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Abstract

The aim of the study was to investigate the association between alcohol use, alcohol use disorder,
and polygenic risk of alcohol use (PGS) and cognition in schizophrenia, schizoaffective disorder,
and bipolar disorder. In addition, the association of alcohol use with cognition in the middle-aged
birth cohort was investigated. Males and females were examined separately in each study section.

In the psychiatric section of the study, the population consisted of 10,417 participants in the
SUPER (Finnish Study of the Hereditary Mechanisms of Psychotic Diseases) who had a clinical
diagnosis of schizophrenia, schizoaffective disorder, or bipolar disorder. In the birth cohort
section, the participants were members of the Northern Finland Birth Cohort 1966 (NFBC1966).

In the SUPER study, alcohol risk use was screened using the AUDIT-C questionnaire. The
alcohol diagnosis was obtained from the health care notification register. PGS was calculated
using the LDPred program. In the NFBC1966 birth cohort, alcohol consumption was calculated
from the responses to the alcohol use survey. Cognition was assessed in the SUPER study using
the reaction time (RT) test to measure reaction time and the Paired Association Learning (PAL)
test to measure visual learning and memory. The measures of the RT test were median time and
standard deviation, and in the PAL test, memory score and error score. The association of alcohol
use with the RT test and the PAL test was analysed using log-linear regression and logistic
regression. The association of hazardous drinking PGS with the RT test and the PAL test was
analysed using log-linear regression, linear regression, and logistic regression. Only the PAL test
was used in the NFBC1966 study.

Age, age of onset, educational attainment, household status (marital status), depressive
symptoms, diet, and physical activity were used as covariates differently in different sub-studies.

The reported risky alcohol use was not associated with poorer cognition in schizophrenia
patients and patients with schizoaffective disorder. Risky alcohol use was associated with a shorter
reaction time (RT) in females. Alcohol use disorder was associated with a higher error rate in the
PAL test in female patients with schizophrenia or schizoaffective disorder. In female patients with
bipolar disorder, risky alcohol use was associated with a shorter reaction time. Alcohol use
disorder was associated with a higher error rate in the PAL test in female patients with bipolar
disorder. PGS was not associated with reaction time (RT) or visual memory (PAL) in female or
male patients with schizophrenia, schizoaffective disorder, or bipolar disorder.

Alcohol use reported in the NFBC1966 dataset was not associated with impaired visual
memory. In males, more wine consumption per week was associated with better visual memory,
while a higher dose of strong alcohol was associated with poorer visual memory.

The observed gender-specific findings are of interest and require further investigation. The
study of the association of reported alcohol use with cognition in psychotic patients was the first
of its kind. The findings should be interpreted with caution and no clinical conclusions can be
drawn until the results of the study can be replicated in other studies.

Keywords: alcohol, bipolar disorder, birth cohort, cognition, hazardous drinking,
middle-age, polygenic score, schizoaffective disorder, schizophrenia
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Tiivistelmä

Tutkimuksen tarkoituksena oli tutkia alkoholinkäytön, alkoholidiagnoosin ja alkoholin riskikäy-
tön polygeenisen riskin (PGS) yhteyttä kognitioon skitsofreniaa, skitsoaffektiivista häiriötä ja
kaksisuuntaista mielialahäiriötä sairastavilla. Lisäksi tutkittiin alkoholinkäytön yhteyttä kognitioon
keski-ikäisessä syntymäkohortissa. Kaikissa tutkimusosioissa tarkasteltiin erikseen naisia ja miehiä.

Tutkimuksen psykiatrisen osiona oli SUPER-tutkimuksen (Suomalainen psykoosisairauksi-
en perinnöllisyysmekanismien tutkimus) 10 417 osallistujaa, joilla oli skitsofrenian, skitsoaffek-
tiivisen häiriön tai kaksisuuntaisen mielialahäiriön kliininen diagnoosi. Syntymäkohorttiosuu-
dessa tutkimuspopulaationa oli 12 231 Pohjois-Suomen syntymäkohortin 1966 jäsentä (Nort-
hern Finland Birth Cohort 1966, NFBC1966).

SUPER-tutkimuksessa alkoholin riskikäyttöä seulottiin käyttämällä AUDIT-C-kyselyloma-
ketta. Alkoholidiagnoosit poimittiin terveydenhuollon hoitoilmoitusrekisteristä. PGS laskettiin
käyttämällä LDPred-ohjelmaa. NFBC1966-syntymäkohortissa alkoholin kulutus arvioitiin alko-
holinkäytön kyselylomakkeella. Kognitio arvioitiin käyttämällä reaktioaikatestiä (RT) mittaa-
maan reaktioaikaa ja Paired Association Learning -testiä (PAL) visuaalisen oppimisen ja muis-
tin mittaamiseen. RT-testin suureina olivat mediaani ja keskihajonta, ja PAL-testissä muistipis-
teet ja virheiden määrä. Alkoholin käytön yhteys RT- ja PAL-testien tuloksiin analysoitiin log-
lineaarisella regressiolla ja logistisella regressiolla. Alkoholin riskikäytön PGS:n yhteys RT- ja
PAL-testien tuloksiin analysoitiin log-lineaarisella regressiolla, lineaarisella regressiolla ja logis-
tisella regressiolla. NFBC1966-tutkimuksessa käytettiin ainoastaan PAL-testiä.

Sekoittavina tekijöinä käytettiin ikää, sairastumisikää, koulutusastetta, siviilisäätyä, masennusoi-
reita, ruokavaliota ja fyysistä aktiivisuutta vaihtelevina yhdistelminä tutkimuksen eri osioissa.

Raportoitu alkoholin riskikäyttö ei liittynyt skitsofreniapotilaiden ja skitsoaffektiivista häiriö-
tä sairastavien potilaiden huonompaan kognitioon. Alkoholin riskikäyttö oli yhteydessä lyhyem-
pää reaktioaikaan (RT) naisilla. Alkoholidiagnoosi oli yhteydessä PAL-testissä suurempaan vir-
heiden määrään skitsofreniaa tai skitsoaffektiivisesta häiriötä sairastavilla naispotilailla. Bipolaa-
rihäiriötä sairastavilla naispotilailla alkoholin riskikäyttö assosioitui lyhyempään reaktioaikaan
ja alkoholidiagnoosi suurempaan virheiden määrään PAL-testissä. PGS ei ollut yhteydessä reak-
tioaikaan (RT) tai visuaaliseen muistiin (PAL) skitsofreniaa, skitsoaffektiivista häiriötä tai bipo-
laarihäiriötä sairastavilla nais- tai miespotilailla.

NFBC1966-aineistossa raportoitu alkoholinkäyttö ei ollut yhteydessä huonontuneeseen visu-
aaliseen muistiin. Miehillä viikoittainen viinin kulutus assosioitui parempaan visuaaliseen muis-
tiin, kun taas väkevän alkoholin kulutus assosioitui huonompaan visuaaliseen muistiin.

Havaitut sukupuolispesifiset löydökset ovat kiinnostavia, mutta vaativat lisätutkimuksia. Tut-
kimus itseraportoidun alkoholinkäytön yhteydestä kognitioon psykoosipotilailla oli ensimmäi-
nen laatuaan. Löydöksiä tulee tulkita varovasti, eikä niistä voi vetää kliinisiä johtopäätöksiä
ennen kuin tutkimustulokset on voitu toistaa muissa tutkimuksissa.

Asiasanat: alkoholi, alkoholin riskikäyttö, kaksisuuntainen mielialahäiriö, keski-ikä,
kognitio, polygeeninen riskipistemäärä, skitsoaffektiivinen häiriö, skitsofrenia,
syntymäkohortti
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1 Introduction  

Alcohol use is a common phenomenon in the general population. The lifetime 

prevalence of alcohol use disorder (AUD) has been estimated to be 10.6% globally 

(Moskalewicz et al., 2016; Lundin et al., 2021) and 7.5% in Finland (Peña et al., 

2018). The prevalence is even higher in psychotic patients, as it is globally 

estimated to be 24% in schizophrenia (Hunt et al., 2018) and 24–44% in bipolar 

disorder (BD) (Hunt et al., 2016a).   

AUD has been found to be associated with impairments in almost all cognitive 

domains including intelligence, attention, executive functions, processing speed, 

impulsivity, verbal learning, verbal fluency, working memory, verbal memory, and 

visual memory (Zehra et al., 2019; Stavro et al., 2013). In the normal population, 

reported moderate to heavy alcohol use has been found to be associated with 

cognitive decline and light to moderate alcohol use with cognitive enhancement 

(Piumatti et al., 2018; Rehm et al., 2019) respectively.  

Cognitive impairment is a core feature of schizophrenia (Bowie et al., 2006) 

and a less severe feature of bipolar disorder (Li et al., 2020), and it generally 

involves attention, working memory, reaction time, and executive function. Studies 

investigating the cognitive impact of AUD in schizophrenia and bipolar disorder 

patients have suggested a negative association between AUD and cognition 

(Manning et al., 2009; Allen et al., 1999; Galkin et al., 2020). There appear to be 

no epidemiological studies associating reported alcohol use with cognition in 

bipolar disorder. 

The association of AUD or reported heavy drinking with cognitive impairment 

both in the normal population and psychotic patients has already been established. 

But the association of reported light to moderate drinking with cognitive 

impairment in psychotic patients is still unclear.  

Polygenic score (PGS) is the combined measure of a larger number of risk 

genes across the human genome for any particular disease (Lambert et al., 2019) 

and the PGS for AUD has been found to be associated with cognitive impairment 

in terms of visual memory, planning (Meyers et al., 2015), verbal memory, and 

fluency (Clarke et al., 2016) in the normal population.  

Neither the association of PGS for hazardous drinking with cognition in the 

normal population nor the association of PGS for any alcohol use with cognition in 

psychotic patients has yet been studied.  

As alcohol use is common in the population and especially in people with 

psychosis, it is clinically important to explore the cognitive impact of reported 
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alcohol use in both psychotic patients and the normal population using a large 

sample size of participants and multiple covariates. The current study aims to 

explore whether reported light to moderate alcohol use is associated with cognitive 

impairment in schizophrenia, schizoaffective disorder, and bipolar disorder patients 

and in a middle-aged birth-cohort population. This study also explores the 

association of hazardous drinking PGS with cognition in these psychotic patient 

groups. 
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2 Review of literature  

2.1 Schizophrenia  

Schizophrenia is a heterogeneous disabling psychiatric disorder manifested by 

psychotic symptoms, cognitive dysfunction, and motivational impairment (Kahn et 

al., 2015). Schizophrenia has its onset typically in the early adulthood (Gogtay et 

al., 2011) and has been considered neurodevelopmental in nature (Lewis et al., 

2002), having variable outcomes (Volavka & Vevera, 2018).  

According to the Global Burden of Disease Study, schizophrenia causes a high 

degree of disability, despite being a low-prevalence disorder. Schizophrenia was 

ranked the 12th most disabling disorder globally in 2016 (GBD, 2016, 2017). Most 

persons affected with schizophrenia become unable to be employed (Harvey et al., 

2012). Schizophrenia is also associated with impaired psychosocial function, 

unemployment, homelessness, and poverty (Charlson et al., 2018).  

Patients with schizophrenia have higher rates of co-occurring substance use 

disorder including AUD compared to the general population (Archibald et al., 

2019). Cognitive impairment is more prevalent in schizophrenia patients compared 

to the normal population (Bora et al., 2016). Cognitive dysfunction in 

schizophrenia usually starts to develop at an early stage (Bowie & Harvey, 2006). 

2.1.1 Features of schizophrenia according to the ICD-11 and DSM-5 

Common features of schizophrenia in the international classification of disease 

(ICD)-11 and the diagnostic and statistical manual (DSM)-5 are shown in Figure 1. 

Both the ICD-11 (World Health Organization, 2020) and the DSM-5 

(American Psychiatric Association, 2013) include cognitive impairments as a 

symptom specifier. Substance use is mentioned as a possible exclusion criterion for 

schizophrenia diagnosis (Table 1). It is important to note that in ICD-10, although 

substance use is not used as an exclusion criterion, the diagnosis of schizophrenia 

is not attributable to the physiological effects of a substance. In this way, substance 

use was excluded in the earlier versions anyway. A comorbid substance use disorder 

is not used as an exclusion criterion for psychotic disorders. Rather, the symptoms 

observed should not be due to substance use. 
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Fig. 1.  Common features of schizophrenia in the ICD-11 (World Health Organization, 

2020) and the DSM-5 (American Psychiatric Association, 2013). 

Table 1. Common features of schizophrenia in the ICD-11 (World Health Organization, 

2020) and the DSM-5 (American Psychiatric Association, 2013). 

Feature  ICD-11  DSM-5 

Cognitive impairments Definition of schizophrenia does not 

include cognitive impairments as 

criterion but includes cognitive 

impairments as specifier 

 

Definition of schizophrenia does 

not include cognitive impairments 

as criterion but includes cognitive 

impairments as specifier 

Substance use Definition of schizophrenia does not 

use substance use as criterion, but 

substance use is mentioned as a 

possible exclusion criterion 

Definition of schizophrenia does 

not use substance use as criterion, 

but substance use is mentioned as 

a possible exclusion criterion 
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2.1.2 Epidemiology of schizophrenia 

The lifetime prevalence of schizophrenia has been reported to be 0.87% in Finland 

(Perälä et al., 2007), which is higher than that of most of the reference countries, 

estimated to be from 0.3% to 0.7%. (McGrath et al., 2008).  

The prevalence of schizophrenia has been estimated to be higher in general 

population studies compared to studies conducted in the population attending 

healthcare services. The prevalence type, case-finding setting, diagnostic 

categories, and study quality contribute to the variance in prevalence estimates 

(Moreno-Küstner et al., 2018).  

The prevalence of schizophrenia has been found to be somewhat higher in the 

male than the female population (Iacono & Beiser, 1992). Male schizophrenia 

patients present with lower age of onset, more negative symptoms, less affective 

symptoms, lower social functioning, and higher comorbid substance abuse 

compared to female schizophrenia patients (Li et al., 2016).  

Preterm birth is associated with increased risk for schizophrenia (Nosarti et al., 

2012). Low birth weight is also associated with increased risk for schizophrenia 

(Abel et al., 2010). Preterm birth and low birth weight are also associated with 

neurocognitive deficits in schizophrenia patients (Knud Larsen et al., 2010).  

Incidence of schizophrenia has been found to be increased with urban birth 

and/or upbringing, especially among males (Kelly et al., 2010). Morbid risks for 

developing schizophrenia among the first-degree, second-degree, and third-degree 

relatives of schizophrenia probands are higher than in the normal healthy 

population (Onu et al., 2018). Gene-environment interaction and genetic factors 

contribute over 80% to the development of schizophrenia (Cannon et al., 1998; 

McNeil et al., 1995). Ethnic minority status and childhood immigration are 

associated with higher prevalence of schizophrenia (Kirkbride et al., 2017; Veling 

et al., 2010; 2006).  

Winter birth, elevated maternal vitamin D level in utero, childhood 

maltreatment and bullying account, urban birth, and upbringing, and use of 

cannabis in adolescence may trigger schizophrenia. Twin studies have estimated 

the heritability of schizophrenia to be 73% to 79% (Hilker et al., 2018). Individual 

genes do not significantly increase the risk for schizophrenia (Sullivan et al., 2012). 

A study by Lam et al. (2019) found that 208 genome-wide significant SNPs, 

spanning 176 independent loci, have been reported to be associated with 

schizophrenia. It is not yet fully understood how genetic and environmental factors 
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interact to initiate schizophrenia and other psychotic disorders (Robinson & Bergen, 

2021). 

2.2 Schizoaffective disorder  

Schizoaffective disorder is a disabling psychotic disorder. The presence of 

symptoms of a major mood episode, manic or depressive, concurrent with 

symptoms characteristic of schizophrenia, are the hallmarks of schizoaffective 

disorder (Miller et al., 2019). The typical age of onset of schizoaffective disorder 

is late teens and early adulthood (Pagel et al., 2013). It is more prevalent in females 

than in males (Scully et al., 2004). Patients with schizoaffective disorder have 

higher rates of co-occurring substance use disorder including AUD compared to the 

general population (Archibald et al., 2019). Schizoaffective disorder patients have 

a higher mortality rate (Laursen et al., 2007). The cognitive profile of 

schizoaffective disorder more resembles schizophrenia than bipolar disorder 

(Madre et al., 2016). 

2.2.1 Features of schizoaffective disorder according to the ICD-11 

and DSM-5 

Common features of schizoaffective disorder in the ICD-11 and DSM-5 are shown 

in Figure 2. 

According to the ICD-11 (World Health Organization, 2020) and the DSM-5 

(World Health Organization, 2020) schizoaffective disorder is seen as a 

longitudinal diagnosis, like schizophrenia or bipolar disorders, not a cross-sectional 

diagnosis (Esan, 2015). 

Neither the ICD-11 (World Health Organization, 2020) nor the DSM-5 

(American Psychiatric Association, 2013) mention cognition. Substance use is 

mentioned as a possible exclusion criterion for schizoaffective disorder (Table 2). 



29 

Fig. 2.  Common features of schizoaffective disorder in the ICD-11 (World Health 

Organization, 2020) and the DSM-5 (American Psychiatric Association, 2013). 

Table 2. Cognition and substance use in schizoaffective disorder in ICD-11 (World 

Health Organization, 2020) and DSM-5 (American Psychiatric Association, 2013). 

Feature  ICD-11  DSM-5 

Cognitive impairments Definition of schizoaffective disorder 

does not mention cognition.  

Definition of schizoaffective disorder 

does not mention cognition. 

  

Substance use Definition of schizoaffective disorder 

does not use substance use as a 

criterion, but substance use is 

mentioned as a possible exclusion 

criterion 

Definition of schizoaffective disorder 

does not use substance use as a 

criterion, but substance use is 

mentioned as a possible exclusion 

criterion  
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2.2.2 Epidemiology of schizoaffective disorder 

The lifetime prevalence of schizoaffective disorder has been estimated to be 0.2%–

1.1% (Abrams et al., 2008). In Finland, lifetime prevalence of schizoaffective 

disorder has been estimated to be 0.32% (Perälä et al., 2007). About 10%-30% of 

hospital admissions for psychosis are due to schizoaffective disorder (Azorin et al., 

2005).  

About one-third of the patients of schizoaffective disorder have an age of onset 

from 25 to 35 years, and females are more frequently affected than males with a 

sex ratio of about 2:1 (Abrams et al., 2008; Marneros et al., 1990). Schizoaffective 

disorder occurs one-third less frequently than schizophrenia (Laursen et al., 2007). 

The diagnosis of schizoaffective disorder is demanding, which might explain the 

wide range of occurrence in different studies (Wood et al., 2021; Pagel et al., 2014; 

Jäger et al., 2011).  

The hereditary and environmental risk factors for schizoaffective disorders are 

similar to those of schizophrenia (Cardno & Owen, 2014).  

2.3 Bipolar disorder 

Bipolar disorder is a multifactorial, relapsing psychiatric disorder characterized by 

recurrent episodes of manic or depressive symptoms, with intervening relatively 

symptom-free periods (Rowland & Marwaha, 2018). Bipolar disorder has its onset 

typically in adolescence or early adulthood (Merikangas et al., 2007). Bipolar 

disorder has a life-long impact on the health status and functionality of the affected 

person (Michalak, 2007). It is one of the leading causes of disability worldwide 

(Krahn, 2011). Bipolar disorder patients manifest less severe cognitive dysfunction 

compared to patients with schizophrenia and schizoaffective disorder (Li et al., 

2020; Chen et al., 2018). AUD is relatively common in people with bipolar disorder 

(Farren et al., 2012).  

2.3.1 Features of bipolar disorder according to the ICD-11 and DSM-5 

Common features of bipolar disorder in the ICD-11 and the DSM-5 are shown in 

Figure 3. 
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Fig. 3.  Common features of bipolar disorder in the ICD-11 (World Health Organization, 

2020) and the DSM-5 (American Psychiatric Association, 2013). 

Both in the ICD-11 (World Health Organization, 2020) and the DSM-5 (American 

Psychiatric Association, 2013), bipolar 1 is manic and bipolar 2 is with hypomanic 

episodes. Both the ICD-11 and the DSM-5 now require “increased activity/energy” 

as an essential entry feature in all cases. ICD-11 does not consider dimensional 

measurements as a feature of bipolar disorder, contrasting with DSM-5. Neither 

ICD-11 nor DSM-5 includes mania as an independent and codable disorder. 

Neither the ICD-11 nor the DSM-5 mentions cognition. Substance use is 

mentioned as a possible exclusion criterion for bipolar disorder (Table 3). 
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Table 3. Cognition and substance use in bipolar disorder in the ICD-11 (World Health 

Organization, 2020) and the DSM-5 (American Psychiatric Association, 2013). 

Feature  ICD-11  DSM-5 

Cognitive impairments Definition of bipolar disorder does 

not mention about cognition.  

 

Definition of bipolar disorder does 

not mention about cognition.  

Substance use Definition of bipolar disorder does 

not use substance use as criterion, 

but substance use is mentioned as 

a possible exclusion criterion. 

Definition of bipolar disorder does 

not use substance use as criterion, 

but substance use is mentioned as 

a possible exclusion criterion. 

2.3.2 Epidemiology of bipolar disorder 

Lifetime prevalence of bipolar disorder has been estimated to be about 1.4% 

(Kendall et al., 2014). In Finland, lifetime prevalence of any bipolar disorder has 

been estimated to be 0.62%, and of bipolar I disorder has been estimated to be 0.24% 

(Perälä et al., 2007) which are lower estimates than in most of the reference 

countries (Rowland & Marwaha, 2018).  

A systematic review and meta-analysis of the literature reports the lifetime 

prevalence of bipolar disorder I and bipolar disorder II to be 1.06% and 1.57% 

respectively and, the 1-year prevalence of bipolar disorder I and bipolar disorder II 

to be 0.71 % and 0.50 % respectively (Clemente et al., 2015).  

The estimated 1-year prevalence of bipolar I and II disorders are reported by 

another meta-analysis to be 1% (95 %, CI 0.5-1.1%) with no gender or age 

differences, and the cumulative lifetime incidence of bipolar I and II disorders were 

1.5-2% (Pini et al., 2005).  

Early-onset panic attacks and disorder, separation anxiety and generalized 

anxiety disorders, conduct symptoms and disorder, ADHD, impulsivity and 

criminal behaviour have been found to be potential clinical risk factors for bipolar 

disorder (Faedda et al., 2014). 

Hereditary and environmental risk factors for bipolar disorder include history 

of bipolar disorder among first-degree relatives (Mortensen et al., 2003), childhood 

adversity, asthma, obesity (Bortolato et al., 2017), suicide of mother or of a sibling, 

recent unemployment, divorce, and marriage (Kessing et al., 2004). A genome-

wide association study has identified 30 loci associated with bipolar disorder (Stahl 

et al., 2019). Another recent meta-analysis identifies 73 genetic loci associated with 

bipolar disorder (Coleman et al., 2020).  
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2.4 Psychoses and cognition 

Most people with psychotic disorder have impaired cognition at least in some of 

the cognitive domains (Barch et al., 2014). Cognitive deficits in schizoaffective 

disorder patients resemble schizophrenia patients more than bipolar disorder 

patients (Madre et al., 2016). Motor speed is more preserved in schizoaffective 

disorder and bipolar disorder patients compared to schizophrenia patients. 

Attention, processing speed, and executive functioning are more preserved in 

bipolar disorder patients compared to schizophrenia and schizoaffective disorder 

patients (Chen et al., 2018).  

2.5 Cognition in schizophrenia  

Cognitive dysfunction is a core feature of schizophrenia which originates even 

before onset of illness (Melle, 2019; Tripathi & Shukla, 2018). Cognitive 

impairment is relatively stable over time (McCleery & Nuechterlein, 2019; Lam et 

al., 2018). No significant progressive deterioration of cognition has been found 

during the course of schizophrenia (Bora & Murray, 2014). Visuospatial and verbal 

associative memory have been found to be preserved in earlier stages of 

schizophrenia (Wannan et al., 2018). 

Patients suffering from deficit schizophrenia exhibit more deficits in almost all 

cognitive domains, especially in concept formation, sustained attention, and non-

verbal cognitive flexibility, compared to non-deficit schizophrenia (Tyburski et al., 

2017, Yu et al., 2015). Moderate to high impairments in almost all cognitive 

domains have been reported in first-episode schizophrenia, with immediate verbal 

memory and processing speed being the most affected and motor skills being the 

least affected (Fatouros-Bergman et al., 2014; Mesholam-Gately et al., 2009). 

Attention, working memory, executive functions, and verbal fluency might predict 

the degree of severity of illness in patients with schizophrenia, and the most 

affected cognitive domains are sustained attention, concept formation, and non-

verbal cognitive flexibility (Vacca et al., 2019). Better cognition is associated with 

better functional outcome in patients with schizophrenia (Pandina et al., 2013). 

Immediate memory, secondary verbal memory, and executive functioning are 

associated with significant occupational, social, and economic disabilities in 

patients with schizophrenia (Keefe et al., 2007).   
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2.6 Cognition in schizoaffective disorder  

Cognitive impairments in schizoaffective disorder are severe, but milder than in 

schizophrenia (Torniainen et al., 2012). Better cognition is associated with better 

functional outcome in patients with schizoaffective disorder (Pandina et al., 2013). 

Sustained attention (Birindelli et al., 2014), verbal memory (Gruber et al., 2006), 

visuo-spatial learning and visuo-motor coordination (Stip et al., 2005) and emotion 

regulation task (Hartman et al., 2019) have been found to be more preserved in 

schizoaffective disorder patients compared to schizophrenia patients. 

2.7 Cognition in bipolar disorder  

Cognitive impairment is an important feature of bipolar disorder (Lima et al., 2018), 

but it is less severe compared to schizophrenia (Harvey et al., 1997). Cognitive 

impairment has been found to be present invariably during the manic and 

depressive phases (Szmulewicz et al., 2015; Vrabie et al., 20115), and less intensely 

during the euthymic phase (Roux et al., 2019, 2017). Verbal memory and executive 

functioning have been found to be impaired across the manic or hypomanic, 

depressed, and euthymic states in bipolar disorder (Martínez-Arán et al., 2004).  

In euthymic bipolar disorder patients, verbal memory and executive functions 

were markedly impaired compared to the normal population (Robinson et al., 2006). 

Verbal memory and executive functioning have been found to be impaired more in 

depressed bipolar disorder patients, compared to euthymic bipolar disorder patients 

(Ha et al., 2014). Cognition and residual depressive symptoms have been found to 

be two independent factors affecting the functionality of bipolar disorder patients 

(Roux et al., 2017). Verbal memory and social functioning are more impaired in 

euthymic bipolar disorder patients compared to healthy individuals (Baş et al., 

2015).  

Subthreshold manic symptoms have been found to be associated with cognitive 

impairments in terms of attention, memory, and language learning in euthymic 

patients with bipolar disorder I (Zhang et al., 2019). Working memory, verbal 

memory, and processing speed have been found to be impaired in older bipolar 

disorder patients in the euthymic phase compared to healthy individuals (Delaloye 

et al., 2006). 

All major cognitive domains like verbal learning and memory, attention, 

response inhibition, and executive functions have been found to be moderately 

impaired in euthymic bipolar disorder patients after adjustment for age, intelligence, 
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and gender (Bourne et al., 2013). During the euthymic phase, attention, working 

memory, verbal and non-verbal memory, visuospatial function, psychomotor speed, 

language, and executive functioning, particularly verbal learning, and memory; 

during the manic/mixed or depressed phase, verbal learning; and during the 

depressed phase, phonemic fluency have been found to be more impaired (Kurtz et 

al., 2009). Bipolar disorder II patients show similar (McElroy et al., 2001; Solé et 

al., 2012) or slightly less severe (Bora et al., 2011) cognitive deficits compared to 

bipolar disorder I patients.  

2.8 Alcohol use disorder, AUD  

Alcohol use disorder (AUD) is characterized by clinically significant psychosocial 

and behavioural problems associated with alcohol use. AUD is one of the leading 

risk factors for mortality and morbidity (Roerecke & Rehm, 2014). AUD is 

associated with numerous medical, social, and family problems (Moss, 2013).  

2.8.1 Features of Alcohol Use Disorder according to the ICD-11 and 

DSM-5 

Common features of alcohol use disorder in the ICD-11 and the DSM-5 are shown 

in Figure 4. 

2.8.2 Epidemiology of Alcohol Use Disorder 

The lifetime prevalence of any AUD has been estimated to be 5.1%-8.6% (Asrani 

et al., 2021). The lifetime and 1-year AUD prevalence in the Finnish population 

have been reported to be 7.5% and 2.0%, respectively (Peña et al., 2018). The 

prevalence of hazardous drinking has been estimated to be 5.8% in Finland (Halme 

et al., 2008).  

In the general population males drink more alcohol than females (Slade et al., 

2016). However, alcohol use related gender disparities have tended to reduce in 

recent years (Mäkelä et al., 2012). Parental alcohol use and the persons’ own 

impulsivity were found to be major risk factors for the development of AUD in the 

general population (Solmi et al., 2021). 
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Fig. 4.  Common features of alcohol use disorder (AUD) in the ICD-11 (World Health 

Organization, 2020) and the DSM-5 (American Psychiatric Association, 2013). 

Family history of AUD, impulsivity-related traits (Haeny et al., 2021), childhood 

physical abuse (Werner et al., 2016), and some gene variants encoding alcohol 

dehydrogenase (Wall et al., 2016) are the major risk factors for AUD. Higher 

quality of child rearing has been associated with lesser risks for the development 

of AUD (Kendler et al., 2021). Poor academic achievement in adolescence has also 

been associated with greater risk for developing AUD in later life (Kendler et al., 

2020).  
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2.9 Biological mechanisms of cognitive impacts of alcohol  

The exact biological mechanisms of the cognitive impacts of alcohol are not known. 

Several explanations have been proposed through various human and animal model 

studies. 

2.9.1 Human studies  

Human studies have suggested the cold inducible RNA binding protein, a stress 

response protein, might act as a potential mechanistic mediator in acute alcohol 

intoxication, as in binge drinking, leading to reduced metabolic activity in the 

cortical and subcortical regions including the hippocampus and amygdala, leading 

to cognitive impairment (Jacob et al., 2020). Acute alcohol exposure causes 

functional impairments in the medial septum, hippocampus, and prefrontal 

cortex/orbitofrontal cortex leading to cognitive dysfunction (Van Skike et al., 2019). 

In the case of chronic alcohol intake, as in AUD, persistent hypo-perfusion of 

the frontal lobe, limbic system with resultant glucose hypo-metabolism causes 

neuronal shrinkage and cognitive impairment (Oscar-Berman & Marinković, 2007; 

Chen et al., 2007). Chronic alcohol exposure activates the GABA-Aα5 receptors 

which inhibits the glutamate receptors, leading to cognitive impairment (Liu et al., 

2017).  

Early alcohol exposure in adolescents could sensitize addiction neurocircuitry 

by disrupting chromatin remodelling and affecting neuroplasticity (Guerri et al., 

2010). Adolescent alcohol abuse, particularly binge drinking, increases 

neurodegeneration through nicotinamide adenine dinucleotide phosphate oxidase-

induced oxidative stress, activates high-mobility group protein 1 signals through 

toll-like receptor 4 and innate immune NF-κB target genes, and stimulates toll-like 

receptors and/or glutamate receptors (Crews & Vetreno, 2014). Neuroimmune 

signalling and glutamate excitotoxicity are linked to alcoholic neurodegeneration, 

whereas neuroimmune expression has been found to correlate with lifetime alcohol 

consumption (Crews, 2012) and age of drinking onset (Vetreno et al., 2013). 

