes 
and symptoms (clinical recovery), but also on functional recovery which implies the 
need to take into account the possible presence of cognitive dysfunction in bipolar 
patients.  
Chapter 3 described the extent and kind of cognitive functioning in bipolar patients, 
not only in terms of group means, but also in number (percentages) of patients being 
classified as cognitively disturbed. Moreover, the association of cognitive functioning 
with depressive symptoms and comorbid lifetime alcohol use disorder was explored. 
This was done using linear regression of z-scores of cognitive functioning on these 
determinants while adjusting for confounders. The study included 110 bipolar 
patients and 75 healthy controls. Patients with severe depressive symptoms, (hypo)
manic symptoms and current severe alcohol use disorder were excluded. Patients 
were euthymic (n=46) or had current mild (n=38) or moderate (n=26) depressive 



summary and general discussion

103

7

symptoms. Cognitive impairment was found in 26% (z-score 2 or more above 
reference control group for at least one domain) of patients, most prominent in 
executive functioning (effect size; ES 0.49) and speed of information processing 
(ES 0.47). Suffering from depressive symptoms, patients show problems regarding 
psychomotor speed (adjusted beta 0.43; R2 7%), speed of information processing 
(adjusted beta 0.36; R2 20%), attentional switching (adjusted beta 0.24; R2 16%) and 
the mean score (adjusted beta 0.23; R2 24%), but not in verbal and visual memory and 
executive functioning. These results ask for caution in the interpretation of test results 
from bipolar patients during depressed mood states, even when they are only mild 
or moderate. Surprisingly, no association was found between cognitive functioning 
and comorbid lifetime alcohol use disorder, in line with recently reported data (4). 
However, it can not be excluded that these negative findings are explained by the 
relatively small numbers of patients and by excluding patients with current severe 
alcohol use disorder. 
Focussing more in-depth on whether dysregulation of the HPA axis underlies the 
association between mood symptoms and cognitive functioning, Chapter 4 describes 
data of 65 bipolar patients. Although depressive symptoms were associated with 
dysfunction in psychomotor speed, attentional switching and the mean score, as well 
as with attenuation in the diurnal slope value of cortisol, no association was found 
between HPA axis activity and cognitive functioning. As a result, HPA axis activity can 
not explain the associations between depressive symptoms and cognition. 
Chapter 5 investigated the association between cognitive complaints and objective 
cognitive functioning in bipolar patients, with a focus on the moderating role of 
depressive symptoms (interaction). This study was performed using data of 108 
euthymic (n=45) or mildly to moderately depressed bipolar patients (n=63). With 
the exception of Cognitive Failure Questionnaire subscale ‘memory for names’ which 
was positively correlated with speed of information processing (r=0.257, p=0.007), 
cognitive complaints were not associated with objective cognitive functioning, 
irrespective of depressive symptoms (p for interaction 0.054 to 0.988). However, 
cognitive complaints (total score and three subscales; p<0.01) were related to 
depressive symptoms. Therefore, clinicians should be alert to depressive symptoms 
rather than objective cognitive problems in patients expressing cognitive complaints. 
Cognitive dysfunction is an important aspect within the multifactorial concept of illness 
insight. In chapter 6 the relationship between illness insight, cognitive and emotional 
processes and illness characteristics in 85 euthymic or mildly to moderately depressed 
bipolar patients was evaluated; the clinical characteristics in terms of presence of 
lifetime psychotic features (LPF) were also highlighted. It was stated that cognitive 
functioning as well as impairments in emotional learning and psychotic features 
independently contribute to impaired insight in bipolar disorder. More specifically, 
in the whole group, better insight was associated with lower processing speed, better 
memory performance, increased emotional learning, higher level of depressive 
symptoms and longer duration of illness. Patients with LPF had worse awareness of 
illness, but better symptom attribution than patients without LPF. Notably, only in 
patients with LPF processing speed significantly predicted subscores for symptom 
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attribution, suggesting a possible key variable in the prediction of insight in this kind 
of patients;   

metHodologiCal Considerations
heterogeneity in the patient population due to illness characteristics
In chapter 3 the effect of depressive symptoms on cognitive functioning was reported, 
indicating substantive consequences in some of the cognitive domains. Our results are 
partly in line with recently performed meta-analyses [e.g. (5-7)]. However our study 
reported smaller effect sizes, supported by the latest meta-analysis of Mann-Wrobel et 
al. (8), which clearly stated that larger effect sizes and observed heterogeneity within 
the prior meta-analyses [e.g. (10-12)] could be caused by clinical heterogeneity. Mann-
Wrobel et al. (8) examined the possible moderating effect of four continuous (age, 
percentage female, education, illness duration) and two dichotomous (clinical course 
and diagnostic rigor) variables in euthymic bipolar patients. It was shown that, instead 
of gender, the variables age, illness duration, education and clinical course moderate 
cognitive functioning in general rather than a specific type of cognitive dysfunction. 
Noteworthy, the authors speculated that the moderating role of illness duration could 
been seen as a marker related to the onset and severity of illness [the less interference 
of the illness in daily living (less severe illness), the higher the level of education and 
prognosis, accompanied with better cognitive performance]. A relatively counterintuitive 
finding of reducing the size of cognitive impairment during increasing age and duration 
of illness, was hypothesized to be the result of less turbulent illness severity over time, 
or of better adjustment to the situation of bipolar patients, in contrast to a relatively 
stable pattern of cognitive impairment in patients suffering from schizophrenia (8). 
The lack of available detailed information about other possible moderators, e.g. how to 
correct for medication and other aspects of course of the illness, prohibits conclusions 
in those specific fields of interest (8). It is important to realize that it is almost impossible 
to take into account all the variation in patient and illness characteristics, as striving for 
extreme homogeneity would harm the generalizability of the results. One could say 
that it would blur the meaning for daily clinical practice by creating a “not existent 
super-population”. In light of the meta-analytic findings of Mann-Wrobel et al. (8) 
our considerations how to handle different moderators within the field of our own 
research on cognition, will now be illustrated. 
As discussed in chapter 3, and also in line with the recent meta-analysis of Mann-Wrobel 
et al. (8), no effect of depressive symptoms was shown in domains of verbal and visual 
memory and executive functioning, although these mood symptoms were related to 
psychomotor speed, speed of information processing, attentional switching and an 
overall mean score. Noteworthy, we did not allow that patients had manic symptoms 
[which are known to be present less frequently (9,10)]. Therefore, it was not possible to 
evaluate the effect of mild and/or moderate manic symptoms on cognitive functioning. 
However, disturbances in attention, memory and executive functioning can be seen 
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during both depressive and (hypo)manic mood states, indicating no clear cognitive 
pattern for a specific mood state (11,12). Moreover, in our study we did not control 
for sub-threshold mood symptoms and allowed the presence of mild to moderate 
depressive symptoms. This is in line with everyday experiences during clinical practice, 
since bipolar patients frequently suffer from depressive symptoms (9,10). 
We were not able to evaluate other illness characteristics that reflect clinical course, except 
for level of depressive symptoms, consistent with Mann-Wrobel et al. (8). In chapter 6 
other illness characteristics were only evaluated in the light of illness insight instead of 
cognitive functioning. Also, our study did not make a distinction between patients with 
type I bipolar disorder and type II bipolar patients. Other research findings on cognition 
are conflicting [e.g. Simonsen et al. (13) showing that patients with type I bipolar 
disorder function worse than patients with type II bipolar disorder, versus Summers et 
al. (14) showing the opposite], while according to the most recent data  both subtypes 
seems to function equally, with the exception for memory performance which is worse 
in patients with type I bipolar disorder (15). Our study also did not correct for the 
variable illness duration. It is known that the diagnosis of bipolar disorder can only be 
made after the first (hypo)manic episode, while the first presentation is in most cases a 
major or minor depressive episode which until the first (hypo)manic episode can only 
be diagnosed/classified as unipolar depressive disorder (16); therefore, determining 
the duration of illness can easily lead to inconsistent results. 

