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SAMI PIRKOLA

EDITORIAL

In the spirit of better steering and continuity of all mental health work, the Ministry of Social Affairs and Health in Finland 
published and launched a new National Mental Health Strategy in February 2020. It was prepared by an expert task group, 
nominated by previous Minister of Family Affairs and Social Services, Annika Saarikko, in the time period between 10.8.2018 
– 31.12.2019. The final strategy was officially delivered to the next Minister Krista Kiuru, and its implementation has now 
started on behalf of the Finnish Institute for Health and Welfare and the joint municipalities expected to form the social and 
healthcare regions in the future.

The Finnish National Mental Health Strategy is a major statement by the Ministry, and the whole government, of the 
importance of mental health for all our well-being, functioning and quality of life. In the assignment, the expert group was 
ordered to draft a long-term strategic programme for the purpose of managing and steering mental health policy and actions for 
years and governments to come. 

The drafting process proceeded with meetings, thorough discussions, facilitated seminars, and finally, a particularly careful 
audition by all possible stakeholders, followed by a feedback-based review. The atmosphere of the task group was positive 
and clearly committed to the set goals. Much attention was paid to taking external opinions into account when presenting the 
preliminary work to third parties or collaborators.

As a result, a concise strategy and attached suicide prevention programme is now taking place. The strategy consists of five 
focus areas: 1) mental health as capital, 2) building the mental health of children and young people, 3) mental health rights, 4) 
appropriate and extensive services and 5) good mental health management. The focus areas complement each other in forming 
a comprehensive matrix of principles and actions for the use of policy making. Each focus area includes a set of diverse actions 
guided by the focus. When looking at services, the strategy emphasizes collaboration and the needs of the patient.

A cross-cutting theme in the strategy is the importance of mental health in all areas of individual, social and societal life, 
regarding both the positive and negative dimensions of mental health. Actions are proposed for educating people in varying 
professional positions in mental health skills. Mental health is seen as a resource, as well as for those in need of psychosocial 
support. 

The many actions planned, based on the Mental Health Strategy, will be carried on within Finland’s current Health and 
Social Services reform. Initially, the implementation programme for the reform will set out to strengthen the availability of 
psychotherapies and psychosocial treatments, as well as both preventive and curative interventions in primary care, for all age 
groups. An important focus or idea to turn into reality is the structural and collaborative integration of primary and secondary 
care, for the purpose of better recognition and treatment of disorders.

In addition to the five focus areas, the National Mental Health Strategy involves a wide variety of proposed multisectoral 
activity. It seems that, despite the exceptional societal situation created by the COVID pandemic, many of the planned actions 
have already started to take place both at governmental level, and consequently at service development level.

THE BROAD, COLLABORATIVE NEW MENTAL HEALTH STRATEGY IN FINLAND
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We should be happy about this comprehensive statement of the importance of mental health. At the same time, we need to 
be active in demanding action in the form of implementation and follow-up of the strategy. The most important indication of the 
mental health strategy is the commitment of all levels of operators and stakeholders to the targets of the policy plan. The role 
of mental health in the well-being and functioning of us all has now been largely accepted. On the other hand, the importance 
of psychiatric care is recognized, as well as the rights of those who may need protection due to mental health problems. At this 
point, the strategy appears to be balanced and long-lasting in nature, but only time will tell whether it is effective in reaching its 
value-based objectives. This will need additional commitment and concrete action from actors that have not yet contributed to 
its production.

Sami Pirkola, MD, PhD
Professor of Social Psychiatry
Tampere University, Health Sciences
Vice-dean research for the Faculty of Social Sciences

Arvo Ylpön katu 34 (Arvo 1)
33014 Tampere University
Tel: +358-50-3187267

Pirkola S.Editorial: 
The broad, collaborative New Mental Health Strategy in Finland
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ABSTRACT

Suicide prevention requires enhancing the efficiency of current activities and the introduction of new approaches. Therefore, a 
new suicide prevention programme has been put into action, starting this year. Its key message is the following: 1) the attitudes 
of those encountering persons who have attempted suicide must be transformed to ensure that no one who has attempted 
suicide is blamed or perceived as only seeking attention; 2) the availability of suicide methods and equipment for suicide must 
be reduced; 3) low-threshold crisis services must be available everywhere in Finland, and information must be provided on 
these to ensure that every resident knows where to find the services in their area and how to reach them; 4) access to treatment 
will be facilitated and accelerated by prioritising the treatment of a person at suicide risk, as well as by paying attention and 
providing support to the loved ones of those who died by suicide, since early support for individuals with a difficult life situation 
and during crises can prevent problems from getting worse and may also prevent suicides; 5) the severity of suicide risk among 
intoxicated people or those with substance abuse or addiction issues is assessed similarly as with anyone else at suicide risk; 6) 
competence in the media in communicating about suicides may promote suicide prevention, as positive suicide attempt survivor 
stories may help people find help in a difficult situation, and 7) there is a need for topical statistical data on different age group 
and risk groups related to suicides, suicide attempts, access to treatment, quality of care and early support.

A NEW NATIONAL SUICIDE PREVENTION PROGRAMME IN FINLAND

TIMO PARTONEN

KEY WORDS: MENTAL HEALTH, PROGRAMME, PUBLIC HEALTH, STRATEGY, SUICIDE PREVENTION
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INTRODUCTION

Statistics on deaths from suicide have been compiled 
in Finland since the year of 1751 (1). This is the longest 
uninterrupted time series record in the world. In Finland, 
suicide rates have dropped by half since the year of 1990. 
This turn to the better occurred during the national suicide 
prevention project which was planned and conducted for 
the years of 1986 to 1996 (2, 3). During the project, it was 
detected that the majority of those who had died from suicide 
(88%) had a diagnosable disease (4). The most common of 
these were depressive disorders (59%), a physical illness 
necessitating clinical attention (46%), a substance abuse 
disorder (43%) and personality disorders (31%).

CURRENT SITUATION

The positive trajectory should not be expected to hold and 
continue unless measures are taken to prevent suicides (5, 
6). Suicide mortality can be expected to gradually increase 
due to a gradual growth in the number of the population, 
since thereby more people are exposed to and live under the 
influence of risk factors for suicide. It may be subject to a 
more sudden spike, if the measures currently used to prevent 
suicides lose their effectiveness. The most recent data 
showed that 810 persons died by suicide and that the suicide 
mortality rate was 14.6 per 100,000 inhabitants in the year of 
2018. On average, the age of persons who died from suicide 
was 50 among women and 48 among men. 99 individuals 
under 25 years of age and 203 people over 65 years of age 
died by suicide. The next (for the year of 2019) release of 
the official statistics for causes of death will be provided by 
Statistics Finland on 14 December 2020.

Suicide mortality is presented as the age-standardized 
number of people who have died from suicide per 100,000 
inhabitants. The age standardization is carried out by 
Statistics Finland and based on the direct age standardization 
using the age distribution of the Eurostat European Standard 
Population ESP2012. Of note, the age-standardized mortality 
rates are only comparable when calculated using the same 
standard population, and the direct comparison between 
different countries is not meaningful, because the contents of 
cause of death investigations in different countries may differ 
greatly.

In Finland, suicide mortality rates have been 
characterized by major regional differences among both 
men and women (7). This is apparent in the potential years 

of life lost (PYLL) due to deaths from suicide. The PYLL 
index, which is calculated for deaths from suicide, presents 
the number of potential years of life lost due to suicides that 
have occurred before the age of 80 among the population per 
100,000 inhabitants. The selection of the maximum age limit 
is based on the average life expectancy among Finns which 
currently is around 80 years.

A high PYLL index means that the number of potential 
years of life lost due to suicides before the age of 80 is high 
in a given region, or that deaths among young people are 
more common in the region. This has been taken into account 
in the National Action Plan for Safety Promotion among 
Children and Youth (thl.fi/lastenturvallisuusohjelma), which 
presents ten measures for preventing suicides in an effort to 
clearly reduce suicide mortality among young people by the 
year of 2025 (8). A separate plan has also been prepared for 
preventing suicides among the indigenous Sámi people (9).

REASONS FOR THE NEED FOR THIS NEW 
PROGRAMME

There is significant inequality in suicide mortality. Suicides 
contribute to around 10 per cent of the different life 
expectancies of different socioeconomic groups in Finland. 
In addition to mental health disorders, multifaceted social 
and economic problems and health issues underlie these 
rates. It is also common that the same individual is affected 
by more than one mental health disorder at the same time, 
such as a substance abuse disorder or anxiety disorder in 
addition to depressive disorder. This makes mental health 
disorders among the main causes exposing people to suicide.

The statistical data and follow-up data on the potential 
years of life lost are easily available in the Welfare Compass 
of the national Finnish Institute for Health and Welfare THL 
(www.terveytemme.fi/avainindikaattorit/index.html). The 
suicide mortality rates are given per region and age group in 
the Sotkanet database (sotkanet.fi/sotkanet/fi/haku). However, 
this information may not reach social welfare and primary 
healthcare professionals. There is also a delay in publishing 
these statistical data. As a result, we need data that are as 
up to date as possible on not only the age distribution and 
regional distribution of suicides, but also on the used suicide 
methods for targeting suicide prevention measures better than 
currently.

The measures reducing inequality in mental health and 
promoting mental health included in mental health policies 
are also likely to prevent suicides. The following section 

PartonenA new national suicide prevention 
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presents proposals for measures aiming to prevent suicides. 
The implementation and effectiveness of the measures 
included in each topic area is followed based on data which 
is separately compiled into indicators. This information has 
been included in the national mental health strategy for the 
years of 2020 to 2030 as provided by the Ministry of Social 
Affairs and Health this year (10).

PROPOSALS FOR REACHING THE GOALS OF THE 
PROGRAMME

INFLUENCING ATTITUDES

It is necessary to encourage societal discussion on suicide 
ideation and suicides in order to ensure that those at risk 
are provided with appropriate help and equal services. At 
the same time, the aim is to support a sense of community 
and a feeling of mutual responsibility among people. Every 
person can help a person at suicide risk in a compassionate 
way without placing blame. This requires discussing the 
negative attitudes related to mental health disorders as well 
as intoxication or substance abuse and addiction issues, as 
a considerable share of those who have died from suicide 
have suffered from a mental health disorder, substance abuse 
issue, or both. In addition to healthcare professionals, other 
employees playing a key role in this context include youth 
workers, coaches, school psychologists, social workers, 
reception centre and parish staff, guards, police officers, 
debt counsellors, enforcement authorities, paramedics, 
rescue workers, prison guards, journalists, supervisors, etc.

Measure 1: Providing the general public with regular 
information about ways to promote mental health and 
prevent suicides.

Measure 2: Continuing the cooperation with the internal 
security programme of the Ministry of the Interior for 
providing training to different professionals working at the 
interface of emergencies.  

AFFECTING SUICIDE METHODS

It has been possible to prevent deaths by affecting suicide 
methods. As a result, it is important to examine the prevalence 
of the different methods and their availability. For example, 
pharmacy agreements can be used to impose restrictions on 
the misuse of prescribed medications.

Measure 3: Considering suicide risk in work, related to 
traffic safety.

Measure 4: Considering suicide risk in environmental 
design, related to buildings, bridges, train tracks and other 
transport routes.

Measure 5: Considering suicide risk in interior design 
solutions, particularly in hospitals, child protection 
institutions, reception centres and penal institutions.

Measure 6: Developing regulation concerning the availability 
and storage of toxic substances.

Measure 7: Developing the regulation pertaining to the 
availability, storage at home and prescribing practices of 
medications; paying particular attention to substance abuse 
issues as a risk factor.

Measure 8: Developing regulation concerning the availability 
and storage of firearms.

PROVISION OF EARLY SUPPORT

Better support must be provided to people facing a lot of 
experience of financial, social and human marginalisation 
and depletion of resources. The best way to reach many 
people belonging to suicide risk groups is in face-to-face 
encounters.

Measure 9: Expanding suicide helpline activities to also 
cover language groups other than that of Finnish, as well as 
supporting and updating the competence of helpline workers.

Measure 10: Establishing a 24-hour online chat support 
service and requiring agents in charge of social media 
platforms to refer their clients at suicide risk to this service.

Measure 11: Strengthening low-threshold mental health and 
substance abuse services in primary healthcare and other 
local services, such as educational institutions.

SUPPORTING RISK GROUPS

Suicide risk is highest for those who have expressed their 
suicidal thoughts or attempted suicide. The need for 
treatment of other risk groups must be assessed. They must 
also be ensured an opportunity for peer support, which also 
means case management related to appropriate peer support. 
Suicide risk must be assessed for intoxicated people or 
those with substance abuse or addiction issues similarly as 
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any other client, to investigate their situation and needs for 
further measures.

Measure 12: Actively providing support to those at a major 
suicide risk and the family members and other loved ones of 
people who have died from suicide.

Measure 13: Developing culturally sensitive prevention 
programmes and crisis work that take the client’s language 
and culture into account with representatives of indigenous 
population, LGBTQI individuals and other minority groups, 
victims of violence and others in crisis situations, persons 
whose asylum application has been refused, prisoners, 
persons subject to enforcement measures and living in 
poverty, persons with disabilities, and those suffering from 
chronic pain and long-term illnesses affecting their quality 
of life, substance abuse issues or gambling problems.

Measure 14: Training opinion leaders for the purpose of 
strengthening mental health and preventing suicides in 
settings such as schools and the Finnish Defence Forces.

Measure 15: Increasing the use of suicide prevention methods 
that have been proven effective in youth work.

Measure 16: Developing outreach work online to contact 
persons belonging to risk groups in order to encourage them 
to seek help.

Measure 17: Using the methods of mental health promotion 
to strengthen mental health skills in work communities 
in trouble and subject to sudden changes, for instance, in 
connection with a bankruptcy or cutting down of operations.

Measure 18: Making arrangements in the services for older 
people for accessible environments for preventing loneliness 
and new kinds of residential living supporting a better sense 
of community, as well as online-based and telephone-based 
support to supplement face-to-face contacts.

DEVELOPMENT OF CARE

In the context of organizing care, it will be ensured that 
the availability of evidence-based care is sufficient, and 
that clients can access these in a timely manner. The 
competence of nursing staff will be enhanced to ensure 
that the professionals have high-quality competence and 
shared, evidence-based models for addressing and assessing 
suicide risk as well as preventing suicides, and that they are 
provided with sufficient support, for instance, in the form 
of consultations and work guidance. Paramedics and those 

working at emergency appointments play a key role in this 
context. General practitioners and occupational health 
physicians also play a major role in identifying persons at 
risk of suicide.

Measure 19: Continuing the cooperation with the Ministry 
of Social Affairs and Health in organizing training on the 
means to prevent suicides for the professionals working in 
social welfare and healthcare services.

Measure 20: Further improving the efficiency of evidence-
based care methods and particularly the use of new electronic 
approaches in treating patients at suicide risk. To establish 
operating approaches in healthcare that follow the Current 
Care Guidelines for preventing suicides and treating people 
who have attempted suicides.

Measure 21: Enhancing collaboration between different care 
providers to ensure that the care of a patient at suicide risk is 
seamlessly continued as the care provides changes.

Measure 22: Providing those at immediate suicide risk with 
an urgent consultation based on psychiatric expertise to 
assess the person’s need for treatment and draw up a follow-
up plan, including a safety plan if necessary. When the person 
in question is a child or a young person, parents and siblings 
as well as close friends need to be taken into account, and 
vice versa, when the person in question is a parent, children 
and their support need to be taken into account.

Measure 23: Strengthening cooperation between experts by 
experience, organizations, early support and other parts of 
the care system.

Measure   24:    Ensuring that the high-quality and 
compassionate care culture is provided with the support of 
the management system.

INCREASING MEDIA COMPETENCE

The activities of the media have also been found to negatively 
or positively affect deaths from suicide. As a result, 
recommendations have been prepared in collaboration with 
professionals in media on how deaths from suicide should 
be reported to the general public both at a general level and, 
especially, at the level of individuals.

Measure 25: With professionals in the media industry, 
planning and organizing training on reporting news about 
suicides and the content of the provided information.

PartonenA new national suicide prevention 
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Measure 26: Imposing an obligation for supervisory measures 
on those in charge of social media platforms. The obligation 
will include a duty for identifying content encouraging its 
recipient(s) to commit suicide, messages depicting suicide 
ideation and involve creating a steering system for those at 
risk of suicide.

STRENGTHENING KNOWLEDGE BASE AND RESEARCH

To target the preventive measures better than currently 
requires the most recent data available on the age and 
regional distribution of suicides as well as that on the suicide 
methods. We also need research on the causes that led a 
person to end up at suicide risk and the effectiveness of the 
measures used to prevent suicide to find new ways to prevent 
suicides.

Measure 27: Preparing an implementation plan for suicide 
prevention for each government term by the Ministry of 
Social Affairs and Health, and using this to commit all 
major stakeholders representing the different administrative 
branches in the activities.

Measure 28: To include the suicide prevention programme in 
the well-being and health promotion plans of municipalities 
or regions (such as a mental health and substance abuse plan).

Measure 29: Providing funding to research on new, digital 
solutions for suicide prevention.

Measure 30: To extend the approaches of accident 
investigation to suicides, and to include therein the so-called 
psychological autopsy method, initially covering those by 
young people and later all suicides that have occurred during 
treatment or within a month since discharge from treatment.

Measure 31: Launching a national suicide register by the 
Finnish Institute for Health and Welfare (Terveyden ja 
hyvinvoinnin laitos THL) for the purpose of monitoring and 
assessing the quality of suicide prevention, and enabling 
research on suicides.

Measure 32: Bringing together national, multidisciplinary 
competence in suicide research to strengthen it and improve 
its effectiveness. 

Measure 33: Allocating the responsibility for the coordination, 
monitoring and assessment of the national suicide prevention 
programme as well as the necessary resources to a specific 
agent appropriate from the perspective of these activities as 
a whole.

Measure 34: To implement the coordination, monitoring 
and evaluation of organization-based early support and 
help, for instance, at the Suicide Prevention Centre of the 
Finnish Association for Mental Health (MIELI Suomen 
Mielenterveys ry).

Measure 35: Establishing the operating conditions 
and activities of the non-governmental organizations 
engaging in suicide prevention work and other well-being 
promotion efforts with the support of the Funding Centre 
for Social Welfare and Health Organisations (Sosiaali- ja 
terveysjärjestöjen avustuskeskus STEA, see https://www.
stea.fi/) and municipalities or regions.

Measure 36: Preparing presentations for national research 
financiers to launch an interdisciplinary suicide research 
programme.

THE MONITORING OF THE SUICIDE PREVENTION 
PROGRAMME AND PROPOSALS FOR INDICATORS

A significant part of the operational programme for suicide 
prevention consists of a comprehensive network of practical 
service units which is in close contact with the network 
coordinating the activities at the national level. As this enables 
the constant interweaving of the goals and implementation of 
the programme, it ensures that the goals remain active and 
that information and data are collected systematically and in 
a timely manner.

Proposal 1: Using the information system of forensic 
medicine for real-time monitoring of the number of deaths 
from suicide and the used methods among different 
population groups and different regions of Finland.

Proposal 2: Using the Care Register for Health Care for 
monitoring the number of suicide attempts and the used 
methods among different population groups and different 
regions of Finland.

Proposal 3: Using the quality registers of healthcare to 
monitor the number of patients discharged from a hospital 
per disorder group starting to use outpatient services within 
7 days since discharge.

Partonen A new national suicide prevention 
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CONCLUSION

The positive trajectory which started after the year of 1990 
and coincided with the previous national suicide prevention 
programme cannot be expected to hold and continue unless 
measures are taken to prevent suicides actively. Suicide 
prevention requires enhancing the efficiency of current 
activities and the introduction of new approaches. Therefore, 
a new national suicide prevention programme has been put 
into action, starting this year.
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ABSTRACT

The number of people with late-life schizophrenia is increasing, but few prospective longitudinal studies have analysed 
antipsychotic use in this group. The aim of this narrative review is to present key points of current knowledge regarding the use 
of antipsychotics in late-life schizophrenia. In general, antipsychotic medications have had a major impact on symptom relief 
in schizophrenia. If used with caution, they are relatively safe and effective in older patients. Given the significant somatic 
comorbidity and excess mortality in late-life schizophrenia, treatment approaches should include a combination of judicious use 
of antipsychotics with non-pharmacological treatments. Antipsychotics should be used cautiously with the goal of optimizing 
outcomes with regular monitoring of adverse effects and using lowest effective doses. Cessation of antipsychotic treatment may 
be possible for some patients.