2.9.2 Animal studies  

Some animal model studies have found a negative association between alcohol and 

cognition mediated by reductions in cell density in the cerebral cortex (Charlton et 



38 

al., 2019) and alterations of cholinergic interneurons in the nucleus accumbens 

(Galaj et al., 2019). 

Other animal model studies have found a positive association between alcohol 

and cognition mediated by enhancement of brain metabolite clearance (Cheng et 

al., 2019), activation of the vagus nerve (Ayabe et al., 2020), suppression of 

microglial inflammation by Iso-α-acids, the bitter components of beer (Ano et al., 

2018), and activation of the antioxidation cascade (Lu et al., 2019; Zhou et al., 

2018). 

Other possible mechanisms include formation of reactive oxygen species, 

activation of calcium channel (Su et al., 2017), increased glutamate receptors 

(Mitchell et al., 2009, 2016), protein kinase C (Khodaie et al., 2018), heat shock 

proteins (Pignataro et al., 2019), and superoxide dismutase (Alonso-Andrés et al., 

2019).  

2.10 Alcohol use in schizophrenia and schizoaffective disorder 

The lifetime prevalence of AUD has been estimated to be 24% among the 

individuals with schizophrenia (Hunt et al., 2018). In a Finnish study, the median 

lifetime prevalence of AUD has been estimated to be 21% and current prevalence 

of AUD has been estimated to be 11% (Koskinen et al., 2009).  

Individuals with schizophrenia and other psychotic disorders are three times 

more vulnerable to becoming heavy drinkers compared to the general population. 

About 28% of schizophrenia patients and 30% schizoaffective disorder patients use 

more than 4 drinks per day (Hartz et al., 2014).  

Schizophrenia patients with younger age, male sex, and a positive family 

history of alcoholism are more susceptive to developing comorbid AUD (Leposavić 

et al., 2015).  

Schizophrenia patients with comorbid AUD have a higher risk of disease 

progression, relapse, and hospital admissions compared to those without comorbid 

AUD (Pathak et al., 2020; Bradizza et al., 2014). A recent systematic review and 

meta‐analysis reveals that comorbid substance use disorder increases all‐cause 

mortality in schizophrenia (Correll et al., 2022). 

2.11 Alcohol use in bipolar disorder  

The lifetime prevalence of AUD has been estimated to be 24–44% in people with 

bipolar disorder I, and 24–39% with bipolar disorder II. The prevalence of 
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comorbid bipolar disorder in people with lifetime AUD has been estimated to be 

3.5–5%. The prevalence of AUD in treatment-seeking bipolar disorder inpatients 

and outpatients has been estimated to be 42% (Hunt et al., 2016a; Hunt et al., 

2016b).  

Individuals with bipolar disorder have three times more risk of heavy alcohol 

use than the general population. About 26% of patients with bipolar disorder use 

more than 4 drinks per day (Hartz et al., 2014).  

Male sex, other substance use, and younger age are the major risk factors 

associated with the comorbidity of AUD and bipolar disorder (Xia et al., 2020; 

Azorin et al., 2017). History of AUD has been found to be associated with early 

onset of bipolar disorder (Cardosa et al., 2016).  

Alcohol misuse in bipolar disorder is associated with worse outcome 

(Moriarity et al., 2021; Berry et al., 2020). Even a lower volume of alcohol 

consumption is associated with illness severity in both male and female bipolar 

disorder patients (Goldstein et al., 2006). Manic symptoms have been found to be 

more severe in bipolar disorder with comorbid AUD, compared to only bipolar 

disorder patients (Hong et al., 2019). Bipolar I disorder patients with comorbid 

AUD have been found to utilize mental health services significantly more than 

patients with either disorder (Goldstein et al., 2006). 

2.12 Alcohol use and cognition in schizophrenia  

A meta-analysis of seven studies (1996-2009) reveals that cognitive function was 

more preserved among younger (<30 years) schizophrenia patients with comorbid 

AUD compared to older (>40 years) ones (Potvin et al., 2012). In the meta-analysis, 

patients with schizophrenia, schizoaffective disorder, or schizophreniform disorder 

with and without a comorbid substance use disorder (abuse or dependence) were 

included. Schizophrenia patients exclusively addicted to tobacco or 

benzodiazepines were excluded. The exact cognitive domains affected by alcohol 

were undetermined. Dual-diagnosed patients were mostly younger males, not 

representing standard schizophrenia patients. Sex and positive symptoms were 

deterministic factors of the variability of the findings. 

A systematic review of seven studies published during 1990-2012 has similar 

findings to the meta-analysis by Potvin et al. (2012). The systematic review reveals 

that working memory, delayed verbal memory and executive functioning were 

more preserved in younger schizophrenia patients with comorbid AUD compared 

to schizophrenia patients without comorbidity (Thoma et al., 2013).  
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It is hard to determine any distinct feature of alcohol use in schizoaffective 

disorder because all available studies investigating the effects of alcohol on 

cognition in major psychotic disorders have included schizophrenia and 

schizoaffective disorder together due to the difficulties in differentiating 

schizoaffective disorder from schizophrenia (Archibald et al., 2019).  

To the best knowledge of this author, no studies have been found of 

schizophrenia or schizoaffective disorder patients associating cognition with 

different alcohol use patterns other than AUD. 

2.13 Alcohol use and cognition in bipolar disorder  

A systematic literature review of eight studies (1998-2013) has found an 

association between current or past history of comorbid AUD with cognitive 

impairment in bipolar disorder patients, especially in verbal memory and executive 

functioning (Balanzá-Martínez et al., 2015).  

Recent studies addressing this topic have revealed that bipolar disorder patients 

with comorbid AUD had impairments in decision-making (Mellick et al., 2019), 

immediate recall (Cardoso et al.2016), executive control, working memory, 

attention, and cognitive flexibility (Galkin et al., 2020). 

To the best knowledge of this author, no studies have been found of bipolar 

disorder patients associating cognition with different alcohol use patterns other than 

AUD. 

2.14 Cognition and alcohol use  

In general population studies, both AUD and heavy drinking have been found to be 

associated with cognitive impairment (Ros-Cucurull et al., 2018, Piumatti et al., 

2018; Bernardin et al., 2014; Woods et al., 2016; Sabia et al., 2011). Light and 

moderate drinking, on the other hand, have not been found to be associated with 

cognitive impairment. On the contrary, recent studies have found that light and 

moderate drinking are associated with cognitive enhancement (Brennan et al., 2020; 

Rehm et al., 2019; Neafsey et al., 2011).  

2.15 Alcohol use and cognition in the general population  

In general population studies, both AUD and heavy drinking have been found to be 

associated with cognitive impairment, including visual memory deficits (Ros-
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Cucurull et al., 2018, Piumatti et al., 2018; Bernardin et al., 2014; Woods et al., 

2016; Sabia et al., 2011). Heavy episodic drinking has also been found to be 

associated with impaired visual memory in both male and female adolescents 

(Vinader-Caerols et al., 2021).  

A brief review of 29 studies (2003-2013) reveals that acute alcohol mostly 

impaired executive function in the normal population (Day et al., 2015).  

A systematic review of 143 studies (1977-2011) reveals that light to moderate 

alcohol use did not impair cognition in young male and female individuals and was 

associated with reduced risk for cognitive decline in older individuals. It also 

reveals that heavy drinking was associated with increased cognitive risk (Neafsey 

et al., 2011).  

No significant effects of light to moderate use of alcohol on cognition have 

been found among longitudinal cohort studies, case-control studies, or cross-

sectional studies. Moderate to heavy alcohol use was associated with long-term 

cognitive decline in terms of reaction time using body mass index, physical activity, 

tobacco use, socioeconomic status, education, and baseline cognitive function as 

covariates (Piumatti et al., 2018). 

A meta-analysis of 27 cohort studies (2007-2018) reveals that moderate alcohol 

use was associated with improved cognition insignificantly among males and 

slightly among females compared to current nondrinkers (Brennan et al., 2020). 

The eligibility criteria for the included studies represented the general population, 

including special age groups, male or female, people with existing health 

conditions, people using other substances, using at least one of any cognitive 

measures, with a minimum follow-up of six months. Only three studies measured 

alcohol at multiple time points. None of the included studies measured cognitive 

effects of alcohol in the younger age group up to the age of 25. Inconsistent findings 

on dose-response relationship across different studies were reported. Some studies 

did not specify the number of grams of alcohol in a standard drink. 

A systematic review of 28 reviews (2000-2017) reveals that light to moderate 

alcohol use in middle to late adulthood was associated with a decreased risk of 

cognitive impairment and dementia (Rehm et al., 2019).  

2.16 Hazardous drinking PGS and cognition in schizophrenia and 

bipolar disorder  

Different types of alcohol PGS have been used by researchers, such as PGS for 

AUD (Clarke et al., 2016), PGS for the problem sub-scale of the Alcohol Use 



42 

Disorders Identification Test (AUDIT-P) (Johnson et al., 2021), and PGS for drinks 

per week (Chang et al., 2019).  

To the best knowledge of this author, no studies have been found investigating 

the association of hazardous drinking PGS or any other alcohol use measure’s PGS 

with reaction time and visual memory or any other cognitive domain in 

schizophrenia, schizoaffective disorder, and bipolar disorder patients. 

2.17 Gender differences in the cognitive impact of alcohol in 

psychotic disorders and in the general population  

Previous meta-analyses on studies on cognitive impact of alcohol in schizophrenia 

spectrum disorder have shown that gender was a major determining factor for the 

variability of different studies, as most of the studies had to include mostly males 

due to smaller sample sizes (Potvin et al., 2012).  

There are hardly any studies exploring gender differences in the cognitive 

impact of alcohol in bipolar disorder because most study populations have not been 

balanced regarding gender.  

The cognitive impact of alcohol might vary in males and females. Cross-

sectional studies reveal that females perform worse than males in cognitive tasks 

after drinking alcohol (Levine et al., 2022; Zhang et al., 2021; Wardzala 2018; Lyu 

et al., 2014; Stott et al., 2008). Following binge drinking, adolescent girls are more 

prone to develop negative consequences than adolescent boys (Bekman et al., 

2013).  

Sex differences have a complex dynamic role in the development of AUD 

(Flores-Bonilla & Richardson, 2020). It is important to study the effects of alcohol 

on cognition separately in males and females in large samples of the psychotic and 

general populations because most previous studies have lacked the statistical power 

to determine sex-relate differences due to a smaller female sample size (Fama, Le 

& Sullivan 2020). 

2.18 Summary of the literature review  

Cognitive impairment is one specifier in schizophrenia but not in schizoaffective 

disorder or bipolar disorder according to the ICD-11 and DSM-5.  

Substance use disorder is not a criterion for schizophrenia, schizoaffective 

disorder, or bipolar disorder. But substance use is mentioned in the ICD-11 and 

DSM-5 as possible exclusion criteria.  
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Moderate to severe cognitive impairment is a core feature of schizophrenia 

and schizoaffective disorder and a comparatively less severe feature of bipolar 

disorder (Bosia et al., 2018; Stip et al., 2005; Harvey et al., 1997). Patients suffering 

from bipolar disorder manifest cognitive impairment invariably during the manic 

and depressive phase, and less intensely during the euthymic phase (Szmulewicz et 

al., 2015; Vrabie et al., 20115; Roux et al., 2017).  

Individuals with schizophrenia, schizoaffective disorder, and bipolar disorder 

have three times more risk of heavy alcohol use than general population (Hartz et 

al., 2014). Schizophrenia and schizoaffective disorder patients with comorbid AUD 

show significant impairment in working memory, verbal memory, processing speed, 

and executive functioning (Thoma et al., 2013; Potvin et al., 2012).  

Bipolar disorder patients with comorbid AUD show significant impairment in 

working memory, visual memory, verbal memory, processing speed, and executive 

functioning (Balanzá-Martínez et al., 2015). Only a few studies show that cognition 

is not impaired in such comorbidities (Thoma et al., 2013).  

Findings from normal population studies suggest that AUD and heavy alcohol 

use are associated with cognitive decline but light to moderate alcohol use is 

associated with better cognition (Neafsey et al., 2011). The PGS for alcohol 

dependence and the PGS for alcohol consumption have been found to be positively 

associated with alcohol consumption (Chang et al., 2019; Clarke et al., 2016).  

Sex-difference has a dynamic role in the differential effects of alcohol in 

cognition in both psychotic patients and the general population, but this has not 

been studied well earlier because of small female sample sizes (Fama, Le & 

Sullivan 2020).  

To the best knowledge of the author, there exist hardly any studies investigating 

the association of cognition with alcohol use other than AUD in schizophrenia, 

schizoaffective disorder, and bipolar disorder. There are not many studies 

investigating the association of gram per day alcohol use and different types of 

alcohol use with cognition in the normal population. Also, to the knowledge of this 

author, there are barely any studies exploring the association of cognition with 

alcohol use PGS in schizophrenia, schizoaffective disorder, and bipolar disorder.  
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3 Research objectives  

Hypothesis: Alcohol use is associated with impaired cognition in male and female 

psychotic patients and in a middle-aged birth cohort population. 

Purpose of the study: The purpose of the present study was to investigate 

whether hazardous drinking, AUD, and hazardous drinking PGS were associated 

with additional cognitive impairments in terms of reaction time and visual memory 

in persons with schizophrenia, schizoaffective disorder, and bipolar disorder; and 

to investigate whether reported use of alcohol was associated with impairment of 

visual memory cross-sectionally and longitudinally in a middle-aged birth cohort. 

All analyses were conducted separately in males and females. 

The specific research aims were to study: 

3.1 The association of hazardous drinking and alcohol related 

disorder with cognition in persons with schizophrenia and 
schizoaffective disorder (Study I) 

The study I has 2 specific research aims as follow: 

- The association of hazardous drinking with reaction time and visual memory 

in persons with schizophrenia and schizoaffective disorder. 

- The association of alcohol related disorder with reaction time and visual 

memory in persons with schizophrenia and schizoaffective disorder. 

3.2 The association of hazardous drinking and alcohol related 

disorder with cognition in persons with bipolar disorder (Study 

II) 

The study II has 2 specific research aims as follow:  

- The association of hazardous drinking with reaction time and visual memory 

in persons with bipolar disorder. 

- The association of alcohol related disorder with reaction time and visual 

memory in persons with bipolar disorder. 
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3.3 The association of hazardous drinking PGS and cognition in 

persons with schizophrenia, schizoaffective disorder, and 

bipolar disorder (Study III) 

The study III has 3 specific research aims as follow: 

- The association of hazardous drinking PGS with reaction time and visual 

memory in schizophrenia patients. 

- The association of hazardous drinking PGS with reaction time and visual 

memory in schizoaffective disorder patients. 

- The association of hazardous drinking PGS with reaction time and visual 

memory in bipolar disorder patients. 

3.4  The association of reported alcohol use and cognition in a 

middle-aged birth cohort (Study IV) 

The study IV has 4 specific research aims as follow: 

- The association of gram per day alcohol use at 46 years of age with visual 

memory at 46 years of age (Cross-sectional study). 

- The association of gram per day alcohol use at 31 years with visual memory 

at 46 years of age (Longitudinal study 1). 

- The association of changes in gram per day alcohol use from 31 to 46 years 

of age with visual memory at 46 years of age (Longitudinal study 2). 

- The association different types of alcohol use (Beer, wine, and spirits) with 

visual memory. 
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4 Methods  

4.1 Study design 

4.1.1 SUPER study  

The design was cross-sectional with the study population selected from the SUPER 

study (Suomalainen psykoosisairauksien perinnöllisyysmekanismien tutkimus / 

Finnish study for the hereditary mechanisms behind psychotic illnesses) (Cederlöf 

et al., 2022). The SUPER study aimed to collect genotype and phenotype 

information from at least 10,000 Finnish patients suffering from psychotic mental 

illness (Ahti et al., 2022). A DNA sample acquired via phlebotomy (or saliva, if a 

blood sample was not feasible) from all participants went through Whole-Genome 

Sequencing (WGS). The phenotype data was obtained by clinical examination, 

questionnaires, and using register data.  

4.1.2 Northern Finland Birth Cohort 1966, NFBC1966 

The design was both longitudinal and cross-sectional with the study population 

selected from the Northern Finland Birth Cohort 1966 (NFBC1966). The 

NFBC1966 included 12,055 mothers with expected delivery dates between 1 

January and 31 December 1966 from Oulu and Lapland (the two northernmost 

provinces of Finland) (Rantakallio, 1988). Originally 6,168 males and 5,890 

females whose expected year of birth was 1966 were included in this study. 

Information about alcohol consumption, depressive symptoms, background factors, 

and lifestyle were gathered by a postal questionnaire at the baseline in 1997 when 

the participants were 31 years old. The survey was repeated, and the PAL test was 

conducted, at follow-up in 2012–2014 when the participants were 46 years old 

(Nordström et al., 2022).  

4.2 Participants of the SUPER study  

The participants of the present studies I, II and III were part of the 10,417-member 

population of the SUPER study (Super, 2022). The SUPER study is part of the 

international Stanley Global Neuropsychiatric Genomics Initiative, USA (Stanley 

Global, 2021). The SUPER study collected data during the period 2016-2019 from 
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people with a lifetime diagnosis of psychosis in Finland. Voluntary subjects with a 

diagnosis of schizophrenia spectrum psychotic disorder, bipolar I disorder or major 

depressive disorder with psychotic features were recruited from psychiatric 

inpatient and outpatient departments, general health care centres, and supported 

housing. Participants were identified through local healthcare centres throughout 

the country from all levels of healthcare to ensure inclusive sampling. In addition, 

participants were recruited via advertisements in local newspapers. 

No healthy controls were used in the SUPER study reported in Studies I-III. 

4.2.1 Participants for Study I on the association of hazardous 

drinking and cognition in persons with schizophrenia and 
schizoaffective disorder  

Out of the original participants, 6,769 had clinical diagnoses of schizophrenia or 

schizoaffective disorder. Among those, 228 had missing information on alcohol use 

or education. Of the remaining 6,541 participants, 1,435 did not complete the 

cognitive tests or had duplicate test results. Finally, 3,362 participants were 

included after excluding 1,744 who did not live independently (living in supported 

housing, a hospital, or an unknown residence), as alcohol use is restricted in these 

places (Figure 5).  

We did not separate schizophrenia from schizoaffective disorder, as features of 

these two disorders are sometimes overlapping and indistinguishable (Heinrichs et 

al., 2007; Lake & Hurwitz, 2007). The validity of the distinction between 

schizophrenia and schizoaffective disorder has been uncertain since 1933 when the 

term schizoaffective disorder was first introduced by Russian psychiatrist Jacob 

Kasanin (Abrams et al., 2008; Garyfallos, 2008). Cognitive impairment in 

schizoaffective disorder is less intensive than schizophrenia and the two disorders 

are sometimes overlapping and largely indistinguishable on key cognitive measures 

(Hartman et al., 2019; Heinrichs et al., 2008; Lake & Hurwitz, 2007). For this 

reason, we combined these two disorders while studying hazardous drinking, 

alcohol use disorder, and cognition in Study I. 
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Fig. 5. Study I population for the sub-study dealing with the association of hazardous 

drinking and cognition in persons with schizophrenia and schizoaffective disorder. 

(Under CC BY-NC-ND 4.0 license from Publication I © 2021 Authors). 

4.2.2 Participants for Study II on the association of hazardous 

drinking and cognition in persons with bipolar disorder  

Out of the original study population, we included 1,597 with a lifetime diagnosis 

of bipolar disorder and excluded those with a lifetime diagnosis of schizophrenia 

and schizoaffective disorder. Among the included participants, 66 had missing 

information on alcohol use, education, or depression. Of the remaining 1,531 

participants, 1,361 were living independently after excluding hospitalized patients 
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and those living in supported facilities. Finally, 1,259 participants remained after 

excluding those aged 70 years or more. Among them 1,163 participants (423 males, 

740 females) completed the reaction time (RT) test, and 1,048 participants (372 

males, 676 females) completed the paired association learning (PAL) test (Figure 

6). 

Fig. 6. Flow chart showing selection of the Study II population for the sub-study dealing 

with the association of hazardous drinking and cognition in persons with bipolar 

disorder. (Under CC BY-NC-ND 4.0 license from Publication II © 2021 Authors). 
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4.2.3 Participants for Study III on the association of hazardous 

drinking PGS and cognition in persons with schizophrenia, 

schizoaffective disorder, and bipolar disorder  

Out of the original 10,417 study population, we included 5,561 participants with a 

lifetime diagnosis of schizophrenia, schizoaffective or bipolar disorder and 

excluded those aged 70 years and above, not living independently, and missing 

information on alcohol PGS, education or Mental Health Inventory-5 (MHI-5; 

Elovainio et al., 2020). Among the included participants, 2,602 had only a 

schizophrenia/schizoaffective disorder diagnosis, 1,125 had only a bipolar disorder 

diagnosis and 605 had both a schizophrenia/schizoaffective disorder and a bipolar 

disorder diagnosis. Depending on the severity of symptoms, schizophrenia is above 

bipolar disorder in the hierarchy (Yamada et al., 2020; Krueger et al., 2021). 

Considering this hierarchy of severity of illnesses, participants dual-diagnosed with 

schizophrenia/schizoaffective disorder and bipolar disorder were included in the 

schizophrenia/schizoaffective disorder diagnosis group. Among the 

schizophrenia/schizoaffective disorder diagnosis group 2,819 (1,426 males, 1,393 

females) completed the RT test and 2,527 (1,283 males, 1,244 females) completed 

the PAL test. Among the bipolar disorder diagnosis group 1,015 (369 males, 646 

females) completed the RT test and 913 (322 males, 591 females) completed the 

PAL test. Among the combined study population group, 3,850 (1,799 males, 2,051 

females) completed the RT test and 3,440 (1,605 males, 1,835 females) completed 

the PAL test (Figure 7). 

We kept schizophrenia patients and schizoaffective disorder patients separate 

in Study III to determine whether persons with schizophrenia differ from those with 

schizoaffective disorders in terms of genetic liability. 
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Fig. 7. Flow chart showing selection of the Study III population for the sub-study dealing 

with the association of hazardous drinking PGS and cognition in persons with 

schizophrenia, schizoaffective disorder, and bipolar disorder. (Under CC BY-NC-ND 4.0 

license from Publication III © 2021 Authors).  

4.3 Participants of the Northern Finland Birth Cohort 1966, 

NFBC1966  

From the original NFBC1966 study population, we initially selected 5,585 

participants after excluding those who did not participate in the PAL test at the 

follow-up. 
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4.3.1 Participants for Study IV on the association of reported alcohol 

use and cognition in a middle-aged birth cohort   

Study IV comprises three sub-studies: the cross-sectional study exploring the 

association between alcohol use at age 46 and cognition at the age of 46 years, 

longitudinal study 1 exploring the association between alcohol use at age 31 and 

cognition at age 46, and longitudinal study 2 exploring the association between 

change in alcohol use between ages 31 and 46 years and cognition at age 46. 

The cross-sectional study included 4,417, after excluding those with missing 

information on alcohol consumption (N=1,040) and covariates (N=128) at the age 

of 46. 

Longitudinal study 1 included 4,819 participants after excluding those with 

missing information on alcohol consumption (N=692) and covariates (N=74) at the 

age of 31. 

Longitudinal study 2 included 3,957 participants after excluding those with 

missing information on alcohol consumption (N= 1,581) at the age 31 or 46, and 

covariates (N= 47) at the age of 31 (Figure 8). 
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4.4 Exclusion criteria for the studies I-III    

4.4.1 Recruitment exclusions  

These are the exclusion criteria used in the original SUPER study. 

1. Being <18 years (underage). 

2. Being unable to provide informed consent as evaluated by the trained research 

personnel or attending physician. 

4.4.2 Exclusion in the analysis  

These are the exclusion criteria used in the studies I, II and III. 

3. Missing information on age (Studies I-III). 

4. Missing information on age of onset (Study I). 

5. Missing information on education (Studies I-III). 

6. Missing information on household status (Studies I- III). 

7. Missing information on depressive symptoms (Study II). 

8. Missing information on hazardous drinking PGS (Study III). 

9. Being ≥70 years (Studies II & III).  

10. Not living independently (Studies I-III).  

4.5 Exclusion criteria for the study IV   

4.5.1 Recruitment exclusions  

These are the exclusion criteria used in the original NFBC1966 study. 

1. Known to be dead. 

2. Address unknown. 

3. Did not live in Finland on 1 January 2013. 

4.5.2 Exclusion in the analysis  

These are the exclusion criteria used in the study IV. 
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1. Did not complete the PAL test at the age of 46.  

2. Missing information on alcohol use. 

3. Missing information on age. 

4. Missing information on education. 

5. Missing information on marital status. 

6. Missing information on diet. 

7. Missing information on physical activity. 

4.6 Attrition analyses of the studies I-III 

4.6.1 Attrition analyses of the study I on association of hazardous 

drinking (HZD) and AUD with cognition in schizophrenia and 
schizoaffective disorder  

A significantly higher number of male and female schizophrenia and 

schizoaffective disorder patients with AUD were not included in the analysis. Using 

traditional levels of statistical significance (p=0.01 as an indicator of statistical 

significance), the excluded men also had a higher prevalence of hazardous drinking 

(Table 4).  

Table 4. Attrition analysis of the study I: Association of hazardous drinking and alcohol 

use disorder (AUD) with cognition in schizophrenia and schizoaffective disorder. 

Gender Drinking pattern Not included in the analysis Included in the analysis 
 

p-value 

Both genders 6837 3362 
 

 
                                      
                                 HZD 1316 (19.2) 695 (20.7) 

 
0,094 

Male 3432 1711 
 

 

                    HZD 763 (22.2)  435 (25.4)  
 

0,012 

Female 3405 1651 
 

 

                                  HZD 551 (16.2) 261 (15.8) 
 

0,648 

Both genders 7193 3362 
 

 

                     AUD 2039 (28.3) 755 (22.5) 
 

<0.001  

Male 3620 1711 
 

 

                     AUD 1311 (36.2) 499 (29.2) 
 

<0.001  

Female 3573 1651 
 

 

                       AUD  728 (20.4) 256 (15.5) 
 

<0.001  
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4.6.2 Attrition analyses of the study II on the association of 

hazardous drinking (HZD) and AUD with cognition in bipolar disorder  

A significantly higher number of male and female bipolar disorder patients with 

hazardous drinking and female bipolar disorder patients with AUD were dropped 

out (Table 5). 

Table 5. Attrition analysis of Study II: Association of hazardous drinking and alcohol 

use disorder (AUD) with cognition in bipolar disorder. 

Gender Drinking pattern Not included in the analysis Included in the analysis p-value 

Both genders 8833 1259  

                         HZD 1614 (18.3) 388 (30.8) <.001 

Male 4620 466  

                         HZD 1012 (21.9) 179 (38.4) <.001 

Female 4213 793  

                         HZD 602 (14.3) 209 (26.4) <.001 

Both genders 9158 1259  

                         AUD 2402 (26.2)    374 (29.7)  0,01 

Male 4794 466  

                         AUD 1623 (33.9) 178 (38.2) 0,067 

Female 4364 793  

                         AUD 779 (17.9) 196 (24.7)  <0.001  

4.6.3 Attrition analyses of the study III on the association of 

hazardous drinking PGS with cognition in schizophrenia, 

schizoaffective disorder, and bipolar disorder  

There were no significant differences in hazardous drinking PGS between 

participating and dropped-out male or female schizophrenia, schizoaffective 

disorder, and bipolar disorder patients (Table 6). 
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Table 6. Attrition analysis of the study III: Association of hazardous drinking PGS with 

cognition in schizophrenia, schizoaffective disorder, and bipolar disorder. 

Disorder                                    Gender Not included in the analysis, 
PGS 

Included in the analysis, 
PGS 

p-value 

Schizophrenia 
  

                                                               Both  6583, 2649, 
 

 
7.87×10^-7(9.68×10^-7) 7.80×10^-7(9.77×10^-7) 0,781 

                                              Male 3218, 1433, 
 

 
8.06×10^-7(9.79×10^-7) 7.95×10^-7(9.66×10^-7) 0,725 

                                              Female 3365, 1216, 
 

 
7.63×10^-7(9.58×10^-7) 7.63×10^-7(9.96×10^-7) 0,878 

Schizoaffective disorder 
  

                                              Both  8674, 558, 
 

 
7.85×10^-7(9.72×10^-7) 7.75×10^-7(9.63×10^-7) 0,805 

                                              Male 4455, 196, 
 

 
8.04×10^-7(9.73×10^-7) 7.71×10^-7(10.29×10^-

7) 
0,647 

                                              Female 4219, 362, 
 

 
7.66×10^-7(9.72×10^-7) 7.77×10^-7(9.27×10^-7) 0,837 

Bipolar disorder 
  

                                              Both  8107, 1125, 
 

 
7.82×10^-7(9.76×10^-7) 8.03×10^-7(9.38×10^-7) 0,482 

                                              Male 4232, 419, 
 

 
8.04×10^-7(9.80×10^-7) 7.81×10^-7(9.29×10^-7) 0,643 

                                              Female 3875, 706, 
 

 
7.56×10−7(9.72×10−7) 8.17×10^-7(9.44×10^-7) 0,134 

4.7 Attrition analyses of the study IV on the association of reported 

alcohol use and cognition in middle-aged birth cohort    

For longitudinal study 1, dropped-out males used significantly more grams of total 

alcohol and beer per day (Table 7). 
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Table 7. Attrition analysis of the study IV, Longitudinal 1: Alcohol use at the age of 31 

and visual memory at the age of 46. 

Traits by gender Drop out Continue P-value 

Both genders 1294 4819  

     Total alcohol g/d (mean SD) at 31 years 11.67 (21.44) 8.49 (14.08) <.001 

     Beer g/d (mean SD) at 31 years 7.34 (13.91) 5.29 (10.04) <.001 

     Wine g/d (mean SD) at 31 years 1.83 (6.96) 1.54 (4.14) 0.053 

     Light wine g/d (mean SD) at 31 years 0.16 (1.39) 0.13 (0.55) 0.128 

     Spirit g/d (mean SD) at 31 years 2.34 (7.26) 1.54 (4.86) <.001 

Males 678 2066  

     Total alcohol g/d (mean SD) at 31 years 17.24 (26.74) 13.07 (17.72) <.001 

     Beer g/d (mean SD) at 31 years 11.20 (17.38) 8.34 (12.82) <.001 

     Wine g/d (mean SD) at 31 years 0.22 (1.88)   0.10 (0.33) 0.006 

     Light wine g/d (mean SD) at 31 years 0.22 (1.88) 0.10 (0.33) 0.006 

     Spirit g/d (mean SD) at 31 years 3.87 (9.64) 2.88 (6.60) 0.003 

Females 616 2753  

     Total alcohol g/d (mean SD) at 31 years 5.54 (10.38) 5.06 (9.15) 0.250 

     Beer g/d (mean SD) at 31 years 3.08 (6.31) 3.00 (6.41) 0.780 

     Wine g/d (mean SD) at 31 years 1.71 (5.73) 1.37 (3.46) 0.060 

     Light wine g/d (mean SD) at 31 years 0.11 (0.39) 0.15 (0.66) 0,134 

     Spirit g/d (mean SD) at 31 years 0.64 (1.74) 0.53 (2.52) 0.300 

4.8 Diagnoses of psychotic disorders 

The diagnoses of schizophrenia, schizoaffective disorder, and bipolar disorder were 

obtained from the Care Register for Health Care (CRHC), formerly known as the 

Hospital Discharge Register, of the Finnish Institute for Health and Welfare. The 

CRHC is a validated health register controlled by the Finnish Institute for Health 

and Welfare (THL) (Tolonen et al., 2007). 