Neurocognitive testbattery
Comparing cognitive data along different studies within the field of cognitive 
functioning in bipolar disorder is not always easy, due to the lack of consensus 
regarding the most appropriate cognitive tests to use. To strive for more comparability 
of findings, Yatham et al. (17) introduced in 2010 a preliminary battery of the 
International Society for Bipolar Disorders (ISBD) for assessment of neurocognition 
in bipolar disorder (ISBD-BANC). This test battery includes cognitive domains of 
speed of processing, attention/vigilance, working memory, verbal learning/memory, 
visual learning and executive functioning, partly based upon the Measurement and 
Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus 
Cognitive Battery (MCCB). In contrasts to the MCCB tests, the ISBD-BANC contains 
also more specific measures of more complex verbal learning and executive function 
and advises some other promising cognitive tests (e.g. social cognition tasks regarding 
emotion processing and theory of mind). The ISBD-BANC is formulated as a starting 
point for assessing cognition in bipolar disorder, and the debate will continue since 
already several suggestions for further development of the ISBD-BANC have been 
given, mainly discussing the most useful cognitive domains in bipolar disorder and 
the validation of these domain structures (18). A recent meta-analysis also stresses 
the need for the most balanced and unbiased survey of cognitive performance, by 
including only studies using a full neuropsychological battery, instead of single 
cognitive measure studies (8). 
In the light of these recommendation, our battery was fairly comprehensive, 
including domains of psychomotor speed, speed of information processing, 
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attentional switching, verbal memory, visual memory, executive functioning and an 
overall mean score. Each domain score was derived from averaging the belonging 
cognitive variables; in total, these domains consist of nine different tests, yielding 16 
outcome variables (see chapter 3 for more detailed information). However, as discussed 
in chapter 6 about cognition and insight (19), it would be of great value to have 
access to data from the Wisconsin Card Sorting Task [WCST; see Aleman et al. (20) for 
a meta-analysis in schizophrenia] to be able to look more in detail to the relationship 
between insight and the complex domain of executive functioning. In the same article 
we also suggest to extend the social cognitive domain [in line with the ISBD-BANC 
(17)], by not only measuring an emotional learning paradigm, but also including for 
example a measure of Theory of Mind [cf. Shur et al. (21) and Bora et al. (22)]. 

Intelligence, cognitive reserve and scar-phenomenon
Our cognitive test battery (23) reveals much overlap with the described cognitive 
domains of the ISBD-BANC (17), but in contrast we explicitly included an estimate of 
premorbid intelligence quotient (IQ) revealing a intermediate level without statistical 
difference between bipolar patients and controls [mean (sd) patients: 106.5 (9.2); 
controls 106.6 (9.9)]. Already in 1904, Sir Charles Spearman described this relevant 
factor (24) by stating that one important single factor underlies study performance 
in school children, which he termed the ‘g’ factor or General Intelligence (24). The 
idea of a general intelligence level is nowadays widely accepted in society, and the 
concept of the ‘g’ factor is still influential in psychology, although more refined, 
as most psychologists acknowledge that other aspects may relate to the concept of 
intelligence (e.g. social and creative abilities). Our study made use of the Dutch 
version (25) of the National Adult Reading Test [NART; (26)]. The NART evaluates the 
ability to pronounce different words with an irregular spelling in the right way and is 
considered a robust indicator for premorbid functioning, showing a high correlation 
with the Wechsler Adult Intelligence Scale (27) in healthy subjects.  
Besides the use of a marker of premorbid intellectual functioning, the NART could also 
count as a marker for cognitive reserve, pointing towards the repeated observations 
across individuals that no direct relationship exists between the severity of the 
factor that disrupts performance (e.g. brain damage) and the degree of disruption 
in performance (28). One idea is that the level of adjustment in such situations is 
dependent on the so-called cognitive reserve, which might vary across individuals 
and could serve as protective factor, just like level of education (7), during any 
performance (including cognitive functioning). Satz (29) described a threshold model 
of how reserve may operate, which is called the Brain Reserve Capacity (BRC) theory. 
This theory recognizes that there are individual differences in BRC and that there is a 
critical threshold of BRC. Due to environmental enrichment, genetic predisposition 
or both, some individuals develop a cognitive reserve that may increase the threshold 
for cognitive dysfunction after brain pathology; in case of crossing a critical threshold 
a dysfunction emerge once the BRC is depleted. 
Intellectual functioning is also studied in the light of etiologic and pathogenic 
mechanisms, for example trying to distinguish the diagnoses of schizophrenia and 
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bipolar disorder (30). Compared to patients with schizophrenia, bipolar patients 
seem to consistently perform better on measurements of current IQ; however data 
regarding premorbid cognitive functioning are somewhat contradictory, possibly 
due to methodological considerations (31). Lower intellectual functioning even 
seems to be a risk factor for developing schizophrenia and schizophrenia spectrum 
disorders. A longitudinal study (up to 11 years) in a population-based cohort of 
17-year-old conscripts, confirmed these ideas and suggests that low level of 
intellectual functioning is even unlikely to be due to prodrome (32). In contrast, 
prospective longitudinal studies in bipolar patients seem to suggest a different model 
by showing data suggesting a well preserved premorbid IQ (31). Recently, it has 
been suggested that early childhood cognitive impairment is specially associated with 
schizophreniform disorders (33). There is also evidence that cognitive dysfunction 
may be more associated with symptom type than with diagnosis, particularly true 
of psychotic features and also seen in bipolar disorder (34,35). Clearly, further 
longitudinal studies are necessary to make firm conclusions. 
Cognitive dysfunction (mainly in areas of attention and executive functioning) seems 
to deteriorate by worse severity of illness (36,37) and the recurrence of bipolar 
episodes (38). This automatically leads to the intriguing debate about the possible 
progressive decline in cognitive functioning, due to potential neurotoxic events 
or neurodegenerative processes to occur across multiple mood episodes or from 
extended periods of untreated but symptomatic bipolar illness (39). These questions 
regarding the so-called scar-phenomenon are now hot topics in literature. Some 
studies suggest that recurrent depressive episodes are more detrimental on cognition 
than manic episodes [e.g. (14,40)], while others state that cognitive impairments 
are more prominent in patients with history of psychotic [e.g. (41,42)] or manic 
episodes [e.g.(43,44)]. Thereby, it is important to keep in mind that, although the 
diagnostic requirements for mania are distinct from those for schizophrenia, psychotic 
symptoms of mania largely overlap with many of the psychotic symptoms as seen 
in schizophrenia (45). Clearly, also here more research is needed to differentiate 
cognitive dysfunction associated with illness characteristics, like number of episodes 
versus disease genotype (5,6). 