ANTIPSYCHOTICS IN LATE-LIFE SCHIZOPHRENIA – A NARRATIVE REVIEW

MATTI ISOHANNI, ERIKA JÄÄSKELÄINEN,  
HANNU KOPONEN, BRIAN J. MILLER, ESA LEINONEN,  TIINA TALASLAHTI

KEY WORDS: AGEING, GERIATRIC, LATE LIFE, SCHIZOPHRENIA, ANTIPSYCHOTIC AGENT
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Isohanni et al.Antipsychotics in late-life schizophrenia 
– a narrative review

INTRODUCTION

An increasing number of people with schizophrenia will 
survive into advanced age following illness onset in early 
adulthood or midlife (1-4). Concordantly, the importance 
of geriatric psychopharmacology will increase. Scientific 
research on patients with schizophrenia largely focuses on 
patients diagnosed in early adulthood (EOS, early-onset 
schizophrenia), but patients with late onset (LOS, diagnosed 
at age 40-60) or very late onset (VLOS, diagnosed after age 
60 or more) of illness are also studied (5-6). In this review, 
individuals with late-life schizophrenia (over age 55-65) (1) 
are discussed regardless of the age of onset of illness. 

In late-life schizophrenia, as summarized by Cowling et 
al. 2012 (1), less frequent episodes of symptom exacerbation 
and increased sensitivity to medications are observed. Positive 
symptoms are less severe, negative ones may increase, 
substance abuse is less common and mental health functioning 
may improve. Hospitalizations are more likely to be due to 
physical problems rather than psychotic relapses. However, 
less is known about the real-world prescribing practices of 
psychiatrists for patients with late-life schizophrenia. Older 
age is a risk factor for antipsychotic side effects, including 
metabolic syndrome and movement disorders.

Data on the trajectory of schizophrenia in late life is 
essential for the planning of treatment and service provision. 
Due to changes in psychopathology and neuropathology, 
social functioning and physical health across the lifespan, 
we cannot assume that findings in younger patients apply to 
individuals with late-life schizophrenia.

Antipsychotics are efficacious during the acute and early 
maintenance phase of schizophrenia following acute illness 
episodes (7-11). Evidence on the efficacy of antipsychotics 
is less clear from a longitudinal or even lifespan perspective 
(9,12). Antipsychotics remain the mainstay of treatment for 
late-life schizophrenia. The effectiveness of both typical and 
atypical antipsychotics has been demonstrated, commonly 
favouring atypical antipsychotics (6). However, most of 
the evidence is not based on rigorously conducted trials. 
Effective non-pharmacological treatments have also yet to be 
developed.

We present here a narrative review of current knowledge 
of antipsychotic medication in late-life schizophrenia, 
particularly the clinical challenges, treatment algorithms 
and recommendations, medication management (7) and the 
efficacy of available antipsychotics. We also draw attention to 
the associated methodological challenges and important areas 
for further research.

METHODS

SEARCH STRATEGY 

In October 2019 we conducted a literature search in PubMed, 
Scopus, Web of Science and Cochrane Library using the 
following search terms (including MeSH): (aging OR ageing 
OR late life) AND schizophren* AND antipsychotic*. 
All identified studies were screened based on the title and 
abstract. Articles focusing on antipsychotic drug selection, 
dosing, discontinuation, adverse effects, risk-benefit ratio 
and clinical recommendations among patients with late-
life schizophrenia were included. Articles and books were 
also searched manually. The reference lists of both review 
and original research articles were examined to identify 
additional references that would be applicable to the goals 
of this paper. We considered a broad range of eligible 
approaches and study designs: observational studies (cross-
sectional, case-control, cohort or longitudinal, surveys, case 
studies, systematic reviews and meta-analyses) and also 
intervention studies.

NARRATIVE REVIEW

Narrative reviews highlight new and unanswered topics 
that are difficult to analyse in systematic reviews and tend 
to focus on author-selected studies (13). Our aim in this 
narrative review was, first of all, to analyse the existing 
literature on the key clinical questions of antipsychotics in 
late-life schizophrenia, primarily drug selection, dosing, 
discontinuation, adverse effects and the risk-benefit ratio. 
Finally, based on the literature and the authors’ own 
experiences, we present clinical recommendations for “real-
world” antipsychotic use in the Table.

3. RESULTS

SEARCH RESULTS AND SELECTED REVIEW TYPE

The search strategy identified potentially relevant articles in 
PubMed (n=220), Scopus (n=428), Web of Science (n=192) 
and Cochrane Library (n=38). After the removal of duplicates 
and non-relevant articles, 437 articles were selected for 
comprehensive evaluation. A total of 53 articles (listed in 
references) from the search and other sources were included 
in this narrative review. 

Only a few epidemiologically sound and representative 
studies and samples were found, as well as only a 
few systematic and updated treatment algorithms and 
recommendations. No randomized placebo-controlled trials 
were available to guide antipsychotic treatment in late-life 
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schizophrenia. Many experts stressed that no guidelines can 
address the complexities of an individual patient at advanced 
age and sound clinical judgment based on clinical experience 
should be used. 

Existing data are difficult to analyse in a systematic 
quantitative review, and definitive treatment recommendations 
limited. Therefore, we performed a narrative review focusing 
on studies based on author selection (13). 

DRUG USE AND DOSING 

Among patients with late-life schizophrenia, the use of 
first-generation antipsychotics (FGAs) decreased, and the 
use of second-generation antipsychotics (SGAs) as well 
as combined and SGA use increased during 1998-2003 in 
Finland (6). Almost 40% of aged outpatients did not buy any 
antipsychotics (6).

Age effects on dosing of antipsychotics in schizophrenia 
have not been well understood. Age appears to have a biphasic, 
inverted U-shaped association with antipsychotic dose 
(14,15). The dose increases with age through the third decade, 
subsequently plateaus, and decreases after the fifth decade. 
Age-related decline in prescribed dose is likely associated 
with the natural history of schizophrenia and physiological 
ageing, suggesting that increased antipsychotic sensitivity 
with ageing comes from age-related functional decline in 
the dopaminergic system. This age-related antipsychotic 
sensitivity highlights the importance of finding the lowest 
possible effective dose of antipsychotics. In a study of 1,418 
patients across 30 sites in Tokyo, LOS and VLOS patients 
were treated with 1/2 and 1/3, respectively, of the dose for 
EOS (15). 

Lowest effective doses of antipsychotics are likely 
influenced by several clinical and demographic characteristics 
of patients, age being the most important. However, dosing 
and tolerability of antipsychotics have been studied primarily 
in younger patients, and very limited data are available for 
age-specific dosing. Due to the age-related physiologic 
changes as well as increased inter-individual variation in 
pharmacokinetics and pharmacodynamics, individualized 
dosing with regard to age will be important for safer drug 
treatment. Therefore, cautious psychopharmacologic 
interventions could include simple medication regimens 
avoiding polypharmacy, awareness of patients’ sensitivity to 
drugs, and gradual dose titration and regular monitoring.

Long-term antipsychotic medication, especially in high 
doses, has been repeatedly questioned (9). Current evidence-
based guidelines are undifferentiated (especially in mid- 

and long-term illness duration) in regard to optimal doses, 
dose tapering or low-dose maintenance therapy. Guidelines 
recommend low doses, but do not suggest how to go about 
tapering (i.e. at what point in the clinical course of illness, over 
what time period, etc.), as data on the safety of tapering is still 
limited, particularly for patients with late-life schizophrenia. 
Some studies have questioned whether patients with 
schizophrenia need to be on antipsychotics throughout their 
lives. Indeed, some adverse effects such as risk of tardive 
dyskinesia clearly associate with a total lifetime exposure to 
antipsychotics, especially FGAs. 

Strategies for personalized antipsychotic dosing and dose 
tapering may benefit a subgroup of patients (16), but may 
also be associated with incremental risk of relapse or excess 
mortality. When aiming for an optimal risk-benefit ratio and 
balancing symptomatic, functional and somatic outcomes, 
lower ranges of effective dosing are the primary goals. But 
what do the principles “lowest effective dose” or “according 
to individual patient needs” mean in clinical practice? 
Uchida et al. (17) found no differences between moderate 
antipsychotic dose (50-100% of the defined daily dose, 
DDD) and standard dose, with respect to overall treatment 
failure or hospitalization. Low dose (<50% of the DDD) were 
associated with greater risk of hospitalization and relapse. 
The current literature does not support the safe reduction of 
guideline-concordant antipsychotic dosing by 50% or more 
in stabilized individuals receiving originally moderate or high 
doses (9). Antipsychotic dose reduction is feasible in patients 
with stable disease, thus decreasing adverse effects (18).

Discontinuing antipsychotics. No guideline-concordant 
prescribing consensus exists on the optimal duration of 
antipsychotic treatment, especially among older patients, 
rather a tendency towards recommending continuous 
treatment in symptomatic patients (9). In studies with a long 
duration of follow-up, having first-episode psychosis (19) or 
midlife schizophrenia (20) about 30% and 20%, respectively, 
achieved remission with no use of antipsychotics. 

This literature search failed to find any studies in which 
antipsychotics were discontinued exclusively in patients with 
late-life schizophrenia and underscored a paucity of data. 
Discontinuation of antipsychotic treatment might be realistic 
in some patients with late-life schizophrenia, although more 
systematic studies are needed (21-23). Of course, many 
older patients with schizophrenia (almost 40% (6)) may self-
discontinue medication.
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ADVERSE EFFECTS AND CHALLENGES RELATED TO 
ANTIPSYCHOTICS IN LATE-LIFE SCHIZOPHRENIA

Clinical heterogeneity and wide inter-individual variations 
are hallmark features of late-life schizophrenia, with the 
course ranging from mild impairment to severe disability 
(1,24), also related to outcomes and side effects of 
antipsychotics. The varied course seen in younger patients 
with schizophrenia continues into later life, but remission 
and clinical and functional recovery are realistic goals for 
some individuals (1). 

A wide range of adverse effects related to antipsychotics 
are common and sometimes serious. There is little evidence 
of better efficacy of doses above the therapeutic range (25), 
and the general harm reduction strategy is to reduce to the 
lowest effective dose (26). Anticholinergics, benzodiazepines, 
antipsychotics and opioids all have significant adverse effects 
in the elderly population. In clinical practice, the most common 
side effects of antipsychotics include anticholinergic (such as 
urinary retention, constipation and confusion), neurologic 
(extrapyramidal symptoms, drug-induced parkinsonism and 
dyskinesia, tardive dyskinesia), altered thermoregulation, 
reduced bone density, metabolic syndrome, weight gain, 
increased visceral adiposity, (orthostatic) hypotension, 
poor dentition, excessive sedation and cardiac conduction 
disturbances. Both typical and atypical antipsychotics have 
been linked with an increased risk of falls and fractures in 
older patients (27). 

Polypharmacy, defined as being prescribed five or more 
medications, has been shown to be associated with a decline 
in mental and physical functioning in the elderly (28). Given 
the potential risks, careful monitoring of adverse effects and 
managing drug interactions are essential.

Antipsychotics and cognition. A high anticholinergic 
burden contributes to specific cognitive deficits. Older 
patients with schizophrenia experience relatively greater 
decline in cognitive functioning than other individuals (29) 
even though cognitive trajectories are heterogeneous. This has 
implications regarding their ability to function independently, 
and also regarding medication practices. High doses of 
antipsychotics may worsen cognition and reducing the dose 
may improve cognitive function (30).

Poor medication adherence is common in schizophrenia: 
about or over 50% in most studies. Antipsychotic non-
adherence (failing to initially fill or refill a prescription, 
discontinuing a medication before completing the therapy, 
taking more or less or other of a medication than prescribed) 
is an important risk factor for poor response and relapse 
(31). Many older patients have difficulty in remembering 

and understanding medication precepts of swallowing their 
tablets and capsules. Partial adherence to antipsychotic 
medication is a rule rather than exception in every age group 
with schizophrenia. 

Older people may be poor, socially isolated and 
suspicious or uncomfortable about medical interventions, and 
therefore actively avoid medications. Cognitive deficits may 
also hinder medication compliance, which, in turn, may lead 
to unintentional non-adherence. Illness denial and comorbid 
substance use may be important predictors of intentional non-
adherence (32). Side effects (e.g. sexual dysfunction, inability 
to drive) may lead to stopping the medication. Antipsychotic 
non-adherence is often underestimated by the treatment team 
and non-disclosure is common, as is also peer, relative and 
kinship support. 

Despite decades of focused research, unified approaches 
and practices that significantly increase adherence rates 
have not been identified (31). Improving adherence includes 
simplifying medication regimens, psychoeducation, engaging 
family support, (32) medication use of robots and other 
electronic interventions (33).

ANTIPSYCHOTICS AND SOMATIC COMORBIDITY

With ageing, positive symptoms of schizophrenia tend 
to become less severe and substance use less common, 
and mental health functioning may improve (1). Physical 
comorbidity is a rule, however, and older age is a risk factor 
for most side effects of antipsychotics, including metabolic 
syndrome and neurologic adverse effects (34).

Medical comorbidity is common throughout the life 
course of schizophrenia, but is particularly pertinent to older 
patients, given the increase in age-related disorders. The 
comorbid illnesses associated with premature death are often 
related to lifestyle factors such as smoking, diet and lack of 
exercise. These illnesses may also be exacerbated by certain 
treatments for schizophrenia. Antipsychotic medications have 
been responsible for a significant reduction in symptoms 
and mortality in a population-based patient sample with 
schizophrenia (35), but they can also cause negative effects, 
including impact on cardiovascular and metabolic function, 
diabetes and lipid levels. 

COMORBID DEPRESSION

Clinically significant depressive symptoms are common in 
older persons with schizophrenia (3) and can have a significant 
impact on quality of life, functioning, psychopathology and 
comorbid medical conditions. Most studies do not have 
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longitudinal data, therefore identification of the course of 
depression and the causal direction of associated variables is 
difficult to ascertain. It is important to systematically assess 
these individuals for symptoms of depression and actively 
utilize psychological and pharmacological treatments aimed 
at alleviating depressive symptoms.

The treatment of depressive symptoms in elderly patients 
with schizophrenia includes first reassessing the diagnosis to 
make sure that symptoms are not due to a comorbid condition, 
metabolic problems, substance abuse or medication. 
Augmentation with antidepressant medication can be helpful, 
and antidepressants in combination with psychosocial 
interventions are important treatments for older patients with 
schizophrenia and depressive symptoms (36). Some second-
generation antipsychotics may also relieve symptoms of 
depression (37).

ANTIPSYCHOTICS AND MORTALITY 

Reduced life expectancy (an average of 15-20 years) is a 
reality in schizophrenia (38). A register-based study by 
Talaslahti et al. 2012 (5) concluded that all-cause mortality of 
older patients with schizophrenia was almost three times that 
of the general population. Mortality from unnatural causes, 
such as suicides and accidents, was found to be eleven times 
higher than in the general population. Excess mortality may 
be the result of both lifestyle factors and lack of adequate 
medical care.

Prevention of excess mortality is an area of major concern 
in schizophrenia, regardless of age. Improving lifestyle, 
early diagnostics of medical comorbidity, adequate somatic 
and psychiatric care and suicide prevention are key targets 
in reducing mortality throughout the lifespan. Antipsychotic 
treatment may decrease all-cause mortality (35,39), but more 
studies are still needed in this age group.

MEDICATION MANAGEMENT IN OLD AGE 
SCHIZOPHRENIA

Medication management is an ongoing process to organize 
and monitor the recommended use of antipsychotics, aiming 
at the facilitation of their cost-effective, adherent, and 
acceptable use. Medication management is implemented 
by an optimal organizational environment, teamwork and 
therapeutic alliance (7). The age-related antipsychotic 
sensitivity and common somatic comorbidities highlight the 
importance of low doses to minimize side effects. Medication 
management may include multiple models and practices. For 
instance, Integrated Care Pathways (ICPs) are designed to 

manage specific conditions using standardized assessments 
and measurement-based interventions. Older patients with 
schizophrenia treated with antipsychotics within an ICP 
experienced higher rates of monitoring and less psychotropic 
polypharmacy than older patients treated with antipsychotics 
under treatment in usual conditions (40).

Skilled prescription practices or combining 
antipsychotics with psychosocial therapies and good 
medication management may improve their risk-benefit 
ratio. Key elements in medication management of patients 
with late-life schizophrenia are presented in the Table. These 
recommendations are based on the literature reviewed and 
clinical experiences of the authors. 
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Table: Key principles and practices in antipsychotic pharmacotherapy for elderly individuals  
with schizophrenia 

Patient perspectives

• Documenting illness and medication histories, clinical responses, informed consent for antipsychotics, 
efficacies, tolerance profile, safety, harms and side effects and their acceptability, adherence 

• Proper diagnosing of psychiatric and somatic disorders using medical examinations and routine 
laboratory studies 

• Assessing ageing pathways, cognitive function, insight into illness, drug experiences and attitudes, 
beliefs about antipsychotics and medication self-management skills  

• To maximize benefits and minimize harms favours simple regimens, avoidance of polypharmacy, 
awareness of patient sensitivity to drugs, gradual dose titration and finding the lowest effective dose

• When antipsychotics are started, titrated, switched (e.g. to clozapine or long-acting injectable 
antipsychotics), tapered or discontinued, a 1 to 3-month test period may help in weighing the risks and 
benefits

• Patient and family inclusion and home care in planning, decisions and adherence strategies

Prescriber and treatment team perspectives 

• Orientation to guidelines, reviews and meta-analyses aimed at appropriate prescribing patterns, drug 
choice and dose 

• Organizing optimal visit frequency and content
• Timely and thorough assessment of therapeutic response and side effects, risk-benefit ratio, duration, 

remission, recovery, cognitive capacities, somatic illness, non-adherence and treatment resistance 
• Monitoring for side effects and adverse effects in clinical and laboratory follow-up: most importantly 

sedation, tardive dyskinesia, extrapyramidal symptoms, metabolic disturbances, fall risk and cognitive 
impairment

• Recognizing and correcting inappropriate drug choices, doses and polypharmacy
• Team work useful especially in critical situations: early warning signs, relapse, antipsychotic treatment 

resistance, non-adherence, worsening tardive dyskinesia, somatic comorbidities, negative drug attitude, 
multiple prescribers and staff turnover or holidays

In summary

• In late-life schizophrenia the pharmacotherapy requirements change with ageing, comorbidities, 
symptom burden and illness phase

• Guideline-concordant algorithms are vague. No guidelines can address the complexities of an individual 
patient but personalized, tailored antipsychotic medication is needed 

• The critical aim rests on identifying the lowest effective dose of antipsychotics and optimizing benefits 
and harms

• Successful medication management rests on a participatory relationship, shared decision making, 
overcoming fragmentation, and having a general consensus between patients, relatives, other caregivers, 
clinicians and the treatment team 

• Combination of antipsychotics, psychoeducation, psychosocial interventions and somatic care should be 
offered to all individuals with late-life schizophrenia
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CURRENT TREATMENT RECOMMENDATIONS 
AND CLINICAL GUIDELINES FOR THE USE OF 
ANTIPSYCHOTICS IN LATE-LIFE SCHIZOPHRENIA

Treatment guidelines for older adults with schizophrenia 
consider the effects of age on the response to antipsychotics. 
Although atypical antipsychotics are used to treat very late-
onset schizophrenia-like psychosis, their benefits and risks 
have not been properly evaluated. No randomized placebo-
controlled trial data are available to guide antipsychotic 
treatment in late-life schizophrenia. Few clinical trials and 
case series in older adults (41) have demonstrated that the 
efficacy of antipsychotic medications may continue across 
the lifespan, rather that sensitivity to side effects in older 
age, with poorer tolerability may mitigate the benefits of 
treatment. 

Although antipsychotics play a key role in the treatment 
of older patients with schizophrenia, there has been a dearth of 
comparative data to guide selection of agents. Data on geriatric 
patients with schizophrenia are generally scarce, particularly 
for treatment-resistant subpopulations, underscoring the need 
for more research in this important area (42). Even in the most 
recent meta-analysis, the mean age of patients was 37 years, 
and despite the massive number of trials and patients (402 
RCTs, 53 463 participants) more data on the elderly patients 
are urgently needed (43). 

The ageing process has a substantial influence on the 
pharmacokinetics and pharmacodynamics of these treatments. 
Elderly patients are more sensitive to adverse effects and 
interactions, largely due to age-related changes in the 
central nervous system and the reduction of body’s capacity 
to metabolize antipsychotics and other drugs. As a result, 
recommended doses of many drugs (e.g. antipsychotics) are 
lower in the elderly. Starting doses of antipsychotic drugs 
in older patients should be in the range of 25-50% of that 
recommended for younger patients. Other challenging factors 
in this patient population include high rates of somatic 
comorbidity, drug interactions and age-related adverse effects 
to brain structure and functioning.