The diagnoses of schizophrenia spectrum and bipolar disorder in the CRHC 

have been validated previously (Pihlajamaa et al., 2008; Sund, 2012). 

In this study, schizophrenia diagnoses included codes 295 according to ICD-8; 

and ICD-9 and F20 according to ICD-10, schizoaffective disorder diagnoses 

included code 295.7 according to ICD-8; and ICD-9 and F25 according to ICD-10, 

and bipolar disorder diagnoses included both mania and bipolar disorder 

corresponding to the codes 296.1–296.8, 298.10 according to ICD-8; 296.2–296.4, 

296.7A according to ICD-9 and F30 and F31 according to ICD-10. 

In Finland, the International Classification of Disease (ICD) system has been 

used in psychiatric diagnoses, and ICD-8 has been used during 1968–1986, ICD-9 



 

60 

during 1987–1995 and ICD-10 since 1996. During the use of ICD-9 in Finland, the 

DSM-3 R criteria for bipolar disorder and other psychiatric disorders were used. 

So, the collected psychotic patients included those who had a diagnosis during ICD 

19, 9 and 8. The diagnoses were taken as they were in the health care register and 

were classified accordingly. 

4.9 Cognitive assessments 

Processing speed and visual learning are the two cognitive domains affected 

invariably in psychotic illnesses (Randers et al., 2021; Bodapati et al., 2019); hence, 

we selected the Five-Choice Serial Reaction Time Task (5-CRTT) and the Paired 

Associative Learning (PAL) task from the Cambridge Neuropsychological Test 

Automated Battery (CANTAB) for the assessment of reaction time (RT) and visual 

memory, respectively. 

Processing speed and visual learning are the two cognitive domains affected 

invariably in psychotic illnesses (Randers et al., 2021; Bodapati et al., 2019); hence, 

we selected the Five-Choice Serial Reaction Time Task (5-CRTT) and the Paired 

Associative Learning (PAL) task from the Cambridge Neuropsychological Test 

Automated Battery (CANTAB) for the assessment of reaction time (RT) and visual 

memory, respectively. 

Processing speed is more impaired in schizophrenia and schizoaffective 

disorder than in bipolar disorder (Chen et al., 2018). Extreme slowing of the 

reaction time is a characteristic feature of psychotic disorder but not characteristic 

of nonpsychotic affective illness (Schwartz et al., 1989). Visual memory can predict 

anhedonia in schizophrenia (Bodapati et al., 2019). 

These tasks were chosen to produce relevant information on cognition in 

psychotic disorders in the very restricted assessment schedule. The instructions for 

both tests were translated into Finnish. The CANTAB tests were performed before 

venepuncture to avoid malfunction of the arm due to pain or bandaging. The study 

nurses were given standardized instructions on how to guide the study subjects in 

performing the CANTAB test beforehand. It is also noteworthy that PAL test 

performance is associated with global cognition, and it can differentiate patients 

with Alzheimer's Dementia from healthy controls (Hicks et al., 2021). Female 

patients with bipolar disorder have been found to perform better in the PAL test 

compared to males (Tournikioti et al., 2018). A recently published paper analyses 

PAL test data from NFBC1966 (Taivalantti et al., 2020). The PAL test has been 
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found to be a good clinical and treatment-related predictor of cognition in bipolar 

disorder in Finland (Tournikioti et al., 2017).  

The internal consistency and stability of the CANTAB neuropsychological test 

battery including the RT test and PAL test, has been validated by previous studies 

in Finland (Syväoja et al., 2015). 

4.9.1 The RT test 

In the RT test, we used two continuous measurements: the median of the five-choice 

reaction time and the standard deviation (SD) of the five-choice reaction time. The 

median of the five-choice reaction time is the median duration between the onset 

of the stimulus and the release of the button. The standard deviation of the five-

choice reaction time is the standard deviation of the time taken to touch the stimulus 

after the button has been released. Both variables were calculated for correct, 

assessed trials where the stimulus could appear in any of the five locations. 

4.9.2 The PAL test 

In the PAL test we assessed visual memory using the primary outcome variables of 

‘total errors adjusted’ and ‘first trial memory score’. The First Trial Memory Score 

(FTMS) is how many patterns the participant correctly places on the first attempt 

at each problem, while Total Errors (Adjusted) (TEA) reflects how quickly the 

participant learns when they have multiple attempts at each problem.  

In the sub-studies dealing with psychotic patients, for PAL TEA we assessed a 

dichotomized variable because the distribution of the PAL TEA does not follow any 

known distribution with multiple peaks, using data from the NFBC1966 as 

reference data. The NFBC1966 consists of all born with an expected date in 1966. 

The data used in this study consist of a 46-year follow-up when cohort members 

took the PAL test during clinical examination (N = 5608). The scores for total errors 

adjusted of the NFBC66, the 50th percentile (10 error score or less) was used as a 

cut-off for good performance in the PAL test in the recent study, meaning the 

SUPER study population made a better error score than 50% of the NFBC1966 

study population. The PAL FTMS variable was used as a continuous variable. 
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4.10 Diagnoses of AUD  

The diagnoses of AUD were obtained in this study from the CRHC data following 

ICD-8 291, 303, ICD-9 291, 3030, 3050A, ICD-10 F10 during 1969-2018. 

4.11 Screening of hazardous drinking  

Hazardous drinking is a pattern of alcohol consumption that increases the risk of 

harmful consequences for the user or others. Hazardous drinking patterns are of 

public health significance despite the absence of any current disorder in the 

individual alcohol user (Ng Fat et al., 2020, Fujii et al., 2016, Rehm et al., 2003, 

Babor et al., 1994). Modified criteria for hazardous drinking include the daily 

ethanol consumption ≥ 40 g for male or ≥ 20 g for females (Bohn et al., 1995). 

Hazardous drinking was screened using the AUDIT-C questionnaire to assess 

an individual’s alcohol consumption frequency (‘how often do you have a drink 

containing alcohol?’), quantity (‘how many drinks containing alcohol do you have 

on a typical day when you are drinking?’), and bingeing (‘how often do you have 

six or more drinks on one occasion?’). AUDIT-C is derived from the hazardous 

alcohol use domain of the Alcohol Use Disorders Identification Test (AUDIT) 

questionnaire (Frank et al., 2008). It has three questions and is scored on a scale of 

0-12. Each AUDIT-C question has five answer choices valued from 0 points to 4 

points. The valid Finnish version of the AUDIT-C questionnaire (ALKOHOLIN 

KÄYTTÖ) used in our study has been added in the Appendix. 

The AUDIT-C alcohol use questionnaire has been validated in Finland in 

previous studies (Liskola et al., 2021, 2018; Kaarne et al., 2010). Alcohol use was 

assessed for the period of the last 12 months (please see the Appendix).  

One drink (alcohol dose) was also explained along with the questionnaire as 

follow: 

a bottle (33cl) of medium beer or cider or 

a glass (12cl) of mild wine or 

a small glass (8cl) of fortified wine or 

a restaurant serving (4cl) of spirits 

Examples: 

0.5 l pint of medium beer or cider = 1.5 servings 

0.5 l pint of A beer or strong cider = 2 servings 

0.75 l bottle of mild (12%) wine = 6 servings 

0.5 l bottle of spirits = 13 servings 
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Cut-off scores for hazardous drinking using AUDIT-C vary considerably (Sacks et 

al., 2010, Public Health England 2017). In the present study we used the AUDIT-C 

cut-off scores recommended by Finnish National Guidelines; a score of 6 or more 

in males, and 5 or more in females, which has been validated in Finland by previous 

studies (Liskola et al., 2021, 2018; Kaarne et al., 2010). 

We have also used the AUDIT scale as a continuous rather than categorical 

index of alcohol use to examine whether the findings were similar.  

4.12 Polygenic scoring for hazardous drinking  

We used the LDpred_inf.py software for calculating polygenic risk scores using 

GWAS summary statistics as training data, which assumes that there is a proportion 

‘p’ of SNP variants that were causal. The priority was estimated from the SNP 

heritability calculated from the summary stats and the causal fraction specified by 

the user of the program before the calculation.  

The SUPER samples were genotyped with Illumina and Affymetrix arrays 

(Thermo Fisher Scientific, Santa Clara, CA, USA) for 1.3 million single-nucleotide 

polymorphisms (SNPs) augmented by imputed common HapMap (2003) SNPs 

which had been the basis for genome-wide association studies (GWASs) (Reilly et 

al., 2017). Genotype calls were made with Gen-Call and zCall algorithms for 

Illumina and AxiomGT1 algorithm for Affymetrix chip genotyping data. 

Genotyping data produced with previous chip platforms was lifted over to build 

version 38 (GRCh38/hg38) following the protocol described here: 

dx.doi.org/10.17504/protocols.io.nqtddwn. Samples with sex discrepancies, high 

genotype missingness (>5%), excess heterozygosity (+-4SD), and non-Finnish 

ancestry were removed. Variants with high missingness (>2%), deviation from 

HWE (P <1e-6), and low minor allele count (MAC<3) were removed. Pre-phasing 

of genotyped data was performed with Eagle 2.3.5 (https://data.broadinstitute.org/ 

alkesgroup/Eagle/) with the default parameters, except the number of conditioning 

haplotypes was set to 20,000. Imputation was carried out by using the population 

specific SISu v3 imputation reference panel with Beagle 4.1 (version 08Jun17.d8b, 

https://faculty.washington.edu/browning/ beagle/b4_1.html) as described in the 

following protocol: dx.doi.org/10.17504/protocols.io.nmndc5e. A SISu v3 

imputation reference panel was developed using the high-coverage (25-30x) 

whole-genome sequencing data generated at the Broad Institute of MIT and 

Harvard and at the McDonnell Genome Institute at Washington University; and 

jointly processed at the Broad Institute. A variant callset was produced with the 
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GATK HaplotypeCaller algorithm by following GATK best practices for variant 

calling. Genotype-, sample- and variant-wise QC was applied in an iterative manner 

using the Hail framework v0.1 (https://github.com/hail-is/hail). The resulting high-

quality WGS data was phased with Eagle 2.3.5 as described above. Post-imputation 

quality control involved excluding variants with INFO score < 0.7.20 hazardous 

drinking PGSs were derived by weighting the individual SNPs by their effect sizes 

from published GWASs and by polygenic and clinical risk scores and their impact 

on age of onset and prediction of hazardous drinking. 

Individuals with non-European ancestry or obscure sex were excluded. Quality 

control (QC) before phasing and imputation excluded variants with 

missingness >5%, call rate <95%, minor allele count (MAC) <3 (if Zcalled) or 

MAC <10 (if called using Illumina GenCal), INFO <0.8, minor allele frequency 

<0.001%, Hardy-Weinberg equilibrium p-value <1*10-10, and heterozygosity 

exceeding ±4 standard deviations. The QC was performed simultaneously on all 

data. Prior to imputation, the haplotypes were estimated using SHAPEIT2. (1) 

Imputation was done with IMPUTE2 (2) using high-coverage, population-specific 

reference panels of 2690 whole-genome and 5093 whole-exome sequences. For 

imputed SNPs, the association analysis was a logistic regression of disease state on 

the expected fractional allele dosage, with seven dummy variables representing the 

eight strata entered as covariates. The Wald statistic for the dosage coefficient was 

the primary test statistic. We followed the protocol described in Kiiskinen et al. 

(2020) and Vilhjálmsson et al. (2015). 

4.13 Assessment of reported alcohol use in the NFBC1966 

Alcohol use was measured by questionnaire at the ages of 31 and of 46. The items 

included questions on frequency and amount of different alcohol types (mild drinks, 

wine, spirits) separately. 

4.13.1 Calculation of gram per day alcohol use  

Gram per day alcohol use by the participants was assessed by forming the following 

variables: Intake of total alcohol in grams of 100% alcohol per day, intake of beer 

in grams per day, intake of wine in grams per day, and intake of spirit in grams per 

day. We assumed one bottle of mild drink to contain one standard unit of alcohol 

(=12 g of ethanol), wine to contain 13% alcohol, and spirits to contain 38% alcohol 

(Hobin et al., 2018; Kerr et al., 2012). From the questionnaire answers, daily 



 

65 

consumption of ethanol was calculated by multiplying the typical frequency of use 

by quantity, and participants were classified into classes describing their alcohol 

use at both the age of 31 and 46 years. 

4.13.2 Frequency of use of beer, wine, spirits 

The frequency of alcohol use was measured on a 10-point scale (1 drinking never 

and 10 drinking daily). For the frequency of drinking light drinks, wine, or spirits, 

the cut-off was weekly drinking (drinking less frequently than once a week vs. 

drinking weekly or more frequently).  

4.13.3 Amount of use of beer, wine, spirits  

Quantities consumed on a typical occasion were asked separately for all three 

beverage types: mild drinks in the number of 0.33 l bottles; wine in the number of 

glasses (=12 cl) or 0.75 l bottles; and spirits in the number of 4 cl shots or 0.5 l 

bottles. The mild drink quantity was measured on a 9-point scale (1 drinking none 

and 9 drinking 15 bottles or more), and for wines and spirits, the typical quantity 

was measured similarly. The cut off point for the amount usually used when 

drinking for light drinks was 6 bottles (fewer than 6 bottles vs. 6 bottles or more), 

and for wines, one bottle (less than one bottle of wine vs. a bottle of wine or more), 

and for spirits six drinks (fewer than six drinks vs. six drinks or more). 

4.14 Covariates used in the studies I-IV 

Age, age of onset, education, household pattern (marital status), depressive 

symptoms, diet, and physical exercise were used as covariates.  

In Studies I-III (studies using the SUPER data), age, age of onset, education, 

household pattern and depressive symptoms were used as covariates differently in 

different studies.  

In Study IV (Study using NFBC1966 data), age, education, marital status, diet, 

and physical activity were used as covariates. 

4.14.1 Age 

Cognition is negatively associated with increased age in healthy populations 

(Andersson et al., 2019) and debatably in alcohol users (Strandberg et al., 2018). 
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The age of the participants was calculated using participation date and year of birth 

of the participant. Age was used as a continuous variable in Studies I-III. 

4.14.2 Age of onset 

The earlier the schizophrenia development, the more severe the illness in terms of 

the disease pattern and cognitive decline (Bora et al., 2015; Frangou et al., 2010). 

The data for age at first psychotic episode was obtained from the CRHC. We used 

the age of first psychotic episode as a continuous variable in Study I on the 

association of hazardous drinking and alcohol related disorder with cognition in 

persons with schizophrenia and schizoaffective disorder and the association of 

hazardous drinking PGS and cognition in persons with schizophrenia, 

schizoaffective, and bipolar disorder. 

4.14.3 Household status (marital status) 

Household pattern, especially living without a spouse, might affect cognition 

(Andersson et al., 2019; Donovan et al., 2016), and thus we considered household 

patterns (marital status) as a covariate for all the sub-studies.  

The questions and possible answers addressing household patterns for the 

participants of Studies I-III were: ‘What is your living style?’ (1 = Alone, 2 = With 

children without spouse, 3 = With parents or siblings, 4 = With spouse, 5 = With 

spouse and children). During the analysis, we combined classes 1, 2 and 3 as 

‘Without spouse’, and classes 4 and 5 as ‘With spouse’. 

The questions and possible answers addressing marital status for the 

participants of Study IV were: ‘What is your relationship status?’ (Married since, 

cohabiting since, single, legal separation or divorced since, widowed since). During 

the analysis we combined ‘married’ and ‘cohabiting’ as ‘In a relationship’, and 

‘single’, ‘legal separation or divorced’ and ‘widowed’ as ‘Not in a relationship’ 

4.14.4 Education 

Education is strongly associated with cognitive functioning (Gross et al., 2015; 

Krahn et al., 2003). We used education as a covariate in all the sub-studies. 

The questions and possible answers addressing education for the participants 

of Studies I-III were: ‘What is your basic education?’ (1= less than primary school, 

2= matriculation examination, 3= middle school, 4= part of general upper 
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secondary school or general upper secondary education certificate, 5= part of a 

middle school or primary school less than 9 years, 6= primary school, 7= Four-year 

elementary school). During the analysis we combined classes 1, 3, 4, 5, 6 and 7 as 

‘No matriculation examination’ versus class 2 (‘Matriculation examination’). 

The questions and possible answers addressing education for the participants 

of Study IV were: ‘What is your basic education?’ (Less than 9 years of basic school, 

9 years of basic school, matriculation examination). During the analysis, we 

combined ‘less than 9 years of basic school’ and ‘9 years of basic school’ as ‘No 

matriculation examination’. 

4.14.5 Depressive symptoms 

Depressive symptoms might be associated with poorer cognitive performance in 

bipolar disorder (Roux et al., 2017), hence we considered depression as a covariate 

in Study II while studying the association of alcohol use and cognition in bipolar 

disorder patients. We used the five-item Mental Health Inventory-5 (MHI-5) to 

detect depressive symptoms. MHI-5 includes both depressive and anxiety 

symptoms, but we regarded this method as a method for screening for depressive 

symptoms. In the analysis, MHI-5 was dichotomized. We used a ≤72 cut-off score 

for depression, meaning that participants scoring 72 or less in MHI-5 were 

considered to have depressive symptoms and participants scoring more than 72 

were considered to have no depressive symptoms. The same cut-off was also used 

in a recent population-based study in Finland (Elovainio et al., 2020). As part of 

the General Health Questionnaire (GHQ), MHI-5 was validated earlier by other 

researchers in Finland (Holi et al., 2003). 

4.14.6 Diet 

Diet might be associated with cognitive functioning (Więckowska-Gacek et al., 

2021; Davidson et al., 2014; Kanoski and Davidson, 2011). Diet was used as a 

covariate in Study IV. Diet was categorized as: ‘Healthy (Consuming vegetable, 

roots and salad 3 times per week or more)’ and ‘Unhealthy’ (Consuming vegetable, 

roots and salad 2 times per week or less)’. 
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4.14.7 Physical activity 

Baseline physical activity might (Luo et al., 2021; Krakovska et al., 2021; Gaertner 

et al., 2018; Lo et al., 2014) or might not (Wu et al., 2021; Elovainio et al., 2009) 

be associated with follow-up cognition. Physical activity was used as a covariate in 

Study IV. Physical activity was categorized as: ‘Active (1 hour or more brisk 

physical activity at a time causing at least some breathlessness and sweating)’ and 

‘Inactive’ (Less than 1 hour of brisk physical activity at a time causing at least some 

breathlessness and sweating)’. 

4.15 Statistical methods  

4.15.1 Association between reported alcohol use and cognition in 

Studies I-II 

We evaluated the association between cognition and alcohol use by using four 

different cognition variables: median and standard deviation of RT, PAL FTMS, 

and PAL TEA. The association between the RT test and alcohol use was analysed 

using log-linear regression, and eβ with 95% confidence intervals (CI) were 

reported.  

The association between the PAL FTMS test and alcohol use was analysed 

using linear regression, and β with 95% CI were reported. The association between 

PAL TEA and alcohol use was analysed using logistic regression, and odds ratios 

(OR) with 95% CI were reported. 

All continuous variables used in these models were normalized using z-scores. 

We assessed crude models and models adjusted for age, education, household 

pattern, age of first psychotic episode, and depressive symptoms for different parts 

of our study. 

4.15.2 Association between hazardous drinking PGS and cognition 

in Study III 

Hazardous drinking PGS was constructed using European ancestry discovery 

samples by obtaining weights from summary statistics from a recently published 

large-scale GWAS meta-analysis on alcohol consumption (Liu et al., 2019) and was 

tested in the Finnish population. The correlation between hazardous drinking PGS 

and hazardous drinking was calculated using a point-biserial correlation. The 
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predictive performance of the hazardous drinking PGS was evaluated based on the 

Cox model trained in the FINRISK (Finnish population survey on risk factors on 

chronic, noncommunicable diseases) cohort. 

All the analyses were conducted separately for males and females. Previous 

studies have shown gender differences in selective cognitive test performances 

(Voyer et al., 2017; Herlitz et al., 2016). Effect size measures were also calculated; 

R2 in linear regression and Cohen’s d measurement in logistic regression were 

reported. 

4.15.3 Association between gram per day alcohol consumption and 

cognition in Study IV 

We evaluated the association between cognition and gram per day alcohol use using 

two different cognition variables: PAL FTMS and PAL TEA. The association 

between the PAL FTMS test and alcohol use was analysed using linear regression, 

and β with 95% CI was reported. The association between PAL TEA and alcohol 

use was analysed using logistic regression, and odds ratios (OR) with 95% CI were 

reported.   

All continuous variables used in these models were normalized using z-scores. 

All the analyses were conducted separately for males and females. We assessed 

crude models and models adjusted for sex, education, relationship status, diet, and 

physical activity. 

While analysing the NFBC1966 data, we considered a <0.01 p-value as 

statistically significant, as there were so many comparisons. 
  



 

70 

 



 

71 

5 Results 

5.1 Association of hazardous drinking and AUD with cognition in 

psychotic patients (Study I and II) 

5.1.1 Background factors 

Among schizophrenia patients more than half were males and the mean age of onset 

was about 27 years. Among bipolar disorder patients three-fifths were females and 

more than two-thirds of males and females had depressive symptoms. Both in 

schizophrenia and bipolar disorder, the average age was about 45 years, more 

females had higher basic education and were living with their spouses compared to 

males, and more males had hazardous drinking and AUD compared to females. 

Most of the patients were on psychotropic medication (Table 8).  

Table 8. Background factors and alcohol use patterns in schizophrenia, schizoaffective 

disorder, and bipolar disorder. 

Background factors Schizophrenia and schizoaffective 

disorder 

 Bipolar disorder 

Male Female Male Female 

N 1711 1651  466 793 

Age (mean (SD))  44.5 (12.8)  46.3 (13.2)  45.35 (13.05) 44.37 (12.74) 

Education      

      No matriculation (%)  1191 (69.6)  981 (59.4)  309 (66.3) 436 (55.0) 

      Matriculation (%)   520 (30.4) 670 (40.6)  157 (33.7) 357 (45.0) 

Age of first psychotic episode 

(mean (SD)) 

26.84 (8.25)  28.01 (9.51)  -  -  

Household patterns      

      With spouse (%)  200 (11.7) 441 (26.7)  172 (36.9) 341 (43.0) 

      Without spouse (%)   1511 (88.3)   1210 (73.3)  294 (63.1) 452 (57.0) 

Depression Ω      

      Depressed (%) - -  331 (71.0) 583 (73.5) 

      Not depressed (%) -   -  135 (29.0) 210 (26.5) 

Current psychotropic 

medications 

     

      No (%) 42 (2.45) 33 (2.00)  27 (5.8) 36 (4.5) 

      Yes (%)  1668 (97.49) 1614 (97.76)  439 (94.2) 756 (95.3) 

      Missing (%) 1 (0.06) 4 (0.24)  0 (0.0) 2 (0.2) 

Hazardous drinking*      
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Background factors Schizophrenia and schizoaffective 

disorder 

 Bipolar disorder 

Male Female Male Female 

      No (%) 1276 (74.6)   1390 (84.2)   287 (61.6) 584 (73.6) 

      Yes (%)  435 (25.4)  261 (15.8)  179 (38.4) 209 (26.4) 

AUD      

      No (%) 1212 (70.8) 1395 (84.5)  288 (61.8) 597 (75.3) 

      Yes (%) 499 (29.2) 256 (15.5)  178 (38.2) 196 (24.7) 

SD = Standard deviation.  

Ω MHI-5 cut-off score for depression was ≤72.  

* AUDIT-C cut-off scores for hazardous drinking were ≥6 for males and ≥5 for females. 

5.1.2 Association of hazardous drinking and AUD with reaction time 

and visual memory in patients with schizophrenia, 

schizoaffective, and bipolar disorder (Studies I and II) 

Hazardous drinking was associated with less median reaction time in female and 

less variable reaction time in male schizophrenia and schizoaffective disorder 

patients after adjustment for age, education, household patterns, and age of onset 

(Table 9). There was no association of hazardous drinking with visual memory in 

male or female schizophrenia or schizoaffective disorder patients (Table 10). 

Table 9. Association of hazardous drinking with reaction time in schizophrenia and 

schizoaffective disorder. 

Gender Five-Choice Reaction Time * Median  Five-Choice Reaction Time * SD  

 OR (95% CI) c p-value OR (95% CI) a p-value  OR (95% CI) c p-value OR (95% CI) a p-value 

Male 0.97  

(0.95–0.99) 

0.002 0.99  

(0.97–1.01) 

0.379  .86  

(0.81–0.91) 

<001 0.93  

(0.88–0.98) 

0.008 

Female 0.94  

(0.92–0.97) 

<0.001 0.97  

(0.95–0.99) 

0.016  0.89  

(0.83–0.96) 

0.002 0.99  

(0.92–1.06) 

0.760 

SD =Standard deviation. 

OR = Odd ratio. 

CI = Confidence interval  

c Crude. 
a Adjusted for age, education, household patterns, and age at the time of the first psychotic episode. 

* Analysed with log-linear regression. 
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Table 10. Association of hazardous drinking with visual memory in schizophrenia and 

schizoaffective disorder. 

Gender PAL first trial memory score **  PAL total errors adjusted score **  

 OR (95% CI) c p-value OR (95% CI) a p-value  OR (95% CI) c p-value OR (95% CI) a p-value 

Male 1.76  

(1.13–2.66) 

0.001 1.24  

(0.74–2.02) 

0.399  0.56  

(0.43–0.73) 

<0.001 0.92  

(0.67–1.28) 

0.253 

Female 1.58  

(0.95–2.52) 

0.064 1.02  

(0.60–1.71) 

0.893  0.58  

(0.43–0.80) 

<0.001 0.97  

(0.75–1.34) 

0.743 

SD =Standard deviation. 

CI = Confidence interval. 

OR = Odd ratio. 
c Crude. 
a Adjusted for age, education, household patterns, and age at the time of the first psychotic episode. 

** Analysed with logistic regression. 

We also explored the association of alcohol use and cognition using AUDIT-C 

scores as a continuous variable instead of using any cut-off and found no significant 

association after adjustment (Table 11-12). 

Table 11. Association of AUDIT-C score with reaction time in schizophrenia and 

schizoaffective disorder. 

Gender Five-Choice Reaction Time Median  Five-Choice Reaction Time SD  

 eβ (95% CI) c p-value eβ (95% CI) a p-value  eβ (95% CI) c p-value eβ (95% CI) a p-value 

Male 0.98  

(0.97–0.99) 
<.001 

0.99  

(0.98–1.00) 
0.066 

 0.95  

(0.92–0.97) 

<.001 0.97  

(0.95–1.00) 

0.073 

Female 0.98  

(0.97–0.99) 

<.001 0.99  

(0.97–0.99) 

0.015  0.94  

(0.91–0.97) 

<.001 0.98  

(0.95–1.01) 

0.182 

SD =Standard deviation. 

CI = Confidence interval. 

OR = Odds ratio. 

c Crude. 
a Adjusted for age, education, household patterns, and age at the time of the first psychotic episode. 

There was no association between AUD and reaction time in male or female 

schizophrenia and schizoaffective disorder patients (Table 13). 

Females with AUD performed worse in the PAL test than those without AUD 

(OR = 1.34; 95% CI, 1.02–1.93) (Table 14). 
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Table 12. Association of AUDIT-C score with visual memory in schizophrenia and 

schizoaffective disorder. 

Gender PAL first trial memory score  PAL total errors adjusted score  

 OR (95% CI) c p-value OR (95% CI) a p-value  OR (95% CI) c p-value OR (95% CI) a p-value 

Male          

 1.10  

(1.02–1.18) 

0.011 1.08  

(0.99–1.17) 

0.071  0.95  

(0.91–1.00) 

0.047 0.98  

(0.93–1.04) 

0.525 

Female          

 1.04  

(0.94–1.14) 

0.441 0.98  

(0.87–1.08) 

0.658  0.94  

(0.89–0.99) 

0.024 1.00  

(0.94–1.06) 

0.922 

SD =Standard deviation. 

CI = Confidence interval.  

OR = Odds ratio. 

c Crude. 
a Adjusted for age, education, household patterns, and age at the time of the first psychotic episode. 

Table 13. Association of AUD with reaction time in schizophrenia and schizoaffective 

disorder. 

Gender Five-Choice Reaction Time * Median  Five-Choice Reaction Time * SD  

 OR (95% CI) c p-value OR (95% CI) a p-value  OR (95% CI) c p-value OR (95% CI) a p-value 

Male 1.01  

(0.99–1.02) 

0.545 1.00  

(0.99–1.02) 

0.871  1.02  

(0.96–1.08) 

0.482 1.00  

(0.95–1.06) 

0.899 

Female 0.94  

(0.92–0.97) 

<0.001 0.97  

(0.95–0.99) 

0.016  0.89  

(0.83–0.96) 

0.002 0.99  

(0.92–1.06) 

0.760 

SD =Standard deviation. 

OR = Odd ratio. 

CI = Confidence interval  

c Crude. 
a Adjusted for age, education, household patterns, and age at the time of the first psychotic episode. 

* Analysed with log-linear regression. 

Table 14. Association of AUD with visual memory in schizophrenia and schizoaffective 

disorder. 

Gender PAL first trial memory score **  PAL total errors adjusted score **  

 OR (95% CI) c p-value OR (95% CI) a p-value  OR (95% CI) c p-value OR (95% CI) a p-value 

Male 0.71  

(0.45–1.09) 

0.131 0.83  

(0.46–1.45) 

0.543  1.36  

(1.05–1.77) 

0.021 1.18  

(0.84–1.67) 

0.358 

Female 0.53  

(0.28–0.94) 

0.043 0.62  

(0.29–1.17) 

0.102  1.57  

(1.13–2.22) 

0.009 1.34  

(1.02–1.93) 

0.048 

SD =Standard deviation. 
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Gender PAL first trial memory score **  PAL total errors adjusted score **  

CI = Confidence interval. 

OR = Odd ratio. 
c Crude. 
a Adjusted for age, education, household patterns, and age at the time of the first psychotic episode. 

** Analysed with logistic regression. 

Hazardous drinking was associated with lower median reaction time in males and 

females and with less variable reaction time in female bipolar disorder patients after 

adjustment for age, education, household patterns, and depression (Table 15).  

There was no association between hazardous drinking and visual memory in 

male or female bipolar disorder patients (Table 16). 

Table 15. Association of hazardous drinking ψ with reaction time in bipolar disorder. 

Gender Five-Choice Reaction Time * Median  Five-Choice Reaction Time * SD  

 eβ (95% CI) c p-value eβ (95% CI) a p-value  eβ (95% CI) c p-value eβ (95% CI) a p-value 

Male 0.76  

(0.62, 0.92) 

0.005 0.83  

(0.69, 1.00) 

0.047  0.79  

(0.65–0.96) 

0.021 0.88 (0.73–

1.07) 

0.203 

Female 0.77  

(0.67, 0.90) 

0.001 0.82  

(0.71, 0.95) 

0.008  0.76  

(0.66, 0.89) 

<0.001 0.85  

(0.73, 0.98) 

0.027 

SD =Standard deviation. 