Clinical and diagnostic evaluation
Realising that in psychiatric research one mainly has to rely on subjective or indirect 
measures, some of the choices in our studies will now be emphasized. 
Self-reports are convenient and time-saving solutions within the field of research. 
Regarding the assessment of the severity of depressive symptoms, the Inventory of 
Depressive Symptomatology- self rated [IDS-SR30; (46)] has been proven to possess 
sensitivity and specificity equal to or in excess of the observer rated Hamilton Rating 
Scale for Depression and other well-known observer rated measurements (47,48). 
In contrast, it is unsure whether self-reports converge with objective measurements. 
For example, the Cognitive Failure Questionnaire (CFQ) as discussed in chapter 5 
(49) was not found to be adequate to detect cognitive disturbances. However, it 
should also be noted that the CFQ was not specifically developed for patients with 
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psychiatric disorders, but designed to quantify everyday cognitive failures someone 
is normally capable of doing. Therefore, it can be argued that neither the CFQ total 
score, nor the four subscales are sufficiently accurate to measure the type of cognitive 
dysfunctions seen in bipolar patients. The lack of other reliable self-reports and the 
strong interrelationships of the CFQ with other cognitive self-reports in bipolar 
patients (50) was our reason to include the CFQ in our research. 
To measure illness insight (chapter 6) the self-report Mood Disorders Insight Scale 
(MDIS) was used. The MDIS was adapted from the Birchwood Insight Scale (51) 
for psychotic disorders (chronbachs α=0.75; test-retest reliability r=0.90), for the 
assessment of insight in mood disorders. The validity of the MDIS was based on 
clinician ratings (r=0.49) in nearly 75% of the patients (total n=101; clinician based 
validity n=69) and the reliability was high [test-retest reliability r=0.75, n=45 (52), 
implying that it is a relatively good and quick instrument to measure self-report 
insight in patients with mood disorders. However, an interview based measure of 
insight such as the Scale to Assess Insight - Extended [SAI-E; (53)] or the Scale to 
assess Unawareness of Mental Disorder [SUMD; (54)] may reveal more subtle hints 
of lack of insight. Ideally, multiple measures of insight should be used to get the best 
representation of insight.
Although biological markers do seem more straight-forward, also within this field of 
research problems may arise during interpreting the test results. For example, the most 
ideal method to evaluate the activity of the HPA axis is the combined dexamethasone/
corticotrophin releasing hormone (dex/CRH) test (55,56). However, applying this 
test in a well-controlled clinical setting is expensive and it is not feasible to be used 
for outpatients since it requires preferably a clinical admission for two days, including 
venapunction and canulation to perform serially measurements of cortisol levels. For 
this reason, indirect measurements are frequently used. In our study the same, well 
defined parameters and protocol for assessing the HPA-axis responsiveness (DST and 
CAR) and cortisol levels (diurnal slope and evening cortisol levels) were used as in 
the Netherlands Study of Depression and Anxiety (NESDA; 57-59). Nevertheless, and 
despite the overall quality of the various HPA-indicators, the reliability of the DST 
is limited due to the fact that only one sample was taken at awakening the morning 
after dexamethasone intake without later samples. In this manner the suppression 
of the rise of cortisol after awakening may have been missed, especially in case the 
participant being at home did not follow the strict instructions since the HPA-system 
is very sensitive for stressful events. Finally it is also possible that in some cases the 
HPA-axis indicators might have changed compared to how they would have been 
at the moment of neuropsychological testing since the median time lapse between 
neuropsychological assessment and saliva sampling in our study was 6.0 days (25th – 
75th percentile, 2.0-11.5 days), with an allowed maximum of 4 weeks. 

effect of medication
There is no doubt that psychotropic medications can affect cognitive functioning 
(39). Chapter 2 of this thesis already provided an overview of well-known medication 
within the treatment of bipolar disorder, showing inconsistent findings and different 
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psychopathological pathways on cognitive side effects for lithium as well as other 
psychotropic medications [e.g. (39,60-63)]. However, no consensus is available about 
how to correct for the effect of the various medications. For instance, one could argue 
to correct for the number of different types of medication or for the total dosage(s) as 
well as to look at current use or at lifetime use, but the rationale for these corrections 
are largely unclear. Moreover, one cannot fully rely on patients’ reports regarding 
used medication, as most patients do not correctly remember what they have taken in 
the past, and may not be reliable regarding their current medication use; it is widely 
known that medication compliance is a major problem in patients with mental illness 
(64,65) and also in patients with bipolar disorder (66,67), closely related to cognitive 
dysfunction (68). One study indicates that bipolar patients seem to be most satisfied 
and compliant in case the medication leads to diminishing of depressive symptoms, 
in absence of weight gain and reported cognitive side effects (69). Overall, poor 
adherence to medication urges for a multifaceted approach since multiple problems 
can be involved and may have devastating consequences for patients (65).  
Suggestions have been made for optimal pharmacological management of bipolar 
disorder in order to also optimize cognitive functioning [or minimize dysfunctioning] 
(e.g. (70)). Assessing and interpreting adverse effects affecting cognition in 
bipolar disorder is complex, since these effects can be very different e.g. sedation, 
extrapyramidal symptoms or anticholinergic activity (61). Moreover, most patients 
use more than one medication, which further complicates this issue (9,71). Again, 
more research is needed before solid recommendations for daily clinical practice can 
be given. 

Statistical issues
The sample sizes in our studies were sometimes rather small, which has limited 
the possibilities to do subgroup analyses, e.g. subgroups of bipolar I and bipolar II 
patients. In addition, the post hoc analysis of the potential effect of lifetime alcohol 
use disorder likely had limited statistical power due to its low prevalence (N=21). 
This was reflected by the wide 95% confidence intervals (chapter 3). Yet, in the studies 
Addressing illness insight in relation to various possible predictors (chapter 6) and 
the role of hypothalamic-pituitary-adrenal (HPA) axis underlying the association 
between mood symptoms and cognitive functioning (chapter 4), our sample was not 
particularly small compared to many previous studies. Regarding the study described 
in chapter 4 it is important to realize that although a statistical analysis of the type 
‘mediation’ was performed, assessment of true mediation of an association by a third 
factor requires a longitudinal study. In questions of mediation it is hypothesized that 
a chain of relations exist where an antecedent variable affects a mediating variable, 
which subsequently affects an outcome variable. Because our study was cross-sectional 
we used the broader term ‘explanation’ which leaves the temporal order of events 
unspecified. Thus, we could not distinguish between a model in which HPA axis 
disturbances caused depressive symptoms which in turn cause cognitive problems 
(through another mechanism), and a model in which HPA axis disturbances cause 
both depressive symptoms and cognitive deficits.
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Importantly, in line with the already mentioned recent meta-analysis (8), is the fact 
that our studies as much as possible avoided multiple comparisons for data analysis 
and disproportionate emphasis of single test results (72) by averaging our test results 
from different tasks within the corresponding domains. 

Clinical implications
Clinicians should be aware that many bipolar patients have cognitive dysfunction, not 
only during mood episodes, but also when being euthymic. Moreover, they should be 
aware that multiple determinants are contributing to cognitive dysfunction, including 
mood symptoms and psychotic symptoms. Finally they should aware that there is 
a robust connection between cognitive functioning, especially regarding areas of 
memory and executive functioning, and psychosocial outcome (1,73,74). 

Cognitive testing in daily clinical practice: when, what and how
Bipolar patients are not able to make a reliable judgment about their own level of 
objective cognitive functioning (chapter 5). Clinicians are confronted with the difficult 
challenge to decide which patients to refer to the neuropsychologist and which ones 
not. Moreover, it is important to realize, that neuropsychologists can only interpret 
test results within the context of other sources of patient data (e.g. history, interview, 
current circumstances, behavior during testing), for the multifaceted information to 
lead to one clear report. Goldberg and Burdick summarized a number of instances in 
which neuropsychological testing may be especially useful (39): 
1. when neurological abnormal findings are observed during examination of the 

patient’s condition; 
2. when one wishes to better understand the neurobehavioral sequelae of known 

insults (e.g. stroke); 
3. when one suspect brain compromise due to chronic illness (e.g. epilepsy or 

alcohol); 
4. when one suspects a neurodegenerative illness, dementia, or a chronic confusional 

state and one desires a comprehensive evaluation to facilitate differential diagnosis 
and monitoring; 

5. when one is concerned about the effects of a particular treatment and wants data to 
facilitate monitoring (e.g. anticholinergic effects on memory); 

6. when one wants to rule out premorbid cognitive problems (e.g. learning disabilities 
or mental retardation); 

7. when there is significant change in adaptive functioning, a sudden personality 
change or acute memory complaints. 