A 2012 Cochrane systematic review (44) of the 
use of antipsychotic medication for elderly people with 
schizophrenia was critical of the lack of robust data available 
to guide clinicians regarding the optimal administration 
of antipsychotics. The review states that there is no trial-
based evidence upon which to base guidelines for the 
treatment of late-life schizophrenia. There is a need for high 
quality randomized controlled clinical trials. Until they are 
undertaken, people with late-life schizophrenia will be 

treated by doctors using clinical judgement and habit to guide 
prescribing.

Among current first line options, SGAs have a better side 
effect profile and are more suitable for elderly people. Among 
SGAs, which are primarily used as long-term medication, 
the choice of medication should be guided by their clinical 
indications and adverse effect profile, with use of lower initial 
and target doses (compared to younger and midlife adults) 
and periodic reviews of whether or not their continued use is 
warranted (see Table). Based on one expert consensus (45), 
risperidone was recommended for use in first line treatment, 
with quetiapine, olanzapine and aripiprazole as second line 
agents. 

In treatment-resistant schizophrenia the gold standard 
is clozapine (24). Concerns about serious side effects have 
resulted in some avoidance of clozapine prescription for 
older patients. Common adverse effects include hypotension, 
weight gain, hypersalivation, constipation, sedation and 
myoclonus/seizure. Clozapine use is also associated with 
potentially fatal agranulocytosis (with modestly increased 
risk in elderly women) and myocarditis/cardiomyopathy. 
This perhaps also partly explains why almost all studies of 
clozapine to date have usually excluded older patients (46). 
Nevertheless, the benefits of clozapine use seen in seemingly 
intractable cases of schizophrenia in younger populations has 
encouraged researchers to re-examine its use in the elderly, 
particularly in cases where distressing psychotic symptoms 
are unresponsive to high doses of other antipsychotic 
medications. One study suggested that clozapine would be 
effective in reducing symptoms of schizophrenia in older 
patients (47). Where clozapine is used, dosing should be more 
cautious and regular monitoring (including therapeutic drug 
monitoring, at least when titrating clozapine dose) is required 
to ensure safety (48). 

Depot, i.e. long-acting injections (LAI), should be 
considered in older patients who have difficulties in taking 
medication because of their cognitive, psychological or 
physical impairments. The use of LAIs can help improve 
adherence to treatment (10,49).

5. DISCUSSION

MAIN RESULTS

In this narrative review, we present current knowledge of the 
clinical challenges, treatment practices and recommendations 
of antipsychotics in late-life schizophrenia. Treatment 
approaches should include a combination of judicious use of 
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antipsychotic medications with psychosocial treatments and 
medication management. Antipsychotic medications should 
be used at the lowest effective doses, and outcomes should 
be optimized by regular monitoring of both efficacy and 
adverse effects.

Few and methodically limited trials and observational 
studies in older individuals with schizophrenia have 
demonstrated that the efficacy of antipsychotics continues 
across the lifespan, rather that sensitivity to adverse effects 
increases in old age, which may mitigate their benefits. 
Antipsychotic drugs with a wider therapeutic spectrum and 
fewer side effects are urgently needed especially for older 
patients with schizophrenia.

UNANSWERED QUESTIONS AND DIRECTIONS FOR 
FUTURE RESEARCH

This narrative review revealed a paucity of literature or 
minimally studied topics related to antipsychotic medication 
in elderly patients with schizophrenia. The minimal 
availability of psychotherapy research in the area of late-
life schizophrenia is similarly troubling. Most results and 
recommendations (e.g. dosing) for schizophrenia are 
primarily based on younger patients with early or midlife 
onset of illness and thus may not apply to older adults.

Randomized controlled trials (RCTs) with long-term 
follow-up studies are difficult to conduct and tend to be 
rather reductionistic when analysing the complex, even 
lifespan interactions between the brain, environment and 
antipsychotics (12). 

Observational, naturalistic, non-experimental settings 
may be the only realistic option when investigating the long-
term effects of antipsychotics. However, in these studies the 
patients are not treated randomly which may cause residual 
confounding. Only a few studies present cumulative, long-
term or lifetime medication data.

Specific antipsychotic-related challenges among older 
individuals with schizophrenia are minimally studied, for 
instance, interactions between normal ageing, schizophrenia 
and antipsychotics, age-related changes in pharmacokinetics 
and pharmacodynamics and in the blood-brain barrier. Dose-
finding studies in elderly patients are rare even though mostly 
older patients are prescribed lower antipsychotic doses. The 
paucity of all these data makes optimal dosing challenging 
and highlights the importance of evaluation of adverse 
effects in elderly patients. Somatic comorbidities increase the 
number of prescribers and medications. The fragmentation 
in treatment increases the risk of suboptimal medication 
management (7). 

Ethical and legal issues provide guidance for medication 
management, especially the Hippocratic Oath: primum non 
nocere (first, do no harm): minimize or avoid the iatrogenic 
burden of antipsychotics (harmful adverse effects). The risk 
of long-term harms is the most important reason to minimize 
antipsychotic doses. In Finnish legislation on patient rights, 
the patient must accept their treatment (Finnish Act on the 
Status and Rights of Patients 1992), which in principle is 
especially pronounced in the treatment of schizophrenia.

Modern technology. Future challenges are to increase 
mHealth (i.e. mobile health) applications or electronic health 
and mobile devices, mainly wearable devices like mobile 
phones, to provide objective long-term data to monitor 
compliance, medication effects, symptoms or treatment 
progress. Information may range from skin conductance and 
temperature to the number of exchanged short message service 
(SMS) text messages to number of incoming and outgoing calls 
and electronic reminders. The variety of personal data, easily 
acquirable, offers a unique opportunity to study lifestyle and 
behaviour at the physical, cognitive and environmental level 
(50,51). These data may initiate a new trend in healthcare 
provision characterized by tailored interventions. It is still 
uncertain how older patients with schizophrenia and limited 
cognitive, economic and educational skills are able to adopt 
and use such modern technology and how these innovations 
effect the costs of care.

CONCLUSIONS 

An increasing number of people with schizophrenia 
survive into old age. The number of people with late-life 
schizophrenia spectrum disorders will increase in the coming 
years. There is still a paucity of scientific data regarding the 
developmental trajectory from illness onset in adolescence or 
early-mid adulthood into older age, even though interesting 
models (e.g. pathological accelerated ageing profile or even 
paradoxical ageing finding creative ways to age (52) well) 
are presented. However, longitudinal studies continue to 
defy the Kraepelinian notion of an inevitable deteriorating 
course of illness (53). Many older patients continue to have 
active disease, somatic comorbidity and high mortality, but 
some achieve sustained remission or recovery, and require 
minimal or no psychiatric care or medication. In contrast 
to early-onset schizophrenia, later onset of illness may also 
indicate enhanced social capital, longer occupational history 
and existing family and other social networks. 
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Schizophrenia remains a serious and debilitating disease 
for many older people, but studies continue to produce 
positive findings about our ability to alleviate symptoms, 
improve social and cognitive functioning and quality of life 
in this population. Antipsychotic medications have had a 
major impact on symptomatic relief and, if used with caution 
and skill, are relatively safe and effective in older patients. 
Recent studies support the need to develop rehabilitative 
interventions that enhance independent living skills, health 
and overall quality of life. Social integration, mood, cognition 
and physical health have critical roles in achieving successful 
ageing in schizophrenia. 

Still, many elderly patients with schizophrenia may have 
social disabilities making them vulnerable to poverty, isolation 
and poor quality of life, and therefore experiencing double 
stigmatization: one caused by schizophrenia itself, another 
by general ageism, perhaps as a reflection of ageist attitudes 
in wider society. Both are potential sources of prejudice and 
discriminatory practices. An improved understanding of 
the course of schizophrenia over the lifespan can advance 
our understanding when choosing the most appropriate 
antipsychotic medication in this complex disorder.
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ABSTRACT

The literature on smartphone-based monitoring in psychiatry is expanding. Data collection by utilizing smartphones can be 
divided into: (a) active monitoring, requiring active input from the patient, and (b) automatically generated passive monitoring. 
Numerous studies have investigated the potential of both active and passive monitoring in providing insights into mood disorder 
psychopathology. Furthermore, several intervention studies have been conducted in order to examine the utility of smartphone-
based monitoring in the treatment of mood disorders. This literature review aims to provide an overview of the recent studies 
on using smartphones for patient monitoring among people suffering from mood disorders, and to discuss the current concerns 
and risks in the field. Smartphones have been demonstrated to be a valid and potentially useful tool for active monitoring of 
mood disorder patients. However, further research is needed to establish the validity of automatically generated passive data 
and effectiveness of smartphone-based interventions.

SMARTPHONE-BASED MONITORING OF MOOD DISORDERS: A REVIEW

ANNASOFIA MARTIKKALA, ERKKI ISOMETSÄ

KEY WORDS: MOOD DISORDERS, MAJOR DEPRESSIVE DISORDER, BIPOLAR DISORDER, SMARTPHONES, 
MOBILE PHONES, MOBILE MONITORING 
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INTRODUCTION

NEED OF OBJECTIVE MARKERS FOR MOOD 
DISORDERS

Mood disorders are the most important mental disorders in 
terms of their public health impact, and among the leading 
causes of morbidity and disability worldwide (1). In Finland, 
over 200,000 subjects suffer from MDD annually, resulting 
in over 30,000 periods of sickness absence, 3,900 new 
disability pensions, about 500 completed suicides and annual 
direct costs of work disability of over 570 million euros in 
2018. A significant minority of depressive patients (about 
10-15% in psychiatric care) suffer from bipolar disorder, 
an illness involving comparable or even more marked risks 
for suicide and disability (2). Mood disorders are recurrent, 
long-term illnesses with a timescale of treatment usually 
lasting years.

No objective diagnostic biomarker or biological test 
currently exists for psychiatric diagnoses or alternating 
illness states. Clinical evaluations are based on interviews, 
and therefore, ultimately on the interviewee’s ability to reflect 
and remember subjective experience. However, retrospective 
recall of variations in affective state is inaccurate, particularly 
if variations take place within a temporal frame of hours or 
days. Therefore, a great need exists for reliable objective 
markers of clinical state for purposes of differential diagnosis, 
follow-up of illness course and evaluation of treatment 
effectiveness. 

Internet-based online mood charting tools have been 
available for two decades. More recent developments 
have been based on mobile technology and actigraphy (3). 
However, although thousands of applications for mental 
health are already available in the marketplace, very few of 
the applications have been systematically validated against 
clinical data (4). Furthermore, there is also great potential for 
medical harm related to poor quality of information, or self-
diagnoses and uncritical self-treatment (4,5). It is vital, that 
responsible clinical researchers validate such measures.

REAL-TIME MONITORING IN PSYCHIATRY

One of the methods used in psychology and psychiatry to 
investigate patient symptoms and behaviours in real time is 
called Experience Sampling Method (ESM) or, alternatively, 
Ecological Momentary Assessment (EMA) (6,7). The core 
idea of ESM is to collect information regarding the patient’s 
existing symptoms or behaviour in their natural environment 
by asking the patient to complete multiple questionnaires 
during the day. Before the ubiquitous presence of 

smartphones, ESM studies relied on different kinds of 
portable devices, such as pagers and programmed pocket 
calculators (6). ESM has been used in research for decades, 
and it has proven its feasibility in providing information 
regarding dynamic psychological processes such as mood 
and emotions. ESM also gives the opportunity for clinicians 
to examine the characteristics of the patient’s environment 
(e.g. the time of the day for a specific event) and thus, offer 
context to the patient’s situation and reveal links between 
changes in patient’s state and the events of the surrounding 
world (6).

Mood disorders are often associated with disturbances 
in sleep patterns, with many patients reporting problems 
such as difficulties in falling asleep or staying asleep. 
Polysomnography (PSG), where eye movement, brain activity 
and muscle activity are recorded, is considered to be the “gold 
standard” for monitoring sleep (8,9). The downside of PSG is 
that it is carried out in a laboratory environment, which makes 
carrying out recordings over multiple nights both laborious 
as well as expensive. This has created a substantial need for 
more practical options to assess patient sleep, which in turn 
has led to researchers utilizing accelerometers/actigraphy for 
the purpose (10). These wearable physical activity monitors 
have been used in several studies to assess patient movement 
and motor activity, and thus provide information regarding 
both patient sleep patterns and daytime physical activity 
(10,11).

As smartphones have become a fundamental part 
of modern society and an omnipresent object people use 
on a daily basis, they have also become a novel way for 
psychiatry to receive a nearly constant longitudinal stream 
of data about the everyday life of a patient (12). The term 
“digital phenotyping” is defined as “moment-by-moment 
quantification of the individual-level human phenotype in 
situ using data from smartphones and other personal digital 
devices” (13). The data gathered by smartphones can be 
categorized under two main labels: passive and active 
data. Active data refers to data captured via surveys and 
questionnaires and thus requires active input from the patient. 
Correspondingly, passive data refers to the data collected 
without any active input from the patient. Passive data is 
exclusively collected by using various sensors (e.g. GPS and 
accelerometer) embedded into smartphones.

SEARCH STRATEGY

A systematic literature search was conducted in April 2020 
using the Ovid Medline database. The objective of this 
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literature review is to provide an overview of the recent 
studies regarding smartphone-based monitoring of mood 
disorders. Therefore, the literature search was limited to 
articles published between the beginning of 2018 and the 
present. The following search terms were used to identify 
studies related to mobile monitoring and smartphones: 
‘mobile monitoring’ OR ‘mobile phones’ OR ‘smartphones’ 
OR ‘portable sensors’. To identify studies related to specific 
mental illnesses, the following keywords were used: ‘mood 
disorder’ OR ‘major depressive disorder’ OR ‘bipolar 
disorder’. The results from these two search steps were then 
combined using the Boolean operator AND. Filters were 
applied to restrict the search to only articles that were in 
English and available in full. This literature search resulted 
in 38 papers, out of which letters and comments were 
excluded. A total of 30 abstracts were screened by the first 
author and 23 studies selected based on their relevance to 
the topic. References were reviewed to identify additional 
studies of importance and manual searches were conducted 
to include suitable studies of specific topics. A total of 54 
articles were included in this literature review.

SMARTPHONE USE AND ATTITUDES TOWARDS 
APPS AMONG MOOD DISORDER PATIENTS

SMARTPHONE AND MENTAL HEALTH APP USAGE

Several studies have been conducted to map the use and 
attitudes towards mental health applications among people 
suffering from mental disorders.

The proportion of mental health service users that own 
a smartphone has risen in recent years (14). According to 
estimates, the development has now reached a point where 
smartphones are as common among people who suffer from 
mental illness as among the general population overall (15). 
However, the popularity of smartphones does not seem to 
translate into high rates of downloaded mental health apps. 
In addition, research suggests that many of those who install 
a mental health app never start using it. This has resulted in 
even lower rates of mental health app usage (14).

PATIENT ENGAGEMENT IN MOOD OR SYMPTOM 
MONITORING

According to a study published in 2019, the most important 
reason why patients fail to accurately monitor their 
symptoms, even though they have agreed to do so, is 
forgetfulness (16). Therefore, the ubiquity of smartphones 
and the possibility to add notifications may make adhering 

to smartphone-based monitoring easier than committing to 
using other technological tools such as wearable devices. 
However, the subjective perception of the patients seems 
to be that wearable devices require less effort than active 
monitoring based on a smartphone app (16).

Another recent study found that although the participants 
were actively completing mood and symptom measures at the 
beginning of the study, the discontinuation rate was high after 
some weeks (17).

THE IMPACT OF ACTIVE MONITORING ON MOOD

It is yet to be discovered whether app-based mood or 
symptom active monitoring has an impact – positive or 
negative – on patient mood itself. Several studies have found 
that participants felt that monitoring symptoms or mood 
via smartphone app was useful and gave them new insight 
into their illness (16,17). However, electronic monitoring 
appears not to improve patient mood, and the possibility of 
daily active monitoring even reinforcing chronic depression 
cannot be excluded (18,19). One possible reason for this 
phenomenon could be that some depressed participants are 
dispirited by having to actively engage in monitoring (16). 
It also seems possible that in some cases active monitoring 
reinforces paranoid thinking in manic states (20). This 
highlights the importance of adding an option that allows 
the deactivation of certain features, such as the movement 
pattern analysis via GPS (20).

ATTITUDES TOWARDS MENTAL HEALTH APPS AND 
MONITORING

Several studies have mapped the concerns patients raise 
when asked about the use of mental health apps. The findings 
suggest that the key concerns are privacy and security 
(14,15,17). Some participants also reported that it was difficult 
to understand the meaning of the monitoring despite being 
given information about the app. This highlights the need 
for sufficiently educating patients about the applications they 
will be using (17).

In a recent study (14), application type was found 
to have an impact on how comfortable the patients felt 
using the application. The participants found using the 
appointment reminder apps most comfortable. In contrast, 
using applications with passive tracking features utilizing 
the phone’s sensors such as the GPS were found the least 
comfortable (14).

Comments received from the participants in several 
studies revealed that the attitude towards care manager 
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involvement and reviewing the submitted data with a clinician 
was primarily positive (16,17). Getting feedback about their 
mood or symptoms and seeing their data in a visualized 
format were also seen as positive features (20).

Overall, feedback collected from patients regarding 
use of mental health apps seems to reveal them finding both 
positive and negative aspects in their use (17,20). For this 
reason, it may be essential to allow the patients to personalize 
use of the apps.

ACTIVE MONITORING: 
 ELECTRONIC SELF-REPORTING

While EMA (Ecological Momentary Assessment or 
Experience Sampling Method, ESM) has already been 
a commonly used tool in psychiatry for decades, the 
rapid development of technology and current ubiquity 
of smartphones has made self-reporting of symptoms 
substantially more convenient. Importantly, unlike their 
predecessors, smartphones do not merely record patient 
data but also allow the patient to receive applicable 
communications or feedback.

In the early days of the smartphone, self-reporting 
of symptoms was mostly conducted via text messages or 
website interfaces. In recent years, researchers have also 
started to utilize mobile applications as they also allow the 
passive collection of background data (21). This is indeed 
the core difference between ESM and digital phenotyping: 
instead of merely sending out questionnaires, the aim of 
digital phenotyping is to assemble and analyse different kinds 
of data in order to map patient experience as well as how they 
interact with other people and their environment (13). In other 
words, data collected by active monitoring can be analysed 
together with data collected by passive monitoring, leading 
to observations and insight that would have been unattainable 
without one or the other.

A 2019 study, for example, utilized mobile phones to 
conduct questionnaires while simultaneously gathering 
additional data related to the process of answering itself (22). 
The basis of this study was a self-schema model of depression 
and a hypothesis according to which individuals would 
answer to schema-compatible information more quickly than 
schema-incompatible information. The participants were 
asked to complete questionnaires on their mobile phone 
while the phone also recorded the time interval between the 
presentation of a question and answering it. The study found 
preliminary evidence that individuals whose depression was 

not severe enough to use a negative self-schema tended to 
be slower in making self-referent evaluation on experienced 
depressive symptoms, compared to the severely depressed 
and non-depressed participants. According to the study, 
these findings illustrate the potential of answering time 
to depressive symptom items as an implicit self-schema 
indicator for depression and reveal the potential of mobile 
app-based depression assessment (22).

PASSIVE MONITORING: COLLECTING OBJECTIVE 
BEHAVIOURAL DATA

Utilizing smartphones to passively collect objective data 
about the daily life of patients could enable continuous 
assessment of social and behavioural manifestations relevant 
to psychiatric illnesses and mental well-being. These 
manifestations can be detected through a variety of signals, 
including but not limited to, location, word sentiment, 
voice tone, social and physical activity (23). Examples of 
smartphone embedded sensors used in five individual studies 
are presented in Table 1.
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As the interest in passive monitoring has increased in 
recent years, consequently various systematic reviews have 
been conducted with an aim to summarize the published 
research in this field. A systematic review in 2018 (24) 
covered 35 papers. Of these, five were related to bipolar 
disorder, five to depression and three to schizophrenia, 
making mental health the most popular application domain 
for studies utilizing smartphones for passive monitoring. The 
most used sensors in all of the 35 publications were GPS, 
microphone, accelerometer and light sensor. It was also a 
common strategy to combine several sensors. Many of the 
reviewed publications regarding mental health demonstrated 
the usefulness of passive monitoring. However, while the 
number of participants in most papers was adequate to 
examine feasibility, it was not sufficient to determine clinical 
value. Some of the most common concerns mentioned in the 
reviewed studies were privacy issues, which were discussed 
in 20 publications (24).