CI = Confidence interval  

c Crude. 
a Adjusted for age, household pattern, depressive symptoms and education. 

* Analysed with log-linear regression. 

Table 16. Association of hazardous drinking ψ with visual memory in bipolar disorder. 

Gender PAL first trial memory score  PAL total errors adjusted score  

 β (95% CI) c p-value β (95% CI) a p-value  β (95% CI) c p-value β (95% CI) a p-value 

Male          

 0.05  

(−0.17, 0.27) 

0.643 −0.07  

(−0.26, 0.12) 

0.471  0.93  

(0.59, 1.48) 

0.775 0.68  

(0.40, 1.14) 

0.144 

Female          

 0.12  

(−0.04, 0.28) 

0.153 0.01  

(−0.14, 0.16) 

0.918  1.17  

(0.81, 1.67) 

0.405 0.97  

(0.66, 1.42) 

0.882 

SD =Standard deviation. 

CI = Confidence interval.  

c Crude. 
a Adjusted for age, household pattern, depressive symptoms and education. 
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We also explored the association of alcohol use and cognition using AUDIT-C 

scores as a continuous variable instead of using any cut-off and did not find any 

association (Table 17-18). 

Table 17. Association of AUDIT-C score with reaction time in bipolar disorder. 

Gender Five-Choice Reaction Time Median  Five-Choice Reaction Time SD  

 eβ (95% CI) c p-value eβ (95% CI) a p-value  eβ (95% CI) c p-value eβ (95% CI) a p-value 

Male 0.88    

(0.80–0.97) 

0.014 0.93    

(0.84–1.02) 

0.120  0.91    

(0.82–1.01) 

0.085 0.98    

(0.89–1.08) 

0.653 

Female 0.90    

(0.83–0.98) 

0.019 0.94    

(0.86–1.02) 

0.132  0.88    

(0.81–0.96) 

0.003 0.93    

(0.86–1.01) 

0.081 

SD =Standard deviation. 

CI = Confidence interval. 

c Crude. 
a Adjusted for age, household pattern, depression and education. 

Table 18. Association of AUDIT-C score with visual memory in bipolar disorder. 

Gender PAL first trial memory score **  PAL total errors adjusted score **  

 OR (95% CI) c p-value OR (95% CI) 
a 

p-value  OR (95% CI) c p-value OR (95% CI) a p-value 

Male 0.11  

(0.00–0.22) 

0.045 0.03  

(-0.07–0.13) 

0.596  1.00 

(0.79–1.27) 

0.974 0.79  

(0.59–1.04) 

0.104 

Female 0.07  

(-0.02–0.17) 

0.127 0.02  

(-0.07–0.11) 

0.636  1.11  

(0.90–1.36) 

0.335 1.02  

(0.82–1.27) 

0.832 

SD =Standard deviation. 

CI = Confidence interval. 

OR = Odd ratio. 
c Crude. 
a Adjusted for age, household pattern, depression and education. 

** Analysed with logistic regression. 

There was no association between AUD and reaction time in male or female bipolar 

disorder patients (Table 19). AUD was associated with more errors in visual 

memory in female bipolar disorder patients after adjustment for age, household 

pattern, depressive symptoms, and education (Table 20). 
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Table 19. Association of AUD with reaction time in bipolar disorder. 

Gender Five-Choice Reaction Time * Median  Five-Choice Reaction Time * SD  

 eβ (95% CI) c p-value eβ (95% CI) a p-value  eβ (95% CI) c p-value eβ (95% CI) a p-value 

Male 1.18  

(0.97, 1.44) 

0.091 1.01  

(0.83, 1.23) 

0.917  1.13  

(0.92, 1.38) 

0.254 0.92  

(0.76, 1.12) 

0.395 

Female 1.05  

(0.90, 1.23) 

0.496 1.03  

(0.89, 1.20) 

0.707  1.03  

(0.88, 1.21) 

0.680 1.02  

(0.88, 1.18) 

0.83 

SD =Standard deviation. 

OR = Odd ratio. 

CI = Confidence interval  

c Crude. 
a Adjusted for age, household pattern, depressive symptoms and education. 

* Analysed with log-linear regression. 

Table 20. Association of AUD with visual memory in bipolar disorder. 

Gender PAL first trial memory score **  PAL total errors adjusted score **  

 β (95% CI) c p-value β (95% CI) a p-value  β (95% CI) c p-value β (95% CI) a p-value 

Male −0.27  

(−0.50, −0.06) 

0.012 −0.06 

(−0.26,0.14) 

0.558  0.57  

(0.34, 0.93) 

0.028 0.81  

(0.46, 1.24) 

0.473 

Female −0.15  

(−0.32, 0.02) 

0.085 −0.10 

(−0.25, 0.06) 

0.225  0.51  

(0.34, 0.77) 

0.002 0.53  

(0.34, 0.81) 

0.004 

SD =Standard deviation. 

CI = Confidence interval. 

c Crude. 
a Adjusted for age, household pattern, depressive symptoms and education. 

** Analysed with logistic regression. 

5.2 Association of hazardous drinking PGS with cognition in 

psychotic patients (Study III) 

5.2.1 Background factors 

Among schizophrenia patients, more than half were males, among schizoaffective 

disorder patients two-thirds were females and among bipolar disorder patients 

three-fifths were females. The average age and age of onset were 45 years and 27 

years for schizophrenia, 42 years and 30 years for schizoaffective disorder, and 45 

years and 36 years for bipolar disorder patients, respectively. Among all patient 

groups, more females had higher basic education and were living with their spouses 
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compared to males. Two-thirds of all patients had depressive symptoms. Most of 

the patients were on psychotropic medication (Table 21). 

Table 21. Background factors and hazardous drinking PGS in schizophrenia, 

schizoaffective disorder, and bipolar disorder. 

Background factor Schizophrenia   Schizoaffective disorder  Bipolar disorder 

Male Female Male Female Male Female 

N 1433 1216  196 362  419 706 

Age (mean) 44.75 46.76  41.53 42.72  45.38 44.41 

Age of onset 

(mean) 

26.37  27.07   29.52 30.01   36.78   36.05 

Completing 

matriculation 

examination (%) 

423 (29.5) 474 (39.0)  84 (42.9) 167 (46.1)  143 (34.1) 

324 (45.9) 

Living with spouse 

(%) 

145 (10.1) 297 (24.4)  40 (20.4) 126 (34.8)  152 (36.3) 302 (42.8) 

Having depressive 

symptoms Ω (%) 

913 (63.7) 790 (65.0)  140 (71.4) 247 (68.2)  295 (70.4) 520 (73.7) 

Currently on 

psychotropic 

medications (%) 

1403 (97.9) 1194 (98.2)  190 (96.9) 353 (97.5)  397 (94.7) 671 (95.0) 

 Antipsychotics 

(%) 

1365 (95.3) 1141 (93.8)  185 (94.4) 336 (92.8)  345 (82.3) 557 (78.9) 

            

  Benzodiazepines 

(%) 

354 (24.7) 318 (26.2)  56 (28.6) 107 (29.6)  100 (23.9) 196 (27.8) 

        

  Antidepressants 

(%) 

483 (33.7) 427 (35.1)  69 (35.2) 148 (40.9)  124 (29.6) 297 (42.1) 

      Mood 

stabilizer (%) 

222 (15.5) 241 (19.8)  82 (41.8) 111 (30.7)  198 (47.3) 263 (37.3) 

Hazardous 

drinking PGS 

(mean (SD)) 

7.95 × 10−7 

(9.66 × 

10−7) 

7.63 × 10−7 

(9.96 × 

10−7) 

 7.71 × 10−7 

(10.29 × 

10−7) 

7.77 × 10−7 

(9.27 × 

10−7) 

 7.81 × 10−7 

(9.29 × 

10−7) 

8.17 × 10−7 

(9.44 × 

10−7) 

SD = Standard deviation.  
Ω MHI-5 cut-off score for depression was ≤72.  
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5.2.2 Association of hazardous drinking PGS with reaction time and 

visual memory in schizophrenia, schizoaffective disorder, and 

bipolar disorder 

There was no association of hazardous drinking PGS with reaction time and visual 

memory in schizophrenia, schizoaffective disorder, and bipolar disorder (Tables 22-

24). 

Table 22. Association of hazardous drinking PGS with reaction time and visual memory 

in schizophrenia. 

Test Male p-value        R2 Female        p-value   R2 

RT test Median eβ (95% CI) 

 
 eβ (95% CI) 

 

 

Crude 0.97 (0.93, 1.02) 0.212 0.00 1.00 (0.94, 1.05) 0.883 0.00 

Adjusted 0.97 (0.93, 1.02) 0.260 0.08 0.99 (0.94, 1.04) 0.599 0.08 

RT test SD 

  

 

  

 

Crude 1.00 (0.95, 1.04) 0.856       0.00 1.00 (0.95, 1.06) 0.931 0.00 

Adjusted 1.00 (0.95, 1.05) 0.968 0.10 0.99 (0.95, 1.04) 0.685 0.10 

PAL FTMS β (95% CI) 

 

 β (95% CI) 

 

 

Crude 0.04 (-0.02, 0.09) 0.121 0.00 -0.05 (-0.11, 0.01) 0.089 0.00 

Adjusted  0.04 (-0.01, 0.09) 0.155 0.17 -0.03 (-0.09, 0.02) 0.214 0.18 

PAL TEAS OR (95% CI)  Cohens’ D OR (95% CI)  Cohens’ D 

Crude 1.02 (0.87–1.20) 0.828 0.01 0.90 (0.77, 1.05) 0.190 0.11 

Adjusted 1.02 (0.86–1.21) 0.829  0.93 (0.78, 1.11) 0.429  

Adjusted for age, age of onset, education, household pattern and depressive symptoms. R2= Effect size 

measures for (simple and multiple) linear regression models. SD= Standard deviation. OR= Odd ratio. 

CI= Confidence interval. RT= Reaction time. PAL= Paired association learning. FTMS= First trial memory 

score. TEAS= Total error adjusted score. 
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Table 23. Association of hazardous drinking PGS with reaction time and visual memory 

in schizoaffective disorder. 

Test Male p-value R2 Female p-value R2 

RT test 

Median 
eβ (95% CI) 

  eβ (95% CI) 
 

 

  Crude 0.94 (0.83, 1.07) 0.356    0.00 0.93 (0.85, 1.02) 0.117 0.00 

  Adjusted 0.93 (0.82, 1.05) 0.228      0.07 0.94 (0.86, 1.02) 0.129 0.09 

RT test SD 
  

 
  

 

  Crude 1.08 (0.94, 1.24) 0.259    0.00 0.96 (0.88, 1.04) 0.266 0.00 

  Adjusted 1.07 (0.94, 1.21) 0.328    0.10 0.96 (0.89, 1.04) 0.298 0.09 

PAL FTMS β (95% CI) 
 

 β (95% CI) 
 

 

  Crude -0.10 (-0.24, 0.04) 0.143    0.01 0.08 (-0.03, 0.20) 0.163 0.00 

  Adjusted -0.09 (-0.21, 0.03) 0.155    0.28 0.06 (-0.05, 0.17) 0.300 0.11 

PAL TEAS OR (95% CI)  Cohens’ D OR (95% CI)  Cohens’ D 

  Crude 0.82 (0.58, 1.15) 0.256    0.21 1.10 (0.84, 1.46) 0.492 0.01 

  Adjusted 0.85 (0.56, 1.29) 0.456  1.06 (0.79, 1.43) 0.698  

Adjusted for age, age of onset, education, household pattern and depressive symptoms. R2= Effect size 

measures for (simple and multiple) linear regression models. SD= Standard deviation. OR= Odd ratio. 

CI= Confidence interval. RT= Reaction time. PAL= Paired association learning. FTMS= First trial 

memory score. TEAS= Total error adjusted score. 
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Table 24. Association of hazardous drinking PGS with reaction time and visual memory 

in bipolar disorder. 

Test Male p-value R2 Female p-value R2 

RT test eβ (95% CI) 
  eβ (95% CI) 

 
 

Median 
  

 
  

 

  Crude 1.01 (0.92, 1.10) 0.872 0.00 1.04 (0.98, 1.10) 0.186 0.00 

  Adjusted 0.99 (0.91, 1.07) 0.781 0.11 1.04 (0.98, 1.10) 0.208 0.06 

RT test SD 
  

 
  

 

  Crude 1.00 (0.91, 1.10) 0.981 0.00 1.02 (0.95, 1.08) 0.649 0.00 

  Adjusted 0.99 (0.91, 1.07) 0.745 0.15 0.99 (0.94, 1.05) 0.773 0.13 

PAL FTMS β (95% CI) 
 

 β (95% CI) 
 

 

  Crude -0.03 (-0.15, 0.08) 0.562 0.00 -0.01 (-0.08, 0.07) 0.820 0.00 

  Adjusted -0.02 (-0.12, 0.08) 0.679 0.24 0.00 (-0.06, 0.07) 0.935 0.17 

PAL TEAS OR (95% CI)  Cohens’ D OR (95% CI)  Cohens’ D 

  Crude 0.93 (0.72, 1.21) 0.590 0.10 0.99 (0.83, 1.19) 0.890 0.01 

  Adjusted 0.96 (0.71, 1.28) 0.758  1.01 (0.83, 1.21) 0.956  

Adjusted for age, age of onset, education, household pattern and depressive symptoms. R2= Effect size 

measures for (simple and multiple) linear regression models. SD= Standard deviation. OR= Odd ratio. 

CI= Confidence interval. RT= Reaction time. PAL= Paired association learning. FTMS= First trial 

memory score. TEAS= Total error adjusted score. 

5.3 Association of reported alcohol use with visual memory in a 

middle-aged birth cohort (NFBC1966) (Study IV) 

5.3.1 Background factors in male and female NFBC1966 participants 

at cross-sectional, longitudinal 1, and longitudinal 2 datasets  

About two-thirds of participants were female in all three datasets. One-third of 

males and half of the females had basic education above matriculation (12 years or 

more). About four-fifths of the participants were married or cohabitating. Half of 
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the males and two-thirds of the females ate a healthy diet in both the cross-section 

at age 31 dataset and the change in alcohol use dataset. In the cross-section of the 

age 46 dataset, three-fifths of males and four-fifths of females ate a healthy diet. 

One-third of males and four-fifths of females took active exercise at the age 31 and 

in the change in alcohol use dataset. One-third of males and females took active 

exercise at the age of 46 (Table 25). 

Table 25. Background factors in male and female NFBC1966 participants in the cross-

sectional, longitudinal 1, and longitudinal 2 datasets. 

Parameters Cross-sectional  Longitudinal 1   Longitudinal 2  

Male Female Male Female Male Female 

N 1981 2436  2066 2753  1758 2199 

Matriculation         

      No (%)  1269 (64.1)   1072 (44.0)    1350 (65.3)   1247 (45.3)    1130 (64.3)  984 (44.7) 

      Yes (%)   712 (35.9)   1364 (56.0)    716 (34.7)   1506 (54.7)     628 (35.7)  1215 (55.3) 

Marital status         

      Married (%)  1614 (81.5)   1907 (78.3)    1492 (72.2)   2169 (78.8)    1278 (72.7)  1718 (78.1) 

      Single (%)   367 (18.5)    529 (21.7)     574 (27.8)    584 (21.2)     480 (27.3)  481 (21.9) 

Diet         

      Healthy (%)  1267 (64.0)   1959 (80.4)    1030 (49.9)   1869 (67.9)     903 (51.4)  1506 (68.5) 

      Unhealthy (%)   714 (36.0)    477 (19.6)    1036 (50.1)    884 (32.1)     855 (48.6)  693 (31.5) 

Exercise         

      Active (%)   653 (33.0)    735 (30.2)     670 (32.4)    597 (21.7)     577 (32.8)  469 (21.3) 

      Inactive (%)  1328 (67.0)   1701 (69.8)    1396 (67.6)   2156 (78.3)    1181 (67.2)  1730 (78.7) 

Cross-sectional = Alcohol use data at the age of 46 and PAL test data at the age of 46. 

Longitudinal 1 = Alcohol use data at the age of 31 and PAL test data at the age of 46. 

Longitudinal 2 = Change in alcohol use data from the age of 31 to 46 and PAL test data at the age of 46. 

In males, total alcohol consumption was 13.1 grams per day in the cross-sectional 

dataset, 17.7 in the longitudinal 1 and a decrease of 3.8 in the longitudinal 2 dataset. 

In females, total alcohol consumption was 7.2 grams per day in the cross-sectional 

dataset, 5.1 in the longitudinal 1 and a decrease of 2.2 in the longitudinal 2 dataset 

(Table 26). 
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Table 26. Alcohol consumption, PAL TEA and FTMS scores in male and female 

NFBC1966 participants in the cross-sectional, longitudinal 1, and longitudinal 2 

datasets. 

Parameters Cross-sectional  Longitudinal 1   Longitudinal 2  

Male Female Male Female Male Female 

N 1981 2436  2066 2753  1758 2199 

Total alcohol consumption (g/d) 17.71 

(24.53) 

 7.19 

(11.47) 

 13.07 

(17.72) 

5.06 

(9.15) 

  -3.78 

(21.10) 

-2.15 

(11.28) 

PAL TEA (mean (SD)) 14.24 

(13.97) 

11.69 

(10.11) 

 14.40 

(14.30) 

11.88 

(10.66) 

 14.20 

(14.10) 

11.75 

(10.28) 

PAL FTMS (mean (SD)) 19.08 

(3.27) 

19.55 

(3.22) 

 19.03 

(3.25) 

19.53 

(3.28) 

 19.08 

(3.26) 

19.54 

(3.23) 

Cross-sectional = Alcohol use data at the age of 46 and PAL test data at the age of 46. 

Longitudinal 1 = Alcohol use data at the age of 31 and PAL test data at the age of 46. 

Longitudinal 2 = Change in alcohol use data from the age of 31 to 46 and PAL test data at the age of 46. 

 ‘-‘ symbol before total alcohol use (g/d) in longitudinal 2 setting denotes ‘Reduction’. 

5.3.2 Association between reported alcohol use with visual memory 

in the cross-sectional, longitudinal 1, and longitudinal 2 
datasets  

No statistically significant associations were found in males or females between 

gram per day total alcohol use in the cross-sectional and longitudinal 1 datasets and 

change in total alcohol use in the longitudinal 2 dataset, with or without adjustment 

(Table 27). 



 

84 

Table 27. Association of alcohol (as grams of 100% alcohol) use with visual memory in 

male and female NFBC1966 participants in the cross-sectional, longitudinal 1, and 

longitudinal 2 datasets. 

Parameter PAL TEA   PAL FTMS  

 β (95 % CI) c p β (95 % CI) a p  β (95 % CI) c p β (95% CI) a p 

Males          

Cross-

sectional  

-0.01  

(-0.05-0.04) 

0.78 -0.02  

(-0.06-0.03) 

0.479  0 0.01  

(-0.03-0.05) 

0.671 0.02  

(-0.02-0.05) 

0.43 

Longitud 

inal 1 

-0.02  

(-0.06–0.02) 

0.371 -0.04 

(-0.08–0.01) 

0.098  0  

(-0.03–0.04) 

0.842 0.02  

(-0.02–0.06) 

0.33 

Longitud 

inal 2 

-0.02  

(-0.07–0.03) 

0.348 -0.02  

(-0.07–0.03) 

0.349  0.03  

(-0.01–0.08) 

0.149 0.03  

(-0.01–0.08) 

0.141 

Females          

Cross-

sectional  

-0.01  

(-0.07-0.05) 

0,674 -0.01  

(-0.07-0.05) 

0,805  0.06  

(-0.02-0.13) 

0.143 0.05  

(-0.02-0.13) 

0.16 

Longitud 

inal 1 

-0.03  

(-0.09-0.02) 

0.253 -0.02 

(-0.07-0.04) 

0.546  0.04  

(-0.03-0.1) 

0.272 0.02  

(-0.04-0.09) 

0.472 

Longitud 

inal 2 

0.04  

(-0.02–0.1) 

0.245 0.03  

(-0.03–0.08) 

0.396  0  

(-0.07–0.07) 

0.966 0.01  

(-0.06–0.08) 

0.819 

Linear regression analysis. All continuous variables used in these models were normalized using z-

scores. 

c Crude. 

a Adjusted for education, marital status, diet, and physical activity. 

Cross-sectional = Alcohol use data at the age of 46 and PAL test data at the age of 46. 

Longitudinal 1 = Alcohol use data at the age of 31 and PAL test data at the age of 46. 

Longitudinal 2 = Change in alcohol use data from the age of 31 to 46 and PAL test data at the age of 46. 

5.3.3 Association between frequency and amount of beer, wine, and 

spirits use with visual memory in male and female NFBC1966 
participants in the cross-sectional and longitudinal 1 datasets  

Males using wine once a week or more at 46 years achieved higher first trial visual 

memory scores at 46 years (cross-sectional), which was statistically significant 

(Table 28).  
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Table 28. Association of frequency (Less than once a week as a reference) of wine use 

with visual memory in male and female NFBC1966 participants in the cross-sectional 

and longitudinal 1 datasets. 

Parameter PAL TEA   PAL FTMS  

 β (95 % CI) c  β (95 % CI) a    β (95 % CI) c  β (95 % CI) a   

Males          

Cross-

sectional 

-0.15  

(-0.27--0.03) 

0.01

8 

-0.02  

(-0.15-0.1) 

0.70

2 

 0.26 (0.15-

0.37) 

<.001 0.16  

(0.04-0.27) 

0.007 

Longitud 

inal 1 

-0.19  

(-0.37--0.01) 

0.04

2 

-0.08  

(-0.26-0.1) 

0.38

6 

 0.21 (0.05-

0.38) 

0.009 0.11  

(-0.05-0.28) 

0.162 

Females          

Cross-

sectional 

-0.05  

(-0.12-0.03) 

0.23

3 

0  

(-0.08-0.08) 

0.96

4 

 0.07 (-0.02-

0.17) 

0.121 0.01 

(-0.08-0.11) 

0.757 

Longitud 

inal 1 

-0.07  

(-0.19-0.05) 

0.22

4 

0.01  

(-0.11-0.13) 

0.88

1 

 0.08  

(-0.05-0.22) 

0.234 -0.02  

(-0.16-0.12) 

0.775 

Linear regression analysis. All continuous variables used in these models were normalized using z-

scores.  

c Crude. 

a Adjusted for education, marital status, diet, and physical activity. 

Cross-sectional = Alcohol use data at the age of 46 and PAL test data at the age of 46. 

Longitudinal 1 = Alcohol use data at the age of 31 and PAL test data at the age of 46. 

Males using six or more servings of spirits at 46 years made more errors at 46 years 

(cross-sectional), which was statistically significant (Table 29).  

They also had lower first trial memory scores, which was statistically 

significant according to significance levels of .01 and/or .05 (Table 29).   

Males using six or more servings of spirits at 31 years achieved lower scores 

at 46 years (longitudinal 1), which was statistically significant according to 

significance levels of .01 and/or .05 (Table 29). 
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Table 29. Association of amount (less than 6 servings as a reference group) of spirit 

use with visual memory in male and female NFBC1966 participants in the cross-

sectional and longitudinal 1 datasets. 

Parameter PAL TEA   PAL FTMS  

 β (95 % CI) c  β (95 % CI) a    β (95 % CI) c  β (95 % CI) a   

Males          

Cross-

sectional 

0.34  

(0.21-0.47) 

<.00

1 

0.24  

(0.1-0.37) 

0.001  -0.24  

(-0.36--0.11) 

<.001         -0.13  

    (-0.26-0) 

0.042 

Longitud 

inal 1 

0.19  

(0.07-0.31) 

0.002 0.1  

(-0.02-0.22) 

0.113  -0.21  

(-0.32--0.11) 

<.001 -0.13  

(-0.23--0.02) 

0.023 

Females          

Cross-

sectional 

0.04  

(-0.29-0.36) 

0.83 -0.02  

(-0.35-0.3) 

0.892  -0.02  

(-0.42-0.38) 

0.93 0.07  

(-0.32-0.47) 

0.711 

Longitud 

inal 1 

0.09  

(-0.2-0.37) 

0.552 0.02  

(-0.26-0.31) 

0.879  -0.09  

(-0.42-0.25) 

0.614 0  

(-0.33-0.33) 

0.981 

Linear regression analysis. All continuous variables used in these models were normalized using z-

scores.  

c Crude. 

a Adjusted for education, marital status, diet, and physical activity. 

Cross-sectional = Alcohol use data at the age of 46 and PAL test data at the age of 46. 

Longitudinal 1 = Alcohol use data at the age of 31 and PAL test data at the age of 46. 
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6 Discussion 

6.1 Summary of the main findings 

Our aims were to detect whether hazardous drinking, alcohol related disorder and 

hazardous drinking PGS were associated with additional cognitive impairment in 

patients with schizophrenia, schizoaffective disorder, and bipolar disorder cross-

sectionally from the SUPER study population, and whether reported alcohol use 

was associated with cognition in a middle-aged birth-cohort population both cross-

sectionally and longitudinally from the NFBC1966 data. For Studies I-III using the 

SUPER study, the data exposures were AUD, hazardous drinking, and hazardous 

drinking PGS, and the outcome variables were reaction time and visual memory. 

For Study IV using the NFBC1966, the data exposures were gram per day total 

alcohol use, grams per day, frequency and amounts of beer, wine and spirit use, and 

the outcome variable was visual memory. Age, education, household patterns 

(marital status), age of first psychotic episode, depressive symptoms, diet, and 

physical exercise were used as covariates in different sub-studies.  

In the present study, the AUD findings were similar to those in the previous 

studies (Potvin et al., 2012; Balanzá-Martínez et al., 2015). Our findings revealed 

that AUD was associated with impaired reaction time and visual memory in 

psychotic patients. The reported alcohol use findings were novel in schizophrenia 

and bipolar disorder patients. Hazardous drinking was not associated with impaired 

cognition. Hazardous drinking PGS also had no association with impaired reaction 

time and visual memory in male or female psychotic patients.  

Most participants from the birth-cohort population reported light consumption 

of alcohol. The main finding of our birth-cohort based population study revealed 

that cross-sectional or longitudinal use of gram per day total alcohol, beer, and wine 

were not associated with decreased visual memory in mid-life when controlled for 

education, marital status, diet, and physical activity. Further, we found that 

frequency of use of wine was associated with enhanced visual memory and amount 

of spirit use was associated with impaired visual memory in males. 

6.2 Comparison with other studies 

There exist studies including meta-analysis on the effect of AUD on cognition in 

psychiatric patients. But to the best knowledge of the author, there hardly exist any 
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comparable studies investigating the association of hazardous drinking and 

hazardous drinking PGS with reaction time, visual memory, or any other measures 

of cognition in schizophrenia and bipolar disorder patients and association of 

hazardous drinking PGS with reaction time and visual memory or any other 

cognitive domain in schizophrenia, schizoaffective, and bipolar disorder patients.  

6.2.1 Cognitive impact of alcohol use in schizophrenia and 

schizoaffective disorder  

A meta-analysis of studies on cognitive impact of alcohol in schizophrenia 

spectrum disorders reports better cognitive function in schizophrenia patients with 

comorbid AUD (Potvin et al., 2012). Studies included in this meta-analysis were 

cross-sectional and the sample size was small in most studies. Different cognitive 

measures were used in different studies. Not all cognitive domains were equally 

affected in all studies. Some studies found reduced explicit (verbal) memory and 

working memory in comorbid patients while others did not find any group 

differences in any cognitive domains. It was not specified in these meta-analyses 

whether any covariates were considered in individual studies. Most of the study 

participants in these studies were males. Dual-diagnosed patients had more positive 

symptoms in these studies. Positive, negative, and depressive symptoms were not 

considered in these studies. Duration of alcohol use, length of abstinence, and use 

of antipsychotics was not considered in these studies. None of these studies used 

age and gender as covariates. 

One systematic review of studies on cognition in schizophrenia patients with 

comorbid AUD reveals that younger participants with comorbidity had better 

cognitive functioning in multiple domains including working memory, delayed 

verbal memory, and executive functioning (Thoma et al., 2013). Age and sex were 

not adjusted in any of these studies, nor was a larger sample size used. In this 

systemic review comparisons of different features of individual studies re not 

shown using any tables and many indeterministic factors are not addressed.  

In comparison, our study used a large population of psychotic patients and 

adjusted for age, age of onset, education, and household status. However, we also 

could not use length of abstinence and duration of alcohol use in our study. 

To the best knowledge of this author, no studies were found of schizophrenia 

or schizoaffective disorder patients associating cognition with different alcohol use 

patterns other than AUD. 
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6.2.2 Cognitive impact of alcohol use in bipolar disorder 

A systematic review of studies on cognitive impact of alcohol use in bipolar 

disorder reports that verbal memory and executive functioning were the most 

affected cognitive domains (Balanzá-Martínez et al., 2015). Most studies discussed 

in this review used small sample sizes. Different studies used different types of 

bipolar disorder patients (euthymic, in active phase, outpatients, inpatients) and 

most studies did not use any specific measures of alcohol consumption. No studies 

used covariates. Some studies used only male patients as the study population. 

Cognitive measures used in individual studies are not specified in this review. 

Notable recent studies have found impairments in decision-making (Mellick et 

al., 2019), immediate recall (Cardoso et al.2016), executive control, working 

memory, attention, and cognitive flexibility (Galkin et al., 2020) in bipolar disorder 

patients with comorbid AUD. Mellick et al. (2019) use a computerized delay 

discounting task in a substantially small study population. Cardoso et al. (2016) use 

a relatively large study population and healthy controls, but do not adjust for any 

covariates. Galkin et al. (2020) use a small sample size and do not adjust for 

possible confounders. 

In comparison, we used a large study population with both males and females 

and several covariates and found that AUD was associated with impaired visual 

memory in female bipolar disorder patients. Our novel finding was that mild to 

moderate alcohol use was associated with better performance in some aspects of 

reaction time and visual memory. However, we could not use healthy controls in 

our study.  

To the best knowledge of this author, no studies were found of bipolar disorder 

patients associating cognition with different alcohol use patterns other than AUD. 

6.2.3 Cognitive impact of alcohol PGS in schizophrenia, 

schizoaffective disorder, and bipolar disorder 

To our knowledge, there exist no other comparable studies investigating the 

association of hazardous drinking PGS with reaction time and visual memory or 

any other cognitive domain in schizophrenia, schizoaffective disorder, and bipolar 

disorder patients. 

Most study findings suggesting a positive association between alcohol and 

cognition could be attributed to unmeasured or residual confounding factors 

(Wallach et al., 2020; Emberson et al., 2006) like: smoking (Wootton et al., 2020), 
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drink type (Schutte et al., 2020), drink pattern (Trevisan et al., 2001), personality 

(Wootton et al., 2020; Hakulinen et al., 2015), intelligence (Stephenson et al., 2020; 

Topiwala et al., 2017; Der et al., 2009), educational attainment (Cao et al., 2020; 

Zhou et al., 2021), potential abstainer errors (Mugavin et al., 2020; Haber et al., 

2016; Saarni et al., 2008; Fillmore et al., 2007), reverse causality bias (Gémes et 

al., 2018), recall error (Livingston et al., 2016; Kilian et al., 2020), recall bias and 

selection bias (Cherpitel et al., 2018; Giovannucci et al., 1993), and within-person 

temporal variation (Mukamal et al., 2005; Wellmann et al., 2004). Study findings 

suggesting a negative association between alcohol and cognition could be attributed 

to poor motivation (Beck et al., 2018; Moritz et al., 2018).  