Interestingly and probably of relevance in mood disorders also, is the statement that a 
clinical diagnosis of mild cognitive impairment (MCI) or Alzheimer disease is based 
on behavioral characteristics (cognitive symptoms in particular); in a recent study 
(75), participants with MCI had subjective memory complaints, partly corroborated 
by an informant (other corroborators were an abnormal scores on some cognitive 
tasks, or without satisfying consensus criteria for dementia). This could imply that 
heteroanamnestic information could be more instructive than patients self-reports of 
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cognitive dysfunction, but since the lack of knowledge within the bipolar cognitive 
research field, no firm conclusions can be made at this point. 
Since the lack of consensus which kind of tests best to use in bipolar patients with 
regard to the assessment of cognitive functioning (76), unfortunately no final answer 
can be given. Even euthymic bipolar patients can show generalized, rather than specific 
cognitive impairments (8), implicating the importance to test patients in multiple 
domains in order to also capture subtle disturbances across almost all domains.
It is also important not only to evaluate cognitive functioning in terms of group 
means, but also by presenting proportions of cognitive impairment. Although our 
study is difficult to compare with prior research, due to methodological differences 
[e.g. Gualtieri and Morgan (77), Thompson et al. (78) and Martino et al. (79)], it 
would be of great value to reach consensus about the most appropriate threshold 
value delineating impaired from unimpaired cognitive functioning, since this is 
the kind of question the clinician has to explain to his patients during daily clinical 
practice, and can target for treatment.
Our study (23) defined cognitive impairment in a patient as a z-score of 2 or more 
above the reference control group for at least one domain (a 2.5% prevalence of 
cognitive impairment per domain in the reference control group). It was shown that 
one quarter of bipolar patients could be defined as cognitively impaired, but (except 
for visual memory), dysfunction was present in all kinds of cognitive domains (12% 
of cases in the domain verbal memory, 11% in speed of information processing, 9% in 
attention, 8% in executive functioning and 7% in psychomotor speed). Heterogeneity 
within the cognitively impaired group was also illustrated by the number of impaired 
domains: most frequently one (52%) or two (31%) domains were impaired, and 
only in 17% of cases in the range of 3 to 5 domains. 
The development of ISBD-BANC is one step in the right direction, since it is based 
on international consensus (17). Noteworthy, in absence of international consensus, 
different kind of (electronic) screening instruments [e.g. (80,81)] with the intention 
to discriminate between cognitively-impaired and those with adequate functioning 
are being tested and advocated. Moreover, so-called ecological valid test batteries, 
which link to any type of functional outcome [e.g. (73,82-85) are upcoming in order 
to detect cognitive impairment in patients with mood disorders, but also here it lacks 
consensus and therefore prohibit comparison with previous studies.

treating and dealing with cognitive dysfunction
Whether and if yes how to enhance cognitive functioning are upcoming major, but 
largely understudied topics in bipolar disorder (39). Current research points to-urrent research points to-
wards the possibilities of so-called cognitive enhancement programs, in line with 
experience in patients with traumatic brain injury or patients with schizophrenia 
(84,86). Potentially rehabilitative strategies focussed on context processing, perform-
ance monitoring and signal adjustment or other therapeutic targets for corticolimbic 
dysregulation have been suggested to be successful (39). One step further, other re-
searchers introduced the term functional remediation, a recently developed concept 
to not only pay attention to dealing with problems in areas of cognition, but also to 
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focus on associated problems during daily functioning (87). Functional remediation 
also includes psychoeducation about cognitive dysfunction and about impact on daily 
life, providing strategies to manage cognitive dysfunction, in which also family are 
involved to facilitate practice of strategies and reinforcement. Study results of this in-
novative strategy in bipolar disorder are not available yet.
Besides cognitive enhancement programs, pharmacological strategies to improve 
cognitive functioning are also focus of research. No current available drugs have been 
found to substantially improve cognition in bipolar disorder, but preliminary findings 
suggest some potential value for the adjunctive use of stimulants such as modafinil 
and for other novel experimental agents such as dopamine agonists, antioxidants and 
nicotinic receptor agonists (70). Finally, since also hypothalamic-pituitary-adrenal 
(HPA) axis hyperactivity is thought to play a role in the relationship between cogni-
tive functioning and depressive symptoms in patients with mood disorders  (88) 
- although not supported by our study reported in chapter 4 -, therapeutic approaches 
targeting the HPA axis suggested to have potential (89,90) improving not only mood 
symptoms but also cognitive functioning (89,91,92). However, these findings needs 
to be replicated by other research groups.

Future directions and concluding remarks 
Mental disorders have high societal costs (93). In the European Union a total of 38% of 
the population suffers every year from a mental disorder, leading to tremendous burden 
and costs. Therefore, the core top global health care challenge of the 21st century is to 
increase funding for basic, clinical and public health research in order to identify better 
strategies for improved prevention and treatment for mental and neurological disorders 
(94). In this line, bipolar disorder is a serious candidate. Recent findings support the 
idea of bipolar disorder as being a chronic, progressive, multisystem disorder and more 
knowledge would lead to improving medical health care, including prevention, diag-
nosis, treatment and training, as well as identifying factors that best predict functioning 
in bipolar disorder (95,96). 
This thesis was set up to improve the knowledge of cognitive functioning in bipolar pa- was set up to improve the knowledge of cognitive functioning in bipolar pa-
tients, which will provide more fundamental knowledge how to improve current daily 
clinical practice and functional outcome. However, the cross sectional design made it 
impossible to make firm statements about the causality between cognitive dysfunction 
and associated determinants and consequences. Therefore, (more) longitudinal studies 
are needed to study whether simultaneously evaluating clinical and psychosocial func-study whether simultaneously evaluating clinical and psychosocial func-
tioning will lead to more detailed information about the sequence of functional status 
and changes in cognitive functioning (97) and clinical symptoms (98). Those studies 
will also lead to more understanding about how impairments may be linked to illness 
progression as such deficits that have also been reported in healthy first degree relatives 
[e.g. (5,6,99)], indicating possible candidate intermediary phenotype (100). 
Overall, this thesis again stated that cognitive impairment is frequently seen (follow-
ing our criteria 26% of our cohort). Symptomatic remission of mood symptoms does 
not automatically imply functional recovery; a fact that is important to realise during 
the treatment of bipolar patients. Carefulness during the interpretation of test results 
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from bipolar patients during depressed mood states is warranted, even when they 
are only mild or moderate. Noteworthy, clinicians should be to be alert to depressive 
symptoms rather than objective cognitive problems in patients expressing cognitive 
complaints; information from informants (e.g. close family or nurses) may be help-
ful. Also, cognitive functioning as well as impairments in emotional learning and 
psychotic features independently contribute to impaired insight in bipolar disorder. 
Unfortunately, the fundamental basis between cognitive dysfunction and mood epi-he fundamental basis between cognitive dysfunction and mood epi-
sodes is still unresolved; the promising role of HPA axis activity did not explain the 
associations between depressive symptoms and cognition in our study.  Research is 
still continuing about the possibility of scar-phenomenon. In time, the importance of 
early intervention and good treatment adherence will probably become an important 
marker for managing mood symptoms, as well as prohibit further delineation of cog-
nitive decline and other brain damage. Maintanance adherence to medication is also 
important in light of detrimental effects of mood episodes to cognitive functioning. 
Future research has to focus on early warning signs in bipolar disorder and on the 
efficacy of early intervention. An earlier and more robust intervention with mood 
stabilizers may have a role in reducing the number of episodes. Also, new cognitive 
studies within prospective study designs are required in order to explain the existence 
of cognitive impairment as trait versus disease process effect.
However, to make firm conclusions, it is very important that all researchers need to 
be able to compare their research data with others. Therefore, Martinez-Aran et al. 
(101) already promoted changes in reporting of traditional clinical outcomes in the 
research field of bipolar disorder, even mentioning the option of sharing data from 
clinical trials in a government maintained registry to increase the statistical power, 
and recommended one uniform cognitive consensus battery, already pointing to-
wards the development of the ISBD-BANC (17). 
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Cognitieve stoornissen komen bij patiënten met een bipolaire stoornis (bipolaire 
patiënten) voor tijdens stemmingssymptomen, maar kunnen ook aanwezig zijn in 
afwezigheid hiervan, tijdens de zogenaamde euthyme fase. Ze gaan ook gepaard met 
een ernstiger ziektebeloop en met grotere problemen op het gebied van werk en so-
ciale contacten. Dit kan leiden tot nadelige financiële en maatschappelijke gevolgen. 
Onderzoek naar cognitie bij bipolaire patiënten heeft de afgelopen jaren dan ook een 
enorme groei doorgemaakt. 
Na een korte introductie in hoofdstuk 1, biedt hoofdstuk 2 een beschrijvend over-
zichtsartikel over dit onderwerp, waarbij specifiek wordt stilgestaan bij de aard en 
ernst van cognitieve stoornissen bij bipolaire patiënten, de beïnvloedende factoren 
(zoals ziektekenmerken, comorbiditeit en psychofarmaca) en de belangrijkste conse-
quenties. Er wordt geconcludeerd dat het bij de behandeling van bipolaire patiënten 
belangrijk is om, naast het streven om de stemmingssymptomen te reduceren, reke-
ning te houden met de mogelijke aanwezigheid van cognitieve stoornissen bij deze 
groep. Dit proefschrift beoogt de kennis over bijbehorende beïnvloedende factoren 
(zogenaamde determinanten) en consequenties te verdiepen en vanuit dat kader een 
vertaalslag te maken naar de dagelijkse klinische praktijk.