Another systematic review in 2019 reviewed eighteen 
papers, discussing the usage of geolocation data in 
schizophrenia and bipolar disorder (30). According to the 
review, the most used sensor to assess geolocation was 
smartphone embedded GPS. Other methods used for assessing 
geolocation were, for example, Wi-Fi and the GSM network. 
The reviewed publications aimed to extract different digital 
biomarkers from geolocation data and examine various 
themes regarding geolocation. One example of such a theme 
was mobility, which means assessing patterns of movement 
on the map without considering the meaning of any specific 
location. Mobility was recorded based on digital biomarkers 
such as distance travelled and number of changes in GSM 
cell IDs (a GSM cell ID refers to a specific transceiver station 
within the GSM network). Some other studies included in the 
review aimed to extract information by analysing locations 
where the subject stops during the day by using biomarkers 
such as number of locations visited. Location entropy (a 

Table 1. Examples of smartphone embedded sensor use in passive 
monitoring from five different studies

Source: This table is based on information presented in (23,24). The five studies these sources refer to have been presented in this table with 
references (25-29)

Sensor Monitored feature Examples of recorded information

GPS Location of the smartphone

Distance traveled (25-27)

Circadian movement (regularity in 24-hour rhythm) (26)

Normalized entropy (mobility between favourite locations) (26)

Location variance (GPS mobility independent of location) (26)

Accelero- 
meter

Significant phone motion

Device activity (25)

Physical activity levels (27-29)

Stationary time (used to estimate sleep duration) (27)

Call and SMS 
logs

The number and duration of incoming/outgoing 
calls/text messages The amount of social communication (25)

Screen usage Monitor screen status Phone usage frequency and duration (26)

Light sensor Ambient light Ambient darkness (used to estimate sleep duration) (27)

Microphone Ambient sound

Number and duration of conversations, how much an individual speaks within a 
conversation, speaking rate and variations in pitch (29)

Speech duration (27)

Ambient silence (used to estimate sleep duration) (27)
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metric for measuring the popularity of various locations) was 
the most popular digital biomarker for assessing the routine 
in a subject’s daily life. One publication in the review aimed 
to identify different kinds of activities (e.g. sports, social 
activities) from the data. Numerous papers collected other 
information, such as self-evaluation of mood or symptoms in 
addition to the geolocation data. Most interestingly, several 
of these studies found associations between geolocation data 
and characteristics of serious mental illnesses (e.g. time spent 
outside versus self-reported mood). However, it is worth 
noting that the duration of many of these studies was short 
and the sample sizes fairly small. Therefore, these findings 
have to be interpreted with caution (30).

24

Table 2. Examples of the studies investigating objective smartphone data and clinically 
assessed symptoms among patients with bipolar disorder

 

The title of the 
study

Study 
characteristics

Examples of the results regarding objective monitoring

Using 
Smartphones 
to Monitor 
Bipolar 
Disorder 
Symptoms: A 
Pilot Study 
(25)

Participants: 
13 patients 
with bipolar 
disorder
Study length: 
12 months

 
● An increase in clinical depressive symptoms was predicted by a decline in social communication (i.e. outgoing text 

messages: beta = -.28, P <.001) and a decline in physical activity as measured by the smartphone (i.e. cell tower 
movements: beta = -.11, P = .03)

● Higher overall levels of clinical manic symptoms were predicted by lower physical activity on the smartphone (i.e. 
distance travelled: beta = -.37, P <.001), and higher social communication (beta = .48, P = .03)

● An increase in clinical manic symptoms was predicted by a decrease in physical activity on the smartphone (beta = -
.17, P <.001)

Smartphone 
data as 
objective 
measures of 
bipolar 
disorder 
symptoms 
(32)

Participants: 
17 patients 
with bipolar 
disorder
Study length: 
3 months

 
● In the unadjusted model there was a significant correlation between lowered number of changes in cell tower ID per 

day and higher score on HDRS-17 (B = -0.48, 95% CI: -0.90; -0.070, p = 0.020), suggesting that for every 10 points 
higher score on HDRS-17 patients changed 4.8 times less between cell towers *

Smartphone 
data as an 
electronic 
biomarker of 
illness activity 
in bipolar 
disorder (33)

Participants: 
61 patients 
with bipolar 
disorder
Study length: 
6 months

● There was a significant positive correlation between the duration of incoming calls/day and scores on the HDRS 17 
in both the unadjusted model and the model adjusted for age and sex (unadjusted model B = 19.96, 95% CI: 
4.12–35.80, p = 0.014; adjusted model B = 17.15, 95% CI: 1.00–33.30, p = 0.037), indicating that for every score 
that increased 10 points on the HDRS 17 in the adjusted models there was an increase in the duration of incoming 
calls/day of 171.5 (10.0; 333.0) seconds

● There was a significant positive correlation between the duration of incoming calls/day and scores on the YMRS in 
both the unadjusted model and the model adjusted for age and sex (unadjusted model B = 28.54, 95% CI: 
5.17–51.90, p = 0.017; adjusted model B = 30.38, 95% CI: 7.04–53.71, p = 0.011), indicating that for every score 
that increased 10 points on the YMRS in the adjusted models there was in increase in the duration of incoming 
calls/day of 303.8 (70.4; 537.1) seconds 
**                                                                                                                                                                                       

25

                                                                   

Voice 
analysis as an 
objective 
state marker 
in bipolar 
disorder (34)

Participants: 
28 outpatients 
with bipolar 
disorder
Study length: 
12 weeks

 
● Voice features were found to be more accurate, sensitive and specific in the classification of manic or mixed states 

with an area under the curve (AUC) = 0.89 compared with an AUC = 0.78 for the classification of depressive states

Ecologically 
valid long-
term mood 
monitoring of 
individuals 
with bipolar 
disorder using 
speech (35)

Participants: 6 
patients with 
bipolar 
disorder
Study length: 
participants 
were enrolled 
for 6 months 
to a year

● The results demonstrate that we are able to detect the mood state of individuals for calls recorded during the clinical 
interactions. We obtain an average AUC of 0.81 ± 0.17 for hypomania and an average AUC of 0.67 ± 0.18 for 
depression across all participants

Source: This table is based on information presented in (25) (32-35)
*HDRS-17 = Hamilton Depression Rating Scale 17-items
**YMRS = Young Mania Rating Scale

Table 2. Examples of the studies investigating objective smartphone data 
and clinically assessed symptoms among patients with bipolar disorder

Source: This table is based on information presented in (25) (32-35)
*HDRS-17 = Hamilton Depression Rating Scale 17-items
**YMRS = Young Mania Rating Scale

The current status of smartphone-based passive 
monitoring in bipolar disorder has been systematically 
reviewed (31). As the review pointed out, utilizing 
smartphones to automatically gather objective data offers a 
way to assess interesting behavioural activities without being 
intrusive or tiring out the patients. According to the review, 
the findings from several recent studies suggest that passively 
gathered smartphone data might qualify as an objective 
marker for illness states of bipolar disorder. Examples of 
these studies and their findings are presented in Table 2.
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However, despite these promising findings, Faurholt-
Jepsen et al. (31) pointed out that generally speaking, the 
studies within the field of smartphone-based objective 
monitoring of patients with bipolar disorder still have various 
shortcomings. For example, the existing literature included 
mainly pilot studies, sample sizes were generally small, 
monitoring periods were short and the studies mostly included 
only participants with mild symptoms. Only very few of the 
studies addressed confounding factors in their analyses, which 
poses a significant risk of bias and numerous methodological 
and clinical challenges. According to Faurholt-Jepsen et al., 
the existing literature does not allow to make conclusions 
regarding which elements of smartphone-based objective 
data have the most significant correlation with manic and 
depressive symptoms (31).

THE POTENTIAL OF MOBILE MONITORING 
IN EVALUATION OF MOOD DISORDER 
PHENOMENOLOGY

DETECTING THE VARIABILITY OF SYMPTOMS

Smartphones have been found to be a valid tool for detecting 
daily symptoms. For example, Faurholt-Jepsen et al. found 
that smartphone-based active monitoring of the symptoms 
of patients suffering from bipolar disorder (e.g. anxiety) 
accurately reflected the clinical assessments (36).

Fast-paced, real-time evaluation of affect offers an 
opportunity to study the temporal dynamics of emotional 
experiences and, thus, may lead to an improved understanding 
of the mood disorder phenomenology. A systematic review 
published in 2014 suggested that using EMA techniques 
would be the most effective way to understand the time-
dependent nature of affective instability (37). When it comes 
to mood disorders, affective instability is clinically important 
as it is seen as a significant predictor of transition to bipolar 
disorder in the future, and it is also frequently present in 
depression. Another example of a mood disorder-related 
oscillating phenomenon that could possibly be investigated by 
utilizing smartphone-based EMA is suicidal ideation (38,39). 
The preliminary data from an ongoing study demonstrates 
the feasibility of smartphone-based EMA methodology in 
investigating suicidal ideation, suggesting that EMA can detect 
the oscillation of suicidal ideation over a period of time and 
therefore illustrate how the phenomenon is dynamic in nature. 
The preliminary findings would be particularly interesting if 
the variability of suicidal ideation could be associated with 
the severity of suicidality and depression. However, the study 
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was unable to find such statistically significant associations, 
meaning more research is needed to elucidate the matter (38).

Utilizing electronic self-monitoring to examine within-
person variability of symptoms related to mood disorders 
might also reveal how patients with mood disorders differ 
from healthy individuals, and from patients suffering from 
different mental disorders. A 2019 study found that participants 
diagnosed with bipolar disorder had a significantly elevated 
within-person variability of specific symptoms (e.g. mood 
and energy levels) compared to healthy controls, emphasizing 
further the feasibility of EMA techniques in capturing within-
subject symptom variation over time (40). Another study 
from 2018 demonstrated, based on data collected via daily 
mobile monitoring, that variation in both mood and irritability 
is greater among people suffering from borderline personality 
disorder compared to patients suffering from bipolar disorder 
(41).

The data gathered by utilizing smartphone sensors may 
lead to the development of clinically useful markers that can 
be used to refine diagnostic processes, evaluate treatment 
effectiveness and improve monitoring of illness course (42). 
Using digital phenotyping as a diagnostic biomarker could 
help prevent the frequent, long time lag between mood 
disorder onset and diagnosis. Additionally, smartphone-
based monitoring could possibly be used to investigate the 
inter-individual heterogeneity of mood disorders and help 
identify new ways to distinguish disorders that overlap in 
symptomatology (43). For example, mobile phones have 
been used to assess the association between specific dynamics 
of affect and individual levels of depression or anxiety. 
According to a study from 2019, the great instability of 
affect, both negative and positive, was associated with trait 
anxiety, whereas risk for depression was more associated with 
greater mean and inertia of negative affect in a non-clinical 
sample. However, due to the limitations of this study and lack 
of participants diagnosed with depression or anxiety, these 
results should be treated with some caution. Nevertheless, 
the findings demonstrate the feasibility of electronic self-
monitoring in assessing temporal affective dynamics and 
getting valuable information about the psychopathology of 
mood disorders (43).

ASSESSING THE ASSOCIATIONS BETWEEN SYMPTOMS 
AND OUTCOMES

As mobile applications allow the examination of multiple 
different symptoms, events or outcomes simultaneously, 
they can also provide crucial information regarding how 
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different symptoms and outcomes are interlinked. For 
example, anxiety has been found to have an association with 
quality of life, stress and ability to function among patients 
suffering from bipolar disorder. Similarly, mood instability, 
measured by smartphone-based self-monitoring, seems to 
be associated with decreased functioning and quality of life 
as well as increased stress. Interestingly, these associations 
were seen despite the fact that a vast majority of participants 
were in partial or full remission (36,44).

Smartphone-based data, combined with data collected 
by utilizing wearable devices, has also been used to assess 
the correlation between mood variation and variation in 
diurnal function (quantified as activity in sleep-wake cycle 
variability). A study investigating patients suffering from 
bipolar disorder or borderline personality disorder with a 
control group of healthy individuals found that, for borderline 
personality disorder, a pattern of positive correlations was 
possible to detect among variation in mood, activity, sleep and 
heart rate (41). Furthermore, the study showed that diurnal 
variability might be more characteristic for patients with 
borderline personality disorder compared to the patients with 
bipolar disorder. However, given that positive correlations 
were seen between variability of mood and variability of 
sleep phases in both patient groups, the findings of this study 
suggest that improved sleep regularity might be a potential 
target for therapy in both patient groups (41).

Additionally, ESM has been used to investigate the 
association between subjective sleep quality and the stress 
individuals anticipate to have the next day. The study found 
that, for the non-clinical control group, anticipatory stress was 
negatively associated with sleep quality (45). Furthermore, 
when individuals suffering from major depressive disorder or 
social phobia experienced decreased levels of openness and 
engagement (described as “distancing from, and letting go of, 
unhelpful thoughts, beliefs and memories”), they also rated 
their quality of sleep lower the next morning. These findings 
could be interpreted to suggest that practicing openness and 
engagement might improve the quality of sleep (45).

THE POTENTIAL OF SMARTPHONE-BASED 
INTERVENTIONS

STUDIES ON TEXT MESSAGE-BASED INTERVENTIONS

In addition to providing information about the 
psychopathology of mood disorders, smartphone-based 
monitoring might have the potential to be used as a 
therapeutic application in the treatment of mood disorders. A 

recent randomized controlled trial assessed the effectiveness 
of a text message-based maintenance intervention among 
depressed patients. According to the study, the patients who 
received standardized text messages (e.g. instructions for 
evidence-based emotion regulation skills) after completing 
CBT-based inpatient treatment had a smaller increase of 
depressive symptoms, compared to the group of patients 
who did not receive text messages. Surprisingly, a similar 
effect was not seen in a group of patients who received 
personalized text messages (e.g. reminders about what the 
patient learned during inpatient treatment) after completing 
the inpatient treatment (46). 

Another study examined the effects of repeated 
attachment security priming among patients suffering from 
depression. The basis of the study was the attachment 
theory, and the hypothesis that priming secure attachment 
(reminding participants to visualize and concentrate on 
one of their secure relationships) results in higher levels of 
experienced feelings of security and a greater reduction of 
anxiety and depression symptoms compared to the control 
group. After the initial priming (visualization task) in the 
lab, the participants received three prime text messages on 
three consecutive days. According to the study, the findings 
suggest that security priming led to a reduction of anxiety 
and depression symptoms after the last prime. Furthermore, 
security priming led to higher levels of experienced feelings 
of security compared to the control group (47).

STUDIES ON MODERN SMARTPHONE-BASED 
INTERVENTIONS

In addition to traditional text messages, more modern 
approaches, such as utilizing smartphone applications, have 
been used in intervention studies. According to Kramer et 
al. (48), utilizing ESM and combining it with enhancing 
feedback on personalized patterns of positive affect led to 
a stronger decrease in depressive symptoms among patients 
suffering from depression compared to the control group. In 
contrast, in the subgroup of patients who participated in the 
ESM procedure but did not receive feedback, the decrease 
in depressive symptoms did not occur until the end of the 
study. These findings highlight the potential of ESM-derived 
feedback as a therapeutic tool in treatment of patients 
suffering from mood disorders (48).

Not all the results of the intervention studies have been 
entirely positive. Pioneering MONARCA I and MONARCA 
II randomized controlled trials examined the effect of 
smartphone-based monitoring among patients suffering from 
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bipolar disorder (18,19). The intervention in MONARCA 
I trial included daily smartphone-based self-monitoring 
combined with a feedback loop. The findings from 
MONARCA I trial suggested that there was no difference 
between the control group and intervention group regarding 
the primary outcomes (differences in manic and depressive 
symptoms assessed by utilizing Young Mania Rating Scale 
and Hamilton Depression Rating Scale) or the secondary 
and tertiary outcomes (perceived stress, quality of life, 
self-assessed manic or depressive symptoms or cognitive 
function). Furthermore, the subgroup analyses revealed that 
smartphone-based self-monitoring might sustain depressive 
symptoms and reduce manic symptoms. The MONARCA 
II trial utilized an upgraded smartphone-based monitoring 
system including both self-reported and objective monitoring 
as well as a mood prediction system used with clinical 
feedback. Again, the findings suggested that intervention 
had no significant effect on manic or depressive symptoms. 
However, the intervention group reported having lower levels 
of perceived stress and higher quality of life than the control 
group. Interestingly, the subgroup analyses from MONARCA 
II trial suggested, similarly to MONARCA I trial, that the 
intervention group had a higher risk of depressive episodes 
and reduced risk of manic episodes. The authors suggested 
this to potentially indicate that recognizing and treating 
early warning symptoms of a manic episode may be easier 
compared to the depressive prodromes, and that electronic 
monitoring of depressive symptoms may worsen those 
symptoms. These somewhat negative findings also highlight 
the importance of further research on the potential harmful 
effects of smartphone-based monitoring.

Smartphone applications can be used to provide 
psychoeducation. In a 2018 study, patients suffering from 
bipolar disorder received daily psychoeducational messages 
based on the answers the patients gave to the daily screening 
tests prompted by the application. According to the study, 
even though the attrition rate was high among the participants, 
the feedback received regarding the general perceived 
helpfulness was mainly positive (49). 

Another study (50) aimed to assess the association 
between smartphone application engagement and mental 
health outcomes. The application was designed to prompt 
daily mood questionnaires, the results of which were then 
collected into a digital mood diary. Based on the findings of 
this study, higher app engagement ratings may predict greater 
decrease in depression and anxiety as well as greater increase 
in mental well-being. Furthermore, increase in emotional self-
awareness was a mediator for these mental health outcomes 

among the participants who were depressed or anxious at 
the time of baseline assessment, whereas no such effect was 
seen in a non-clinical group. This may indicate that clinically 
depressed or anxious self-monitoring application users can 
significantly benefit from improving their emotional self-
awareness (50).

Smartphone-based applications may have potential 
as novel interventions for individuals suffering from mood 
disorder-related symptoms. For example, a Japanese 
research group aims to investigate the feasibility of a video 
playback application, which displays positive words through 
video viewing. This intervention aims to reduce depressive 
symptoms among people suffering from subthreshold 
depression (51). 

Another interesting subject for research is to explore how 
smartphone-based interventions perform compared to more 
traditional treatments. Results from a randomized controlled 
trial, investigating interventions for patients suffering 
from serious mental illness, suggest that smartphone-based 
intervention was comparable to traditional clinic-based 
intervention regarding both satisfaction of the patients and the 
clinical outcomes. Furthermore, the rate of commencement 
and engagement was better in the smartphone-based 
intervention group. The study utilized evidence-based mobile 
phone intervention called FOCUS, which includes daily 
prompts and personalized content (52).

Another paper investigated whether specific 
characteristics of patients, such as severity of symptoms, 
would influence the effect of FOCUS. The study found a 
significant reduction of depressive symptomatology among 
patients suffering from moderate to severe depressive 
symptoms. In contrast, there was no such effect for patients 
suffering from minimal to mild depressive symptoms. In 
addition, the findings of the study suggest that FOCUS may be 
a suitable intervention for patients suffering from depressive 
symptoms, regardless of whether the patients are using 
antidepressants and regardless of whether the patients are 
suffering from psychotic symptoms. These findings suggest 
that smartphone-based interventions might be suitable for 
patients with a variety of characteristics (53).

COMBINING SMARTPHONE-BASED INTERVENTIONS 
WITH OTHER TREATMENTS

In addition to providing novel treatments, smartphones can 
be utilized to enhance and improve current treatments. For 
example, according to a systematic review published in 2018, 
findings from several studies provided preliminary evidence 
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that mobile technologies can be effective in improving 
adherence to prescribed medication among patients suffering 
from mood disorders (54). Furthermore, smartphones 
can be used to deliver mental health interventions such as 
psychotherapy treatment. Given the ubiquity of mobile 
phones, developing smartphone-based interventions has the 
potential to significantly increase treatment accessibility 
(55).

A randomized controlled trial published in 2017 utilized 
a self-help smartphone app that provides several kinds of 
cognitive behavioural therapy (CBT) -based sessions, such 
as self-monitoring and behavioural activation. The study 
found that, among patients suffering from antidepressant-
resistant major depression, combining smartphone CBT and 
medication change was more effective than treating the patient 
by medication change alone. This highlights the potential 
benefits of combining smartphone-based CBT applications 
with other treatments (56).

The secondary analysis of this randomized controlled 
trial aimed to thoroughly assess which aspects of behavioural 
activation are the most associated with decrease in depression 
severity. The findings suggest that the level of expected 
pleasure when the patient is planning an activity has the 
highest correlation with depression severity. This means that 
when designing smartphone-based CBT applications, it might 
be more beneficial to recommend activities that the patient 
expects to give a high level of pleasure, rather than just 
include activities with a high level of achieved pleasure (57).