Low data quality of self-reported alcohol use is associated with illness severity 

in bipolar disorder patients (Draisma et al., 2015; Mewton et al., 2020) hence more 

severe bipolar disorder patients might misreport or under-report their alcohol 

consumption. Selection bias can lead to comparing healthy drinkers with unhealthy 

nondrinkers; the ‘sick quitter’ hypothesis (Han et al., 2021; Klatsky & Udaltsova, 

2013). 

6.2.4 Impact of reported alcohol use on cognition in the general 

population  

The main finding of our population-based cohort study revealed that cross-sectional 

or longitudinal light to moderate alcohol use was not associated with impaired 

visual memory in the middle-aged birth cohort. 

A literature review on studies on the cognitive impact of alcohol in the general 

population reports an association of alcohol with impaired executive functioning 

(Day et al., 2015). Inconsistent use of tests or norms are key limitations across these 

studies. In our study, we used consistent cognitive tests, but we did not explore the 

effect of acute alcohol use; we explored reported alcohol use. 

One systematic review on 143 alcohol use studies reports that light to moderate 

alcohol use was not associated with cognitive impairment in male or female 

individuals belonging to the younger age group. It is also reported by the same 

review that light to moderate alcohol use was associated with less risk of cognitive 

impairment in older individuals. But this review finds an association of heavy 

drinking with an increased risk of cognitive decline (Neafsey et al., 2011). Only 

including studies with adjustment for age, education, sex, and smoking produced 

no significant change in alcohol’s effects on cognition. There were no significant 

differences in alcohol’s effects on cognition among longitudinal cohort studies, 
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case-control studies, or cross-sectional studies. Moderate to heavy alcohol use was 

associated with long-term cognitive decline in terms of reaction time using body 

mass index, physical activity, tobacco use, socioeconomic status, education, and 

baseline cognitive function as covariates (Piumatti et al., 2018). Heavy drinking 

has also been found to be associated with visual memory (Woods et al., 2016) and 

reaction time (Piumatti et al., 2018). These finding are consistent with our findings 

on the association of use of an increased number of spirits with visual memory in 

middle-aged males. 

A recent meta-analysis of cohort studies reports that moderate alcohol use 

improved cognition insignificantly in male and slightly in female participants 

(Brennan et al., 2020). They conclude that all investigated studies had serious 

concerns around selection bias and bias arising from misclassification of alcohol 

consumption. Almost all studies categorized alcohol intake based on current 

consumption, leading to indistinguishable non-drinker and former-drinker groups. 

Many of the studies used only one measure of cognition and had short-term follow-

up. Different patterns of alcohol use are also not considered in this meta-analysis. 

In comparison, we could use different alcohol use patterns and long-term follow-

up in our study. 

One systematic review of literature reports an association of light to moderate 

drinking with less risk of cognitive decline in late adulthood and middle age (Rehm 

et al., 2019). In almost all studies covered in this review only self-reported alcohol 

use was considered. Cognition was assessed only once, at the baseline in almost all 

studies. Controls for potential confounding variables were either absent or 

inconsistent across studies. Many heavy drinkers were excluded from cohort 

studies. 

6.3 Comparison between Studies I-IV 

Sub-studies exploring associations of reported alcohol use and AUD with reaction 

time and visual memory in psychotic patients used the SUPER study data. The sub-

study exploring associations between reported alcohol use and visual memory used 

the NFBC1966 data. As we discussed earlier, age of onset of first psychotic episode 

influences cognition in schizophrenia patients, and we adjusted for age of first 

episode of psychosis in the schizophrenia patient group. Depression is common in 

bipolar disorder patients, hence we adjusted for depression in bipolar disorder 

patients (Table 30). 
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Table 30. Comparison of key features between Studies I-IV. 

Parameter Cognitive impact of 

alcohol use in 

schizophrenia and 

schizoaffective 

disorder (Study I) 

Cognitive impact 

of alcohol use in 

bipolar disorder 

(Study II) 

Cognitive impact of 

alcohol polygenic 

score in 

schizophrenia, 

schizoaffective 

disorder, and bipolar 

disorder (Study III) 

Cognitive impact of alcohol 

use in middle-aged. cohort 

population (Study IV). 

Study design  Cross-sectional. Cross-sectional. Cross-sectional. 

 

Cross-sectional, longitudinal  

Study 

population  

Finnish SUPER. Finnish SUPER. Finnish SUPER. NFBC1966. 

Sample size 3362 1268 4332 Cross-sectional 3938, 

longitudinal 1 4397, 

longitudinal 2 3448. 

 

Outcome 

variable 

Reaction time, 

visual memory. 

Reaction time, 

visual memory.  

Reaction time, 

visual memory. 

  

Visual memory.  

Exposures AUD, Hazardous 

drinking. 

AUD, Hazardous 

drinking. 

Hazardous drinking 

polygenic score. 

Grams per day total alcohol 

use, grams per day, 

frequency and amounts of 

beer, wine and spirit use. 

 

Covariates Age, education, 

household patterns, 

age of first psychotic 

episode. 

Age, education, 

housing status, 

depression. 

Age, age of onset, 

education, 

household pattern, 

depressive 

symptoms. 

 

Age, education, marital 

status, diet, physical 

exercise. 

Results  Some positive 

associations were 

found between 

hazardous drinking 

and reaction time 

scores in males and 

females. 

  

Some positive 

associations 

were found 

between 

hazardous 

drinking and 

reaction time 

scores in males 

and females. 

  

No associations 

were found between 

hazardous drinking 

polygenic score and 

cognition in males 

and females. 

No associations were found 

between total grams per day 

alcohol use and visual 

memory in males and 

females. In males, a positive 

association was found 

between frequency of wine 

use and visual memory and 

a negative association was 

found between amount of 

spirit use and visual memory. 
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6.4 Strengths 

The SUPER study dataset provided large numbers of schizophrenia, 

schizoaffective, and bipolar disorder outpatients to investigate the association of 

hazardous drinking, AUD, and hazardous drinking PGS with cognition. No such 

large dataset has been used in any earlier study to the best of our knowledge. 

In the SUPER study, psychiatric diagnoses were based on clinical evaluation 

according to the ICD-classification. Diagnoses of schizophrenia, schizoaffective 

disorder, bipolar disorder, and AUD were obtained from the Care Register for 

Health Care (CRHC), which is a validated health register controlled by the Finnish 

Institute for Health and Welfare (THL) (Tolonen et al., 2007).  

We used the AUDIT-C scale as a continuous index of alcohol use in addition 

to the use of cut-offs for hazardous drinking validated in Finland (Liskola et al., 

2021, 2018; Kaarne et al., 2010). 

We included all schizophrenia, schizoaffective, and bipolar disorder 

outpatients living independently and excluded those whose living circumstances 

(living in supported housing, hospitals, or unknown residences) might affect their 

alcohol use. We used age, age of onset, and education as potential confounding 

variables. We checked multicollinearity among ‘Age’ and ‘Age of onset’ before 

using age of onset as a covariate while studying the association of hazardous 

drinking PGS and cognition in schizophrenia, schizoaffective, and bipolar disorder 

patients. We also adjusted for household patterns (living with spouse versus without 

spouse). Cognition was assessed using two standard cognition measurement tools. 

Genetic analysis was conducted precisely following standard protocol.  

We excluded people aged 70 years and above to minimize reverse causality 

bias in our studies on the association of hazardous drinking and cognition in persons 

with bipolar disorder and on the association of hazardous drinking PGS and 

cognition in persons with schizophrenia, schizoaffective, and bipolar disorder. We 

also performed sensitivity analyses keeping those over 70 years of age, but found 

almost no differences. Similarly, we also analysed our data keeping both age and 

age of onset as covariates but obtained almost similar results. The number of 

participants taking antipsychotics, mood stabilizers, and/or benzodiazepine drugs 

were reported while studying the association of hazardous drinking PGS and 

cognition in persons with schizophrenia, schizoaffective, and bipolar disorder. The 

STROBE Checklist for cross-sectional studies has been used while studying the 

association of hazardous drinking PGS and cognition in persons with schizophrenia, 

schizoaffective, and bipolar disorder to make sure that the research was conducted 
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according to standardized guidelines. All analyses were conducted separately in 

males and females. We also analysed data using AUD PGS along with hazardous 

drinking PGS, but the results were the same, with no association. We also 

performed Cohen's d measure of effect size for most of our study findings. 

The NFBC1966 study was a prospective birth-cohort study with a long follow-

up period and a relatively large study population. This meant that we could study 

both cross-sectional and longitudinal effects of different patterns of reported 

alcohol use on visual memory in this study population. The longitudinal setting 

included using both alcohol use at age 31 years and change in alcohol use between 

ages 31 and 46 years as exposures. The middle-aged group has not been studied 

thoroughly previously. We were able to use several covariates in this study. Gram 

per day use of total alcohol, beers, wine and spirits, frequencies and amounts of 

beers, wine and spirits were used. 

6.5 Limitations 

The lack of a healthy comparison group in the SUPER study is a limitation. Sub-

studies using the SUPER study population were cross-sectional, not longitudinal. 

We did not exclude people aged 70 years and above to exclude possible reverse 

causality bias in our study on the association of hazardous drinking and cognition 

in persons with schizophrenia and schizoaffective disorder. The cross-sectional 

study design of the SUPER study is another limitation which restricts future studies 

on the progression of alcohol use and its correlation with cognitive functioning. We 

could not present interaction analyses by sex to show whether any findings were 

indeed different for men and women, or whether the differences in the observed 

sex-specific associations between alcohol use and cognition stemmed from 

differences in statistical power. Sex-specific findings often went in the same 

direction, but not reached significance in the sex where there were fewer patients. 

The high attrition level is another limitation of our study. Study attrition was in 

many instances selective and may therefore have biased the findings.  

We were not able to adopt a more comprehensive approach to measuring 

working memory performance. We used only a reaction time test and a memory 

test from the CANTAB, while most of the literature we reviewed showed that 

alcohol use in psychotic patients was associated with executive function deficits. 

So, patients with hazardous drinking might be more impulsive and less accurate. 

Furthermore, memory impairment is expected to occur only in patients with severe 
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alcohol related cognitive impairment (formerly known as alcohol dementia), a sub-

group of patients with AUD. 

The inclusion criterion of independent living excluded hospitalized 

schizophrenia, schizoaffective, and bipolar disorder patients. The inclusion 

criterion of ability to give written informed consent also restricted the inclusion of 

bipolar disorder patients with severe manic or depressive symptoms and 

schizophrenia patients with severe psychotic symptoms. These two factors limited 

the generalizability of the findings. 

We did not use information about the onset of alcohol use, any recent changes 

in drinking habits, or any previous history of abstinence. We also did not 

differentiate previous alcohol users from never alcohol users and did not exclude 

individuals who reduced drinking due to illness/doctor's advice, which might 

attribute the results through reverse causality bias (Taylor et al., 2015; Emberson et 

al., 2006). We did not correct self-report bias (Stockwell et al., 2004, Duffy et al., 

1984, Lewis et al., 1994) and misreports and longitudinal changes (MLC) which 

could affect the study results (Xue et al., 2021, Wood et al., 2018). We did not adjust 

for household income, which, as indicative of socioeconomic status, could increase 

alcohol related mortality and morbidity despite lower reported alcohol 

consumption (the alcohol harm paradox) (Peña et al., 2021). We adjusted for 

education, which is another strong indicator of socioeconomic status, in a 

dichotomous fashion, not in a stratified one. Cut-off scores for hazardous drinking 

using AUDIT-C are ≥4 for males and ≥3 for females in the USA, and, and ≥5 for 

both males and females in the UK (Sacks et al., 2010, Public Health England 2017). 

We used the AUDIT-C cut-off scores, ≥6 for males and ≥5 for females, validated in 

Finland and recommended by the Finnish National Guidelines (Liskola et al., 2021, 

2018; Kaarne et al., 2010). We did not use the other mentioned cut-off scores. 

We did not adjust for antipsychotic medication because almost all of the 

included SUPER study participants were on antipsychotic medication. We did not 

adjust for benzodiazepine use as it could impair cognitive performance because of 

its acute sedative effect. We did not show chlorpromazine equivalents and/or 

diazepam equivalents, despite the fact that those might affect neurocognition. We 

also did not adjust for smoking or other substance use during lifetime, and we did 

not adjust for other F1-diagnoses.  

We categorized education as completed general secondary education with 

matriculation examination versus lower. It would be more informative if we had 

categorized education into three groups. However, it might be difficult for a general 

reader to understand the diverse categories in the Finnish education system, 
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reflecting changes over the past seventy years, plus additional categories reflecting 

the small proportion of immigrants who might have lower general education than 

that provided in the Finnish education system. We used the basic educational level 

variable because the youngest participants could still be students.  

The phase of the illness in bipolar disorder is an important issue to be 

considered while measuring cognitive functions in bipolar disorder. But 

unfortunately, we were not able to use manic symptoms in our analysis, as the data 

did not include assessment of current manic symptoms. 

We used only HapMap3 SNIPs, not all 1000G SNIPs for PGS computation. 

We did not correct for multiple comparisons (Bonferroni correction). Since most of 

the confidence intervals did not come close to 1.00, it was obvious that most results 

would also remain significant when these corrections were applied. It might be 

worth pre-emptying non-significant comparisons. 

For the NFBC1966 population, alcohol use was not categorized into mild, 

moderate, and heavy; neither was abstinence excluded. Only one cognitive domain 

was tested. No measure of cognition or visual memory was assessed at the baseline. 

Without such baseline control, it is difficult to interpret the findings and the 

direction of the effects. We did not use smoking and occupation as covariates. 

However, we used education as a covariate, which correlates with earning. We did 

not use depressive symptoms as a covariate because a recent study has found no 

association between depressive symptoms and visual memory in the same 

population (Taivalantti et al., 2020). Possible changes in marital status, diet, and 

exercise over time might make it difficult to predict the true effects of covariates 

longitudinally.  

We had several findings which were even statistically significant before 

adjustments for multiple covariates. We did not work out which of the covariates 

explained the association. Self-reported alcohol consumption has been used both in 

the SUPER study and the NFBC1966 study, which might not always be reliable 

(Grüner et al., 2021). We could not present interaction analyses by sex to show 

whether any findings were indeed different for men and women, or whether the 

differences in the observed sex-specific associations between alcohol use and 

cognition stemmed from differences in statistical power. The high attrition level is 

another limitation of our study. 
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6.6 Clinical and public health implications 

The lifetime prevalence of schizophrenia, schizoaffective disorder, and bipolar 

disorder has been estimated to be 0.3% to 0.7%. (McGrath et al., 2008), 0.2%–1.1% 

(Abrams et al., 2008) and 1.4% (Kendall et al., 2014) respectively. Most people 

with these psychotic disorders suffer from impaired cognitive function in multiple 

domains (Barch et al., 2014), which is one of the major causes of their substantial 

burden of disease leading to long-term occupational and social disability at the 

community level and increasing burden on healthcare systems (Charlson et al., 

2018; He et al., 2020). 

Heavy alcohol use and AUD have been found to be harmful for cognition in 

schizophrenia, schizoaffective disorder (Potvin et al., 2012; Thoma et al., 2013), 

and bipolar disorder patients (Balanzá-Martínez et al., 2015), as well as in the 

general population (Neafsey et al., 2011; Day et al., 2015) in previous studies. Our 

study findings are similar to these findings.   

Reported alcohol use, however, has not yet been studied in connection with 

cognition in these psychotic patient groups. So, it is important from a clinical 

viewpoint to explore the effect of reported alcohol use on cognition in 

schizophrenia, schizoaffective, and bipolar disorder. Our results suggest that light 

to moderate alcohol use might not be harmful for cognition in psychotic patients. 

This has a huge impact on public health, and the statutory bodies might need to 

reform the existing alcohol policy (Alcohol Policy, 2020). However, the findings 

of this study should be interpreted cautiously, and no clinical conclusions can be 

drawn until the results of this study are replicated in other studies.  

6.7 Scientific implications 

The findings of associations between reported alcohol use and cognition should be 

replicated. The novel findings might encourage researchers to explore new 

evidence to confirm or defend this finding using rigorous methodology, cross-

cultural multiple, variable, large samples, and different combinations of multiple 

covariates. Within the SUPER study, and the NFBC study we are willing to explore 

further details of the cognitive decline associated with psychotic patients and in 

different birth-cohort populations.  
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6.8 Conclusion 

In our current study, AUD was associated with impaired visual memory in female 

schizophrenia and bipolar disorder patients, and hazardous drinking was associated 

with enhanced reaction time and visual memory in male and female schizophrenia 

and bipolar disorder patients when adjusted for age, education, household status in 

general and age of first psychotic episode for schizophrenia and depressive 

symptoms for bipolar disorder specifically. The hazardous drinking PGS was not 

associated with cognitive impairment or cognitive enhancement in schizophrenia, 

schizoaffective and bipolar disorder patients when adjusted for age, age of onset, 

education, household pattern, and depressive symptoms.  

The exact reason behind the apparent discrepancy between the relation of PGS 

to cognition and relations of behavioural aspects with cognition is yet to be 

discovered. Our counterintuitive results question the detrimental effects of alcohol 

on cognition in both psychiatric patients and the general population. The use of 

different covariates for different settings could be an explanation. It also indicates 

the existence of unknown factors influencing gene-environment interaction, 

warranting further research. Therefore, in our present study with major psychiatric 

conditions, every possible finding, whether a ‘positive’, ‘negative’ or ‘no’ 

association between alcohol use or alcohol PGS with cognition is important.  

The main finding of our birth-cohort based longitudinal population study 

revealed that cross-sectional or longitudinal use of total alcohol, beer, and wine 

were not associated with decreased visual memory in mid-life when controlled for 

education, marital status, diet, and physical activity. In males, use of wine once a 

week or more was associated with increased visual memory and use of six or more 

servings of spirits was associated with impaired visual memory. Our study suggests 

a lack of a linear association between drinking and visual memory. 

Adverse effects of AUD and heavy drinking have been established by previous 

researchers (Rehm et al., 2019). The study of the association of reported alcohol 

use with cognition in psychotic patients was the first of its kind. The findings of the 

current study concerning the association of reported light to moderate alcohol use 

with cognitive enhancement in male and female schizophrenia and bipolar disorder 

patients cross-sectionally and in a male middle-aged birth-cohort population both 

cross-sectionally and longitudinally are novel. The observed gender-specific 

findings are interesting and require further investigation. These might encourage 

future researchers to explore more in this field.   
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7 Ethical considerations and personal 
involvement 

7.1 Institutional review board statement 

Prior to seeking study permissions for the SUPER study, a statement pertaining to 

the ethical considerations of the study was requested from the Coordinating Ethics 

Committee of the Hospital District of Helsinki and Uusimaa, which is responsible 

for nationwide ethical statements. After receiving a favourable statement, 

permission to conduct the study was individually sought and obtained from all 

participating healthcare organizations. The Finnish Institute for Health and Welfare 

provided permission to access individual healthcare records in the registry data for 

which it is responsible (THL/1007/5.05.00/2017). The research was also conducted 

according to the guidelines of the following research ethics documents: The 

Responsible Conduct of Research and Procedures for Handling Allegations of 

Misconduct in Finland (http://www.tenk.fi/sites/tenk.fi/files/HTK_ohje_2012.pdf, 

accessed on 31 July 2020) and The European Code of Conduct for Research 

Integrity, revised edition 2017 (http://www.tenk.fi/sites/tenk.fi/files/ALLEA-

European-Code-of-Conduct-for-Research-Integrity-2017.pdf, accessed on 31 July 

2020).  

The study protocol of the NFBC1966 was approved by The Ethics Committee 

of the Faculty of Medicine of the University of Oulu. Data protection of the 

NFBC1966 was approved by the Finnish Privacy Protection Agency and the 

Ministry of Social Affairs and Health. Each follow-up study of the NFBC1966 has 

been evaluated by the regional ethical committee of the Northern Ostrobothnia 

Hospital District (EETTMK 94/11, 17.09.2012) (Nordström et al., 2022). 

7.2 Informed consent statement 

In both the SUPER study and NFBC1966, written informed consent was obtained 

from all participants. They were informed that participating in or abstaining from 

the study would not affect their treatment. The study subjects were also informed 

that they could withdraw their consent at any time, at which point any samples or 

data stored from them would be destroyed. In the SUPER study, patients under 

guardianship were excluded from the study.  
 



 

100 

 



 

101 

List of references  

Abel, K. M., Wicks, S., Susser, E. S., Dalman, C., Pedersen, M. G., Mortensen, P. B., & 
Webb, R. T. (2010). Birth weight, schizophrenia, and adult mental disorder: is risk 
confined to the smallest babies?. Archives of general psychiatry, 67(9), 923–930. 

Abrams, D. J., Rojas, D. C., & Arciniegas, D. B. (2008). Is schizoaffective disorder a distinct 
categorical diagnosis? A critical review of the literature. Neuropsychiatric disease and 
treatment, 4(6), 1089–1109. https://doi.org/10.2147/ndt.s4120 

Ahti, J., Kieseppä, T., Suvisaari, J., Suokas, K., Holm, M., Wegelius, A., Ahola-Olli, A., 
Häkkinen, K., Kampman, O., Lähteenvuo, M., Paunio, T., Tiihonen, J., Tuulio-
Henriksson, A., Isometsä, E., & SUPER researchers listed in the Acknowledgements 
(2022). Differences in psychosocial functioning between psychotic disorders in the 
Finnish SUPER study. Schizophrenia research, 244, 10–17. 
https://doi.org/10.1016/j.schres.2022.04.008 

Alcohol Policy - THL. (2020, October 1). Finnish Institute for Health and Welfare (THL), 
Finland. Retrieved August 2, 2022, from https://thl.fi/en/web/alcohol-tobacco-and-

addictions/alcohol/alcohol-policy 
Allen, D. N., Goldstein, G., & Aldarondo, F. (1999). Neurocognitive dysfunction in patients 

diagnosed with schizophrenia and alcoholism. Neuropsychology, 13(1), 62–68. 
https://doi.org/10.1037//0894-4105.13.1.62 

Alonso-Andrés, P., Martín, M., & Albasanz, J. L. (2019). Modulation of adenosine receptors 
and antioxidative effect of beer extracts in in vitro models. Nutrients, 11(6), 1258. 
https://doi.org/10.3390/nu11061258  

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental 
disorders (5th ed.). https://doi.org/10.1176/appi.books.9780890425596 

Andersson, C., Marklund, K., Walles, H., Hagman, G., & Miley-Akerstedt, A. (2019). 
Lifestyle factors and subjective cognitive impairment in patients seeking help at a 
memory disorder clinic: the role of negative life events. Dementia and geriatric 
cognitive disorders, 48(3-4), 196–206. https://doi.org/10.1159/000505573 

Ano, Y., Takaichi, Y., Uchida, K., Kondo, K., Nakayama, H., & Takashima, A. (2018). Iso-
α-Acids, the bitter components of beer, suppress microglial inflammation in rTg4510 
tauopathy. Molecules (Basel, Switzerland), 23(12), 3133. 
https://doi.org/10.3390/molecules23123133 

Archibald, L., Brunette, M. F., Wallin, D. J., & Green, A. I. (2019). Alcohol use disorder 
and schizophrenia or schizoaffective disorder. Alcohol research: current reviews, 40(1), 
arcr.v40.1.06. https://doi.org/10.35946/arcr.v40.1.06 

Asrani, S. K., Mellinger, J., Arab, J. P., & Shah, V. H. (2021). Reducing the global burden 
of alcohol-associated liver disease: a blueprint for action. Hepatology (Baltimore, Md.), 
73(5), 2039–2050. https://doi.org/10.1002/hep.31583  

Ayabe, T., Fukuda, T., & Ano, Y. (2020). Improving effects of hop-derived bitter acids in 
beer on cognitive functions: a new strategy for vagus nerve stimulation. Biomolecules, 
10(1), 131. https://doi.org/10.3390/biom10010131 



 

102 

Azorin, J. M., Kaladjian, A., & Fakra, E. (2005). Aspects actuels du trouble schizo-affectif 
[Current issues on schizoaffective disorder]. L'Encephale, 31(3), 359–365. 
https://doi.org/10.1016/s0013-7006(05)82401-7 

Azorin, J. M., Perret, L. C., Fakra, E., Tassy, S., Simon, N., Adida, M., & Belzeaux, R. 
(2017). Alcohol use and bipolar disorders: risk factors associated with their co-
occurrence and sequence of onsets. Drug and alcohol dependence, 179, 205–212. 
https://doi.org/10.1016/j.drugalcdep.2017.07.005 

Babor, T. F., Longabaugh, R., Zweben, A., Fuller, R. K., Stout, R. L., Anton, R. F., & 
Randall, C. L. (1994). Issues in the definition and measurement of drinking outcomes 
in alcoholism treatment research. Journal of studies on alcohol. Supplement, 12, 101–
111. https://doi.org/10.15288/jsas.1994.s12.101 

Balanzá-Martínez, V., Crespo-Facorro, B., González-Pinto, A., & Vieta, E. (2015) Bipolar 
disorder comorbid with alcohol use disorder: focus on neurocognitive correlates. 
Frontiers in physiology 6, 108. https://doi.org/10.3389/fphys.2015.00108 

Barch, D. M., & Sheffield, J. M. (2014). Cognitive impairments in psychotic disorders: 
common mechanisms and measurement. World psychiatry: official journal of the World 
Psychiatric Association (WPA), 13(3), 224–232. https://doi.org/10.1002/wps.20145  

Baş, T. Ö., Poyraz, C. A., Baş, A., Poyraz, B. Ç., & Tosun, M. (2015). The impact of 
cognitive impairment, neurological soft signs and subdepressive symptoms on 
functional outcome in bipolar disorder. Journal of affective disorders, 174, 336–341. 
https://doi.org/10.1016/j.jad.2014.12.026 

Beck, A. T., Himelstein, R., Bredemeier, K., Silverstein, S. M., & Grant, P. (2018). What 
accounts for poor functioning in people with schizophrenia: a re-evaluation of the 
contributions of neurocognitive v. attitudinal and motivational factors. Psychological 
medicine, 48(16), 2776–2785. https://doi.org/10.1017/S0033291718000442 

Bekman, N. M., Winward, J. L., Lau, L. L., Wagner, C. C., & Brown, S. A. (2013). The 
impact of adolescent binge drinking and sustained abstinence on affective state. 
Alcoholism, clinical and experimental research, 37(8), 1432–1439. https://doi.org/ 

10.1111/acer.12096  
Bernardin, F., Maheut-Bosser, A., & Paille, F. (2014). Troubles cognitifs du sujet 

alcoolodépendant [Cognitive impairment of alcohol-dependent subjects]. La Revue du 
praticien, 64(4), 462–465. 

Berry, K., Barrowclough, C., Fitsimmons, M., Hartwell, R., Hilton, C., Riste, L., Wilson, I., 
& Jones, S. (2020). Overcoming challenges in delivering integrated motivational 
interviewing and cognitive behavioural therapy for bipolar disorder with co-morbid 
alcohol use: therapist perspectives. Behavioural and cognitive psychotherapy, 48(5), 
615–620. https://doi.org/10.1017/S1352465820000272 

Biddle, K. D., Jacobs, H., d'Oleire Uquillas, F., Zide, B. S., Kirn, D. R., Properzi, M. R., 
Rentz, D. M., Johnson, K. A., Sperling, R. A., & Donovan, N. J. (2020). Associations 
of widowhood and β-amyloid with cognitive decline in cognitively unimpaired older 
adults. JAMA network open, 3(2), e200121. https://doi.org/10.1001/jamanetworkopen. 