Wat betekent “cognitief gestoord zijn” en welke rol spelen patiëntkarakteris-
tieken hierbij?
Hoofdstuk 3 richt zich op de vraag op welke wijze ‘de mate van cognitief gestoord 
zijn’ kan worden uitgedrukt, rekening houdend met twee veelvoorkomende proble-
men bij de bipolaire stoornis: depressieve symptomen en gebruik van alcohol. De 
patiënt in de spreekkamer wil namelijk graag een passend antwoord op zijn vraag 
of hij zelf ook cognitieve stoornissen heeft, terwijl onderzoeksresultaten vooral ver-
schillen tussen groepen (bijvoorbeeld bipolaire patiënten ten opzichte van gezonde 
controlepersonen) beschrijven. Daarnaast leidt de heterogeniteit van de onderzochte 
onderzoekspopulaties en variatie in de gebruikte cognitieve testbatterij tot een diver-
siteit aan testresultaten, waardoor vertaling naar de dagelijkse klinische praktijk niet 
altijd eenduidig is.
In totaal zijn 110 bipolaire patiënten en 75 gezonde controlepersonen onderzocht. 
Om de representativiteit van de onderzoekspopulatie te vergroten werden alleen pa-
tiënten met ernstige depressieve symptomen, met manische symptomen en diegenen 
met een huidige ernstige stoornis in alcoholgebruik uitgesloten van het onderzoek. Er 
werd gebruik gemaakt van een uitgebreide cognitieve testbatterij, waarbij meerdere 
testen werden gebundeld tot uiteindelijk zes verschillende cognitieve domeinen: psy-
chomotore snelheid, snelheid van informatieverwerking, vermogen tot switchen van 
aandacht, verbaal geheugen, visueel geheugen en executief functioneren. Tevens werd 
per patiënt een gemiddelde totaalscore bepaald. In overeenkomst met eerdere onder-
zoeken vonden ook wij dat bipolaire patiënten cognitief slechter functioneerden dan 
gezonde controlepersonen, het meest opvallend in het domein executief functioneren 
(effect size 0.49). Volgens een - door ons arbitrair gekozen - definitie van ‘cognitief 
gestoord zijn’ (een z-score van 2 of meer boven de referentiewaarde van de gezonde 



nederlandse samenvatting

123

controlegroep op in ieder geval 1 van de 6 domeinen), bleek hier bij 26% van deze 
onderzoeksgroep sprake van te zijn, doch vaak maar op 1 of 2 wisselende domeinen. 
Depressieve symptomen bleken het sterkst samen te hangen met slechter functioneren 
op gebied van psychomotore snelheid, snelheid van informatie verwerking, vermogen 
tot switchen van aandacht en de gemiddelde totaalscore, maar opvallend genoeg niet 
met visueel geheugen, verbaal geheugen of executief functioneren. Een post-hoc ana-
lyse toonde aan dat een lifetime geschiedenis van een stoornis in alcoholgebruik niet 
geassocieerd was met cognitieve stoornissen. Al met al bleken cognitieve stoornissen 
ernstiger zijn bij diegenen die depressieve symptomen hebben, vooral op gebied van 
snelheid en aandacht. Hier dient rekening mee te worden gehouden bij de interpre-
tatie van testresultaten. Tevens zou vermelding van op hoeveel testen en in welke mate 
dan sprake is van ‘cognitief gestoord zijn’ kunnen helpen om tot meer individuele 
uitspraken voor de desbetreffende patiënt te komen. Helaas bestaat er op dit moment 
(internationaal) geen consensus over de optimale cognitieve testbatterij en over de 
definitie wanneer iemand als cognitief gestoord te beschouwen.

Samenhang tussen depressieve symptomen, cognitieve stoornissen en hPa-as 
dysregulatie
Waarom krijgt de ene bipolaire patiënt nu wel cognitieve stoornissen en de andere 
niet? Welke factoren spelen hierbij een rol? Deze vragen zijn belangrijke pijlers voor 
onderzoek, aangezien de uitkomsten zouden kunnen leiden naar specifieke behan-
delopties. Een belangrijke onderzoekslijn richt zich op de mogelijke verstoring van 
het stress-systeem, waarbij de hypothalamus, de hypofyse en de bijnieren via ver-
schillende hormonen elkaar beïnvloeden (in het Engels vertaald als Hypothalamic-
Pituitary-Adrenal axis; in het Nederlands afgekort tot HPA as). Deze gedachten is niet 
vreemd, aangezien een verstoring in het functioneren van de HPA-as gepaard kan 
gaan met depressieve symptomen, maar ook met cognitieve stoornissen. Onderzoek 
heeft uitgewezen dat al deze drie factoren frequent voorkomen bij de bipolaire stoor-
nis. In hoofdstuk 4 beschrijven wij - voor zover wij weten - voor de eerste keer een 
onderzoek naar de mate van de HPA as-dysregulatie als mogelijke verklaring voor de 
samenhang tussen depressieve symptomen en cognitief functioneren bij de bipolaire 
stoornis. In totaal konden de onderzoeksgegevens van 65 bipolaire patiënten worden 
geëvalueerd. De mate van HPA-as dysregulatie werd in kaart gebracht volgens gelijke 
werkwijze als de Nederlandse Studie naar Depressie en Angst (NESDA), leidend tot 
vier indicatoren gebaseerd op het hormoon cortisol dat bij stress uitgescheiden wordt 
door de bijnier: de hoogste cortisol waarde vlak na ontwaken (in het Engels cortisol 
awakening response), de cortisolwaarde in de avond, het verloop van de cortisol-
waarde over de dag (in het Engels diurnal slope) en mate van cortisol onderdrukking 
na toediening van dexamethason (de zogenaamde dexamethason suppressie test). 
Wij bevestigden resultaten van eerdere onderzoeken dat depressieve symptomen ge-
associeerd waren met cognitieve stoornissen (in lijn met hoofdstuk 3), maar ook 
met een HPA-as dysregulatie (namelijk een afvlakking van de diurnal slope). Er werd 
echter geen samenhang gevonden tussen de HPA-as indicatoren en cognitief functi-
oneren. Bovendien werden er geen aanwijzingen gevonden voor een rol van HPA-as 
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dysregulatie binnen de relatie tussen depressieve symptomen en cognitieve stoornis-
sen. Meer onderzoek naar dit onderwerp is nodig om te kunnen begrijpen waarom 
waarom sommige bipolaire patiënten met depressieve symptomen wel en anderen 
geen cognitieve stoornissen krijgen. 