DETECTING THE RISK OF RELAPSE

The data collected by remote monitoring might help to detect 
the patients with increased risk of relapse. Both passively 
and actively gathered data, using smartphones and wearable 
devices is hoped to reflect the changes in individuals’ daily 
life relevant to risk of relapse (e.g. changes in sleep, physical 
activity and mood). The objective of a current multi-site 
prospective cohort study is to determine the clinical utility and 
predictive ability of the data collected by remote monitoring 
(58). The objective of another randomized controlled trial 
was to examine if patients suffering from bipolar disorder 
experience longer episodes of euthymia when their treating 
clinicians receive feedback about the changes in patients’ 
behaviour. During the study, a smartphone application 
was utilized to collect objective data regarding patients’ 
communication (e.g. number of outgoing calls), smartphone 
usage (e.g. hours when smartphone inactive) and activity 
(e.g. steps/day). If the collected data significantly differed 

from the patient’s individual baseline values, the attending 
psychiatrist was notified and they contacted the patient. This 
kind of smartphone-based feedback loop is hoped to help to 
detect the early warning signs of upcoming mood episodes 
and therefore optimize the timing of suitable intervention 
among patients suffering from bipolar disorder (59). 

Furthermore, in an ongoing study Faurholt Jepsen at al. 
(60) aim to assess whether smartphone-based interventions 
decrease the number and length of readmissions compared to 
traditional interventions. The smartphone-based interventions 
used in the study consist of several components including self-
monitoring, feedback loop, passively collected behavioural 
data and smartphone-based cognitive behavioural therapy 
(60).

CURRENT CHALLENGES IN SMARTPHONE-BASED 
INTERVENTIONS

Despite the remarkable potential of smartphone-based 
monitoring of mood, several challenges have emerged. Some 
of the most common concerns are risks regarding privacy, 
confidentiality and the details regarding data security such 
as storage and encryption (31,61). Another challenge is the 
fact that although a substantial number of modern day people 
are accustomed to using technological solutions in their 
everyday life, the access to technology and level of technical 
skills are not the same for everybody. Patients using mobile 
monitoring are required to analyse how their behaviour, 
for example, lending their phone to somebody else, affects 
the quality of the collected data. In addition, the level of 
interest towards technology varies among the population. To 
summarize, smartphone-based monitoring might not be the 
ideal solution for everyone, which means that physicians need 
to evaluate the suitability of smartphone-based monitoring 
individually with each patient (5,62). In addition, different 
smartphone brands and models have unique characteristics. 
For example, the iOS operating system has more restrictions 
compared to the Android operating system (31). This means 
that in order to precisely collect similar kinds of data by 
using an application that utilizes hardware components or 
sensors, the application needs to be certified separately for 
each model (5). Furthermore, reports for health apps show 
high attrition rate, especially outside of research settings 
(62).

It is of the utmost importance to ensure that the benefits 
of utilizing technological solutions in psychiatry far outweigh 
the risks. The number of mental health-related applications 
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has increased rapidly but only few of those applications 
have been validated (5). This fact was also highlighted by 
a systematic review conducted in 2018, which found that 
out of approximately 100 papers that reported utilizing a 
mobile application for monitoring and/or management of 
mental health symptoms or illness, merely fourteen used an 
application with clinically validated evidence of effectiveness 
(63). A substantial number of developers of mental health 
applications are not associated with a medical centre or an 
academic institution. Furthermore, many of the descriptions 
of mental health applications do not provide sufficient 
information about the developers, making it more difficult to 
evaluate the credibility of these apps (64).

The absence of regulation raises a concern of whether 
some of these applications may put the user at a risk of medical 
harm. For instance, mobile monitoring might increase self-
diagnosing and self-treatment rather than encourage patients 
to seek professional help (61). Unvalidated applications 
might promote incorrect information and they might offer 
unsuitable or inadequate help in the form of e.g. non-
professional counsellors or chatbots (62). Another concern 
is that electronic monitoring might lead to medicalization 
of normal phenomena. For example, normal mood variation 
might be confused with mood disorder relapses (61,62). 
Considering the fact that monitoring of individuals has been 
previously used with criminals and that the reasoning behind 
mobile monitoring of mood can be easily misinterpreted by 
the general public, there is a notable concern that monitoring 
might increase the stigmatization of mental disorders (5,61).

Another important question that needs to be answered is 
whether mobile monitoring actually increases the symptoms 
(61). It is also worth noting that patients suffering from mood 
disorders might sometimes have unhealthy habits regarding 
smartphone usage, which can make smartphone-based 
monitoring somewhat problematic (62).

In addition to academic research, various commercial 
organizations have been developing algorithms based 
on the big data gathered from daily digital transactions, 
in order to predict behaviour, mental state and to profile 
people. It is important to remember that although identical 
analytic approaches might be used both in academic research 
and commercial profiling, the objective of commercial 
organizations is not helping patients but profit (5).

This field of research currently lacks a standardized way 
to report research results, conduct analyses and detail methods 
(65). Also, the researchers are not unanimous in how mood is 
defined and quantified and how various measurements and 
scales are used in different studies. This lack of consensus 

in the research regarding electronic mood data makes it hard 
for readers to thoroughly evaluate and compare the published 
studies. In order to rectify this issue, Faurholt-Jepsen et al. (65) 
published guidelines with recommendations for how to write 
sections such as participant descriptions (e.g. recruitment 
details, demographics of participants), data collection (e.g. 
software details, description of the questionnaires, how often 
participants are prompted to complete mood ratings) and data 
analysis (e.g. details regarding the missing data, methods of 
analyses, conflict of interest).

CONCLUSIONS

The objective of this review was to summarize the recent 
literature regarding smartphone-based monitoring of 
patients suffering from mood disorders. Smartphone-
based monitoring, active as well as passive, has an 
enormous potential to help both researchers and clinicians 
to understand the psychopathology of mood disorders 
and provide novel interventions. Smartphone-based self-
monitoring of symptoms has been demonstrated to reflect 
clinical evaluations of symptoms, making smartphones 
a valid tool for symptom monitoring. However, when it 
comes to automatically generated objective smartphone 
data, further research (including studies with longer 
monitoring periods and larger sample sizes) is needed 
in order to validate the findings from previous studies. 
Furthermore, additional randomized controlled trials are 
needed to examine the potential positive, negative or neutral 
effects smartphone-based interventions may have on the 
patient. In addition, established guidelines (such as those 
recommended by Faurholt-Jepsen et al.) for reporting on 
mood data gathered by remote monitoring are necessary 
to facilitate accurate interpretation of future studies (65). 
It is also important to appreciate the diverse preferences, 
lifestyles and technological skills of patients and, instead of 
merely focusing on smartphone-based data collection, it is 
recommended to utilize many types of technology platforms. 
Finally, analysing this novel, complex longitudinal 
multivariate data provided by smartphone-based monitoring 
will require cross-industry cooperation between different 
experts, including researchers, clinicians, statisticians and 
engineers.
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ABSTRACT

The use of various digital health technologies is increasing in the treatment of psychotic disorders, as well as in psychiatry in 
general. In this review we present key studies on how technology is practically used to treat cognitive deficits, hallucinations 
and delusions of psychotic patients. The goal of this literature review is to provide the reader a comprehensive understanding 
on how technology is currently being utilized in the treatment of psychotic disorders, and to discuss how technology can pave 
the way towards a more integrative approach of treating psychotic disorders. The search for each symptom category was 
performed through PubMed and Google Scholar databases over the last 10-15 years. Computer-based cognitive rehabilitation 
seems to be as effective as the non-computerized equivalent, but has several additional advantages. AVATAR therapy and virtual 
reality-based treatments show promise in treating both hallucinations and delusions, but more research in this area is required. 
Digital solutions offer new ways to monitor and assess the different symptoms of psychotic disorders and to administer self-
management in the daily lives of patients. Digital health technology belongs to the treatment of psychotic disorders, but it 
should be further studied in order to more fully understand the underlying psychological mechanisms involved, and to further 
validate the approaches that will be the most beneficial for large scale clinical use. 

DIGITAL HEALTH TECHNOLOGIES IN THE PSYCHOSOCIAL TREATMENT 
OF CORE SYMPTOMS OF PSYCHOTIC DISORDERS — LITERATURE REVIEW 
AND PRACTICAL ASPECTS
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INTRODUCTION 

Digital technology in the context of mental health  
includes, but not limited to, telemedicine, virtual reality, 
mobile apps, patient portals, electronic health records 
and computerized therapy. Digital technology has been  
harnessed to create new, accessible and scalable forms of  
mental healthcare and represents an innovative opportunity  
to improve existing services [1,2]. Different digital  
solutions have been found to be effective in the treatment of 
a variety of psychiatric disorders, including depression and  
anxiety, with the potential of increasing quality of life 
[3]. In addition to creating novel ways to treat patients, these 
solutions also have the potential to enhance the assessment,  
diagnostic accuracy and follow-up monitoring of 
psychiatric disorders by augmenting the objectivity and 
reliability of existing protocols [2]. 

Although these new innovations have to date most 
often been used in the treatment of less severe forms 
of psychopathology, recent studies have also suggested 
that they provide additional benefit in the treatment of more 
severe disorders, including schizophrenia and other psychotic 
disorders [1,2,4]. Despite advances in pharmacological and 
psychological treatment, almost one third of patients 
with schizophrenia do not respond to treatment and are 
denoted as treatment resistant, and evidently need new and 
innovative treatment options [5]. Digital solutions have 
been demonstrated to be feasible in both early and later 
stages of the trajectory of psychotic disorders. They 
can also be deployed in conjunction with the treatment 
received in hospitals and outpatient departments, or remotely 
as a form of self-help [4,6,7]. In addition to creating 
new treatment options, methods based upon established 
treatment frameworks, including Cognitive Behavioural 
Therapy (CBT), can be delivered to patients via different 
digital platforms [8,9].  

The use of various digital tools, such as web- and mobile  
device-based interventions and virtual reality applications,  
in relation to psychotic symptoms have been deemed  
acceptable and feasible from a clinical perspective [10,11].  
The use of mobile phones, computers and the internet are 
generally similar between patients and the general population, 
as 84.8% of people with a psychotic disorder have access to 
the internet and 88.6% own a device capable of accessing 
the internet, although access to technology may be more 
restricted especially with patients from older age groups and 
ethnic minorities [12,13,14]. In a study using Finnish data from 
patients with schizophrenia spectrum disorder in psychiatric 

inpatient units, the researchers concluded that the level of  
access to computers and the internet was quite good and that 
patient functioning was not associated with the frequency of 
internet and computer use [15]. Overall, the ownership of 
mobile devices in this patient cohort has been increasing since 
2007, and most patients are willing to use mobile devices 
as a part of their treatment and self-management [16]. The 
use of digital tools has been associated with numerous 
potential benefits. These include a reduction in the time 
required by staff in delivering interventions, better 
standardization of the content of the interventions, more user 
choice regarding content, more options for data collection and 
symptom prevention and unlimited access to care [13]. These 
potential benefits make exploring and researching the 
topic from a clinical perspective highly worthwhile. 

The goal of this literature review is to offer the reader 
an extensive look on how digital technology is being used 
in the treatment of psychotic disorders. We focus on all 
core symptom categories of psychotic disorders: cognitive 
disorders, hallucinations and delusions, and examine how 
technology can add value in the treatment of different 
symptoms alongside more established treatment options. 
Because of the wide scope of the paper, and still a very early 
phase of the research in some areas, our review is descriptive 
not systematic. More definitive descriptions are given at the 
beginning of each chapter. We discuss the need for further 
research, and propose how future research efforts can be 
aligned towards a more intergrative approach.

COMPUTERIZED  REHABILITION OF 
COGNITIVE DEFICITS

COGNITIVE DEFICITS AND REHABILITATION 

Cognitive deficits represent one of the core symptoms of 
schizophrenia, and it is suggested that they are the  
fundamental reason for the functional impairment  
underlying the disorder [17,18,19]. The Measurement  
and Treatment Research to Improve Cognition in  
Schizophrenia (MATRICS) initiative, developed by The  
US National Institute of Mental Health (NIMH), has  
suggested that seven cognitive domains should be assessed  
when evaluating treatment efficacy in schizophrenia:  
processing speed, attention/vigilance, working memory,  
verbal learning, visual learning, reasoning and problem  
solving and social cognition [20,21,22]. It is estimated 
that 61-78% of patients with schizophrenia manifest a severe  
cognitive deficit characterized by performance of one  
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to three standard deviations below the age group average  
[23,24]. Although diagnoses are categorical, psychotic  
disorders have been suggested to reflect a dimensional  
continuum, with respect to which cognitive and functional  
impairment vary. Schizophrenia has been suggested to  
reflect one extreme of this continuum [25]. Neurocognitive 
deficits have also been found to be present in individuals  
who present with an elevated risk for psychosis,  
termed the “clinical high-risk state”. Impaired cognitive  
functioning in the domains of verbal fluency, verbal  
and visual memory and working memory have been 
suggested to associate with increased risk of transition to  
overt psychosis in high-risk states. This finding emphasizes  
the importance of early interventions that target cognition  
[26,27]. 

Cognitive remediation therapy (CRT) refers to a  
heterogeneous group of rehabilitative methods, which are  
designed   to  teach   thinking  and  to improve  mental skills  among  
patients presenting with cognitive deficits [28]. Typically, 
CRT consists of weekly or biweekly 60-90-minute sessions 
which can include a combination of drill and practice  
exercises (e.g. training progressively more difficult memory  
tasks), strategy training (e.g. focusing on the strategies or  
mnemonics which help with memory tasks), action-based  
tasks and conversations with the therapist or between  
training group members [18,29,30].

EFFICACY OF COMPUTERIZED COGNITIVE 
REMEDIATION 

The search for relevant meta-analyses was done  
from PubMed and Google Scholar databases using 
the keywords ‘cognitive remediation’, ‘schizophrenia’, 
‘psychotic disorder’, ‘meta-analysis’ and ‘systematic review’. 
The search was done during April 2020 and reviews and 
meta-analyses from the last 15 years were included. Early 
CRT programmes were carried out as paper and pencil 
training, but digital variants of the programmes have been 
developed where the training is executed with the help 
of a computer. There are numerous proposed benefits in 
computer-based CRT compared to conventional CRT. These 
include favouring neural plasticity, being helpful in 
learning compensatory strategies, providing unlimited 
training possibilities and exercise repetitions, multisensory 
presentation, objective scoring of exercises, automatic 
scaling of difficulty, immediate structured feedback 
and potentially enhancing motivation through stimulating 
and entertaining applications [31]. Digital implementations 

have also improved the accessibility of the programmes and 
made it possible to offer more tailored services [30]. 

Various meta-analytical studies have examined the 
efficacy of cognitive training and CRT in the treatment of 
psychotic disorders (Table 1, Figure 1). These wtreatment 
methods have been associated with significant improvements 
in improving cognitive performance, symptoms and 
psychosocial functioning in psychotic disorders. The reported 
effect sizes range from small to medium and the efficacy of 
computer-based methods are comparable to conventional 
methods. Higher effect sizes for cognitive improvements are 
associated with a treatment model combining drill and 
practice exercises and strategic coaching. Better functional 
outcomes are achieved when cognitive training is combined 
with wide-ranging psychiatric rehabilitation [32]. There 
is also preliminary evidence for the effectiveness of CRT 
in the clinical high-risk state [33]. In addition to positive 
changes in cognition, studies have reported improvements in 
different functional outcomes, such as in social functioning, 
self-reported social adjustment and different productivity 
outcomes [33,34]. It has been suggested that improvements 
in cognitive abilities trigger a rehabilitative process  
in functional capabilities which, in turn, aid the clinical 
improvements [35].
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Research article Findings

McGurk et al. (2007). A meta-analysis 
of cognitive remediation in schizo-
phrenia. [32]

Both computerized and non-computerized cognitive remediation 
therapy (CRT) were examined. CRT was associated with significant 
improvements in cognitive performance and psychosocial function-
ing with medium effect sizes (ES) of 0.41 and 0.36 as well in symp-
toms with small ES of 0.28. The effect of CRT on psychosocial func-
tioning was increased when adjunctive psychiatric rehabilitation was 
offered.

Wykes et al. (2011). A meta-analysis 
of cognitive remediation for schizo-
phrenia: methodology and effect sizes. 
[36]

Both computerized and non-computerized CRT were examined. CRT 
was associated with elevated global cognitive functioning and func-
tioning with medium ES of 0.45 and 0.41. CRT was also associated 
with decreased symptoms with a small ES of 0.18. In follow-ups 6 to 
12 months after treatment, all changes except the changes in symp-
toms remained. There were no significant differences between com-
puter or no computer groups in outcomes. 

Grynszpan et al. (2011). Efficacy and 
specificity of computer-assisted cog-
nitive remediation in schizophrenia: a 
meta-analytical study. [31]

16 randomized controlled trials evaluating the efficacy of computer-
ized CRT were examined. Significant changes in cognition were re-
ported with a mean ES of 0.38 in verbal memory, working memory, 
attention and processing speed. Most notable change of the interven-
tions was in social cognition where medium ES of 0.64 was found.

Anaya et al. (2012). A Systematic 
Review of Cognitive remediation for 
schizoaffective and affective disor-
ders. [37] 

CRT was associated with a positive change in cognitive function 
across 16 studies with a medium ES of 0.32. The researchers con-
cluded that CRT with schizoaffective disorders may have comparable 
benefits to patients with schizophrenia.

Chan et al. (2015). Can computer-
assisted cognitive remediation im-
prove employment and productivity 
outcomes of patients with severe men-
tal illness? A meta-analysis of 
prospective controlled trials. [34]

Nine trials examining computer-assisted CRT efficacy on selected 
productivity outcomes of severe mental illness patients were exam-
ined. Receiving the treatment was associated with enhanced produc-
tivity outcomes including higher employment rate, longer duration of 
work and higher income. 

Table 1. Systematic reviews and meta-analyses evaluating the effectiveness of cognitive re-
mediation across various outcome measures.  

Computerized and non-computerized variants of CRT are typically pooled together in re-
search articles. The difference in effectiveness of computerized and non-computerized 
has been tested and no significant differences between the two methods have been 
found [38]. To our knowledge, research articles dedicated to comparing these two methods of 
CRT have not been published. To further deepen the understanding regarding the effective-
ness of computerized cognitive remediation alone, we made a visual representation compar-
ing the effectiveness between computerized and non-computerized CRT from the studies in-
cluded in Table 1. First, all individual research articles included in a singular meta-analysis 
were divided into two groups based on what kind of CRT was included in the study (comput-
erized vs. non-computerized). An average effect size of cognitive measures (a mean including 
all cognitive domains included in each study) from each study was either extracted directly or 
calculated. Calculations were made if a study included in the meta-analysis did not report an 

Revell et al. (2015). A systematic re-
view and meta-analysis of cognitive 
remediation in early schizophrenia. 
[38]

Several trials with 615 participants were evaluated in both conven-
tional and computer-based CRT. Non-significant effects of CRT on 
global cognition were found. Significant positive effects were found 
on verbal learning and memory. Participants taking part in CRT 
showed significant improvements in functioning and symptoms with 
medium ES (0.36 for both). Conclusions were made that CRT in ear-
ly schizophrenia is associated with similar improvements compared 
to chronic patients but to a lesser degree. The use of computer in the 
rehabilitation was not associated with cognitive outcomes.  

Cella et al. (2017). Cognitive remedi-
ation for negative symptoms of schiz-
ophrenia: a network meta-analysis. 
[39]

CRT was associated with significant decrease in negative symptoms 
of schizophrenia with small to moderate effect sizes (mean ES 0.30). 
Both computerized and non-computerized CRT were included.

Glenthøj et al. (2017). The effect of 
cognitive remediation in individuals at 
ultra-high risk for psychosis: a sys-
tematic review. [33]

Six studies providing computer-based CRT were identified. Signifi-
cant improvements were found in the domains of verbal memory 
(0,61,1.23), attention (0.69) and processing speed (0.50, 0.63, 0.84). 
Some studies also reported improvements in social functioning (3.09) 
and social adjustment (1.04).  

Prikken et al. (2019). The efficacy of 
computerized cognitive drill and prac-
tice training for patients with a schiz-
ophrenia spectrum disorder: A meta-
analysis. [40]

Compared to control groups, patients receiving computerized drill 
and practice training showed significantly more improvement on 
attention (0.31), working memory (0.38), positive symptoms (0.31) 
and depressive symptoms (0.37).