2020.0121 



 

103 

Birindelli, N., Montemagni, C., Crivelli, B., Bava, I., Mancini, I., & Rocca, P. (2014). 
Cognitive functioning and insight in schizophrenia and in schizoaffective disorder. 
Rivista di psichiatria, 49(2), 77–83. https://doi.org/10.1708/1461.16143 

Bodapati, A. S., Jenkins, L. M., Sharma, R. P., & Rosen, C. (2019). Visual memory uniquely 
predicts anhedonia in schizophrenia but not bipolar disorder. Journal of 
neuropsychology, 13(1), 136–146. https://doi.org/10.1111/jnp.12124 

Bohn, M. J., Babor, T. F., & Kranzler, H. R. (1995). The Alcohol Use Disorders 
Identification Test (AUDIT): validation of a screening instrument for use in medical 
settings. Journal of studies on alcohol, 56(4), 423–432. https://doi.org/ 

10.15288/jsa.1995.56.423 
Bora, E. (2016), Differences in cognitive impairment between schizophrenia and bipolar 

disorder: Considering the role of heterogeneity. Psychiatry and clinical neuroscience, 
70, 424–433. https://doi.org/10.1111/pcn.12410 

Bora, E., & Pantelis, C. (2015). Meta-analysis of cognitive impairment in first-episode 
bipolar disorder: comparison with first-episode schizophrenia and healthy controls. 
Schizophrenia bulletin, 41(5), 1095–1104. https://doi.org/10.1093/schbul/sbu198 

Bora, E., & Murray, R. M. (2014). Meta-analysis of cognitive deficits in ultra-high risk to 
psychosis and first-episode psychosis: do the cognitive deficits progress over, or after, 
the onset of psychosis?. Schizophrenia bulletin, 40(4), 744–755. https://doi.org/ 
10.1093/schbul/sbt085  

Bora, E., Yücel, M., Pantelis, C., & Berk, M. (2011). Meta-analytic review of neurocognition 
in bipolar II disorder. Acta psychiatrica Scandinavica, 123(3), 165–174. 
https://doi.org/10.1111/j.1600-0447.2010.01638.x 

Bortolato, B., Köhler, C. A., Evangelou, E., León-Caballero, J., Solmi, M., Stubbs, B., 
Belbasis, L., Pacchiarotti, I., Kessing, L. V., Berk, M., Vieta, E., & Carvalho, A. F. 
(2017). Systematic assessment of environmental risk factors for bipolar disorder: an 
umbrella review of systematic reviews and meta-analyses. Bipolar disorders, 19(2), 84–
96. https://doi.org/10.1111/bdi.12490  

Bourne, C., Aydemir, Ö., Balanzá-Martínez, V., Bora, E., Brissos, S., Cavanagh, J. T., Clark, 
L., Cubukcuoglu, Z., Dias, V. V., Dittmann, S., Ferrier, I. N., Fleck, D. E., Frangou, S., 
Gallagher, P., Jones, L., Kieseppä, T., Martínez-Aran, A., Melle, I., Moore, P. B., Mur, 
M., … Goodwin, G. M. (2013). Neuropsychological testing of cognitive impairment in 
euthymic bipolar disorder: an individual patient data meta-analysis. Acta psychiatrica 
Scandinavica, 128(3), 149–162. https://doi.org/10.1111/acps.12133  

Bowie, C. R., & Harvey, P. D. (2006). Cognitive deficits and functional outcome in 
schizophrenia. Neuropsychiatric disease and treatment, 2(4), 531–536. https://doi.org/ 
10.2147/nedt.2006.2.4.531 

Bradizza, C. M., Stasiewicz, P. R., & Dermen, K. H. (2014). Behavioral interventions for 
individuals dually-diagnosed with a severe mental illness and a substance use disorder. 
Current addiction reports, 1(4), 243–250. https://doi.org/10.1007/s40429-014-0032-9  



 

104 

Brennan, S. E., McDonald, S., Page, M. J., Reid, J., Ward, S., Forbes, A. B., & McKenzie, 
J. E. (2020). Long-term effects of alcohol consumption on cognitive function: a 
systematic review and dose-response analysis of evidence published between 2007 and 
2018. Systematic reviews, 9(1), 33. https://doi.org/10.1186/s13643-019-1220-4 

Cannon, T. D., van Erp, T. G., Huttunen, M., Lönnqvist, J., Salonen, O., Valanne, L., 
Poutanen, V. P., Standertskjöld-Nordenstam, C. G., Gur, R. E., & Yan, M. (1998). 
Regional gray matter, white matter, and cerebrospinal fluid distributions in 
schizophrenic patients, their siblings, and controls. Archives of general psychiatry, 
55(12), 1084–1091. https://doi.org/10.1001/archpsyc.55.12.1084 

Cao, M., & Cui, B. (2020). Association of educational attainment with adiposity, type 2 
diabetes, and coronary artery diseases: a Mendelian randomization study. Frontiers in 
public health, 8, 112. https://doi.org/10.3389/fpubh.2020.00112 

Cardno, A. G., & Owen, M. J. (2014). Genetic relationships between schizophrenia, bipolar 
disorder, and schizoaffective disorder. Schizophrenia bulletin, 40(3), 504–515. 
https://doi.org/10.1093/schbul/sbu016 

Cardoso, T. A., Bauer, I. E., Jansen, K., Suchting, R., Zunta-Soares, G., Quevedo, J., Glahn, 
D. C., & Soares, J. C. (2016). Effect of alcohol and illicit substance use on verbal 
memory among individuals with bipolar disorder. Psychiatry research, 243, 225–231. 
https://doi.org/10.1016/j.psychres.2016.06.044 

Cederlöf, E., Holm, M., Lähteenvuo, M., Haaki, W., Hietala, J., Häkkinen, K., ... & Paunio, 
T. (2022). Sleep in psychotic disorders: Results from nationwide SUPER Finland study. 
Schizophrenia Bulletin Open, 3(1), sgac011. https://doi.org/10.1093/schizbullopen/sgac011 

Chang, L. H., Whitfield, J. B., Liu, M., Medland, S. E., Hickie, I. B., Martin, N. G., Verhulst, 
B., Heath, A. C., Madden, P. A., Statham, D. J., Gillespie, N. A., & GSCAN Consortium 
(2019). Associations between polygenic risk for tobacco and alcohol use and liability 
to tobacco and alcohol use, and psychiatric disorders in an independent sample of 
13,999 Australian adults. Drug and alcohol dependence, 205, 107704. 
https://doi.org/10.1016/j.drugalcdep.2019.107704 

Charlson, F. J., Ferrari, A. J., Santomauro, D. F., Diminic, S., Stockings, E., Scott, J. G., 
McGrath, J. J., & Whiteford, H. A. (2018). Global epidemiology and burden of 
schizophrenia: findings from the Global Burden of Disease Study 2016. Schizophrenia 
bulletin, 44(6), 1195–1203. https://doi.org/10.1093/schbul/sby058 

Charlton, A. J., May, C., Luikinga, S. J., Burrows, E. L., Hyun Kim, J., Lawrence, A. J., & 
Perry, C. J. (2019). Chronic voluntary alcohol consumption causes persistent cognitive 
deficits and cortical cell loss in a rodent model. Scientific reports, 9(1), 18651. 
https://doi.org/10.1038/s41598-019-55095-w 

Chen, A. C., Porjesz, B., Rangaswamy, M., Kamarajan, C., Tang, Y., Jones, K. A., et al. 
(2007). Reduced frontal lobe activity in subjects with high impulsivity and alcoholism. 
Alcoholism: Clinical and Experimental Research, 31(1), 156–165. 

Chen, C. K., Lee, C. Y., Lee, Y., Hung, C. F., Huang, Y. C., Lee, S. Y., Huang, M. C., Chong, 
M. Y., Chen, Y. C., & Wang, L. J. (2018). Could schizoaffective disorder, 
schizophrenia and bipolar I disorder be distinguishable using cognitive profiles? 
Psychiatry research, 266, 79–84. https://doi.org/10.1016/j.psychres.2018.05.062 



 

105 

Cheng, Y., Liu, X., Ma, X., Garcia, R., Belfield, K., & Haorah, J. (2019). Alcohol promotes 
waste clearance in the CNS via brain vascular reactivity. Free radical biology & 
medicine, 143, 115–126. https://doi.org/10.1016/j.freeradbiomed.2019.07.029 

Cherpitel, C. J., Ye, Y., Stockwell, T., Vallance, K., & Chow, C. (2018). Recall bias across 
7 days in self-reported alcohol consumption prior to injury among emergency 
department patients. Drug and alcohol review, 37(3), 382–388. 
https://doi.org/10.1111/dar.12558 

Clarke, T. K., Smith, A. H., Gelernter, J., Kranzler, H. R., Farrer, L. A., Hall, L. S., 
Fernandez-Pujals, A. M., MacIntyre, D. J., Smith, B. H., Hocking, L. J., Padmanabhan, 
S., Hayward, C., Thomson, P. A., Porteous, D. J., Deary, I. J., & McIntosh, A. M. (2016). 
Polygenic risk for alcohol dependence associates with alcohol consumption, cognitive 
function and social deprivation in a population-based cohort. Addiction biology, 21(2), 
469–480. https://doi.org/10.1111/adb.12245 

Clemente, A. S., Diniz, B. S., Nicolato, R., Kapczinski, F. P., Soares, J. C., Firmo, J. O., & 
Castro-Costa, É. (2015). Bipolar disorder prevalence: a systematic review and meta-
analysis of the literature. Revista brasileira de psiquiatria (Sao Paulo, Brazil: 1999), 
37(2), 155–161. https://doi.org/10.1590/1516-4446-2012-1693 

Coleman, J., Gaspar, H. A., Bryois, J., Bipolar Disorder Working Group of the Psychiatric 
Genomics Consortium, Major Depressive Disorder Working Group of the Psychiatric 
Genomics Consortium, & Breen, G. (2020). The genetics of the mood disorder spectrum: 
genome-wide association analyses of more than 185,000 cases and 439,000 controls. 
Biological psychiatry, 88(2), 169–184. https://doi.org/10.1016/j.biopsych.2019.10.015 

Correll, C. U., Solmi, M., Croatto, G., Schneider, L. K., Rohani-Montez, S. C., Fairley, L., 
Smith, N., Bitter, I., Gorwood, P., Taipale, H., & Tiihonen, J. (2022). Mortality in 
people with schizophrenia: a systematic review and meta-analysis of relative risk and 
aggravating or attenuating factors. World psychiatry: official journal of the World 
Psychiatric Association (WPA), 21(2), 248–271. https://doi.org/10.1002/wps.20994 

Crews, F. T. (2012). Immune function genes, genetics, and the neurobiology of addiction. 
Alcohol research: current reviews, 34(3), 355–361. 

Crews, F. T., & Vetreno, R. P. (2014). Neuroimmune basis of alcoholic brain damage. 
International review of neurobiology, 118, 315–357. https://doi.org/10.1016/B978-0-12-

801284-0.00010-5 
Davidson, T. L., Sample, C. H., & Kanoski, S. E. (2015). Western diet and cognitive 

impairment. In Diet and Nutrition in Dementia and Cognitive Decline (295–305). 
Academic Press. https://doi.org/10.1016/B978-0-12-407824-6.00027-6 

Day, A. M., Kahler, C. W., Ahern, D. C., & Clark, U. S. (2015). Executive functioning in 
alcohol use studies: a brief review of findings and challenges in assessment. Current 
drug abuse reviews, 8(1), 26–40. https://doi.org/10.2174/1874473708666150416110515 



 

106 

Delaloye, C., de Bilbao, F., Moy, G., Baudois, S., Weber, K., Campos, L., Canuto, A., 
Giardini, U., von Gunten, A., Stancu, R. I., Scheltens, P., Lazeyras, F., Millet, P., 
Giannakopoulos, P., & Gold, G. (2009). Neuroanatomical and neuropsychological 
features of euthymic patients with bipolar disorder. The American journal of geriatric 
psychiatry: official journal of the American Association for Geriatric Psychiatry, 17(12), 
1012–1021. https://doi.org/10.1097/JGP.0b013e3181b7f0e2 

Dennison, C. A., Legge, S. E., Pardiñas, A. F., & Walters, J. (2020). Genome-wide 
association studies in schizophrenia: recent advances, challenges and future perspective. 
Schizophrenia research, 217, 4–12. https://doi.org/10.1016/j.schres.2019.10.048  

Der, G., Batty, G. D., & Deary, I. J. (2009). The association between IQ in adolescence and 
a range of health outcomes at 40 in the 1979 US National Longitudinal Study of Youth. 
Intelligence, 37(6), 573–580. https://doi.org/10.1016/j.intell.2008.12.002 

Donovan, N. J., Okereke, O. I., Vannini, P., Amariglio, R. E., Rentz, D. M., Marshall, G. A., 
Johnson, K. A., & Sperling, R. A. (2016). Association of higher cortical amyloid burden 
with loneliness in cognitively normal older adults. JAMA psychiatry, 73(12), 1230–
1237. https://doi.org/10.1001/jamapsychiatry.2016.2657 

Draisma, S., van Zaane, J., & Smit, J. H. (2015). Data quality indicators for daily life chart 
methodology: prospective self-ratings of bipolar disorder and alcohol use. BMC 
research notes, 8, 473. https://doi.org/10.1186/s13104-015-1436-x 

Duffy, J. C., & Waterton, J. J. (1984). Under-reporting of alcohol consumption in sample 
surveys: the effect of computer interviewing in fieldwork. British journal of addiction, 
79(3), 303–308. https://doi.org/10.1111/j.1360-0443.1984.tb00278.x 

Elovainio, M., Hakulinen, C., Pulkki-Råback, L., Aalto, A. M., Virtanen, M., Partonen, T., 
& Suvisaari, J. (2020). General Health Questionnaire (GHQ-12), Beck Depression 
Inventory (BDI-6), and Mental Health Index (MHI-5): psychometric and predictive 
properties in a Finnish population-based sample. Psychiatry research, 289, 112973. 
https://doi.org/10.1016/j.psychres.2020.112973 

Elovainio, M., Kivimäki, M., Ferrie, J. E., Gimeno, D., De Vogli, R., Virtanen, M., Vahtera, 
J., Brunner, E. J., Marmot, M. G., & Singh-Manoux, A. (2009). Physical and cognitive 
function in midlife: reciprocal effects? A 5-year follow-up of the Whitehall II study. 
Journal of epidemiology and community health, 63(6), 468–473. https://doi.org/ 
10.1136/jech.2008.081505  

Emberson, J. R., & Bennett, D. A. (2006). Effect of alcohol on risk of coronary heart disease 
and stroke: causality, bias, or a bit of both? Vascular health and risk management, 2(3), 
239–249. https://doi.org/10.2147/vhrm.2006.2.3.239 

Esan, O. (2015). DSM-5 schizoaffective disorder: will clinical utility be enhanced? Social 
psychiatry and psychiatric epidemiology, 50(3), 501–502. https://doi.org/ 10.1007/ 
s00127-015-1011-8  

Fama, R., Le Berre, A. P., & Sullivan, E. V. (2020). Alcohol's unique effects on cognition 
in women: a 2020 (re)view to envision future research and treatment. Alcohol research: 
current reviews, 40(2), 03. https://doi.org/10.35946/arcr.v40.2.03 



 

107 

Faedda, G. L., Serra, G., Marangoni, C., Salvatore, P., Sani, G., Vázquez, G. H., Tondo, L., 
Girardi, P., Baldessarini, R. J., & Koukopoulos, A. (2014). Clinical risk factors for 
bipolar disorders: a systematic review of prospective studies. Journal of affective 
disorders, 168, 314–321. https://doi.org/10.1016/j.jad.2014.07.013 

Farren, C. K., Hill, K. P., & Weiss, R. D. (2012). Bipolar disorder and alcohol use disorder: 
a review. Current psychiatry reports, 14(6), 659–666. https://doi.org/10.1007/s11920-012-

0320-9 
Fatouros-Bergman, H., Cervenka, S., Flyckt, L., Edman, G., & Farde, L. (2014). Meta-

analysis of cognitive performance in drug-naïve patients with schizophrenia. 
Schizophrenia research, 158(1-3), 156–162. https://doi.org/10.1016/j.schres.2014.06.034 

Fillmore, K. M., Stockwell, T., Chikritzhs, T., Bostrom, A., & Kerr, W. (2007). Moderate 
alcohol use and reduced mortality risk: systematic error in prospective studies and new 
hypotheses. Annals of epidemiology, 17(5 Suppl), S16–S23. https:// 

doi.org/10.1016/j.annepidem.2007.01.005 
Flores-Bonilla, A., & Richardson, H. N. (2020). Sex differences in the neurobiology of 

alcohol use disorder. Alcohol research: current reviews, 40(2), 04. 
https://doi.org/10.35946/arcr.v40.2.04 

Frangou, S. (2010). Cognitive function in early onset schizophrenia: a selective review. 
Frontiers in human neuroscience, 3, 79. https://doi.org/10.3389/neuro.09.079.2009  

Frank, D., DeBenedetti, A. F., Volk, R. J., Williams, E. C., Kivlahan, D. R., & Bradley, K. 
A. (2008). Effectiveness of the AUDIT-C as a screening test for alcohol misuse in three 
race/ethnic groups. Journal of general internal medicine, 23(6), 781–787. 
https://doi.org/10.1007/s11606-008-0594-0 

Fujii, H., Nishimoto, N., Yamaguchi, S., Kurai, O., Miyano, M., Ueda, W., Oba, H., Aoki, 
T., Kawada, N., & Okawa, K. (2016). The Alcohol Use Disorders Identification Test 
for Consumption (AUDIT-C) is more useful than pre-existing laboratory tests for 
predicting hazardous drinking: a cross-sectional study. BMC public health, 16, 379. 
https://doi.org/10.1186/s12889-016-3053-6 

Gaertner, B., Buttery, A. K., Finger, J. D., Wolfsgruber, S., Wagner, M., & Busch, M. A. 
(2018). Physical exercise and cognitive function across the life span: Results of a 
nationwide population-based study. Journal of science and medicine in sport, 21(5), 
489–494. https://doi.org/10.1016/j.jsams.2017.08.022 

Galaj, E., Kipp, B. T., Floresco, S. B., & Savage, L. M. (2019). Persistent alterations of 
accumbal cholinergic interneurons and cognitive dysfunction after adolescent 
intermittent ethanol exposure. Neuroscience, 404, 153–164. https://doi.org/ 

10.1016/j.neuroscience.2019.01.062 
Galkin S. A., Peshkovskaya A. G., Kisel N. I., Vasilieva S. N., Ivanova S. A., & Bokhan N. 

A. (2020). Cognitive changes in comorbidity alcohol dependence and Affective 
Disorders. Psikhiatriya. 18(3):42-48. (In Russ.) https://doi.org/10.30629/2618-6667-2020-

18-3-42-48 
Garyfallos, G. D. (2008). Psychiatrike = Psychiatriki, 19(3), 205–220.  



 

108 

GBD 2016 Disease and Injury Incidence and Prevalence Collaborators (2017). Global, 
regional, and national incidence, prevalence, and years lived with disability for 328 
diseases and injuries for 195 countries, 1990-2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet (London, England), 390(10100), 1211–1259. 
https://doi.org/10.1016/S0140-6736(17)32154-2 

Gémes, K., Janszky, I., Strand, L. B., László, K. D., Ahnve, S., Vatten, L. J., Dalen, H., & 
Mukamal, K. J. (2018). Light-moderate alcohol consumption and left ventricular 
function among healthy, middle-aged adults: the HUNT study. BMJ open, 8(5), 
e020777. https://doi.org/10.1136/bmjopen-2017-020777 

Giovannucci, E., Stampfer, M. J., Colditz, G. A., Manson, J. E., Rosner, B. A., Longnecker, 
M. P., Speizer, F. E., & Willett, W. C. (1993). Recall and selection bias in reporting 
past alcohol consumption among breast cancer cases. Cancer causes & control: CCC, 
4(5), 441–448. https://doi.org/10.1007/BF00050863  

Gogtay, N., Vyas, N. S., Testa, R., Wood, S. J., & Pantelis, C. (2011). Age of onset of 
schizophrenia: perspectives from structural neuroimaging studies. Schizophrenia 
bulletin, 37(3), 504–513. https://doi.org/10.1093/schbul/sbr030 

Goldstein, B. I., & Levitt, A. J. (2006). A gender-focused perspective on health service 
utilization in comorbid bipolar I disorder and alcohol use disorders: results from the 
national epidemiologic survey on alcohol and related conditions. The journal of clinical 
psychiatry, 67(6), 925–932. https://doi.org/10.4088/jcp.v67n0609 

Gross, A. L., Mungas, D. M., Crane, P. K., Gibbons, L. E., MacKay-Brandt, A., Manly, J. 
J., Mukherjee, S., Romero, H., Sachs, B., Thomas, M., Potter, G. G., & Jones, R. N. 
(2015). Effects of education and race on cognitive decline: An integrative study of 
generalizability versus study-specific results. Psychology and aging, 30(4), 863–880. 
https://doi.org/10.1037/pag0000032 

Gruber, O., Gruber, E., & Falkai, P. (2006). Articulatory rehearsal in verbal working 
memory: a possible neurocognitive endophenotype that differentiates between 
schizophrenia and schizoaffective disorder. Neuroscience letters, 405(1-2), 24–28. 
https://doi.org/10.1016/j.neulet.2006.06.062 

Grüner Nielsen, D., Andersen, K., Søgaard Nielsen, A., Juhl, C., & Mellentin, A. (2021). 
Consistency between self-reported alcohol consumption and biological markers among 
patients with alcohol use disorder - a systematic review. Neuroscience and 
biobehavioral reviews, 124, 370–385. https://doi.org/10.1016/j.neubiorev.2021.02.006 

Guerri, C., & Pascual, M. (2010). Mechanisms involved in the neurotoxic, cognitive, and 
neurobehavioral effects of alcohol consumption during adolescence. Alcohol 
(Fayetteville, N.Y.), 44(1), 15–26. https://doi.org/10.1016/j.alcohol.2009.10.003 

Ha, T. H., Chang, J. S., Oh, S. H., Kim, J. S., Cho, H. S., & Ha, K. (2014). Differential 
patterns of neuropsychological performance in the euthymic and depressive phases of 
bipolar disorders. Psychiatry and clinical neurosciences, 68(7), 515–523. https://doi.org/ 

10.1111/pcn.12158 
Haber, J. R., Harris-Olenak, B., Burroughs, T., & Jacob, T. (2016). Residual effects: young 

adult diagnostic drinking predicts late-life health outcomes. Journal of studies on 
alcohol and drugs, 77(6), 859–867. https://doi.org/10.15288/jsad.2016.77.859 



 

109 

Haeny, A. M., Gueorguieva, R., Jackson, A., Morean, M. E., Krishnan-Sarin, S., DeMartini, 
K. S., Pearlson, G. D., Anticevic, A., Krystal, J. H., & O'Malley, S. S. (2021). Individual 
differences in the associations between risk factors for alcohol use disorder and alcohol 
use-related outcomes. Psychology of addictive behaviors: journal of the Society of 
Psychologists in Addictive Behaviors, 35(5), 501–513. https://doi.org/10.1037/adb0000733  

Hakulinen, C., Elovainio, M., Batty, G. D., Virtanen, M., Kivimäki, M., & Jokela, M. (2015). 
Personality and alcohol consumption: Pooled analysis of 72,949 adults from eight 
cohort studies. Drug and alcohol dependence, 151, 110–114. https://doi.org/ 

10.1016/j.drugalcdep.2015.03.008 
Halme, J. T., Seppä, K., Alho, H., Pirkola, S., Poikolainen, K., Lönnqvist, J., & Aalto, M. 

(2008). Hazardous drinking: prevalence and associations in the Finnish general 
population. Alcoholism, clinical and experimental research, 32(9), 1615–1622. 
https://doi.org/10.1111/j.1530-0277.2008.00740.x 

Han, L., & Jia, J. (2021). Long-term effects of alcohol consumption on cognitive function in 
seniors: a cohort study in China. BMC geriatrics, 21(1), 699. https://doi.org/ 

10.1186/s12877-021-02606-y 
Hartman, L. I., Heinrichs, R. W., & Mashhadi, F. (2019). The continuing story of 

schizophrenia and schizoaffective disorder: One condition or two? Schizophrenia 
research. Cognition, 16, 36–42. https://doi.org/10.1016/j.scog.2019.01.001 

Hartz, S. M., Pato, C. N., Medeiros, H., Cavazos-Rehg, P., Sobell, J. L., Knowles, J. A., 
Bierut, L. J., Pato, M. T., & Genomic Psychiatry Cohort Consortium (2014). 
Comorbidity of severe psychotic disorders with measures of substance use. JAMA 
psychiatry, 71(3), 248–254. https://doi.org/10.1001/jamapsychiatry.2013.3726  

Harvey, L. (2020). Research fraud: a long-term problem exacerbated by the clamour for 
research grants. Quality in higher education, 26(3), 243–261. https://doi.org/ 

10.1080/13538322.2020.1820126 
Harvey, P. D., Heaton, R. K., Carpenter, W. T., Jr, Green, M. F., Gold, J. M., & Schoenbaum, 

M. (2012). Functional impairment in people with schizophrenia: focus on employability 
and eligibility for disability compensation. Schizophrenia research, 140(1-3), 1–8. 
https://doi.org/10.1016/j.schres.2012.03.025 

Harvey, P. D., Powchik, P., Parrella, M., White, L., & Davidson, M. (1997). Symptom 
severity and cognitive impairment in chronically hospitalised geriatric patients with 
affective disorders. The British journal of psychiatry: the journal of mental science, 170, 
369–374. https://doi.org/10.1192/bjp.170.4.369 

He, H., Hu, C., Ren, Z., Bai, L., Gao, F., & Lyu, J. (2020). Trends in the incidence and 
DALYs of bipolar disorder at global, regional, and national levels: Results from the 
global burden of Disease Study 2017. Journal of psychiatric research, 125, 96–105. 
https://doi.org/10.1016/j.jpsychires.2020.03.015 

Heinrichs, R. W., Ammari, N., McDermid Vaz, S., & Miles, A. A. (2008). Are schizophrenia 
and schizoaffective disorder neuropsychologically distinguishable?. Schizophrenia 
research, 99(1-3), 149–154. https://doi.org/10.1016/j.schres.2007.10.007 



 

110 

Herlitz, A., Dekhtyar, S., Asperholm, M., & Weber, D. (2016). Gender differences in 
memory and cognition. Encyclopedia of Geropsychology. 1-7. 
https://doi.org/10.1007/978-981-287-080-3_225-1 

Hicks, E. B., Ahsan, N., Bhandari, A., Ghazala, Z., Wang, W., Pollock, B. G., Rajji, T. K., 
& Kumar, S. (2020). Associations of visual paired associative learning task with global 
cognition and its potential usefulness as a screening tool for Alzheimer's Dementia. 
International psychogeriatrics, 1–10. Advance online publication. 
https://doi.org/10.1017/S1041610220003841 

Hilker, R., Helenius, D., Fagerlund, B., Skytthe, A., Christensen, K., Werge, T. M., 
Nordentoft, M., & Glenthøj, B. (2018). Heritability of schizophrenia and schizophrenia 
spectrum based on the nationwide Danish Twin Register. Biological psychiatry, 83(6), 
492–498. https://doi.org/10.1016/j.biopsych.2017.08.017  

Hobin, E., Vallance, K., Zuo, F., Stockwell, T., Rosella, L., Simniceanu, A., White, C., & 
Hammond, D. (2018). Testing the efficacy of alcohol labels with standard drink 
information and national drinking guidelines on consumers' ability to estimate alcohol 
consumption. Alcohol and alcoholism (Oxford, Oxfordshire), 53(1), 3–11. 
https://doi.org/10.1093/alcalc/agx052 

Holi, M. M., Marttunen, M., & Aalberg, V. (2003). Comparison of the GHQ-36, the GHQ-
12 and the SCL-90 as psychiatric screening instruments in the Finnish population. 
Nordic journal of psychiatry, 57(3), 233–238. https://doi.org/10.1080/08039480310001 
418  

Hong, M., Ha, T. H., Lee, S., Oh, S., & Myung, W. (2019). Clinical correlates of alcohol use 
disorder in depressed patients with unipolar and bipolar disorder. Psychiatry 
investigation, 16(12), 926–932. https://doi.org/10.30773/pi.2019.0182 

Hunt, G. E., Large, M. M., Cleary, M., Lai, H., & Saunders, J. B. (2018). Prevalence of 
comorbid substance use in schizophrenia spectrum disorders in community and clinical 
settings, 1990-2017: Systematic review and meta-analysis. Drug and alcohol 
dependence, 191, 234–258. https://doi.org/10.1016/j.drugalcdep.2018.07.011 

Hunt, G. E., Malhi, G. S., Cleary, M., Lai, H. M., & Sitharthan, T. (2016a). Comorbidity of 
bipolar and substance use disorders in national surveys of general populations, 1990-
2015: Systematic review and meta-analysis. Journal of affective disorders, 206, 321–
330. https://doi.org/10.1016/j.jad.2016.06.051 

Hunt, G. E., Malhi, G. S., Cleary, M., Lai, H. M., & Sitharthan, T. (2016b). Prevalence of 
comorbid bipolar and substance use disorders in clinical settings, 1990-2015: 
systematic review and meta-analysis. Journal of affective disorders, 206, 331–349. 
https://doi.org/10.1016/j.jad.2016.07.011 

Iacono, W. G., & Beiser, M. (1992). Are males more likely than females to develop 
schizophrenia?. The American journal of psychiatry, 149(8), 1070–1074. https://doi.org/ 

10.1176/ajp.149.8.1070 
Jacob, A., & Wang, P. (2020) Alcohol intoxication and cognition: implications on 

mechanisms and therapeutic strategies. Frontiers in neuroscience, 14, 102. doi: 
10.3389/fnins.2020.00102 https://www.frontiersin.org/articles/10.3389/fnins.2020.00102/full 



 

111 

Jäger, M., Haack, S., Becker, T., & Frasch, K. (2011). Schizoaffective disorder – an ongoing 
challenge for psychiatric nosology. European psychiatry: the journal of the Association 
of European Psychiatrists, 26(3), 159–165. https://doi.org/10.1016/j.eurpsy.2010.03.010 

Johnson, E. C., Sanchez-Roige, S., Acion, L., Adams, M. J., Bucholz, K. K., Chan, G., Chao, 
M. J., Chorlian, D. B., Dick, D. M., Edenberg, H. J., Foroud, T., Hayward, C., Heron, 
J., Hesselbrock, V., Hickman, M., Kendler, K. S., Kinreich, S., Kramer, J., Kuo, S. I., 
Kuperman, S., … Edwards, A. C. (2021). Polygenic contributions to alcohol use and 
alcohol use disorders across population-based and clinically ascertained samples. 
Psychological medicine, 51(7), 1147–1156. https://doi.org/10.1017/S0033291719004045 

Kaarne, T., Aalto, M., Kuokkanen, M., & Seppä, K. (2010). AUDIT-C, AUDIT-3 and 
AUDIT-QF in screening risky drinking among Finnish occupational health-care 
patients. Drug and alcohol review, 29(5), 563–567. https://doi.org/10.1111/j.1465-

3362.2010.00172.x 
Kahn, R. S., Sommer, I. E., Murray, R. M., Meyer-Lindenberg, A., Weinberger, D. R., 

Cannon, T. D., O'Donovan, M., Correll, C. U., Kane, J. M., van Os, J., & Insel, T. R. 
(2015). Schizophrenia. Nature reviews. Disease primers, 1, 15067. https://doi.org/ 
10.1038/ nrdp.2015.67 

Kanoski, S. E., & Davidson, T. L. (2011). Western diet consumption and cognitive 
impairment: links to hippocampal dysfunction and obesity. Physiology & behavior, 
103(1), 59–68. https://doi.org/10.1016/j.physbeh.2010.12.003 

Keefe, R. S., Bilder, R. M., Davis, S. M., Harvey, P. D., Palmer, B. W., Gold, J. M., Meltzer, 
H. Y., Green, M. F., Capuano, G., Stroup, T. S., McEvoy, J. P., Swartz, M. S., 
Rosenheck, R. A., Perkins, D. O., Davis, C. E., Hsiao, J. K., Lieberman, J. A., CATIE 
Investigators, & Neurocognitive Working Group (2007). Neurocognitive effects of 
antipsychotic medications in patients with chronic schizophrenia in the CATIE Trial. 
Archives of general psychiatry, 64(6), 633–647. https://doi.org/10.1001/archpsyc.64.6.633 

Kelly, B. D., O'Callaghan, E., Waddington, J. L., Feeney, L., Browne, S., Scully, P. J., Clarke, 
M., Quinn, J. F., McTigue, O., Morgan, M. G., Kinsella, A., & Larkin, C. (2010). 
Schizophrenia and the city: A review of literature and prospective study of psychosis 
and urbanicity in Ireland. Schizophrenia research, 116(1), 75–89. 
https://doi.org/10.1016/j.schres.2009.10.015 

Kendall, T., Morriss, R., Mayo-Wilson, E., Marcus, E., & Guideline Development Group of 
the National Institute for Health and Care Excellence (2014). Assessment and 
management of bipolar disorder: summary of updated NICE guidance. BMJ (Clinical 
research ed.), 349, g5673. https://doi.org/10.1136/bmj.g5673 

Kendler, K. S., Ohlsson, H., Fagan, A. A., Lichtenstein, P., Sundquist, J., & Sundquist, K. 
(2020). Nature of the causal relationship between academic achievement and the risk 
for alcohol use disorder. Journal of studies on alcohol and drugs, 81(4), 446–453. 
https://doi.org/10.15288/jsad.2020.81.446 

Kendler, K. S., Ohlsson, H., Sundquist, J., & Sundquist, K. (2021). The rearing environment 
and the risk for alcohol use disorder: a Swedish national high-risk home-reared v. 
adopted co-sibling control study. Psychological medicine, 51(14), 2370–2377. 
https://doi.org/10.1017/S0033291720000963  



 

112 

Kerr, W. C., & Stockwell, T. (2012). Understanding standard drinks and drinking guidelines. 
Drug and alcohol review, 31(2), 200–205. https://doi.org/10.1111/j.1465-3362.2011.00374.x 

Kessing, L. V., Agerbo, E., & Mortensen, P. B. (2004). Major stressful life events and other 
risk factors for first admission with mania. Bipolar disorders, 6(2), 122–129. 
https://doi.org/10.1111/j.1399-5618.2004.00102.x 

Khodaie, N., Tajuddin, N., Mitchell, R. M., Neafsey, E. J., & Collins, M. A. (2018). 
Combinatorial preconditioning of rat brain cultures with subprotective ethanol and 
resveratrol concentrations promotes synergistic neuroprotection. Neurotoxicity 
research, 34(3), 749–756. https://doi.org/10.1007/s12640-018-9886-2  

Kiiskinen, T., Mars, N. J., Palviainen, T., Koskela, J., Rämö, J. T., Ripatti, P., Ruotsalainen, 
S., FinnGen, GSCAN Consortium, Palotie, A., Madden, P., Rose, R. J., Kaprio, J., 
Salomaa, V., Mäkelä, P., Havulinna, A. S., & Ripatti, S. (2020). Genomic prediction of 
alcohol-related morbidity and mortality. Translational psychiatry, 10(1), 23. 
https://doi.org/10.1038/s41398-019-0676-2 

Kilian, C., Manthey, J., Probst, C., Brunborg, G. S., Bye, E. K., Ekholm, O., Kraus, L., 
Moskalewicz, J., Sieroslawski, J., & Rehm, J. (2020). Why is per capita consumption 
underestimated in alcohol surveys? results from 39 surveys in 23 European countries. 
Alcohol and alcoholism (Oxford, Oxfordshire), 55(5), 554–563. 
https://doi.org/10.1093/alcalc/agaa048 

Kirkbride, J. B., Hameed, Y., Ioannidis, K., Ankireddypalli, G., Crane, C. M., Nasir, M., 
Kabacs, N., Metastasio, A., Jenkins, O., Espandian, A., Spyridi, S., Ralevic, D., 
Siddabattuni, S., Walden, B., Adeoye, A., Perez, J., & Jones, P. B. (2017). Ethnic 
minority status, age-at-immigration and psychosis risk in rural environments: evidence 
From the SEPEA study. Schizophrenia bulletin, 43(6), 1251–1261. 
https://doi.org/10.1093/schbul/sbx010 

Klatsky, A. L., & Udaltsova, N. (2013). Abounding confounding: sick quitters and healthy 
drinkers. Addiction (Abingdon, England), 108(9), 1549–1552. https://doi.org/10.1111/ 

add.12157 
Kopera, M., Wojnar, M., Brower, K., Glass, J., Nowosad, I., Gmaj, B., & Szelenberger, W. 