Wat zegt klagen over het daadwerkelijk hebben van objectiveerbare 
cognitieve stoornissen?
Alhoewel bekend is dat cognitieve stoornissen kunnen voorkomen bij bipolaire pati-
enten, met alle negatieve gevolgen van dien, bestaat er in de dagelijkse praktijkvoering 
geen duidelijkheid over wie en/of wanneer iemand door te sturen naar de neuro-
psycholoog voor een uitgebreider gericht onderzoek naar het bestaan van cognitieve 
stoornissen. Vooral is niet goed bekend of klachten van de patiënt over zijn eigen 
cognitief functioneren iets zeggen over het daadwerkelijk hebben van cognitieve 
stoornissen. Eerder onderzoek bij bipolaire patiënten naar dit onderwerp liet geen sa-
menhang zien, maar het is voorstelbaar dat de aanwezigheid van depressieve sympto-
men bij de onderzochte patiënten hierbij een vertroebelende rol heeft gespeeld. Met 
andere woorden, mogelijk dat een bepaalde categorie bipolaire patiënten (namelijk 
diegenen zonder symptomen of hooguit lichte depressieve symptomen) beter in staat 
is om daadwerkelijk cognitieve stoornissen te rapporteren; bij deze groep zou in dat 
geval wellicht kunnen worden volstaan met het invullen van een vragenlijst in plaats 
van de uitvoer van kostbaar neuropyschologisch onderzoek om te bepalen of cogni-
tieve stoornissen aanwezig zijn. In hoofdstuk 5 is bij 108 bipolaire patiënten gekeken 
naar de samenhang tussen klagen over cognitie (gebruik makend van de Nederlandse 
vertaling van de Cognitive Failure Questionnaire) en de cognitieve domeinen, zoals 
geformuleerd in hoofdstuk 2. Eveneens is hierbij gekeken naar de rol van depressieve 
symptomen. Cognitieve klachten bleken niet geassocieerd met het hebben van daad-
werkelijke cognitieve stoornissen, los van de aanwezigheid van depressieve sympto-
men. Echter, cognitieve klachten bleken wel indicatief voor depressieve symptomen. 
Wanneer een bipolaire patiënt klaagt over zijn cognitief functioneren, dient de behan-
delaar dan vooral alert te zijn op de aanwezigheid van een depressief toestandsbeeld. 
Voor het in kaart brengen van eventuele cognitieve stoornissen, is een uitgebreide 
cognitieve testbatterij (zowel bij patiënten die klagen als bij degenen die niet klagen 
over hun cognitief functioneren) nog steeds de enige manier.

De rol van cognitief functioneren bij ziekte-inzicht
Veel bipolaire patiënten hebben slecht ziekte-inzicht; ze vinden het vaak moeilijk 
te erkennen dat ze aan een psychiatrische aandoening lijden waarvoor hulp en/
of medicatie van belang is. Ziekte-inzicht is juist bij patiënten met psychiatrische 
aandoeningen een belangrijk thema, omdat gestoord ziekte-inzicht samengaat met 
slechter sociaal en beroepsmatig functioneren, een slechte bereidheid medicatie te 
gebruiken en – mede daardoor – een ongunstiger beloop van de aandoening. Doel 
van de studie, zoals beschreven in hoofdstuk 6 is om de relatie tussen enerzijds ziekte-
inzicht en anderzijds cognitief functioneren (met daarbij ook nog een specifieke maat 
voor emotioneel leren) en specifieke patiëntkarakteristieken te onderzoeken. Verwacht 
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werd dat de mate van cognitief functioneren zou samenhangen met het niveau van 
ziekte-zicht. Ook werd verwacht dat een hoger niveau van ziekte-inzicht samen zou 
hangen met meer depressieve symptomen, zoals gevonden in eerdere studies bij 
patiënten met schizofrenie. Aangezien ziekte-inzicht als belangrijk kenmerk van een 
psychose wordt beschouwd, werd ook verwacht dat het ooit doorgemaakt hebben 
van een psychose gepaard zou gaan met een lager niveau van ziekte-inzicht. Bij 85 
bipolaire patiënten werd dit onderzocht. Naast cognitief functioneren en emotioneel 
leren, bleek ook het ooit al dan niet hebben meegemaakt van psychotische symptomen 
onafhankelijk bij te dragen aan een lager niveau van ziekte-inzicht. Meer specifiek, in 
de gehele groep was een hoger niveau van ziekte-inzicht geassocieerd met slechtere 
prestatie op het domein snelheid van informatieverwerking, beter functioneren qua 
geheugen en emotioneel leren, meer depressieve symptomen en langere duur van 
de ziekte. De aanwezigheid van depressieve symptomen bij bipolaire patiënten blijkt 
dus, net als bij patiënten met schizofrenie samen te hangen met een beter niveau van 
ziekte-inzicht (bij verbeteren van het ziekte-inzicht kan de patiënt dan ook tijdelijk 
meer somber raken!). Opvallend genoeg lijkt snelheid van informatieverwerking 
een belangrijke rol te spelen in de voorspelling van de mate van inzicht bij alleen 
die patiënten die in hun leven psychotische symptomen hebben meegemaakt. Meer 
kennis over de bijdragende rol van verschillende factoren zal hopelijk leiden tot 
verbetering van ziekte-inzicht, gevolgd door hogere therapietrouw en uiteindelijk 
betere sociaal en beroepsmatige kansen.

In hoofdstuk 7 worden de resultaten van de studies die in het proefschrift staan be-
schreven samengevat. Tevens wordt er aandacht geschonken aan verschillende facto-
ren, die (in het algemeen) het onderzoek naar cognitie kunnen verstoren, te noemen; 
de heterogeniteit van de onderzoekspopulatie wat betreft ziektekenmerken; de keuze 
voor een cognitieve testbatterij; de rol van intelligentie; cognitieve reserves en de 
mogelijke schadelijke cognitieve consequenties van het doormaken van stemmingse-
pisodes; de wijze van diagnostische en klinische evaluatie; het effect van medicatie; 
en statistische overwegingen, waarbij expliciet aandacht wordt gegeven aan het op de 
juiste wijze weergeven van cognitieve testresultaten om te vermijden dat een enkele 
afwijkende testscore wordt uitvergroot. 
Vervolgens wordt bij de klinische implicaties uitgebreid stilgestaan bij de vraag wan-
neer en op welke wijze het cognitief functioneren bij bipolaire patiënten te testen, 
maar ook hoe deze resultaten vervolgens te interpreteren. Eveneens worden de eerste 
onderzoeken aangestipt, waarin mogelijke (maar nog lang niet uitgekristalliseerde) 
cognitieve rehabilitatie-programma’s en medicamenteuze behandelopties, ter bevor-
dering van het cognitief functioneren bij deze doelgroep worden beschreven. Dit 
hoofdstuk sluit af met ideeën voor toekomstig onderzoek naar cognitie bij bipolaire 
patiënten. Om duidelijke conclusies te kunnen trekken over dit onderwerp is het van 
groot belang dat alle (internationale) onderzoekers streven naar consensus over sa-
menstelling en interpretatie van de meest optimale cognitieve testbatterij; eerste ini-
tiatieven hiertoe, zoals recent geformuleerd door de International Society for Bipolar 
Disorders, worden dan ook van harte ondersteund.
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Ik prijs mij rijk met alle ervaringen die ik de afgelopen jaren heb mogen opdoen; een 
periode waarin ik wetenschappelijk onderzoek heb gecombineerd met de opleiding 
tot psychiater en de zorg voor een prachtig gezin. Graag wil ik nu dan ook iedereen 
die betrokken was, op welke wijze dan ook, bedanken voor de bijdrage aan het tot 
stand komen van dit proefschrift. Het bereiken van de eindstreep is een heerlijk ge-
voel, maar ik heb ook genoten van de weg die ik heb mogen afleggen om deze top 
te bereiken. 