Kambeitz-Ilankovic et al. (2019). 
Multi-outcome meta-analysis 
(MOMA) of cognitive remediation in 
schizophrenia: Revisiting the rele-
vance of human coaching and eluci-
dating interplay between multiple 
outcomes. [35]

67 studies were included in the meta-analysis where computerized 
CRT was administered to patients with schizophrenia, alone or in 
combination with human guidance. CRT was associated with im-
provements in cognitive function, functioning and clinical symptoms 
(small to moderate ES). Human guidance strengthened the effect the 
intervention had on verbal and working memory. 

tool. Virtual reality offers another interesting interface for functional capacity assessment. A 
great example of this was a study by Ruse, Harvey, Davis, Atkins, Fox and Keefe [108], 
where a virtual reality assessment method simulating a shopping trip, ‘Virtual Reality Func-
tional Capacity Assessment Tool (VRFCAT)’, was created. They compared results from the 
assessment between healthy controls and patients with schizophrenia. Patients with schizo-
phrenia performed more poorly compared to the healthy controls and the researchers con-
cluded that the results are highly correlated with standard cognitive assessment. 

Discussion  
Summary$
This review compiled relevant digital solutions from recent years in the treatment of psychot-
ic disorders. This descriptive review covers a relatively large scope of digital approaches in 
the treatment of psychoses. For cognitive remediation, the review was systematic since all 
meta-analytical studies and systematic reviews from the last 15 years were included in this 
review. Later parts of the review were more narrative in nature, though we have compiled a 
big part of the most relevant studies, since the total number of research papers focusing on 
digital treatment and assessment of hallucinations and delusions is still quite low. 

Various technical innovations are conquering a remarkable place in psychiatry, but their clini-
cal relevance in the treatment of the most severe end of the spectrum 
of psychiatric disorders (e.g. schizophrenia) is still somewhat in its infancy. In this review we 
have presented a growing pool of evidence suggesting that these novel technological ap-
proaches will increasingly play an interesting role in the treatment of severe psychiatric dis-
orders, perhaps in the not so distant future. It is additionally suggested that the described in-
novations present potential with respect to a group of patients, which arguably to 
date, have not basked in the limelight of conventional therapeutic considerations. The most 
notable technological solutions presented in this study are collected in Table 4. 

Digital technology Intended use Description of effectiveness

Computerized cognitive reme-
diation

Rehabilitating cognitive deficits asso-
ciated with psychotic disorders.

Remediation is effective in im-
proving cognitive skills and func-
tioning of participating patients. 
Computerized remediation is com-
parable to traditional forms of re-
habilitation.

AVATAR therapy Decreasing the severity of auditory 
verbal hallucinations and the stress 
they cause.

AVATAR therapy has been associ-
ated with significant reductions in 
the severity of persistent auditory 
verbal hallucinations, reported 
frequency of voices and stress.

Coping With Voices A web-based self-help intervention 
built to meet the need for psychosocial 
treatment in patients with moderate to 
severe auditory hallucinations.

Taking part in the intervention 
equally decreased the severity of 
auditory hallucinations compared 
to usual care. 
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Table 1. Systematic reviews and meta-analyses evaluating the effectiveness of cognitive re-
mediation across various outcome measures.  

Computerized and non-computerized variants of CRT are typically pooled together in re-
search articles. The difference in effectiveness of computerized and non-computerized 
has been tested and no significant differences between the two methods have been 
found [38]. To our knowledge, research articles dedicated to comparing these two methods of 
CRT have not been published. To further deepen the understanding regarding the effective-
ness of computerized cognitive remediation alone, we made a visual representation compar-
ing the effectiveness between computerized and non-computerized CRT from the studies in-
cluded in Table 1. First, all individual research articles included in a singular meta-analysis 
were divided into two groups based on what kind of CRT was included in the study (comput-
erized vs. non-computerized). An average effect size of cognitive measures (a mean including 
all cognitive domains included in each study) from each study was either extracted directly or 
calculated. Calculations were made if a study included in the meta-analysis did not report an 

Revell et al. (2015). A systematic re-
view and meta-analysis of cognitive 
remediation in early schizophrenia. 
[38]

Several trials with 615 participants were evaluated in both conven-
tional and computer-based CRT. Non-significant effects of CRT on 
global cognition were found. Significant positive effects were found 
on verbal learning and memory. Participants taking part in CRT 
showed significant improvements in functioning and symptoms with 
medium ES (0.36 for both). Conclusions were made that CRT in ear-
ly schizophrenia is associated with similar improvements compared 
to chronic patients but to a lesser degree. The use of computer in the 
rehabilitation was not associated with cognitive outcomes.  

Cella et al. (2017). Cognitive remedi-
ation for negative symptoms of schiz-
ophrenia: a network meta-analysis. 
[39]

CRT was associated with significant decrease in negative symptoms 
of schizophrenia with small to moderate effect sizes (mean ES 0.30). 
Both computerized and non-computerized CRT were included.

Glenthøj et al. (2017). The effect of 
cognitive remediation in individuals at 
ultra-high risk for psychosis: a sys-
tematic review. [33]

Six studies providing computer-based CRT were identified. Signifi-
cant improvements were found in the domains of verbal memory 
(0,61,1.23), attention (0.69) and processing speed (0.50, 0.63, 0.84). 
Some studies also reported improvements in social functioning (3.09) 
and social adjustment (1.04).  

Prikken et al. (2019). The efficacy of 
computerized cognitive drill and prac-
tice training for patients with a schiz-
ophrenia spectrum disorder: A meta-
analysis. [40]

Compared to control groups, patients receiving computerized drill 
and practice training showed significantly more improvement on 
attention (0.31), working memory (0.38), positive symptoms (0.31) 
and depressive symptoms (0.37).

Kambeitz-Ilankovic et al. (2019). 
Multi-outcome meta-analysis 
(MOMA) of cognitive remediation in 
schizophrenia: Revisiting the rele-
vance of human coaching and eluci-
dating interplay between multiple 
outcomes. [35]

67 studies were included in the meta-analysis where computerized 
CRT was administered to patients with schizophrenia, alone or in 
combination with human guidance. CRT was associated with im-
provements in cognitive function, functioning and clinical symptoms 
(small to moderate ES). Human guidance strengthened the effect the 
intervention had on verbal and working memory. 

Table 1. Systematic reviews and meta-analyses evaluating the effectiveness 
of cognitive remediation across various outcome measures.

Computerized and non-computerized variants of CRT  
are typically pooled together in research articles. The 
difference in effectiveness of computerized and non-
computerized has been tested and no significant differences 
between the two methods have been found [38]. To our 
knowledge, research articles dedicated to comparing these 
two methods of CRT have not been published. To further 
deepen the understanding regarding the effectiveness of 
computerized cognitive remediation alone, we made a 
visual representation comparing the effectiveness between 
computerized and non-computerized CRT from the studies 
included in Table 1. First, all individual research articles 
included in a singular meta-analysis were divided into two 
groups based on what kind of CRT was included in the study 
(computerized vs. non-computerized). An average effect 
size of cognitive measures (a mean including all cognitive 
domains included in each study) from each study was 
either extracted directly or calculated. Calculations were 
made if a study included in the meta-analysis did not report 
an effect on ‘global cognition’ or a ‘mean effect’ from 
cognitive measures but rather effect sizes on specific 
cognitive functions. In these cases, we calculated a 
global mean effect from existing measurements. If the 
confidence intervals were not reported, they were calculated 
using the ‘cohen.d.ci’ function from the ‘psych’ library 
in RStudio. Comparisons between the effect sizes on 
computerized and non-computerized CRT can be viewed in 
Figure 1.

PSYCHOLOGICAL MECHANISMS BEHIND COGNITIVE 
REMEDIATION 

Neuropsychological Educational Approach to  
Cognitive Remediation (NEAR) is a method of  
cognitive remediation that has been widely implemented for 
patients with psychotic disorders in North America, Europe, 
Asia and Australia [29,41]. It is a group-based intervention  
consisting of 60-90-minute sessions performed at least 
twice a week. Every session starts with an individual  
computer-based training phase and is followed with a  
bridging group. Bridging groups include discussions,  
psychoeducation and action-based tasks, e.g. playing 
board games and problem solving in real-life situations.  
Each bridging group is carefully instructed to enhance  
motivation, learning and metacognition. The theoretical  
foundations of NEAR form the basis for planning and  
structuring every session to include carefully implemented 
instructional techniques [26].

Neuropsychological evaluation helps to understand 
the underlying neuronal basis of cognition, cognitive op-
erations and effective remediation strategies. In addition, 
learning theory is needed to understand and enhance the 
best ways to practise and learn skills. The techniques wide-
ly used in cognitive remediation include errorless learn-
ing, shaping, prompting, demonstration and generalization.  
In errorless learning the difficulty level of tasks is 
carefully adjusted to guarantee positive experiences  
with increasing challenges [42,43]. Shaping refers to sys-
tematically reinforcing cognitive skills and behaviours 
that are targeted (e.g. giving positive feedback every time  
a person is attending a session on time or staying on task 
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Figure 1. Mean effect sizes and 95% confi dence intervals of both computerized (red) and non-computerized (blue) cognitive 
remediation therapy for cognitive measures from recent reviews and meta-analyses. The mean effect size for cognitive 
remediation across multiple reviews and meta-analyses is 0.36 and computerized and non-computerized remediation 
are overlapping and comparable.
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as planned), and prompting to foster active learning style 
by asking open-ended questions to guide the person to-
wards the correct solution [29,44]. Demonstrating a solution  
is used occasionally if needed and is done by modelling 
with verbal explanation towards an immediate goal. Gener-
alization refers to doing various tasks in multiple contexts  
to transfer learning from clinical settings to everyday life  
(e.g. a bridging discussion where the goal is to connect the 
tasks done during the session to real-life situations) [29,41].

Educational psychology introduces the concept 
of intrinsic motivation that is essential to understand in ways to 
promote learning in remediation groups. A person with intrinsic 
motivation performs actions because it feels rewarding and 
has got an inherent inclination to explore and learn. In 
remediation groups, intrinsic motivation is enhanced with 
tasks that are contextualized, personalized and allow for 
learner control. There are several teaching techniques to 
foster intrinsic motivation and positive attitude about learning, 
which in turn have been associated with increased autonomy, 
self-determination, sense of well-being and commitment 
to treatment [29,41,45,46]. Another impact of educational 
psychology on remediation is the multisensory presentation 
of learning material [29].  

According to the NEAR framework and rehabilitation 
psychology, cognitive deficits can also be seen as a social 
cognitive dysfunction, and thus cognitive remediation 
is offered in the context of rehabilitation of educational, 
vocational, social and independent living skills. At best, 
cognitive remediation is individually planned and integrated 
in comprehensive psychiatric rehabilitation [29,41,47].  
Related to this, the goals for cognitive remediation are derived 
from overall treatment goals. Goal setting is an efficient 
process to help people to achieve a better quality of life, sense 
of well-being and higher self-efficacy [48]. One way to 
address the goals for cognitive remediation is to ask how 
cognitive deficits interfere with attainment of overall treatment 
goals. Involving the entire treatment team and relevant 
family members makes the goal setting and monitoring more 
efficient [29].  

Client-centred therapy has influenced the way 
clinicians relate to clients in cognitive remediation. A client-
centred approach refers to a method where the clinician acts  
as a facilitator whose main objective is to convey 
genuineness, acceptance and empathy [49]. Empathetic, 
non-judging understanding of the client’s reactions to 
the learning process is a key component in facilitating 
learning. A clinician who meets the client without a facade, 
values the client’s individuality, relates in a caring way and 

has trust in the capacity of the client is likely to create an 
optimal environment for exploring and learning [29,41].

A method that is gaining popularity is Action-Based 
Cognitive Remediation (ABCR), where the clinician’s role is  
to assist clients to bridge computerized cognitive training 
to real-life situations. This is achieved through simulated 
tasks, behavioural activation techniques, role plays and 
repeated multimodal practice with computers to actively  
and warmly coach clients to navigate through both computer-
based and real-life tasks which allows transfer of learning to 
happen [41,50].

CASE DESCRIPTION: SKILLED THINKING GROUP 

Helsinki University Hospital has developed a form 
of computerized cognitive remediation therapy as a group-
based intervention called the Skilled Thinking Group (STG), 
which is based on the NEAR model. The software used as 
the learning tool is Cognitive Interactive Remediation of 
Cognition and Thinking Skills (CIRCuiTS), a web-based 
remediation therapy programme which has been translated 
into Finnish [51,52]. The programme targets metacognition 
and promotes strategy use to strengthen the transfer of 
practiced cognitive skills to everyday life [53]. Details of the 
STG are presented in Table 2.

DIGITAL INTERVENTIONS IN THE TREATMENT 
OF HALLUCINATIONS  

PSYCHOLOGICAL TREATMENT OF HALLUCINATIONS 

The search for relevant studies was done from PubMed 
and Google Scholar databases using the keywords 
‘psychotherapy’, ‘schizophrenia’, ‘psychotic disorders’, 
‘effectiveness/efficacy’, ‘meta-analysis’, ‘systematic review’ 
and ‘hallucinations’ for psychological treatments, and 
‘AVATAR therapy’, ‘hallucinations’, ‘self-help’ and ‘digital 
treatment/intervention’, ‘schizophrenia’ and ‘psychotic 
disorders’ for digital treatments. The search was done 
during April 2020 and again during October 2020. Latest  
meta-analytical studies covering psychological treatments 
were included in the review and all relevant studies  
covering technological solutions were included as broadly  
as possible. 

In cognitive terms, a hallucination can be defined 
as “a sensory experience, which occurs in the absence 
of corresponding external stimulation of the relevant 
sensory organ, has a sufficient sense of reality to resemble 
a veridical perception, over which the subject does not feel 
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tainment of overall treatment goals. Involving the entire treatment team and relevant family 
members makes the goal setting and monitoring more efficient [29].   

Client-centred therapy has influenced the way clinicians relate to clients in cognitive remedi-
ation. A client-centred approach refers to a method where the clinician acts as 
a facilitator whose main objective is to convey genuineness, acceptance and 
empathy [49]. Empathetic, non-judging understanding of the client’s reactions to 
the learning process is a key component in facilitating learning. A clinician who 
meets the client without a facade, values the client’s individuality, relates in a caring way and 
has trust in the capacity of the client is likely to create an optimal environment for exploring 
and learning [29,41]. 

A method that is gaining popularity is Action-Based Cognitive Remediation 
(ABCR), where the clinician's role is to assist clients to bridge computerized cognitive train-
ing to real-life situations. This is achieved through simulated tasks, behavioural activation 
techniques, role plays and repeated multimodal practice with computers to actively and 
warmly coach clients to navigate through both computer-based and real-life tasks which al-
lows transfer of learning to happen [41,50].   

Case description: Skilled Thinking Group  
Helsinki University Hospital has developed a form of computerized cognitive remediation 
therapy as a group-based intervention called the Skilled Thinking Group (STG), which is 
based on the NEAR model. The software used as the learning tool is Cognitive Interactive 
Remediation of Cognition and Thinking Skills (CIRCuiTS), a web-based remediation therapy 
programme which has been translated into Finnish [51,52]. The programme targets metacog-
nition and promotes strategy use to strengthen the transfer of practiced cognitive skills to 
everyday life [53]. Details of the STG are presented in Table 2.  

Theoretical back-
ground

Neuropsychological Educational Approach to Cognitive Remediation (NEAR)

Practical implemen-
tation

STG was implemented in 2015, and it is now used widely in the HUS area. It consists 
of 20 biweekly 90-minute long sessions. Each session begins with an individual com-
puter-based practice and is followed by a bridging group.  

STGs are multidisciplinary led. There are several psychologists, occupational thera-
pists and psychiatric nurses who have been educated to run the CIRCuiTS programme 
and to facilitate bridging groups. In one group there are at least two clinicians work-
ing together. 

Evaluation and out-
comes

STG has been evaluated qualitatively from the beginning of its implementation. 
Clients have given systematic feedback after every group and have reported an in-
creased amount of self-confidence and better capability to function in everyday activi-
tities.  

A quantitative study of the effects of STG on the clients’ cognitive skills, different 
psychiatric symptoms and functioning will be conducted in the HUS area during 
2020-2021.

Table 2. Theoretical background, practical implementation and evaluation of the Skilled Thinking Group operated in 
the HUS area (HUS refers to Helsinki University Hospital).

s/he has direct and voluntary control, and which occurs 
in the awake state” [54]. Hallucinations can occur in any 
sensory modality and different types of hallucination 
can also co-occur. In schizophrenia spectrum disorders, 
auditory hallucinations are the most common form of 
hallucination [55]. Hallucinations are typically associated 
with significant distress [56].   

Cognitive behavioural therapy (CBT) has been utilized 
to treat hallucinations in many patient cohorts, including  
treatment-resistant patients [57]. A meta-analysis by van der  
Gaag, Valmaggia and Smit [58] examined 18 RCT studies 
regarding the use of CBT to treat auditory hallucinations, in 
which the mean effect size was 0.44. By 2020, the effect of  
CBT for psychosis (CBTp) in treating hallucinations had been 
deemed sufficient and stable across multiple studies [59]. The 
central focus of CBT is to restructure the power imbalance 
between the hallucinations in relation to the individual’s 
experience of them and to normalize different symptoms 
and psychotic phenomena [60,61]. Other psychological 
interventions that are researched and clinically used in the 
treatment of hallucinations, as well as in the treatment of 

psychotic disorders in general, include person-based cognitive 
therapy (PBCT), metacognitive therapy (MCT), acceptance 
and commitment therapy (ACT) and compassion-focused 
therapy (CFT) [62,63,64,65,66,67,68,69]. Short descriptions 
of these interventions can be viewed from Table 3.

Despite being a highly recommended treatment option for 
hallucinations, only around 10% of patients with a psychotic 
disorder receive CBT, or any other therapeutic approach as a 
treatment [70]. There is a growing body of evidence suggesting 
that elements of CBT can be successfully conveyed through 
digital platforms [8,9]. A wide use of technology might be a  
partial solution for the poor implementation of conventional  
therapeutic  treatments. 
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Table 2. Theoretical background, practical implementation and evaluation of the Skilled 
Thinking Group operated in the HUS area (HUS refers to Helsinki University Hospital). 

Digital interventions in the treatment of hallucinations   
Psychological treatment of hallucinations  
The search for relevant studies was done from PubMed and Google Scholar databases using 
the keywords ‘psychotherapy’, ‘schizophrenia’, ‘psychotic disorders’, ‘effectiveness/effica-
cy’, ‘meta-analysis’, ‘systematic review’ and ‘hallucinations’ for psychological treatments, 
and ‘AVATAR therapy’, ‘hallucinations’, ‘self-help’ and ‘digital treatment/intervention’, 
‘schizophrenia’ and ‘psychotic disorders’ for digital treatments. The search was done during 
April 2020 and again during October 2020. Latest meta-analytical studies covering psycho-
logical treatments were included in the review and all relevant studies covering technological 
solutions were included as broadly as possible.  

In cognitive terms, a hallucination can be defined as “a sensory experience, which occurs in 
the absence of corresponding external stimulation of the relevant sensory organ, has a suffi-
cient sense of reality to resemble a veridical perception, over which the subject does not feel 
s/he has direct and voluntary control, and which occurs in the awake state” [54]. Hallucina-
tions can occur in any sensory modality and different types of hallucination can also co-oc-
cur. In schizophrenia spectrum disorders, auditory hallucinations are the most common form 
of hallucination [55]. Hallucinations are typically associated with significant distress [56].    

Cognitive behavioural therapy (CBT) has been utilized to treat hallucinations in many pa-
tient cohorts, including treatment-resistant patients [57]. A meta-analysis by van 
der Gaag, Valmaggia and Smit [58] examined 18 RCT studies regarding the use of CBT to 
treat auditory hallucinations, in which the mean effect size was 0.44. By 2020, the effect 
of CBT for psychosis (CBTp) in treating hallucinations had been deemed sufficient and stable 
across multiple studies [59]. The central focus of CBT is to restructure the power imbalance 
between the hallucinations in relation to the individual’s experience of them and to normalize 
different symptoms and psychotic phenomena [60,61]. Other psychological interventions that 
are researched and clinically used in the treatment of hallucinations, as well as in the treat-
ment of psychotic disorders in general, include person-based cognitive therapy (PBCT), 
metacognitive therapy (MCT), acceptance and commitment therapy (ACT) and compassion-
focused therapy (CFT) [62,63,64,65,66,67,68,69]. Short descriptions of these interventions 
can be viewed from Table 3.   

Intervention Description Potential outcomes

Person-based cog-
nitive therapy 
(PBCT)

Intervention that has been developed 
to reduce stress of people with psy-
chotic disorders. Combines behaviour-
al experiments, mindfulness practice 
and working with schematic beliefs 
[62].

An RCT study by Chadwick et al. examined 
the effect of PBCT with patients distressed by 
hearing voices. The results were in favour of 
PBCT in voice-related distress and in the con-
trollability of voices [63]. 

Metacognitive 
therapy (MCT)

Focuses on cognitive bias, or thinking 
errors, which are related to psychotic 
symptoms [64]. 