(2012). Cognitive functions in abstinent alcohol-dependent patients. Alcohol 
(Fayetteville, NY), 46(7), 665–671. https://doi.org/10.1016/j.alcohol.2012.04.005 

Koskinen, J., Löhönen, J., Koponen, H., Isohanni, M., & Miettunen, J. (2009). Prevalence 
of alcohol use disorders in schizophrenia--a systematic review and meta-analysis. Acta 
psychiatrica Scandinavica, 120(2), 85–96. https://doi.org/10.1111/j.1600-0447.2009.01385.x 

Krahn, D., Freese, J., Hauser, R., Barry, K., & Goodman, B. (2003). Alcohol use and 
cognition at mid-life: the importance of adjusting for baseline cognitive ability and 
educational attainment. Alcoholism, clinical and experimental research, 27(7), 1162–
1166. https://doi.org/10.1097/01.ALC.0000078060.18662.C1 

Krahn G. L. (2011). WHO World Report on Disability: a review. Disability and health 
journal, 4(3), 141–142. https://doi.org/10.1016/j.dhjo.2011.05.001 

Krakovska, O., Christie, G. J., Farzan, F., Sixsmith, A., Ester, M., & Moreno, S. (2021). 
Healthy memory aging - the benefits of regular daily activities increase with age. Aging, 
13(24), 25643–25652. https://doi.org/10.18632/aging.203753 



 

113 

Krueger, R. F., Hobbs, K. A., Conway, C. C., Dick, D. M., Dretsch, M. N., Eaton, N. R., 
Forbes, M. K., Forbush, K. T., Keyes, K. M., Latzman, R. D., Michelini, G., Patrick, C. 
J., Sellbom, M., Slade, T., South, S. C., Sunderland, M., Tackett, J., Waldman, I., 
Waszczuk, M. A., Wright, A., … HiTOP Utility Workgroup (2021). Validity and utility 
of Hierarchical Taxonomy of Psychopathology (HiTOP): II. Externalizing 
superspectrum. World psychiatry: official journal of the World Psychiatric Association 
(WPA), 20(2), 171–193. https://doi.org/10.1002/wps.20844 

Kurtz, M. M., & Gerraty, R. T. (2009). A meta-analytic investigation of neurocognitive 
deficits in bipolar illness: profile and effects of clinical state. Neuropsychology, 23(5), 
551–562. https://doi.org/10.1037/a0016277 

Lake, C. R., & Hurwitz, N. (2007). Schizoaffective disorder merges schizophrenia and 
bipolar disorders as one disease--there is no schizoaffective disorder. Current opinion 
in psychiatry, 20(4), 365–379. https://doi.org/10.1097/YCO.0b013e3281a305ab 

Lam, M., Chen, C. Y., Li, Z., Martin, A. R., Bryois, J., Ma, X., Gaspar, H., Ikeda, M., 
Benyamin, B., Brown, B. C., Liu, R., Zhou, W., Guan, L., Kamatani, Y., Kim, S. W., 
Kubo, M., Kusumawardhani, A., Liu, C. M., Ma, H., Periyasamy, S., … Huang, H. 
(2019). Comparative genetic architectures of schizophrenia in East Asian and European 
populations. Nature genetics, 51(12), 1670–1678. https://doi.org/10.1038/s41588-019-
0512-x  

Lam, M., Lee, J., Rapisarda, A., See, Y. M., Yang, Z., Lee, S. A., Abdul-Rashid, N. A., 
Kraus, M., Subramaniam, M., Chong, S. A., & Keefe, R. (2018). Longitudinal cognitive 
changes in young individuals at ultrahigh risk for psychosis. JAMA psychiatry, 75(9), 
929–939. https://doi.org/10.1001/jamapsychiatry.2018.1668  

Lambert, S. A., Abraham, G., & Inouye, M. (2019). Towards clinical utility of polygenic 
risk scores. Human molecular genetics, 28(R2), R133–R142. https://doi.org/10.1093/ 
hmg/ddz187 

Knud Larsen, J., Bendsen, B. B., Foldager, L., & Munk-Jørgensen, P. (2010). Prematurity 
and low birth weight as risk factors for the development of affective disorder, especially 
depression and schizophrenia: a register study. Acta neuropsychiatrica, 22(6), 284–291. 
https://doi.org/10.1111/j.1601-5215.2010.00498.x 

Laursen, T. M., Munk-Olsen, T., Nordentoft, M., & Mortensen, P. B. (2007). Increased 
mortality among patients admitted with major psychiatric disorders: a register-based 
study comparing mortality in unipolar depressive disorder, bipolar affective disorder, 
schizoaffective disorder, and schizophrenia. The journal of clinical psychiatry, 68(6), 
899–907. https://doi.org/10.4088/jcp.v68n0612 

Leposavić, L., Dimitrijević, D., Đorđević, S., Leposavić, I., & Balkoski, G. N. (2015). 
Comorbidity of harmful use of alcohol in population of schizophrenic patients. 
Psychiatria Danubina, 27(1), 84–89. 

Levine, D. A., Gross, A. L., Briceño, E. M., Tilton, N., Giordani, B. J., Sussman, J. B., 
Hayward, R. A., Burke, J. F., Hingtgen, S., Elkind, M., Manly, J. J., Gottesman, R. F., 
Gaskin, D. J., Sidney, S., Sacco, R. L., Tom, S. E., Wright, C. B., Yaffe, K., & Galecki, 
A. T. (2021). Sex differences in cognitive decline among US adults. JAMA network 
open, 4(2), e210169. https://doi.org/10.1001/jamanetworkopen.2021.0169 



 

114 

Lewis, D. A., & Levitt, P. (2002). Schizophrenia as a disorder of neurodevelopment. Annual 
review of neuroscience, 25, 409–432. https://doi.org/10.1146/annurev.neuro.25.112701. 

142754 
Lewis, G. (1994). Assessing psychiatric disorder with a human interviewer or a computer. 

Journal of epidemiology and community health, 48(2), 207–210. 
https://doi.org/10.1136/jech.48.2.207 

Li, C., Palka, J. M., & Brown, E. S. (2020). Cognitive impairment in individuals with bipolar 
disorder with and without comorbid alcohol and/or cocaine use disorders. Journal of 
affective disorders, 272, 355–362. https://doi.org/10.1016/j.jad.2020.03.179 

Li, R., Ma, X., Wang, G., Yang, J., & Wang, C. (2016). Why sex differences in schizophrenia? 
Journal of translational neuroscience, 1(1), 37–42. 

Li, W., Zhou, F. C., Zhang, L., Ng, C. H., Ungvari, G. S., Li, J., & Xiang, Y. T. (2020). 
Comparison of cognitive dysfunction between schizophrenia and bipolar disorder 
patients: a meta-analysis of comparative studies. Journal of affective disorders, 274, 
652–661. https://doi.org/10.1016/j.jad.2020.04.051 

Lima, I., Peckham, A. D., & Johnson, S. L. (2018). Cognitive deficits in bipolar disorders: 
Implications for emotion. Clinical psychology review, 59, 126–136. 
https://doi.org/10.1016/j.cpr.2017.11.006 

Liskola, J., Haravuori, H., Lindberg, N., Kiviruusu, O., Niemelä, S., Karlsson, L., & 
Marttunen, M. (2021). The predictive capacity of AUDIT and AUDIT-C among 
adolescents in a one-year follow-up study. Drug and alcohol dependence, 218, 108424. 
https://doi.org/10.1016/j.drugalcdep.2020.108424  

Liskola, J., Haravuori, H., Lindberg, N., Niemelä, S., Karlsson, L., Kiviruusu, O., & 
Marttunen, M. (2018). AUDIT and AUDIT-C as screening instruments for alcohol 
problem use in adolescents. Drug and alcohol dependence, 188, 266–273. 
https://doi.org/10.1016/j.drugalcdep.2018.04.015 

Liu, M., Jiang, Y., Wedow, R., Li, Y., Brazel, D. M., Chen, F., Datta, G., Davila-Velderrain, 
J., McGuire, D., Tian, C., Zhan, X., 23andMe Research Team, HUNT All-In Psychiatry, 
Choquet, H., Docherty, A. R., Faul, J. D., Foerster, J. R., Fritsche, L. G., Gabrielsen, M. 
E., Gordon, S. D., … Vrieze, S. (2019). Association studies of up to 1.2 million 
individuals yield new insights into the genetic etiology of tobacco and alcohol use. 
Nature genetics, 51(2), 237–244. https://doi.org/10.1038/s41588-018-0307-5  

Liu, X., Xie, A., Li, Y., Zhang, Y., Liu, L., Yang, Y., et al. (2017). Cognitive impairment of 
chronic alcohol dependence and its relationship with prefrontal cortex. Journal of 
Psychiatry and Brain Science. 2017; 2(2): 3; https://doi.org/10.20900/jpbs.20170005 

Livingston, M. D., Xu, X., & Komro, K. A. (2016). Predictors of recall error in self-report 
of age at alcohol use onset. Journal of studies on alcohol and drugs, 77(5), 811–818. 
https://doi.org/10.15288/jsad.2016.77.811  

Lo, A. H., Woodman, R. J., Pachana, N. A., Byrne, G. J., & Sachdev, P. S. (2014). 
Associations between lifestyle and cognitive function over time in women aged 40-79 
years. Journal of Alzheimer's disease: JAD, 39(2), 371–383. https://doi.org/10.3233/JAD-

130971 



 

115 

Lu, S., Liao, L., Zhang, B., Yan, W., Chen, L., Yan, H., Guo, L., Lu, S., Xiong, K., & Yan, 
J. (2019). Antioxidant cascades confer neuroprotection in ethanol, morphine, and 
methamphetamine preconditioning. Neurochemistry international, 131, 104540. 
https://doi.org/10.1016/j.neuint.2019.104540 

Lundin, A., Waern, M., Löve, J., Lövestad, S., Hensing, G., & Danielsson, A. K. (2021). 
Towards ICD-11 for alcohol dependence: diagnostic agreement with ICD-10, DSM-5, 
DSM-IV, DSM-III-R and DSM-III diagnoses in a Swedish general population of 
women. Drug and alcohol dependence, 227, 108925. 

Luo, L., Wang, G., Zhou, H., Zhang, L., Ma, C. X., Little, J. P., Yu, Z., Teng, H., Yin, J. Y., 
& Wan, Z. (2021). Sex-specific longitudinal association between baseline physical 
activity level and cognitive decline in Chinese over 45 years old: evidence from the 
China health and retirement longitudinal study. Aging & mental health, 1–9. Advance 
online publication. https://doi.org/10.1080/13607863.2021.1935456 

Lyu, J., & Lee, S. H. (2014). Alcohol consumption and cognitive impairment among Korean 
older adults: does gender matter? International psychogeriatrics, 26(2), 335–340. 
https://doi.org/10.1017/S1041610213001919 

Madre, M., Canales-Rodríguez, E. J., Ortiz-Gil, J., Murru, A., Torrent, C., Bramon, E., Perez, 
V., Orth, M., Brambilla, P., Vieta, E., & Amann, B. L. (2016). Neuropsychological and 
neuroimaging underpinnings of schizoaffective disorder: a systematic review. Acta 
psychiatrica Scandinavica, 134(1), 16–30. https://doi.org/10.1111/acps.12564  

Mäkelä, P., Tigerstedt, C., & Mustonen, H. (2012). The Finnish drinking culture: change 
and continuity in the past 40 years. Drug and alcohol review, 31(7), 831-840. 
https://doi.org/10.1111/j.1465-3362.2012.00479.x 

Maldonado-Devincci, A. M., Badanich, K. A., & Kirstein, C. L. (2010). Alcohol during 
adolescence selectively alters immediate and long-term behavior and neurochemistry. 
Alcohol (Fayetteville, N.Y.), 44(1), 57–66. https://doi.org/10.1016/j.alcohol.2009.09.035 

Mallappagari, S., Ezhumalai, S., Narayanan, G., & Murthy, P. (2021). Influence of shared 
environments in development of alcohol use disorder: a scoping review. Journal of 
psychosocial well-being, 2(2), 8–16. https://doi.org/10.55242/jpsw.2021.2203  

Manning, V., Betteridge, S., Wanigaratne, S., Best, D., Strang, J., & Gossop, M. (2009). 
Cognitive impairment in dual diagnosis inpatients with schizophrenia and alcohol use 
disorder. Schizophrenia research, 114(1-3), 98–104. https://doi.org/10.1016/j.schres. 

2009.05.020 
Marneros, A., Deister, A., & Rohde, A. (1990). Psychopathological and social status of 

patients with affective, schizophrenic and schizoaffective disorders after long-term 
course. Acta psychiatrica Scandinavica, 82(5), 352–358. https://doi.org/10.1111/j.1600-

0447.1990.tb01400.x 
Martínez-Arán, A., Vieta, E., Reinares, M., Colom, F., Torrent, C., Sánchez-Moreno, J., 

Benabarre, A., Goikolea, J. M., Comes, M., & Salamero, M. (2004). Cognitive function 
across manic or hypomanic, depressed, and euthymic states in bipolar disorder. The 
American journal of psychiatry, 161(2), 262–270. https://doi.org/10.1176/appi.ajp. 

161.2.262 



 

116 

McCleery, A., & Nuechterlein, K. H. (2019). Cognitive impairment in psychotic illness: 
prevalence, profile of impairment, developmental course, and treatment considerations. 
Dialogues in clinical neuroscience, 21(3), 239–248. https://doi.org/10.31887/ 

DCNS.2019.21.3/amccleery 
McElroy, S. L., Altshuler, L. L., Suppes, T., Keck, P. E., Jr, Frye, M. A., Denicoff, K. D., 

Nolen, W. A., Kupka, R. W., Leverich, G. S., Rochussen, J. R., Rush, A. J., & Post, R. 
M. (2001). Axis I psychiatric comorbidity and its relationship to historical illness 
variables in 288 patients with bipolar disorder. The American journal of psychiatry, 
158(3), 420–426. https://doi.org/10.1176/appi.ajp.158.3.420 

McGrath, J., Saha, S., Chant, D., & Welham, J. (2008). Schizophrenia: a concise overview 
of incidence, prevalence, and mortality. Epidemiologic reviews, 30, 67–76. 
https://doi.org/10.1093/epirev/mxn001 

McNeil, T. F. (1995). Perinatal risk factors and schizophrenia: selective review and 
methodological concerns. Epidemiologic reviews, 17(1), 107–112. https://doi.org/ 

10.1093/oxfordjournals.epirev.a036165 
Melle, I. (2019). Cognition in schizophrenia: a marker of underlying neurodevelopmental 

problems?. World psychiatry: official journal of the World Psychiatric Association 
(WPA), 18(2), 164–165. https://doi.org/10.1002/wps.20646 

Mellick, W., Tolliver, B. K., Brenner, H., & Prisciandaro, J. J. (2019). Delay discounting 
and reward sensitivity in a 2 × 2 study of bipolar disorder and alcohol dependence. 
Addiction (Abingdon, England), 114(8), 1369–1378. https://doi.org/10.1111/add.14625 

Merikangas, K. R., Akiskal, H. S., Angst, J., Greenberg, P. E., Hirschfeld, R. M., Petukhova, 
M., & Kessler, R. C. (2007). Lifetime and 12-month prevalence of bipolar spectrum 
disorder in the National Comorbidity Survey replication. Archives of general psychiatry, 
64(5), 543–552. https://doi.org/10.1001/archpsyc.64.5.543  

Mesholam-Gately, R. I., Giuliano, A. J., Goff, K. P., Faraone, S. V., & Seidman, L. J. (2009). 
Neurocognition in first-episode schizophrenia: a meta-analytic review. 
Neuropsychology, 23(3), 315–336. https://doi.org/10.1037/a0014708 

Mewton, L., Lees, B., & Rao, R. T. (2020). Lifetime perspective on alcohol and brain health. 
BMJ (Clinical research ed.), 371, m4691. https://doi.org/10.1136/bmj.m4691 

Meyers, J. L., Chorlian, D. B., Johnson, E. C., Pandey, A. K., Kamarajan, C., Salvatore, J. 
E., Aliev, F., Subbie-Saenz de Viteri, S., Zhang, J., Chao, M., Kapoor, M., Hesselbrock, 
V., Kramer, J., Kuperman, S., Nurnberger, J., Tischfield, J., Goate, A., Foroud, T., Dick, 
D. M., Edenberg, H. J., … Porjesz, B. (2019). Association of polygenic liability for 
alcohol dependence and EEG connectivity in adolescence and young adulthood. Brain 
sciences, 9(10), 280. https://doi.org/10.3390/brainsci9100280 

Michalak, E. E., Yatham, L. N., Kolesar, S., & Lam, R. W. (2006). Bipolar disorder and 
quality of life: a patient-centered perspective. Quality of life research: an international 
journal of quality of life aspects of treatment, care and rehabilitation, 15(1), 25–37. 
https://doi.org/10.1007/s11136-005-0376-7  

Miller, J. N., & Black, D. W. (2019). Schizoaffective disorder: a review. Annals of clinical 
psychiatry: official journal of the American Academy of Clinical Psychiatrists, 31(1), 
47–53. 



 

117 

Mitchell, R. M., Neafsey, E. J., & Collins, M. A. (2009). Essential involvement of the 
NMDA receptor in ethanol preconditioning-dependent neuroprotection from amyloid-
betain vitro. Journal of neurochemistry, 111(2), 580–588. https://doi.org/10.1111/j.1471-

4159.2009.06351.x  
Mitchell, R. M., Tajuddin, N., Campbell, E. M., Neafsey, E. J., & Collins, M. A. (2016). 

Ethanol preconditioning of rat cerebellar cultures targets NMDA receptors to the 
synapse and enhances peroxiredoxin 2 expression. Brain research, 1642, 163–169. 
https://doi.org/10.1016/j.brainres.2016.03.011  

Moreno-Küstner, B., Martín, C., & Pastor, L. (2018). Prevalence of psychotic disorders and 
its association with methodological issues. A systematic review and meta-analyses. 
PloS one, 13(4), e0195687. https://doi.org/10.1371/journal.pone.0195687 

Moriarity, D. P., Bart, C. P., Stumper, A., Jones, P., & Alloy, L. B. (2021). Mood symptoms 
and impairment due to substance use: a network perspective on comorbidity. Journal of 
affective disorders, 278, 423–432. https://doi.org/10.1016/j.jad.2020.09.086 

Moritz, S., Irshaid, S., Lüdtke, T., Schäfer, I., Hauschildt, M., & Lipp, M. (2018). 
Neurocognitive functioning in alcohol use disorder: cognitive test results do not tell the 
whole story. European addiction research, 24(5), 217–225. 
https://doi.org/10.1159/000492160 

Mortensen, P. B., Pedersen, C. B., Melbye, M., Mors, O., & Ewald, H. (2003). Individual 
and familial risk factors for bipolar affective disorders in Denmark. Archives of general 
psychiatry, 60(12), 1209-1215. 

Moskalewicz, J., Room, R., & Thom, B. (2016). Comparative Monitoring of Alcohol 
Epidemiology Across the EU. Baseline Assessment and Suggestions for Future Action. 
Synthesis Report. Warsaw, PARPA-The State Agency for Prevention of Alcohol 
Related Problems. https://www.yumpu.com/en/document/read/58095528/comparative-

monitoring-of-alcohol-epidemiology-across-the-eu 
Moss, H. B. (2013). The impact of alcohol on society: a brief overview. Social work in public 

health, 28(3-4), 175–177. https://doi.org/10.1080/19371918.2013.758987 
Mugavin, J., MacLean, S., Room, R., & Callinan, S. (2020). Adult low-risk drinkers and 

abstainers are not the same. BMC public health, 20(1), 37. https://doi.org/10.1186/s12889-

020-8147-5 
Mukamal, K. J., Jensen, M. K., Grønbaek, M., Stampfer, M. J., Manson, J. E., Pischon, T., 

& Rimm, E. B. (2005). Drinking frequency, mediating biomarkers, and risk of 
myocardial infarction in women and men. Circulation, 112(10), 1406–1413. 
https://doi.org/10.1161/CIRCULATIONAHA.105.537704 

Neafsey, E. J., & Collins, M. A. (2011). Moderate alcohol consumption and cognitive risk. 
Neuropsychiatric disease and treatment, 7, 465–484. https://doi.org/10.2147/NDT.S23159 

Nordström, T., Miettunen, J., Auvinen, J., Ala-Mursula, L., Keinänen-Kiukaanniemi, S., 
Veijola, J., Järvelin, M. R., Sebert, S., & Männikkö, M. (2022). Cohort profile: 46 years 
of follow-up of the Northern Finland Birth Cohort 1966 (NFBC1966). International 
journal of epidemiology, 50(6), 1786–1787j. https://doi.org/10.1093/ije/dyab109 



 

118 

Ng Fat, L., Bell, S., & Britton, A. (2020). A life-time of hazardous drinking and harm to 
health among older adults: findings from the Whitehall II prospective cohort study. 
Addiction (Abingdon, England), 115(10), 1855–1866. https://doi.org/10.1111/add.15013 

Nosarti, C., Reichenberg, A., Murray, R. M., Cnattingius, S., Lambe, M. P., Yin, L., 
MacCabe, J., Rifkin, L., & Hultman, C. M. (2012). Preterm birth and psychiatric 
disorders in young adult life. Archives of general psychiatry, 69(6), E1–E8. 
https://doi.org/10.1001/archgenpsychiatry.2011.1374 

Onu, J. U., Ohaeri, J. U., Unaogu, N. N., Inechi, C. M., Nweze, N. B., Ubochi, V. N., & 
Onwukwe, J. U. (2018). Morbid risk of schizophrenia amongst relatives of 
schizophrenia probands: a family-controlled study. The South African journal of 
psychiatry: SAJP: the journal of the Society of Psychiatrists of South Africa, 24, 1173. 
https://doi.org/10.4102/sajpsychiatry.v24i0.1173  

Oscar-Berman, M., & Marinković, K. (2007). Alcohol: effects on neurobehavioral functions 
and the brain. Neuropsychology review, 17(3), 239–257. https://doi.org/10.1007/ 
s11065-007-9038-6 

Pagel, T., Baldessarini, R. J., Franklin, J., & Baethge, C. (2013). Characteristics of patients 
diagnosed with schizoaffective disorder compared with schizophrenia and bipolar 
disorder. Bipolar disorders, 15(3), 229–239. https://doi.org/10.1111/bdi.12057  

Pagel, T., Franklin, J., & Baethge, C. (2014). Schizoaffective disorder diagnosed according 
to different diagnostic criteria--systematic literature search and meta-analysis of key 
clinical characteristics and heterogeneity. Journal of affective disorders, 156, 111–118. 
https://doi.org/10.1016/j.jad.2013.12.001 

Pandina, G., Bilder, R., Turkoz, I., & Alphs, L. (2013). Identification of clinically 
meaningful relationships among cognition, functionality, and symptoms in subjects 
with schizophrenia or schizoaffective disorder. Schizophrenia research, 143(2-3), 312–
318. https://doi.org/10.1016/j.schres.2012.11.031 

Pathak, S., Jiang, Y., DiPetrillo, L., Todtenkopf, M. S., Liu, Y., & Correll, C. U. (2020). 
Course of psychosis in schizophrenia with alcohol use disorder: a post hoc analysis of 
the clinical antipsychotic trials of intervention effectiveness in Schizophrenia Phase 1 
Study. The journal of clinical psychiatry, 81(2), 19m12731. https://doi.org/10.4088/JCP. 

19m12731  
Peña, S., Mäkelä, P., Härkänen, T., Heliövaara, M., Gunnar, T., Männistö, S., Laatikainen, 

T., Vartiainen, E., & Koskinen, S. (2021). Measurement error as an explanation for the 
alcohol harm paradox: analysis of eight cohort studies. International journal of 
epidemiology, 49(6), 1836–1846. https://doi.org/10.1093/ije/dyaa113 

Peña, S., Suvisaari, J., Härkänen, T., Markkula, N., Saarni, S., Härkönen, J., Mäkelä, P., & 
Koskinen, S. (2018). Changes in prevalence and correlates of alcohol-use disorders in 
Finland in an 11-year follow-up. Nordic journal of psychiatry, 72(7), 512–520. 
https://doi.org/10.1080/08039488.2018.1525427 



 

119 

Perälä, J., Suvisaari, J., Saarni, S. I., Kuoppasalmi, K., Isometsä, E., Pirkola, S., Partonen, 
T., Tuulio-Henriksson, A., Hintikka, J., Kieseppä, T., Härkänen, T., Koskinen, S., & 
Lönnqvist, J. (2007). Lifetime prevalence of psychotic and bipolar I disorders in a 
general population. Archives of general psychiatry, 64(1), 19–28. https://doi.org/10.1001/ 

archpsyc.64.1.19 
Pignataro, L. (2019). Alcohol protects the CNS by activating HSF1 and inducing the heat 

shock proteins. Neuroscience letters, 713, 134507. https://doi.org/10.1016/j.neulet. 

2019.134507 
Pihlajamaa, J., Suvisaari, J., Henriksson, M., Heilä, H., Karjalainen, E., Koskela, J., Cannon, 

M., & Lönnqvist, J. (2008). The validity of schizophrenia diagnosis in the Finnish 
Hospital Discharge Register: findings from a 10-year birth cohort sample. Nordic 
journal of psychiatry, 62(3), 198–203. https://doi.org/10.1080/08039480801983596  

Pini, S., de Queiroz, V., Pagnin, D., Pezawas, L., Angst, J., Cassano, G. B., & Wittchen, H. 
U. (2005). Prevalence and burden of bipolar disorders in European countries. European 
neuropsychopharmacology: the journal of the European College of 
Neuropsychopharmacology, 15(4), 425–434. https://doi.org/10.1016/j.euroneuro.2005.04. 

011 
Piumatti, G., Moore, S. C., Berridge, D. M., Sarkar, C., & Gallacher, J. (2018). The 

relationship between alcohol use and long-term cognitive decline in middle and late life: 
a longitudinal analysis using UK Biobank. Journal of public health (Oxford, England), 
40(2), 304–311. https://doi.org/10.1093/pubmed/fdx186 

Potvin, S., Stavro, K., & Pelletier, J. (2012). Paradoxical cognitive capacities in dual 
diagnosis schizophrenia: The quest for explanatory factors. Journal of dual diagnosis, 
8(1), 35–47. https://doi.org/10.1080/15504263.2012.648549 

Public Health England. (2017). Alcohol Use Screening Tests. Available at: 
https://www.gov.uk/government/publications/alcohol-use-screening-tests  

Randers, L., Jepsen, J., Fagerlund, B., Nordholm, D., Krakauer, K., Hjorthøj, C., Glenthøj, 
B., & Nordentoft, M. (2021). Generalized neurocognitive impairment in individuals at 
ultra-high risk for psychosis: The possible key role of slowed processing speed. Brain 
and behavior, 11(3), e01962. https://doi.org/10.1002/brb3.1962 

Rantakallio, P. (1988). The longitudinal study of the northern Finland birth cohort of 1966. 
Paediatric and perinatal epidemiology, 2(1), 59–88. https://doi.org/10.1111/j.1365-

3016.1988.tb00180.x 
Rehm, J., Hasan, O., Black, S. E., Shield, K. D., & Schwarzinger, M. (2019). Alcohol use 

and dementia: a systematic scoping review. Alzheimer's research & therapy, 11(1), 1. 
https://doi.org/10.1186/s13195-018-0453-0  

Rehm, J., Gmel, G., Sempos, C. T., & Trevisan, M. (2003). Alcohol-related morbidity and 
mortality. Alcohol research & health: the journal of the National Institute on Alcohol 
Abuse and Alcoholism, 27(1), 39–51. 

Reilly, M. T., Noronha, A., Goldman, D., & Koob, G. F. (2017). Genetic studies of alcohol 
dependence in the context of the addiction cycle. Neuropharmacology, 122, 3–21. 
https://doi.org/10.1016/j.neuropharm.2017.01.017 



 

120 

Robinson, L. J., Thompson, J. M., Gallagher, P., Goswami, U., Young, A. H., Ferrier, I. N., 
& Moore, P. B. (2006). A meta-analysis of cognitive deficits in euthymic patients with 
bipolar disorder. Journal of affective disorders, 93(1-3), 105–115. 
https://doi.org/10.1016/j.jad.2006.02.016 

Robinson, N., & Bergen, S. E. (2021). Environmental risk factors for schizophrenia and 
bipolar disorder and their relationship to genetic risk: current knowledge and future 
directions. Frontiers in genetics, 12, 686666. https://doi.org/10.3389/fgene.2021.686666 

Roerecke, M., & Rehm, J. (2014). Alcohol consumption, drinking patterns, and ischemic 
heart disease: a narrative review of meta-analyses and a systematic review and meta-
analysis of the impact of heavy drinking occasions on risk for moderate drinkers. BMC 
medicine, 12, 182. https://doi.org/10.1186/s12916-014-0182-6  

Ros-Cucurull, E., Palma-Álvarez, R. F., Cardona-Rubira, C., García-Raboso, E., Jacas, C., 
Grau-López, L., Abad, A. C., Rodríguez-Cintas, L., Ros-Montalbán, S., Casas, M., 
Ramos-Quiroga, J. A., & Roncero, C. (2018). Alcohol use disorder and cognitive 
impairment in old age patients: A 6 months follow-up study in an outpatient unit in 
Barcelona. Psychiatry research, 261, 361–366. https://doi.org/10.1016/j.psychres. 