Uiteraard gaat mijn dank uit naar de patiënten van de polikliniek bipolaire stoornis-
sen van het Universitair Centrum Psychiatrie (UCP) en de vrijwilligers voor deelname 
en medewerking aan dit onderzoek. 

Willem Nolen, beste Willem, vanaf onze eerste kennismaking werd ik door jou uitge-
daagd om het beste uit mezelf te halen. Jouw klinische en wetenschappelijke kennis 
is iets om jaloers op te zijn. De snelheid waarmee jij een vraagstuk kunt overzien, 
teksten kunt corrigeren en de juiste mensen bijeen weet te brengen, is bewonde-
renswaardig. Als eerste promotor heb jij mij bijgestuurd en bijgestaan op vele, soms 
ook heftige momenten in mijn leven. Ik heb afgelopen jaren dan ook als waardevol 
ervaren, waarbij ik ervan overtuigd ben dat jouw vertrouwen in mij als persoon van 
grote waarde in mijn verdere loopbaan zal zijn.

André Aleman, beste André, als tweede promotor dank ik jou voor de verfrissende 
kijk op klinische vraagstukken, je kritische noot en enthousiasme aangaande mijn 
onderzoek. 

Huib Burger, beste Huib, onze wekelijkse overlegmomenten waren van grote waarde 
voor mij. Jouw uitstekende statistische kennis maakte dat elke onderzoeksvraag krach-
tig te beantwoorden was, ook al betrof het negatieve testresultaten. Naast de uitvoer 
van vele statistische analyses, was er ook altijd ruimte voor niet-wetenschappelijke 
onderwerpen; ik dank je voor deze plezierige samenwerking. 

Esther Holthausen, beste Esther, jouw pilot studie “Cognitieve stoornissen bij mensen 
met een bipolaire stoornis” vormde de aanzet tot dit proefschrift. Ik dank je eveneens 
voor je kennis en ondersteuning op het gebied van de neuropsychologie. Jij hebt een 
nuchtere kijk op de wetenschap; met plezier denk ik terug aan onze discussie over 
“wat betekent cognitief gestoord zijn”.

Alle behandelaren en medewerkers van de bipolaire polikliniek van het UCP wil ik 
uiteraard ook graag bedanken. Vooral Onno Habekotte, Sjaak Barmentloo en Jaap Bij-
leveld: hartelijk dank voor het benaderen van patiënten en invullen van de benodigde 
vragenlijsten. Yvonne en Rian: dank voor de secretariële ondersteuning. 

Voor de verzameling en invoer van alle onderzoeksgegevens gaat mijn dank uit naar 
Ellen Visser, Bonnie Huisman, Andrea Diettrich, Juliette Kalkman en Gerda Falkena. 
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Juliette, vooral jouw steun was onontbeerlijk in periodes dat ik veel in de kliniek 
werkzaam was. 

Tevens gaat mijn dank uit naar de leescommissie voor de bereidheid mijn proefschrift 
kritisch te beoordelen. Dear professor Frangou, I thank you for your willingness to 
take part of the Manuscript Committee. 

Mijn dank gaat eveneens uit naar AstraZeneca, Nederland, voor het verkrijgen van een 
‘Young Investigator’s Award’, waardoor de combinatie onderzoek en opleiding deels 
voor mij mogelijk werd gemaakt. 

Ik heb mij altijd thuis gevoeld in het Universitair Centrum Psychiatrie (UCP). Sinds 
mijn aanstelling in september 2004 hebben mijn toenmalige opleider Rob van den 
Bosch en chef de clinique Fons Tholen mij altijd gesteund in mijn ambitie om oplei-
ding te combineren met wetenschappelijk onderzoek. Rob, naast je rol als opleider 
wil ik je danken voor de positieve feed-back en de ruimte die je me gaf bij het vorm-
geven van het best passende werk-schema. Beste Fons, volgens mij zijn weinig assis-
tenten zo lang in opleiding geweest als ik dat was , maar ons overleg op momenten 
dat mijn schema weer eens moest worden aangepast heb ik altijd als ondersteunend 
en plezierig ervaren. In mijn laatste opleidingsjaar was Robert Schoevers mijn oplei-
der; Beste Robert, ik bewonder je veelzijdigheid en gedrevenheid in het faciliteren van 
onderzoek ten tijde van opleiding en dank je voor onze inspirerende gesprekken. 

In de loop der jaren heb ik met verschillende supervisoren samengewerkt. Dank voor 
de begeleiding en vrijheid die mij werd geboden om al mijn werk te klaren. Janna 
Gol, beste Janna, dank voor je wijze woorden en luisterend oor tijdens belangrijke 
momenten in mijn leven. Verschillende stages gingen gepaard met verschillende af-
delingen. Ik heb het naar mijn zin gehad bij de betreffende behandelteams en ik ben 
de collega’s (niet te vergeten Theo) dan ook erkentelijk voor de plezierige werksfeer 
en de mogelijkheden die mij werden geboden mij te ontplooien als psychiater en 
onderzoeker. Mijn laatste half jaar opleiding vond plaats bij Lentis Groningen. Ik wil 
de opleiders aldaar (Frits Milders en Rikus Knegtering) bedanken voor de interesse in 
mijn onderzoek gedurende een leerzame stage bij de FACT teams 3 en 6. Ook alle col-
lega’s aldaar maakten dat ik me direct welkom voelde (niet in de laatste plaats Marion 
). Deze stage heeft mijn pragmatische aanpak versterkt. Beste Rikus, op meerdere 
momenten gedurende mijn opleiding tot psychiater was jij een waardevolle begelei-
der; je scherpe observaties en constructieve kritiek hebben mij gesterkt en waarvoor 
nogmaals dank.

Het onderwijsprogramma van de opleiding psychiatrie heb ik samen met mijn 
jaargenoten van het Universitair Centrum Psychiatrie gevolgd en ook zij hebben van 
dichtbij mijn vorderingen op zowel klinisch, wetenschappelijk als ook persoonlijk 
vlak meegemaakt, te noemen Rixt Riemersma-van der Lek, Anneneeltje Scholte-
Stalenhoef, Arjon Glazenborg, Aida van der Poel en Ilse van Hoften; in een later 
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stadium sloten Petra van Paasen en Joost Waas zich aan tijdens onze maandelijkse 
intervisie-momenten. Ik denk hier met veel plezier aan terug en ben blij met deze 
tijd en blijvende vriendschappen, zeker nu ik verhuisd ben naar Friesland. Ook heb ik 
in afgelopen jaren met vele assistenten mogen samenwerken en wil hen hierbij ook 
danken voor de getoonde interesse, leuke uitjes en vele lunches om even stoom af 
te blazen. In het speciaal wil ik hier stilstaan bij Benno Haarman, Chris van der Gaag 
en Dorien Laan; “the A-team” staat voor een hechte vriendschap, waarbij het uniek is 
te mogen ervaren hoe verschillend je kunt zijn en tegelijkertijd elkaar zo goed kunt 
begrijpen. Ik verheug me nu alweer op ons volgende uitje.