Current results of MCT’s efficacy in treating 
the symptoms of psychotic disorders are mixed 
[64,65,66].

Table 3. Descriptions of psychological interventions that are being developed and used to 
treat hallucinations.  

Despite being a highly recommended treatment option for hallucinations, only around 10% of 
patients with a psychotic disorder receive CBT, or any other therapeutic approach as a treat-
ment [70]. There is a growing body of evidence suggesting that elements of CBT can be suc-
cessfully conveyed through digital platforms [8,9]. A wide use of technology might be a par-
tial solution for the poor implementation of conventional therapeutic treatments.   

AVATAR therapy in the treatment of hallucinations  
Perhaps the most widely recognized digital approach for the treatment of hallucinations to 
date has been AVATAR therapy, which was initially described in a case study by Leff et 
al. (2013) [71]. The method was subsequently evaluated in a larger single-blind RCT in 
which patients receiving AVATAR therapy were compared to a control group receiving sup-
portive counselling. In the study, Craig et al. [72] used a combination of digital image and 
speech modulation software to create an animated avatar, which best fit the experience of the 
patient. The tone and pitch of the voice of the avatar was finely tuned to match the auditory 
hallucinations perceived by the patient. During the sessions, the therapist acted as the avatar 
from another room to facilitate dialogue between the patient and the avatar. This dialogue ul-
timately led to the patient gaining increasing power over the initially powerful and threaten-
ing voice, which via the therapist’s intervention became less threatening during the 
treatment. The RCT confirmed the positive outcomes of the case study, with a significant re-
duction in the severity of persistent auditory verbal hallucinations, a reduction in the reported 
frequency of voices and reduced stress after 12 weeks. The omnipotence of voices also re-
duced, compared to the control group.  

Since the publication by Craig et al. (2018), AVATAR therapy has been further 
researched. Dellazizzo et al. (2018) investigated the efficacy of AVATAR therapy with treat-
ment-resistant patients and concluded that this patient cohort may benefit from AVATAR 
therapy in terms of decreased intensity of auditory hallucinations [73]. Different versions of 
AVATAR therapy have been piloted and researched. Stefaniak et al. [74] conducted a 
study using a modified version of the original approach in which the therapist was in the 
same room as the patient. This was performed to ensure a sense of safety during the sessions. 
The study included 23 patients with chronic auditory hallucinations and demonstrated a simi-
lar effect with respect to the alleviation of symptomology, in line with the original 
study. AVATAR therapy has recently been implemented in an immersive virtual reality 
(VR) setting by du Sert et al. [75], in which a significant improvement in the severity of audi-

Acceptance and 
commitment ther-
apy (ACT)

Focuses on changing the patients’ atti-
tude towards negative experiences and 
tries to foster behaviours which are 
consistent with the patients’ values 
[67].

Recent meta-analytic studies have concluded 
that patients who take part in ACT may experi-
ence a decrease in distress associated with hal-
lucinations [68,69].

Compassion-fo-
cused therapy 
(CFT)

Focuses on fostering skills of compas-
sion as a way to influence affect regu-
lation [64].

Research on the effectiveness is still in its in-
fancy, but initial case studies have revealed that 
CFT may lead to reduction in the frequency of 
positive symptoms and making the auditory 
hallucinations less malevolent and persecuting 
and more reassuring [64].

Table 3. Descriptions of psychological interventions that are being developed and used to treat hallucinations. 

AVATAR THERAPY IN THE TREATMENT OF 
HALLUCINATIONS 

Perhaps the most widely recognized digital approach for 
the treatment of hallucinations to date has been AVATAR 
therapy, which was initially described in a case study 
by Leff et al. (2013) [71]. The method was subsequently 
evaluated in a larger single-blind RCT in which patients 
receiving AVATAR therapy were compared to a control 
group receiving supportive counselling. In the study, Craig 
et al. [72] used a combination of digital image and speech 
modulation software to create an animated avatar, which 
best fit the experience of the patient. The tone and pitch of 
the voice of the avatar was finely tuned to match the auditory 
hallucinations perceived by the patient. During the sessions, 
the therapist acted as the avatar from another room to 
facilitate dialogue between the patient and the avatar. This 
dialogue ultimately led to the patient gaining increasing power 
over the initially powerful and threatening voice, which via 
the therapist’s intervention became less threatening during 
the treatment. The RCT confirmed the positive outcomes 
of the case study, with a significant reduction in the severity 

of persistent auditory verbal hallucinations, a reduction in 
the reported frequency of voices and reduced stress after 12 
weeks. The omnipotence of voices also reduced, compared 
to the control group. 

Since the publication by Craig et al. (2018), AVATAR 
therapy has been further researched. Dellazizzo et al. (2018) 
investigated the efficacy of AVATAR therapy with treatment-
resistant patients and concluded that this patient cohort 
may benefit from AVATAR therapy in terms of decreased 
intensity of auditory hallucinations [73]. Different versions of 
AVATAR therapy have been piloted and researched. Stefaniak 
et al. [74] conducted a study using a modified version of the 
original approach in which the therapist was in the same room 
as the patient. This was performed to ensure a sense of safety 
during the sessions. The study included 23 patients with 
chronic auditory hallucinations and demonstrated a similar 
effect with respect to the alleviation of symptomology, 
in line with the original study. AVATAR therapy 
has recently been implemented in an immersive virtual reality 
(VR) setting by du Sert et al. [75], in which a significant  
improvement in the severity of auditory hallucinations and 
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depressive symptoms was observed, with an accompanying  
increase in quality of life at a 3-month follow-up.  

AVATAR therapy has been associated with various  
therapeutic implications. Perhaps the most important is 
the elevation in a subject’s sense of control and mastery in  
relation to the experienced auditory hallucination.  
The process involves the initiation and promotion of 
dialogue, discourse, and taking an increasingly assertive 
stance in relation to an “internal other” (IO). For example,  
the therapist may encourage the patient to explicitly tell 
the IO that “you have been threatening me for years, I don’t 
believe you anymore”. By reclaiming and re-establishing a  
subjective sense of power in the relationship with  
the IO, the level of malevolence and omnipotence of the  
auditory hallucinations has been suggested to decrease.  
AVATAR therapy has also been suggested to foster an 
increase in the self-esteem of the patient and influence factors 
related to internal attribution. Understanding that the auditory 
hallucination(s) may reflect a specific part of the self is a 
common theme in AVATAR therapy. AVATAR therapy may 
also present an opportunity to work around certain feelings 
that appear in relation to voices, e.g. the feeling of shame.  
Overall, the process in which the patient actively practices  
engaging the IO, promotes the assertive disengaging of the  
IO. The process is suggested to foster the patients’ subjective  
experience of the relationship between the self and the  
IO, promoting the demarcation of boundaries and the  
equilibration and decreasing of deviant omnipotence vs.  
impotence, submissive vs. oppressive power struggles.  
Finally, AVATAR therapy may present a novel way 
to engage therapeutic processes involving the treatment 
of trauma and/or grief when the auditory hallucination more 
clearly represents an internalized object related to the 
patient’s past experiences [76]. 

 It is suggested that AVATAR therapy may be a more 
suitable and effective form of treatment among some  
patients compared to traditional CBT, especially if there is a 
need to concretize the hallucinations, or if the patient finds it 
difficult to engage in a conventional therapeutic relationship. 
In some cases, the patient may even find working with the  
therapist via digital-based solutions subjectively more  
familiar, if the patient is accustomed to computers,  
especially younger generations. Large effect sizes (0.8) have  
been reported in an RCT setting evaluating AVATAR  
therapy in the treatment of auditory hallucinations.  
The same study reported that full remission, with respect to 
auditory hallucinations, was observed in three patients with  
schizophrenia out of the total 26 participants in the study.  

Positive results were observed in a relatively short time 
frame (seven 30-minute sessions), which indicates that  
providing AVATAR therapy might also save time compared  
to traditional therapeutic methods [77].

TOOLS FOR SELF-TREATMENT 

Technology creates new solutions for administering self-
help. The clear benefit of these solutions is that they are 
scalable and so can be widely implemented. This may 
partially solve the limitations of traditional therapeutic 
interventions which are difficult to implement in a widespread 
basis [78]. So far, there are relatively few examples of self-
help tools which have been published and implemented 
in a clinical setting. However, some preliminary positive 
results have been found, which we present here.  

A notable pilot project has been the web-based 
intervention, ‘Coping with voices’ constructed by Gottlieb 
et al. [79]. The programme was built to meet the need 
for psychosocial treatment in patients with moderate to 
severe auditory hallucinations. The intervention included 
therapeutic modules delivered through text, video and 
interactive exercises focusing on self-monitoring, relapse 
prevention and the enhancement of different coping skills. 
The efficacy of the intervention has been evaluated in an 
RCT against treatment as usual. Taking part in ‘Coping 
with Voices’ equally decreased the severity of auditory 
hallucinations compared to usual care. Participation in the 
internet intervention was associated with significantly greater 
increase in social functioning and knowledge about CBTp. 
The patients’ engagement and satisfaction towards ‘Coping 
with voices’ was high. Similar type mobile applications of a 
CBT-based intervention for patients with an early psychosis 
have shown to be acceptable and feasible with a potentially 
strong signal for treatment efficacy [80,81]. For example, 
Husain et al. [82] have formulated a feasibility study for a 
solution called ‘TechCare’ which will combine personalized 
guided self-help with symptom monitoring. Furthermore, 
Baumel et al. [83] have researched the service utilization and 
user satisfaction towards a health technology which has been 
in use with patients with schizophrenia after hospitalization 
to prevent relapse. The solutions included coping strategy 
training for auditory hallucinations. Their study indicated 
very high utilization, acceptance and satisfaction towards the 
solution.
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DIGITAL INTERVENTIONS IN THE TREATMENT 
OF  DELUSIONAL  THINKING  IN PSYCHOTIC 
DISORDERS  

PSYCHOLOGICAL TREATMENT OF DELUSIONS 

The search for relevant studies was done from PubMed 
and Google Scholar databases using the keywords  
‘psychotherapy’, ‘schizophrenia’, ‘psychotic disorders’,  
‘effectiveness/efficacy’, ‘meta-analysis’, ‘systematic review’  
and ‘paranoia/delusions’ for psychological treatments, and  
‘virtual reality’, ‘paranoia/delusions’, ‘self-help’ and ‘digital  
treatment/intervention’, ‘schizophrenia’ and ‘psychotic 
disorders’ for digital treatments. The search was done during 
April 2020 and again during October 2020. Latest meta-
analytical studies covering psychological treatments were 
included in the review and all relevant studies covering 
technological solutions were included as broadly as possible.

The severity of paranoid symptoms exists on a continuum 
ranging from brief passing thoughts that can appear in non-
clinical populations to the longitudinally stable, systematic, 
severe ideation observed in schizophrenia [84]. In psychotic 
disorders, paranoia often manifests in a form of persecutory 
delusions, which means that the persecutory experience is 
held with increasing levels of certainty [85]. Delusions are 
associated with significant distress and an elevated risk for 
hospitalization and suicide [86,87].

As with hallucinations, CBTp represents a widely  
recommended and well-researched treatment option for  
the treatment of delusions [88]. The target of CBTp is often 
to focus on worry processes and certain thought patterns that 
are associated with delusions and paranoid thinking. These 
include ‘jumping to conclusions’, where conclusions are 
drawn from a very limited pool of information and belief  
inflexibility which manifests as an ineptitude to consider 
alternative explanations for the interpretations made 
concerning an individual’s surrounding environment 
[89,90,91]. A significant difference in treatment efficacy  
between a group receiving CBTp and a group receiving  
treatment as usual was presented in a cumulative meta-
analysis by Turner et al. [59] (g=.37). The researchers 
concluded that the evidence of CBTp in treating delusions  
is sufficient and stable.  

From the third-wave CBT interventions, PBCT has been 
evaluated in two case studies. Initial results of the studies are 
positive in terms of reduced conviction and distress associated 
with paranoid beliefs [92]. Metacognitive therapy includes 
modules, which target delusions through processes related  
to jumping to conclusions, belief inflexibility, theory of mind  

and overconfidence in errors, but the current results of its  
efficacy in treating delusions are mixed [64,65,66].  
Technology may create new opportunities to strengthen  
existing treatment approaches for delusions, including  
paranoid thinking, and has the potential to generate entirely  
new perspectives for treatment.

VIRTUAL REALITY IN THE 
TREATMENT OF DELUSIONAL THINKING 

Virtual reality (VR) may be helpful when treating paranoia in 
psychotic disorders. VR refers to a practice where simulated 
environments are created using technology. With VR, 
users can experience a deeper level of immersion and 
interactivity than with traditional computer interfaces 
[7]. The use of VR in targeting paranoid ideation among 
psychotic patients has been suggested to be economically 
viable, and evidence indicating its effectiveness particularly 
in relation to paranoid thinking has been reported [93,94]. 

Pot-Kolder et al. [94] investigated the effect of VR-based 
CBT (VR-CBT) in relation to the severity of paranoid thoughts 
in a social context in a single-blind randomized controlled 
trial. VR-CBT was demonstrated to reduce momentary 
paranoid ideation (effect size –1.49) and momentary 
anxiety (effect size –0.75), but did not significantly increase 
the amount of time spent with other people. The researchers 
concluded that the change in paranoid ideation was mediated 
by changes in safety behaviour and social cognition. VR 
can also be utilized in treating impaired social cognition in 
psychotic disorders. Gainsford et al. [95] concluded in their 
article that both VR and non-invasive brain stimulation can 
be used independently, or in combination, to treat impaired  
social cognition in schizophrenia. Recently, Freeman et 
al. [96,97] have put forth plans to research a form of therapy 
which is conveyed through an automated VR coach, which 
can be used without the presence of a professional. 

TOOLS FOR SELF-TREATMENT 

Digital intervention, ‘SlowMo’, described by Garety et 
al. [98] is designed to treat paranoia. It aims to help people 
with paranoid thoughts by promoting the individual’s ability 
to observe one’s thoughts, and creating strategies for ‘slowing 
down in the moment’ in order to refine one’s subjective ability 
to think more securely. The efficacy of the solution is being 
researched at the moment and results from the first trials are 
expected to be available in 2020. The researchers expect the 
solution to be highly acceptable and lead to clinically sound 
improvements in the severity of paranoid symptoms.
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DIGITAL MONITORING AND ASSESSMENT IN 
PSYCHOTIC DISORDERS

The search for relevant studies was done from PubMed 
and Google Scholar databases using the keywords ‘digital 
symptom monitoring, ‘schizophrenia’, ‘psychotic disorders’. 
The search was done during April 2020 and again during 
October 2020. Relevant studies describing a digital solution 
for monitoring and assessing psychotic symptoms were 
included.

Self-monitoring positive and negative symptoms of 
psychotic disorders is feasible and may offer more detailed 
information compared to traditional methods, and might even 
help professionals to recognize behavioural patterns which are 
relevant for treatment [99,100]. Paranoid thinking, persecutory 
delusions and hallucinations can be monitored by combining 
self-assessment and physiological measurements such as heart 
rate variability and electrodermal activity. Both distressing 
hallucinations and delusions have been associated with 
significantly higher electrodermal activity levels, and it has 
been proposed that biosignatures could be used to identify 
signatures related to relapse [101]. 

‘Crosscheck’ is a smartphone application which has 
been designed as a tool for monitoring patients with psychotic 
disorders. It combines several methods for data collection 
including self-reports, device usage logs and different 
behavioural sensing methods. During usage, the application 
administers a 10-item self-report measurement focusing on the 
symptoms of psychosis (e.g. hallucinations), general mental 
health (e.g. anxiousness) and functioning (e.g. sleep). Physical 
activity, geospatial activity and speed frequency and duration 
are automatically collected using the sensors of the device. The 
software also tracks how the user is using the phone during 
the day (amount of telecommunication, app usage and phone 
unlocks). Ben-Zeev et al. [102] researched the application in a 
clinical setting in order to recognize indicators for a potential 
relapse. Participants showed unique indicators for a psychotic 
relapse and the researchers concluded that while the symptom 
monitoring and relapse detection are still in their infancy, 
innovations in data management and modelling may be 
essential in creating preventive methods for psychotic 
disorders. A solution combining monitoring and CBT methods 
called ‘MATS’ (Mobile Assessment and Treatment for 
Schizophrenia) which implements a text message approach 
has been associated with improvements in medication 
adherence, number of social interactions and in severity of 
hallucinations [103]. 

An RCT by Välimäki, Kannisto, Vahlberg, Hätönen 
and Adams [104] examined the effect of personalized short 
text messages on the rate of hospital readmissions with 
people with psychosis in Finland. The text message service 
did not reduce any service outcomes. The same researchers 
also conducted an RCT. A study by Kauppi et al. [105] 
later examined the potential benefits of text messaging 
across various demographic variables. They concluded that 
patients prefer messages which are encouraging, positive and 
humorous and that text messages may be useful especially 
for younger males. It has been suggested that SMS may 
play a crucial role in decreasing the number of relapses and 
hospitalizations in psychotic disorders. ‘ITAREPS’ is a SMS 
solution which assesses the possible prodromal symptoms of 
relapse with the EWSQ (Early Warning Signs Questionnaire). 
Weekly assessments have been associated with significantly 
lower hospital admissions [106].

Besides symptom monitoring, digital technology offers 
new ways to collect important information from patients with 
psychotic disorders. Moore et al. [107] have developed and 
validated a mobile version of the UCSD Performance-Based 
Skills Assessment, which is a widely used tool in assessing 
functional capacity of patients with psychotic disorders. They 
concluded that the developed mobile version performed just 
as well as the standard version of the tool. Virtual reality 
offers another interesting interface for functional capacity 
assessment. A great example of this was a study by Ruse, 
Harvey, Davis, Atkins, Fox and Keefe [108], where a 
virtual reality assessment method simulating a shopping 
trip, ‘Virtual Reality Functional Capacity Assessment Tool 
(VRFCAT)’, was created. They compared results from 
the assessment between healthy controls and patients with 
schizophrenia. Patients with schizophrenia performed more 
poorly compared to the healthy controls and the researchers 
concluded that the results are highly correlated with standard 
cognitive assessment.

DISCUSSION 

SUMMARY

This review compiled relevant digital solutions from recent 
years in the treatment of psychotic disorders. This descriptive 
review covers a relatively large scope of digital approaches 
in the treatment of psychoses. For cognitive remediation,  
the review was systematic since all meta-analytical studies 
and systematic reviews from the last 15 years were included 
in this review. Later parts of the review were more narrative 
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in nature, though we have compiled a big part of the most 
relevant studies, since the total number of research papers 
focusing on digital treatment and assessment of hallucinations 
and delusions is still quite low.

Various technical innovations are conquering a  
remarkable place in psychiatry, but their clinical relevance 
in the treatment of the most severe end of the spectrum of  
psychiatric disorders (e.g. schizophrenia) is still somewhat  
in its infancy. In this review we have presented a growing  
pool of evidence suggesting that these novel technological  
approaches will increasingly play an interesting role in  
the treatment of severe psychiatric disorders, perhaps in  
the not so distant future. It is additionally suggested that  
the described innovations present potential with respect  
to a group of patients, which arguably to date, have not  
basked in the limelight of conventional therapeutic  
considerations. The most notable technological solutions 
presented  in this study are collected in Table 4.

COGNITIVE SYMPTOMS

Cognitive impairment is common in psychotic disorders 
and is typically less responsive to antipsychotic treatment. It 
is associated with decreased functional capacity, especially 
in relation to everyday functioning. On the grounds 
of our review of several systematic reviews and meta- 
analyses, there are no findings indicating that computer- 
assisted cognitive remediation therapy is inferior in  
comparison with conventional CRT. CRT is an established 
form of rehabilitation that can be effectively delivered in  
multiple settings and with the help of various software.  
Although CRT has shown positive results in rehabilitating 
cognitive abilities across multiple reviews, the intervention 
is not without its limitations and methodological problems.  
It can be argued that the different interventions which are  
called CRT form a group which is too heterogeneous. This 
makes it difficult or even impossible to compare different 
interventions to one another. This might also limit our ability  
to include all relevant studies in this review. Closer  
examination of the practices and mechanisms, which make  
the rehabilitation effective in each situation, would be a  
desirable addition to the corpus of literature. Comparisons 
between the software would yield interesting results 
on how different kinds of exercises may associate with 
changes in different cognitive domains, and thus potentially  
facilitate the development of increasingly optimized  
solutions. Standardizing the  process on how the effectiveness 
of CRT is studied and monitored would ensure that future 

trials would include every cognitive domain stated by 
MATRICS as an outcome measure, and clinicians would 
have the means to more precisely evaluate the efficacy of 
the rehabilitation they are delivering. It must be noted here 
that we did not specifically search for digital interventions 
focusing on social cognition, which is also an increasing area 
in applications for psychosis treatment.