2017.12.069 
Roux, P., Raust, A., Cannavo, A. S., Aubin, V., Aouizerate, B., Azorin, J. M., Bellivier, F., 

Belzeaux, R., Bougerol, T., Cussac, I., Courtet, P., Etain, B., Gard, S., Job, S., Kahn, J. 
P., Leboyer, M., Olié, E., FondaMental Advanced Centers of Expertise in Bipolar 
Disorders (FACE-BD) Collaborators, Henry, C., & Passerieux, C. (2017). Associations 
between residual depressive symptoms, cognition, and functioning in patients with 
euthymic bipolar disorder: results from the FACE-BD cohort. The British journal of 
psychiatry: the journal of mental science, 211(6), 381–387. 
https://doi.org/10.1192/bjp.bp.117.201335 

Roux, P., Etain, B., Cannavo, A. S., Aubin, V., Aouizerate, B., Azorin, J. M., Bellivier, F., 
Belzeaux, R., Bougerol, T., Cussac, I., Courtet, P., Kahn, J. P., Leboyer, M., M'Bailara, 
K., Payet, M. P., Olié, E., FondaMental Advanced Centers of Expertise in Bipolar 
Disorders (FACE-BD) Collaborators, Henry, C., & Passerieux, C. (2019). Prevalence 
and determinants of cognitive impairment in the euthymic phase of bipolar disorders: 
results from the FACE-BD cohort. Psychological medicine, 49(3), 519–527. 
https://doi.org/10.1017/S0033291718001186 

Rowland, T. A., & Marwaha, S. (2018). Epidemiology and risk factors for bipolar disorder. 
Therapeutic advances in psychopharmacology, 8(9), 251–269. 
https://doi.org/10.1177/2045125318769235 

Saarni, S. I., Joutsenniemi, K., Koskinen, S., Suvisaari, J., Pirkola, S., Sintonen, H., 
Poikolainen, K., & Lönnqvist, J. (2008). Alcohol consumption, abstaining, health utility, 
and quality of life--a general population survey in Finland. Alcohol and alcoholism 
(Oxford, Oxfordshire), 43(3), 376–386. https://doi.org/10.1093/alcalc/agn003 



 

121 

Sabia, S., Guéguen, A., Berr, C., Berkman, L., Ankri, J., Goldberg, M., Zins, M., & Singh-
Manoux, A. (2011). High alcohol consumption in middle-aged adults is associated with 
poorer cognitive performance only in the low socio-economic group. Results from the 
GAZEL cohort study. Addiction (Abingdon, England), 106(1), 93–101. 
https://doi.org/10.1111/j.1360-0443.2010.03106.x 

Sacks, J. J., Gonzales, K. R., Bouchery, E. E., Tomedi, L. E., & Brewer, R. D. (2015). 2010 
National and state costs of excessive alcohol consumption. American journal of 
preventive medicine, 49(5), e73–e79. https://doi.org/10.1016/j.amepre.2015.05.031 

SAMHSA, Center for Behavioral Health Statistics and Quality (2019). National Survey on 
Drug Use and Health. Table 2.17B – Alcohol Use in Lifetime among Persons Aged 12 
or Older, by Age Group and Demographic Characteristics: Percentages, 2018 and 2019. 
https://www.samhsa.gov/data/sites/default/files/reports/rpt29394/NSDUHDetailedTabs2019/NS

DUHDetTabsSect2pe2019.htm#tab2-17b 
Sanchez-Roige, S., Palmer, A. A., & Clarke, T. K. (2020). Recent efforts to dissect the 

genetic basis of alcohol use and abuse. Biological psychiatry, 87(7), 609–618. 
https://doi.org/10.1016/j.biopsych.2019.09.011 

Sanchez-Roige, S., Palmer, A. A., Fontanillas, P., Elson, S. L., 23andMe Research Team, 
the Substance Use Disorder Working Group of the Psychiatric Genomics Consortium, 
Adams, M. J., Howard, D. M., Edenberg, H. J., Davies, G., Crist, R. C., Deary, I. J., 
McIntosh, A. M., & Clarke, T. K. (2019). Genome-wide association study meta-
analysis of the Alcohol Use Disorders Identification Test (AUDIT) in two population-
based cohorts. The American journal of psychiatry, 176(2), 107–118. 
https://doi.org/10.1176/appi.ajp.2018.18040369  

Schutte, R., Papageorgiou, M., Najlah, M., Huisman, H. W., Ricci, C., Zhang, J., Milner, N., 
& Schutte, A. E. (2020). Drink types unmask the health risks associated with alcohol 
intake - prospective evidence from the general population. Clinical nutrition (Edinburgh, 
Scotland), 39(10), 3168–3174. https://doi.org/10.1016/j.clnu.2020.02.009 

Schwartz, F., Carr, A. C., Munich, R. L., Glauber, S., Lesser, B., & Murray, J. (1989). 
Reaction time impairment in schizophrenia and affective illness: the role of attention. 
Biological psychiatry, 25(5), 540–548. https://doi.org/10.1016/0006-3223(89)90214-x 

Scully, P. J., Owens, J. M., Kinsella, A., & Waddington, J. L. (2004). Schizophrenia, 
schizoaffective and bipolar disorder within an epidemiologically complete, 
homogeneous population in rural Ireland: small area variation in rate. Schizophrenia 
research, 67(2-3), 143–155. https://doi.org/10.1016/S0920-9964(03)00194-4  

Sheffield, J. M., Karcher, N. R., & Barch, D. M. (2018). Cognitive deficits in psychotic 
disorders: a lifespan perspective. Neuropsychology review, 28(4), 509–533. 
https://doi.org/10.1007/s11065-018-9388-2 

Slade, T., Chapman, C., Swift, W., Keyes, K., Tonks, Z., & Teesson, M. (2016). Birth cohort 
trends in the global epidemiology of alcohol use and alcohol-related harms in men and 
women: systematic review and metaregression. BMJ open, 6(10), e011827. 
https://doi.org/10.1136/bmjopen-2016-011827 



 

122 

Solé, B., Bonnin, C. M., Torrent, C., Balanzá-Martínez, V., Tabarés-Seisdedos, R., Popovic, 
D., Martínez-Arán, A., & Vieta, E. (2012). Neurocognitive impairment and 
psychosocial functioning in bipolar II disorder. Acta psychiatrica Scandinavica, 125(4), 
309–317. https://doi.org/10.1111/j.1600-0447.2011.01759.x 

Solmi, M., Civardi, S., Corti, R., Anil, J., Demurtas, J., Lange, S., Radua, J., Dragioti, E., 
Fusar-Poli, P., & Carvalho, A. F. (2021). Risk and protective factors for alcohol and 
tobacco related disorders: An umbrella review of observational studies. Neuroscience 
and biobehavioral reviews, 121, 20–28. https://doi.org/10.1016/j.neubiorev. 
2020.11.010  

Stahl, E. A., Breen, G., Forstner, A. J., McQuillin, A., Ripke, S., Trubetskoy, V., Mattheisen, 
M., Wang, Y., Coleman, J., Gaspar, H. A., de Leeuw, C. A., Steinberg, S., Pavlides, J., 
Trzaskowski, M., Byrne, E. M., Pers, T. H., Holmans, P. A., Richards, A. L., Abbott, 
L., Agerbo, E., … Bipolar Disorder Working Group of the Psychiatric Genomics 
Consortium (2019). Genome-wide association study identifies 30 loci associated with 
bipolar disorder. Nature genetics, 51(5), 793–803. https://doi.org/10.1038/s41588-019-

0397-8  
Stanley Global. Broad Institute (2021, September 20). Retrieved August 1, 2022, from 

https://www.broadinstitute.org/stanley-center-psychiatric-research/stanley-global 
Stavro, K., Pelletier, J., & Potvin, S. (2013). Widespread and sustained cognitive deficits in 

alcoholism: a meta-analysis. Addiction biology, 18(2), 203–213. https://doi.org/ 

10.1111/j.1369-1600.2011.00418.x 
Stephenson, M., Barr, P., Ksinan, A., Aliev, F., Latvala, A., Viken, R., Rose, R., Kaprio, J., 

Dick, D., & Salvatore, J. E. (2020). Which adolescent factors predict alcohol misuse in 
young adulthood? a co-twin comparisons study. Addiction (Abingdon, England), 
115(5), 877–887. https://doi.org/10.1111/add.14888 

Stip, E., Sepehry, A. A., Prouteau, A., Briand, C., Nicole, L., Lalonde, P., & Lesage, A. 
(2005). Cognitive discernible factors between schizophrenia and schizoaffective 
disorder. Brain and cognition, 59(3), 292–295. https://doi.org/10.1016/j.bandc.2005.07.003 

Stockwell, T., Donath, S., Cooper-Stanbury, M., Chikritzhs, T., Catalano, P., & Mateo, C. 
(2004). Under-reporting of alcohol consumption in household surveys: a comparison of 
quantity-frequency, graduated-frequency and recent recall. Addiction (Abingdon, 
England), 99(8), 1024–1033. https://doi.org/10.1111/j.1360-0443.2004.00815.x 

Stott, D. J., Falconer, A., Kerr, G. D., Murray, H. M., Trompet, S., Westendorp, R. G., 
Buckley, B., de Craen, A. J., Sattar, N., & Ford, I. (2008). Does low to moderate alcohol 
intake protect against cognitive decline in older people?. Journal of the American 
Geriatrics Society, 56(12), 2217–2224. https://doi.org/10.1111/j.1532-5415.2008.02007.x 

Strandberg, A. Y., Trygg, T., Pitkälä, K. H., & Strandberg, T. E. (2018). Alcohol 
consumption in midlife and old age and risk of frailty: Alcohol paradox in a 30-year 
follow-up study. Age and ageing, 47(2), 248–254. https://doi.org/10.1093/ageing/afx165 

Super. super. (n.d.). Retrieved August 1, 2022, from https://www.superfinland.fi/ 



 

123 

Su, F., Guo, A. C., Li, W. W., Zhao, Y. L., Qu, Z. Y., Wang, Y. J., Wang, Q., & Zhu, Y. L. 
(2017). Low-dose ethanol preconditioning protects against oxygen-glucose 
deprivation/reoxygenation-induced neuronal injury by activating large conductance, 
Ca2+-activated K+ channels in vitro. Neuroscience bulletin, 33(1), 28–40. 
https://doi.org/10.1007/s12264-016-0080-3  

Sund R. (2012). Quality of the Finnish Hospital Discharge Register: a systematic review. 
Scandinavian journal of public health, 40(6), 505–515. https://doi.org/ 

10.1177/1403494812456637 
Sullivan, P. F., Daly, M. J., & O'Donovan, M. (2012). Genetic architectures of psychiatric 

disorders: the emerging picture and its implications. Nature reviews. Genetics, 13(8), 
537–551. https://doi.org/10.1038/nrg3240 

Syväoja, H. J., Tammelin, T. H., Ahonen, T., Räsänen, P., Tolvanen, A., Kankaanpää, A., & 
Kantomaa, M. T. (2015). Internal consistency and stability of the CANTAB 
neuropsychological test battery in children. Psychological assessment, 27(2), 698–709. 
https://doi.org/10.1037/a0038485  

Szmulewicz, A., Valerio, M. P., & Martino, D. J. (2020). Longitudinal analysis of cognitive 
performances in recent-onset and late-life Bipolar Disorder: A systematic review and 
meta-analysis. Bipolar disorders, 22(1), 28–37. https://doi.org/10.1111/bdi.12841 

Taivalantti, M., Barnett, J. H., Halt, A. H., Koskela, J., Auvinen, J., Timonen, M., Järvelin, 
M. R., & Veijola, J. (2020). Depressive symptoms as predictors of visual memory 
deficits in middle-age. Journal of affective disorders, 264, 29–34. 
https://doi.org/10.1016/j.jad.2019.11.125 

Taylor, A. E., Lu, F., Carslake, D., Hu, Z., Qian, Y., Liu, S., Chen, J., Shen, H., & Smith, G. 
D. (2015). Exploring causal associations of alcohol with cardiovascular and metabolic 
risk factors in a Chinese population using Mendelian randomization analysis. Scientific 
reports, 5, 14005. https://doi.org/10.1038/srep14005 

Thoma, P., & Daum, I. (2013). Comorbid substance use disorder in schizophrenia: a 
selective overview of neurobiological and cognitive underpinnings. Psychiatry and 
clinical neurosciences, 67(6), 367–383. https://doi.org/10.1111/pcn.12072 

Thoma, R. J., Hanlon, F. M., Miller, G. A., Huang, M., Weisend, M. P., Sanchez, F. P., 
Waldorf, V. A., Jones, A., Smith, A., Formoso, M. J., & Cañive, J. M. (2006). 
Neuropsychological and sensory gating deficits related to remote alcohol abuse history 
in schizophrenia. Journal of the International Neuropsychological Society: JINS, 12(1), 
34–44. https://doi.org/10.1017/S1355617706060097 

Tolonen, H., Salomaa, V., Torppa, J., Sivenius, J., Immonen-Räihä, P., Lehtonen, A., & 
FINSTROKE register (2007). The validation of the Finnish Hospital Discharge Register 
and Causes of Death Register data on stroke diagnoses. European journal of 
cardiovascular prevention and rehabilitation: official journal of the European Society of 
Cardiology, Working Groups on Epidemiology & Prevention and Cardiac 
Rehabilitation and Exercise Physiology, 14(3), 380–385. https://doi.org/10.1097/01.hjr. 

0000239466.26132.f2 



 

124 

Topiwala, A., Allan, C. L., Valkanova, V., Zsoldos, E., Filippini, N., Sexton, C., ... & 
Ebmeier, K. P. (2017). Moderate alcohol consumption as risk factor for adverse brain 
outcomes and cognitive decline: longitudinal cohort study. BMJ, 357. 
https://doi.org/10.1136/bmj.j2353 

Torniainen, M., Suvisaari, J., Partonen, T., Castaneda, A. E., Kuha, A., Suokas, J., Perälä, J., 
Saarni, S. I., Lönnqvist, J., & Tuulio-Henriksson, A. (2012). Cognitive impairments in 
schizophrenia and schizoaffective disorder: relationship with clinical characteristics. 
The Journal of nervous and mental disease, 200(4), 316–322. https://doi.org/10.1097/NMD. 

0b013e31824cb359 
Tournikioti, K., Ferentinos, P., Michopoulos, I., Dikeos, D., Soldatos, C. R., & Douzenis, A. 

(2018). Sex-related variation of neurocognitive functioning in bipolar disorder: focus 
on visual memory and associative learning. Psychiatry research, 267, 499–505. 
https://doi.org/10.1016/j.psychres.2018.06.037 

Tournikioti, K., Ferentinos, P., Michopoulos, I., Alevizaki, M., Soldatos, C. R., Dikeos, D., 
& Douzenis, A. (2017). Clinical and treatment-related predictors of cognition in bipolar 
disorder: focus on visual paired associative learning. European archives of psychiatry 
and clinical neuroscience, 267(7), 661–669. https://doi.org/10.1007/s00406-016-0743-0 

Trahan, D. E., & Quintana, J. W. (1990). Analysis of gender effects upon verbal and visual 
memory performance in adults. Archives of clinical neuropsychology: the official 
journal of the National Academy of Neuropsychologists, 5(4), 325–334.  

Trevisan, M., Schisterman, E., Mennotti, A., Farchi, G., Conti, S., & Risk Factor And Life 
Expectancy Research Group (2001). Drinking pattern and mortality: the Italian Risk 
Factor and Life Expectancy pooling project. Annals of epidemiology, 11(5), 312–319. 
https://doi.org/10.1016/s1047-2797(00)00183-6 

Tripathi, A., Kar, S. K., & Shukla, R. (2018). Cognitive deficits in schizophrenia: 
understanding the biological correlates and remediation strategies. Clinical 
psychopharmacology and neuroscience: the official scientific journal of the Korean 
College of Neuropsychopharmacology, 16(1), 7–17. https://doi.org/10.9758/cpn. 
2018.16.1.7  

Tyburski, E., Pełka-Wysiecka, J., Mak, M., Samochowiec, A., Bieńkowski, P., & 
Samochowiec, J. (2017). Neuropsychological profile of specific executive dysfunctions 
in patients with deficit and non-deficit schizophrenia. Frontiers in psychology, 8, 1459. 
https://doi.org/10.3389/fpsyg.2017.01459 

Uher, R. (2014). Gene-environment interactions in severe mental illness. Frontiers in 
psychiatry, 5, 48. https://doi.org/10.3389/fpsyt.2014.00048  

van Hooren, S. A., Valentijn, A. M., Bosma, H., Ponds, R. W., van Boxtel, M. P., & Jolles, 
J. (2007). Cognitive functioning in healthy older adults aged 64-81: a cohort study into 
the effects of age, sex, and education. Neuropsychology, development, and cognition. 
Section B, Aging, neuropsychology and cognition, 14(1), 40–54. 
https://doi.org/10.1080/138255890969483 

Van Skike, C. E., Goodlett, C., & Matthews, D. B. (2019). Acute alcohol and cognition: 
remembering what it causes us to forget. Alcohol (Fayetteville, NY), 79, 105–125. 
https://doi.org/10.1016/j.alcohol.2019.03.006 



 

125 

Veling, W., Hoek, H. W., Wiersma, D., & Mackenbach, J. P. (2010). Ethnic identity and the 
risk of schizophrenia in ethnic minorities: a case-control study. Schizophrenia bulletin, 
36(6), 1149–1156. https://doi.org/10.1093/schbul/sbp032 

Vacca, A., Longo, R., & Mencar, C. (2019). Identification and evaluation of cognitive 
deficits in schizophrenia using ‘Machine learning’. Psychiatria Danubina, 31(Suppl 3), 
261–264. 

Veling, W., Selten, J. P., Veen, N., Laan, W., Blom, J. D., & Hoek, H. W. (2006). Incidence 
of schizophrenia among ethnic minorities in the Netherlands: a four-year first-contact 
study. Schizophrenia research, 86(1-3), 189–193. https://doi.org/10.1016/j.schres. 

2006.06.010 
Verhulst, B., Neale, M. C., & Kendler, K. S. (2015). The heritability of alcohol use disorders: 

a meta-analysis of twin and adoption studies. Psychological medicine, 45(5), 1061–
1072. https://doi.org/10.1017/S0033291714002165  

Vetreno, R. P., Qin, L., & Crews, F. T. (2013). Increased receptor for advanced glycation 
end product expression in the human alcoholic prefrontal cortex is linked to adolescent 
drinking. Neurobiology of disease, 59, 52–62. https://doi.org/10.1016/j.nbd.2013.07.002 

Vilhjálmsson, B. J., Yang, J., Finucane, H. K., Gusev, A., Lindström, S., Ripke, S., Genovese, 
G., Loh, P. R., Bhatia, G., Do, R., Hayeck, T., Won, H. H., Schizophrenia Working 
Group of the Psychiatric Genomics Consortium, Discovery, Biology, and Risk of 
Inherited Variants in Breast Cancer (DRIVE) study, Kathiresan, S., Pato, M., Pato, C., 
Tamimi, R., Stahl, E., Zaitlen, N., Pasaniuc, B., … Price, A. L. (2015). Modeling 
linkage disequilibrium increases accuracy of polygenic risk scores. American journal 
of human genetics, 97(4), 576–592. https://doi.org/10.1016/j.ajhg.2015.09.001  

Vinader-Caerols, C., & Monleón, S. (2021). Binge drinking, alone or with cannabis, during 
adolescence triggers different effects on immediate visual memory in men and women. 
Frontiers in psychiatry, 12, 797221. https://doi.org/10.3389/fpsyt.2021.797221 

Volavka, J., & Vevera, J. (2018). Very long-term outcome of schizophrenia. International 
journal of clinical practice, 72(7), e13094. https://doi.org/10.1111/ijcp.13094 

Voyer, D., Voyer, S. D., & Saint-Aubin, J. (2017). Sex differences in visual-spatial working 
memory: a meta-analysis. Psychonomic bulletin & review, 24(2), 307–334. 
https://doi.org/10.3758/s13423-016-1085-7 

Vrabie, M., Marinescu, V., Talaşman, A., Tăutu, O., Drima, E., & Micluţia, I. (2015). 
Cognitive impairment in manic bipolar patients: important, understated, significant 
aspects. Annals of general psychiatry, 14, 41. https://doi.org/10.1186/s12991-015-0080-0 

Wall, T. L., Luczak, S. E., & Hiller-Sturmhöfel, S. (2016). Biology, genetics, and 
environment: underlying factors influencing alcohol metabolism. Alcohol research: 
current reviews, 38(1), 59–68.  

Wallach, J. D., Serghiou, S., Chu, L., Egilman, A. C., Vasiliou, V., Ross, J. S., & Ioannidis, 
J. (2020). Evaluation of confounding in epidemiologic studies assessing alcohol 
consumption on the risk of ischemic heart disease. BMC medical research methodology, 
20(1), 64. https://doi.org/10.1186/s12874-020-0914-6 



 

126 

Wannan, C., Bartholomeusz, C. F., Cropley, V. L., Van Rheenen, T. E., Panayiotou, A., 
Brewer, W. J., Proffitt, T. M., Henry, L., Harris, M. G., Velakoulis, D., McGorry, P., 
Pantelis, C., & Wood, S. J. (2018). Deterioration of visuospatial associative memory 
following a first psychotic episode: a long-term follow-up study. Psychological 
medicine, 48(1), 132–141. https://doi.org/10.1017/S003329171700157X 

Wardzala, C., Murchison, C., Loftis, J. M., Schenning, K. J., Mattek, N., Woltjer, R., Kaye, 
J., Quinn, J. F., & Wilhelm, C. J. (2018). Sex differences in the association of alcohol 
with cognitive decline and brain pathology in a cohort of octogenarians. 
Psychopharmacology, 235(3), 761–770. https://doi.org/10.1007/s00213-017-4791-6 

Wellmann, J., Heidrich, J., Berger, K., Döring, A., Heuschmann, P. U., & Keil, U. (2004). 
Changes in alcohol intake and risk of coronary heart disease and all-cause mortality in 
the MONICA/KORA-Augsburg cohort 1987-97. European journal of cardiovascular 
prevention and rehabilitation: official journal of the European Society of Cardiology, 
Working Groups on Epidemiology & Prevention and Cardiac Rehabilitation and 
Exercise Physiology, 11(1), 48–55. https://doi.org/10.1097/01.hjr.0000118174.70522.20 

Werner, K. B., Grant, J. D., McCutcheon, V. V., Madden, P. A., Heath, A. C., Bucholz, K. 
K., & Sartor, C. E. (2016). Differences in childhood physical abuse reporting and the 
association between CPA and alcohol use disorder in European American and African 
American women. Psychology of addictive behaviors: journal of the Society of 
Psychologists in Addictive Behaviors, 30(4), 423–433. https://doi.org/ 
10.1037/adb0000174  

Więckowska-Gacek, A., Mietelska-Porowska, A., Wydrych, M., & Wojda, U. (2021). 
Western diet as a trigger of Alzheimer's disease: from metabolic syndrome and systemic 
inflammation to neuroinflammation and neurodegeneration. Ageing research reviews, 
70, 101397. https://doi.org/10.1016/j.arr.2021.101397 

Wood, A. J., Carroll, A. R., Shinn, A. K., Ongur, D., & Lewandowski, K. E. (2021). 
Diagnostic stability of primary psychotic disorders in a research sample. Frontiers in 
psychiatry, 12, 734272. https://doi.org/10.3389/fpsyt.2021.734272 

Wood, A. M., Kaptoge, S., Butterworth, A. S., Willeit, P., Warnakula, S., Bolton, T., Paige, 
E., Paul, D. S., Sweeting, M., Burgess, S., Bell, S., Astle, W., Stevens, D., Koulman, 
A., Selmer, R. M., Verschuren, W., Sato, S., Njølstad, I., Woodward, M., Salomaa, 
V., … Emerging Risk Factors Collaboration/EPIC-CVD/UK Biobank Alcohol Study 
Group (2018). Risk thresholds for alcohol consumption: combined analysis of 
individual-participant data for 599 912 current drinkers in 83 prospective studies. 
Lancet (London, England), 391(10129), 1513–1523. https://doi.org/10.1016/S0140-

6736(18)30134-X 
Woods, A. J., Porges, E. C., Bryant, V. E., Seider, T., Gongvatana, A., Kahler, C. W., de la 

Monte, S., Monti, P. M., & Cohen, R. A. (2016). Current heavy alcohol consumption is 
associated with greater cognitive impairment in older adults. Alcoholism, clinical and 
experimental research, 40(11), 2435–2444. https://doi.org/10.1111/acer.13211 



 

127 

Wootton, R. E., Greenstone, H., Abdellaoui, A., Denys, D., Verweij, K., Munafò, M. R., & 
Treur, J. L. (2021). Bidirectional effects between loneliness, smoking and alcohol use: 
evidence from a Mendelian randomization study. Addiction (Abingdon, England), 
116(2), 400–406. https://doi.org/10.1111/add.15142 

World Health Organization (2020). International Statistical Classification of Diseases and 
Related Health Problems (11th ed.). https://icd.who.int/ 

Wu, Z., Zhang, H., Miao, X., Li, H., Pan, H., Zhou, D., Liu, Y., Li, Z., Wang, J., Liu, X., 
Zheng, D., Li, X., Wang, W., Guo, X., & Tao, L. (2021). High-intensity physical 
activity is not associated with better cognition in the elder: evidence from the China 
Health and Retirement Longitudinal Study. Alzheimer's research & therapy, 13(1), 182. 
https://doi.org/10.1186/s13195-021-00923-3 

Xia, Y., Ma, D., Perich, T., Hu, J., & Mitchell, P. B. (2020). Demographic and clinical 
differences between bipolar disorder patients with and without alcohol use disorders. 
Frontiers in psychiatry, 11, 570574. https://doi.org/10.3389/fpsyt.2020.570574 

Xue, A., Jiang, L., Zhu, Z., Wray, N. R., Visscher, P. M., Zeng, J., & Yang, J. (2021). 
Genome-wide analyses of behavioural traits are subject to bias by misreports and 
longitudinal changes. Nature communications, 12(1), 20211. 
https://doi.org/10.1038/s41467-020-20237-6 

Yamada, Y., Matsumoto, M., Iijima, K., & Sumiyoshi, T. (2020). Specificity and continuity 
of schizophrenia and bipolar disorder: relation to biomarkers. Current pharmaceutical 
design, 26(2), 191–200. https://doi.org/10.2174/1381612825666191216153508 

Yan, Z., Yingjie, Z., Na, A., Qi, Q., Wei, L., Wenzheng, W., Lin, S., & Shifu, X. (2021). 
The effects of light-to-moderate alcohol consumption on the cognitive function of 
community nondemented male elderly: a cohort study. Behavioural neurology, 2021, 
5681913. https://doi.org/10.1155/2021/5681913 

Yu, M., Tang, X., Wang, X., Zhang, X., Zhang, X., Sha, W., Yao, S., Shu, N., Zhang, X., & 
Zhang, Z. (2015). Neurocognitive impairments in deficit and non-deficit schizophrenia 
and their relationships with symptom dimensions and other clinical variables. PloS one, 
10(9), e0138357. https://doi.org/10.1371/journal.pone.0138357 

Zehra, A., Lindgren, E., Wiers, C. E., Freeman, C., Miller, G., Ramirez, V., Shokri-Kojori, 
E., Wang, G. J., Talagala, L., Tomasi, D., & Volkow, N. D. (2019). Neural correlates 
of visual attention in alcohol use disorder. Drug and alcohol dependence, 194, 430–437. 
https://doi.org/10.1016/j.drugalcdep.2018.10.032 

Zhang, R., Shen, L., Miles, T., Shen, Y., Cordero, J., Qi, Y., Liang, L., & Li, C. (2020). 
Association of low to moderate alcohol drinking with cognitive functions from middle 
to older age among US adults. JAMA network open, 3(6), e207922. 
https://doi.org/10.1001/jamanetworkopen.2020.7922 

Zhang, X., Cheng, X., Chen, J., Zhang, B., Wu, Q., Deng, W., Li, X., Lin, Y., Yang, C., & 
Cao, L. (2019). Association of subthreshold manic symptoms and cognitive 
impairments in euthymic patients with bipolar disorder I. Psychiatry research, 278, 303–
308. https://doi.org/10.1016/j.psychres.2019.06.032 



 

128 

Zhang, Y., Li, Y., Zheng, X., Zhu, L., & Xu, B. (2021). Association between alcohol 
consumption in midlife and cognitive function in old age: Findings from the China 
health and Nutrition Survey. Nutrition, metabolism, and cardiovascular diseases: 
NMCD, 31(11), 3044–3053. https://doi.org/10.1016/j.numecd.2021.07.023 

Zhou, D., Zhao, Y., Hook, M., Zhao, W., Starlard-Davenport, A., Cook, M. N., Jones, B. C., 
Hamre, K. M., & Lu, L. (2018). Ethanol's Effect on Coq7 Expression in the 
Hippocampus of Mice. Frontiers in genetics, 9, 602. 
https://doi.org/10.3389/fgene.2018.00602 

Zhou, R. P., Leng, T. D., Yang, T., Chen, F. H., & Xiong, Z. G. (2019). Acute ethanol 
exposure promotes autophagy-lysosome pathway-dependent ASIC1a protein 
degradation and protects against acidosis-induced neurotoxicity. Molecular 
neurobiology, 56(5), 3326–3340. https://doi.org/10.1007/s12035-018-1289-0  

Zhou, T., Sun, D., Li, X., Ma, H., Heianza, Y., & Qi, L. (2021). Educational attainment and 
drinking behaviors: Mendelian randomization study in UK Biobank. Molecular 
psychiatry, 26(8), 4355–4366. https://doi.org/10.1038/s41380-019-0596-9 

 



 

129 

Appendix 

ALKOHOLIN KÄYTTÖ 

Seuraavat kysymykset koskevat alkoholin käyttöäsi viimeisen 12 kuukauden 
aikana 
30. Kuinka usein käytät alkoholia?                  
                                                                                                 
 0  En koskaan                                                                      
 1       Kuukausittain tai harvemmin                                         
 2       2-4  kertaa kuukaudessa 
 3       2-3 kertaa viikossa 
 4   Neljästi viikossa tai useammin 
  
31. Kun käytät alkoholia, montako annosta tavallisimmin otat päivässä? *) 

  

0    1-2 annosta päivässä 
1    3-4 annosta päivässä 
2    5-6 annosta päivässä 
3    7-9 annosta päivässä 
4    10 annosta/päivä tai enemmän 

 

*) Yksi alkoholiannos on: 
pullo (33cl) keskiolutta tai siideriä tai 
lasi (12cl) mietoa viiniä tai 
pieni lasi (8cl) väkevää viiniä tai 
ravintola-annos (4cl) väkeviä 
  
Esimerkkejä: 
0,5 l tuoppi keskiolutta tai siideriä = 1,
annosta 
0.5 l tuoppi A-olutta tai vahvaa siideriä
2 annosta 
0.75 l pullo mietoa (12%) viiniä = 6 
annosta 
0,5 l pullo väkeviä = 13 annosta 

32. Kuinka usein juot kerrallaan vähintään kuusi annosta? 
  
 0   En koskaan 
 1   Harvemmin kuin kuukausittain 
 2   Kuukausittain 
 3   Viikoittain 
 4   Päivittäin tai lähes päivittäin 
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