Graag wil ik ook de co-auteurs danken voor hun inzet en hulp. Lisette van der Meer, 
beste Liset, het samen schrijven met jou was heel gezellig en stimulerend. Steeds 
weer strakke deadlines, maar uitgemond in een mooi eindresultaat. Ik bewonder je 
wetenschappelijke drive en loyaliteit. Nienke Jabben, beste Nienke, aan twee artikelen 
heb jij meegeschreven en ik ben je dankbaar voor je objectieve kijk, positieve inbreng 
en vertrouwen in een goede afloop. Overleg via telefoon of email verliep vlekkeloos, 
dank hiervoor. Sigfried Schouws en Baer Arts, beste Sigfried en Baer, onderzoekers en 
clinici met gelijke interesses tezamen brengen bleek een goede zaak en ik vond het 
altijd plezierig met jullie te kunnen discussieren; ongeacht de topografische afstanden 
blijken we elkaar gelukkig snel en efficiënt te kunnen treffen. 

Op deze belangrijke dag prijs ik mij gelukkig met twee sterke vrouwen aan mijn zijde. 
Lieve Mir, vanaf de start van de opleiding geneeskunde in september 1997 zijn we 
verbonden voor het leven. Iedere storm kunnen we samen aan. Vele hoogtepunten uit 
elkaars leven hebben we gelukkig al mogen meemaken, waarbij ik niet kan wachten 
wat de toekomst ons nog meer zal brengen. Samen met Erik en Thomas is het alleen 
nog maar meer bijzonder geworden. Lieve Rixt, vanaf de eerste opleidingsdag in sep-
tember 2004 hebben we vele raakvlakken. Samen de opleiding tot psychiater volgen, 
in dezelfde periode een gezin gesticht en allebei geïnteresseerd in onderzoek op het 
gebied van bipolaire stoornissen, waarbij je ook daadwerkelijk co-auteur van één van 
mijn artikelen bent geworden. Ik vind het fijn om dit alles te mogen delen; ik bewon-
der jouw daadkracht en energie qua werk en waardeer je betrokkenheid op persoon-
lijk vlak. Ik verheug me erop om nog vele congressen samen te mogen bezoeken. 

In het Antonius Ziekenhuis te Sneek werk ik sinds december 2011 met veel plezier als 
psychiater op de PAAZ samen met een ervaren team. Mijn dank gaat uit naar Wouter 
van der Kam, medisch directeur, voor het vertrouwen dat hij in mij stelt. Eveneens ben 
ik Willem Bogtstra dank verschuldigd voor de oriënterende gesprekken tijdens mijn 
zoektocht naar een passende baan in het mooie Friesland. Al mijn huidige nieuwe 
collega’s en met name Harry Vrielink en mijn collega-psychiaters Anna Krikke, Hendik 
den Daas en Pieter Jan Bogaard wil ik bedanken voor de plezierige samenwerking, 
flexibiliteit en betrokkenheid; vanaf de eerste kennismaking was er een vertrouwde 
klik en ik verheug mij op de toekomst. 
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De opmaak van dit proefschrift was zonder hulp van Helga de Graaf niet zo mooi 
gelukt; dank je wel, Helga, voor je stiptheid en begeleiding. Aukje de Haan, beste 
Aukje, met veel plezier denk ik terug aan onze momenten dat we samen de omslag 
van dit proefschrift hebben weten vorm te geven. Jij snapte precies wat ik bedoelde 
en hebt op prachtige wijze een passend schilderij gemaakt. 

Ik voel me rijk met waardevolle vriendschappen. Speciaal noem ik hier Mirjam, Erik, 
Ype, Mirjana, Rolf Jan, Judith, Niels, Ineke, Martin, Irene, Marco, Tynke, Alex, Ingrid, 
Paula, Ralph, Rixt, Josca, Sebina, Lucile, Cees en Reinhilde; ik hoop nog vele jaren 
deelgenoot van elkaars leven te mogen uitmaken.

Mijn lieve familie, het was de afgelopen jaren soms nauwelijks voor jullie te volgen 
wat ik allemaal deed. Het deed niets af aan de steun die ik heb mogen ontvangen. 
Vanaf nu is het duidelijk: ik ben psycholoog, psychiater en gepromoveerd . Ik ben 
trots op de ondernemersschap-mentaliteit die door de aderen vloeit en bewonder 
hierbij het doorzettingsvermogen en creativiteit om van niets iets te maken en zelfs 
uit te bouwen tot grote successen. Lieve oma, jij bent altijd zo lief voor mij en houdt 
nauwkeurig in de gaten wat er speelt in mijn leven. Lieve tante Nelie en tante Janny, 
ook al jarenlang belangrijke, constante factoren in mijn leven; dat er nog maar veel 
mooie herinneringen bij mogen komen. 

Mijn grootste fans, lieve papa en mama, woorden schieten me tekort. Hoe rijk ben je 
als je altijd een plek hebt waar je naartoe kunt gaan, ze trots op je zijn en je welkom 
bent, wat je ook doet. De liefde die jullie mij, Mark en onze gezinnen bieden is zoveel 
waard; jullie slogan “dans het leven” mag hier niet ontbreken. Jullie rol is belangrijk 
in mijn leven, zonder dit anker had ik nooit zo kunnen uitvaren. Lieve Mark, jij bent 
een broer uit duizenden; wij kennen elkaar als geen ander, en daar zijn niet eens altijd 
zoveel woorden voor nodig. We lijken in vele opzichten ook op elkaar. Ik waardeer 
jouw bijzondere inspiratie en levenslust. Dat je nog hulp hebt geboden bij de op-
maak van de figuren, die zijn opgenomen in de artikelen van dit proefschrift, is een 
waardevol gebaar. Ook Geeske, Meike en Allard zijn mij zeer dierbaar. Lieve Molle 
en Dieuwke, jullie zijn gelukkig ook al jarenlang in mijn leven en bieden mij altijd 
een rustpunt en uitvalsbasis. Samen met Menno, Esther (ten tijde van dit schrijven in 
blijde verwachting), Marco en Rutger hoop ik samen met Johan en onze kinderen 
nog vele mooie momenten te mogen beleven. Lieve Menno, wat spijt het mij zeer dat 
het feest niet op de boot kon plaatsvinden, maar het is natuurlijk ook niet vreemd dat 
de mooiste boot van Friesland en omstreken in deze periode al vele boekingen heeft 
genoteerd (www.rondvaartvanderwerf.nl).

Allerliefste Amy, Julian en Rosalie, wat ben ik dankbaar dat jullie in ons leven zijn 
gekomen. Jullie hebben zoveel bijgedragen aan de rust in mijn leven. Ik voel me rijk 
met jullie en vind het heerlijk te mogen aanschouwen hoe ieder van jullie een eigen 
koers uitstippelt in het leven. Ik zit altijd in jullie hart, nooit vergeten…
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Als laatste, mijn rots in de branding en zielsverwant. Allerliefste Johan, samen vormen 
we een front en kunnen we voor ons gevoel de hele wereld aan. We genieten van onze 
terugkeer naar Friesland, maar ik voel me thuis daar waar jij bij mij bent. Ik bewonder 
je passies, levensfilosofie, open vizier, nuchterheid en tomeloze energie. Zoals jij mij 
altijd het volle vertrouwen en luisterend oor biedt, is van onschatbare waarde. “Engel 
van mijn hart ben jij”.
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