IS THE FUTURE VIRTUAL IN THE TREATMENT OF 
HALLUCINATIONS AND DELUSIONS?

It can be argued that utilizing technology is the only solution  
by which we can offer therapeutic interventions to every  
patient with a psychotic disorder, and thus meet the 
standards laid out by NICE and others. Having different 
technology-driven solutions for treating hallucinations and 
delusions allows us to better individualize and tailor the  
treatment process with respect to interventions that best  
suit the requirements of an individual patient. Self- 
help programmes conveyed through mobile devices are 
scalable solutions that can help patients to alleviate the 
distress caused by hallucinations and support everyday 
functioning. Patients, who do not significantly benefit from  
these low threshold solutions, or conventional treatment  
processes, can be directed towards novel technology-
aided interventions, such as AVATAR therapy and VR-
CBT-based solutions for the treatment of hallucinations 
and delusions, which are both promising.   

The  results of  AVATAR- and VR-CBT-based therapies  
hold great promise in the treatment of auditory  
hallucinations and delusions (paranoia) [72,94]. However, it 
has been suggested that further multicentre studies are 
needed to more fully establish the clinical efficacy of these 
preliminary findings, which have so far been performed on  
a very limited number of individuals. In both studies, the 
intervention groups consisted of a relatively heterogeneous  
group of patients presenting with a primary psychotic disorder  
spectrum diagnosis (ICD-10 or DSM-IV). In addition, 
the AVATAR study included  all  affective  disorders  with  
psychotic symptoms (ICD-10). The follow-up time for the  
AVATAR study was 24 weeks [72], which is considered  
short and does not provide information concerning long- 
term efficacy. The study by Pot-Kolder [94] had a 6-month  
follow-up period, and the intervention demonstrated a  
significant alleviation of momentary paranoia and anxiety  
in relation to social situations, which persisted at 6 months,  
although the time spent with others did not increase relative 
to the control group. The control groups in both studies  
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Table 1. Systematic reviews and meta-analyses evaluating the effectiveness of cognitive re-
mediation across various outcome measures.  

Computerized and non-computerized variants of CRT are typically pooled together in re-
search articles. The difference in effectiveness of computerized and non-computerized 
has been tested and no significant differences between the two methods have been 
found [38]. To our knowledge, research articles dedicated to comparing these two methods of 
CRT have not been published. To further deepen the understanding regarding the effective-
ness of computerized cognitive remediation alone, we made a visual representation compar-
ing the effectiveness between computerized and non-computerized CRT from the studies in-
cluded in Table 1. First, all individual research articles included in a singular meta-analysis 
were divided into two groups based on what kind of CRT was included in the study (comput-
erized vs. non-computerized). An average effect size of cognitive measures (a mean including 
all cognitive domains included in each study) from each study was either extracted directly or 
calculated. Calculations were made if a study included in the meta-analysis did not report an 

Revell et al. (2015). A systematic re-
view and meta-analysis of cognitive 
remediation in early schizophrenia. 
[38]

Several trials with 615 participants were evaluated in both conven-
tional and computer-based CRT. Non-significant effects of CRT on 
global cognition were found. Significant positive effects were found 
on verbal learning and memory. Participants taking part in CRT 
showed significant improvements in functioning and symptoms with 
medium ES (0.36 for both). Conclusions were made that CRT in ear-
ly schizophrenia is associated with similar improvements compared 
to chronic patients but to a lesser degree. The use of computer in the 
rehabilitation was not associated with cognitive outcomes.  

Cella et al. (2017). Cognitive remedi-
ation for negative symptoms of schiz-
ophrenia: a network meta-analysis. 
[39]

CRT was associated with significant decrease in negative symptoms 
of schizophrenia with small to moderate effect sizes (mean ES 0.30). 
Both computerized and non-computerized CRT were included.

Glenthøj et al. (2017). The effect of 
cognitive remediation in individuals at 
ultra-high risk for psychosis: a sys-
tematic review. [33]

Six studies providing computer-based CRT were identified. Signifi-
cant improvements were found in the domains of verbal memory 
(0,61,1.23), attention (0.69) and processing speed (0.50, 0.63, 0.84). 
Some studies also reported improvements in social functioning (3.09) 
and social adjustment (1.04).  

Prikken et al. (2019). The efficacy of 
computerized cognitive drill and prac-
tice training for patients with a schiz-
ophrenia spectrum disorder: A meta-
analysis. [40]

Compared to control groups, patients receiving computerized drill 
and practice training showed significantly more improvement on 
attention (0.31), working memory (0.38), positive symptoms (0.31) 
and depressive symptoms (0.37).

Kambeitz-Ilankovic et al. (2019). 
Multi-outcome meta-analysis 
(MOMA) of cognitive remediation in 
schizophrenia: Revisiting the rele-
vance of human coaching and eluci-
dating interplay between multiple 
outcomes. [35]

67 studies were included in the meta-analysis where computerized 
CRT was administered to patients with schizophrenia, alone or in 
combination with human guidance. CRT was associated with im-
provements in cognitive function, functioning and clinical symptoms 
(small to moderate ES). Human guidance strengthened the effect the 
intervention had on verbal and working memory. 

tool. Virtual reality offers another interesting interface for functional capacity assessment. A 
great example of this was a study by Ruse, Harvey, Davis, Atkins, Fox and Keefe [108], 
where a virtual reality assessment method simulating a shopping trip, ‘Virtual Reality Func-
tional Capacity Assessment Tool (VRFCAT)’, was created. They compared results from the 
assessment between healthy controls and patients with schizophrenia. Patients with schizo-
phrenia performed more poorly compared to the healthy controls and the researchers con-
cluded that the results are highly correlated with standard cognitive assessment. 

Discussion  
Summary$
This review compiled relevant digital solutions from recent years in the treatment of psychot-
ic disorders. This descriptive review covers a relatively large scope of digital approaches in 
the treatment of psychoses. For cognitive remediation, the review was systematic since all 
meta-analytical studies and systematic reviews from the last 15 years were included in this 
review. Later parts of the review were more narrative in nature, though we have compiled a 
big part of the most relevant studies, since the total number of research papers focusing on 
digital treatment and assessment of hallucinations and delusions is still quite low. 

Various technical innovations are conquering a remarkable place in psychiatry, but their clini-
cal relevance in the treatment of the most severe end of the spectrum 
of psychiatric disorders (e.g. schizophrenia) is still somewhat in its infancy. In this review we 
have presented a growing pool of evidence suggesting that these novel technological ap-
proaches will increasingly play an interesting role in the treatment of severe psychiatric dis-
orders, perhaps in the not so distant future. It is additionally suggested that the described in-
novations present potential with respect to a group of patients, which arguably to 
date, have not basked in the limelight of conventional therapeutic considerations. The most 
notable technological solutions presented in this study are collected in Table 4. 

Digital technology Intended use Description of effectiveness

Computerized cognitive reme-
diation

Rehabilitating cognitive deficits asso-
ciated with psychotic disorders.

Remediation is effective in im-
proving cognitive skills and func-
tioning of participating patients. 
Computerized remediation is com-
parable to traditional forms of re-
habilitation.

AVATAR therapy Decreasing the severity of auditory 
verbal hallucinations and the stress 
they cause.

AVATAR therapy has been associ-
ated with significant reductions in 
the severity of persistent auditory 
verbal hallucinations, reported 
frequency of voices and stress.

Coping With Voices A web-based self-help intervention 
built to meet the need for psychosocial 
treatment in patients with moderate to 
severe auditory hallucinations.

Taking part in the intervention 
equally decreased the severity of 
auditory hallucinations compared 
to usual care. 

Table 4. Digital technology solutions that were presented in this study which are used and 
researched in the context of psychotic disorders.  

Cognitive symptoms 
Cognitive impairment is common in psychotic disorders and is typically less responsive to 
antipsychotic treatment. It is associated with decreased functional capacity, especially in rela-
tion to everyday functioning. On the grounds of our review of several systematic reviews and 
meta-analyses, there are no findings indicating that computer-assisted cognitive remediation 
therapy is inferior in comparison with conventional CRT. CRT is an established form of reha-
bilitation that can be effectively delivered in multiple settings and with the help of various 
software. Although CRT has shown positive results in rehabilitating cognitive abilities across 
multiple reviews, the intervention is not without its limitations and methodological problems. 
It can be argued that the different interventions which are called CRT form a group which is 
too heterogeneous. This makes it difficult or even impossible to compare different interven-
tions to one another. This might also limit our ability to include all relevant studies in this re-
view. Closer examination of the practices and mechanisms, which make the rehabilitation 
effective in each situation, would be a desirable addition to the corpus of literature. Compar-
isons between the software would yield interesting results on how different kinds of exercis-
es may associate with changes in different cognitive domains, and thus potentially 
facilitate the development of increasingly optimized solutions. Standardizing the process on 
how the effectiveness of CRT is studied and monitored would ensure that future trials would 
include every cognitive domain stated by MATRICS as an outcome measure, and clinicians 
would have the means to more precisely evaluate the efficacy of the rehabilitation they are 
delivering. It must be noted here that we did not specifically search for digital interventions 

TechCare A combination of symptom monitoring 
and personalized guided self-help-
based psychological intervention.

The feasibility and acceptability of 
the solutions is still being re-
searched.

VR-CBT for paranoia Decreasing the severity of paranoid 
thoughts in a social context. 

VR-CBT has been demonstrated to 
reduce momentary paranoid 
ideation and momentary anxiety, 
but did not significantly increase 
the amount of time spent with oth-
er people. 

SlowMo Treating paranoia. A combination of 
face-to-face meeting via a digital plat-
form and self-management. 

The efficacy of the solution is be-
ing researched at the moment and 
results from the first trials are ex-
pected to be available in 2020.

Crosscheck Tool for monitoring patients with psy-
chotic disorders. Combines several 
methods for data collection.

Through the application it is possi-
ble to recognize unique indicators 
of patients for psychotic relapse.

ITAREPS Assessment of the prodromal symp-
toms of relapse.

Weekly assessments have been 
associated with significantly lower 
hospital readmissions.

VRFCAT Assessment of functional capacity of 
patients with psychotic disorders. A 
virtual reality solution.

Patients with schizophrenia per-
form more poorly in a ‘shopping 
trip’ task in the virtual environ-
ments, and the results were highly 
correlated with standard cognitive 
assessment.

Table 4. Digital technology solutions that were presented in this study 
which are used and researched in the context of psychotic disorders.
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consisted of patients receiving treatment as usual. In future  
studies it may be beneficial to compare the efficacy of  
these interventions to other specific interventions with 
known efficacy in relation to the treatment of psychotic 
disorders, e.g. conventional CBT-based methods and family 
interventions [109,110,111]. Longer follow-up periods are 
required to assess the potential influence of AVATAR- and 
VR-CBT-based interventions in relation to other clinically 
relevant outcome measures, including overall functioning, 
relapse prevention and quality of life. 

AVATAR therapy has paved the way for the advent 
of increasingly immersive virtual reality-based interventions, 
which as its name suggests, may provide a greater degree 
of depth and understanding into the patient’s overall 
experience, which for many psychotic patients may be  
difficult to explicitly verbalise and thus convey in a traditional 
psychotherapeutic setting. For instance, the social stress 
environment provides the potential to directly access the 
implicit domain of patient experience, which can be shared  
in the here-and-now situation, promoting explicit dialogue.  
From  a therapeutic  perspective, VR-CBT-based  interventions  
may foster the opportunity to cultivate the observational  
and reflective domain of the patient, which has been  
suggested to reflect a common meta-level denominator in  
the process of varying  psychotherapeutic orientations [112].

NEW PERSPECTIVES ON PSYCHOTHERAPY THROUGH 
DIGITAL TECHNOLOGY

A fundamental question, which is still widely debated in 
the field of psychotherapy, is whether cognitive schemas 
are secondary to emotions or vice versa. A unitary model 
for understanding human behaviour cannot be understood 
based on the context of cognition or emotion alone [113]. 
At present, psychosocial treatment options in relation to 
psychotic disorders have widely been grounded on cognitive 
perspectives. Many traditional forms of psychotherapy, 
which emphasize emotions and the patient’s overall 
experience, have found it difficult to gain traction in 
the treatment of psychotic disorders. VR-based systems 
thus exhibit the additional potential of integrating the 
investigation of both the emotional and cognitive dimensions 
of experience in the here-and-now situation, and thus in 
the future may facilitate a more integrated approach in 
the psychosocial treatment of psychotic disorders. Digital 
solutions can also help researchers and clinicians alike 
to more intricately understand the individual therapeutic 
elements of treatment methods. Methods and exercises 

conveyed through technological interfaces strike an 
interesting mixture of flexibility and objectivity. An exercise 
which is built using technology is always based on prior 
robust theoretical understanding and its execution is always 
identical between patients, and is not influenced by fatigue. 
Technology also offers a way to make many treatments 
scalable and with it we can approach the recommendations 
stated by established authorities (e.g. NICE). Self-help 
solutions and active monitoring through technology may also 
bridge the treatment often received in outpatient departments 
with the daily life of the patients. Close monitoring of the 
incrementally different responses of a vast number of 
different patients may help us to iterate the methods towards 
optimal implementation.

MORE HOLISTIC TREATMENT THROUGH DIGITAL 
TECHNOLOGY

Different technological solutions seem to be capable to 
help treat the core symptoms of psychotic disorders, which 
cause the most distress to the patients and lead to disability. 
In addition to the core symptoms, technology can be used 
to treat conditions that are often comorbid with psychotic 
disorders, e.g. sleep disorders. Sleep disorders and symptoms 
of disturbed sleep (difficulties initiating sleep, maintaining 
sleep, early morning awakenings or poor sleep quality) 
are highly prevalent in patients with schizophrenia. Sleep 
disruption occurs often before the onset of first psychosis 
episode [114]. It may also predict later paranoia and 
hallucinations as well as transition to a psychotic disorder 
[115,116,117]. Cognitive behavioural therapy for insomnia, 
CBT-I, is the treatment of choice for insomnia, with a 
plenitude of evidence from clinical trials [118,119]. CBT-I 
can be applied via internet, with effects comparable to those 
found for face-to-face CBT-I [120]. Recent data evidence 
for the effectiveness of CBT-I in treatment of insomnia as 
a comorbid disorder for other psychiatric traits, notably 
depression, where treatment of comorbid insomnia and 
depression has shown the superiority of internet-based 
CBT-I to CBT for depression and to online sleep education 
[121,122]. A trial on university students suffering from 
insomnia resulted in small improvements in paranoia 
and hallucinatory experiences following digital CBT for 
insomnia [123]. CBT-I has also been used in the context of 
schizophrenia (clinical populations or adolescent patients 
at ultra-high risk for studies), where studies have shown 
a large effect for improvement of insomnia and a medium 
effect on hallucinations in some studies [124,125,126]. So 
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far, there is no published data on utilizing digital CBT-I 
on comorbid insomnia and schizophrenia. However, given 
the encouraging results on digital CBT-I in insomnia, with 
or without comorbid psychiatric traits, it also provides a 
promising approach for patients with comorbid insomnia and 
schizophrenia. The initial experiences of its application in 
digital format have been encouraging (RCT NCT04144231). 
In the Helsinki University Hospital, a randomized clinical 
trial of CBT-I in first-episode psychosis patients with sleep 
problems is being started. 

At present there are various digital-based solutions, 
which have either been implemented or are currently being 
investigated in the treatment of psychosis in HUS Psychiatry. 
For instance, a “virtual ward” model has been employed for 
the treatment of schizophrenia patients presenting with overt 
psychotic symptoms living in supported housing units, to 
decrease the rate of hospitalizations. In this model, video 
conferencing services directly link supported housing units 
to specialists of a psychiatric ward. Patients, who would  
otherwise be sent to the ward for evaluation, are directly  
evaluated via video conference, allowing swifter  
implementation of interventions aimed to reduce psychotic  
symptoms. Another innovation, which is currently being  
evaluated for possible clinical use, includes the use of an  
electronic pill box, which reminds patients to take their  
medication through an audio signal. Information on whether  
the pill box has or has not been opened is transmitted  
to healthcare workers, who gain valuable  information   
concerning  adherence  to  medication.

CONCLUSIONS 

This review presented an opportunity to examine a wide 
array of digital solutions simultaneously in the context of 
psychotic disorders. Many previous review articles have taken 
a ‘technology first’ approach and discussed the effectiveness 
of treatments carried out through a specific technology (e.g. 
virtual reality). Such reviews are of course of great value,  
since they evaluate extensively the safety and suitability 
of the technology itself. Our review found no findings  
indicating that the use of digital technologies with patients  
with psychotic disorders would undermine the patient’s  
safety. Since the use of technology can be denoted as  
being ethical, we can move past the detailed description of  
the technology itself towards an integrative approach,  
where the technology is not in the limelight. User-centric 

and iterative development of technology allows us to create  
focused interventions for specific symptom dimensions  
which cause the patients the most distress or functional 
impairment. 

However, during our review process it soon became  
apparent that these new digital interventions simultaneously  
influence multiple symptom dimensions. In several studies  
an integrative approach seemed to be most effective. The 
specific psychotherapies should carry on with overall 
rehabilitation and practice. It is unlikely that digital services  
will ever eliminate the pivotal role of relational aspects  
underlying the authentic person-to-person engagement of  
our clients.

In conclusion, digital health interventions are already 
succesfully implemented and will be implemented further  
in the treatment of psychotic disorders. The rate of  
implementation will increase expansively because of various 
technological opportunities and epidemiological demands.  
Besides continuous research endeavours, we need education  
for both healthcare staff and patients about the possibilities 
of different technological innovations, as well as access to 
relevant equipment to fully harness the potential of these 
solutions in the routine treatment of psychotic disorders.
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ABSTRACT

Life satisfaction is one of the main components of an individual’s well-being. It is a fundamental component of positive 
psychology, which aims to identify a person’s resources and prevent psychopathology. In recent decades, the developmental 
factors underlying life satisfaction have been investigated. Adolescence, a period of rapid cognitive and psychosocial turbulence, 
is a possible turning point in terms of subjective life satisfaction and its predictors. The level of life satisfaction declines from 
childhood to adolescence, but it remains rather stable throughout adulthood. The aim of the current review is to describe 
predictors of life satisfaction in adolescence and the developmental period bridging childhood and young adulthood.
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INTRODUCTION

Life satisfaction is an important construct in positive 
psychology, which focuses on an individual’s strengths 
as a buffer against the development of psychopathological 
problems (1). Determinants of life satisfaction have been 
used as surrogate measures in quality of life and happiness 
studies (2). 

Life satisfaction scales have been used as one of the 
indicators of a person’s well-being. Subjective well-being 
consists of at least three aspects: life evaluation, hedonic 
well-being and eudaemonic well-being (3). Life satisfaction 
scales measure evaluative well-being, whereas other well-
being measurements such as The Life Orientation Test (LOT) 
(4), Subjective Happiness Scale (SHS) (5) and Warwick-
Edinburgh Mental Well-being Scale (WEMWBS) (6) have 
been developed to assess optimism, happiness and the 
positive aspects of mental health, respectively. Furthermore, 
in contrast to problem-based psychopathology measurements, 
life satisfaction and other constructs in positive psychology 
do not measure the individual reactivity, affects or behaviour 
(1,7). 

Adolescents’ life satisfaction is a topic that has attracted 
some attention in recent decades and researchers have 
identified several predictors of life satisfaction. Chen et al. 
(2015) postulated that an adolescent’s life satisfaction would 
consist of three main components: achievement, family and 
leisure (8). Recent research has focused on the developmental 
mechanisms underpinning life satisfaction. According to the 
model proposed by Evans (1994), the development of life 
satisfaction is directly or indirectly affected by personality 
and environmental factors, and concurrently mediated by 
several cognitive and behavioural traits (9).

METHODS     

The aim of the current descriptive review was to present 
research results concerning life satisfaction in adolescents 
in the developmental context of the time period spanning 
childhood and young adulthood. Data were collected in 
April 2019 from electronic databases PsychINFO and 
PubMed using the following search terms: life satisfaction 
AND predictor AND adolescence/youth/young adult. The 
relevance of the article was decided based on the abstract. 
Only articles written in English were included.

In all, 33 cross-sectional, 23 follow-up studies and 5 
reviews were considered appropriate for evaluation in this 

review. We found only 1 follow-up study examining the time 
period from childhood to adolescence (10), but there were 5 
studies spanning the period from adolescence to adulthood 
(11–15). Most of the studies concerned adolescents aged 12–
18. We did not find any longitudinal studies encompassing the 
time period from childhood to adulthood.

RESULTS

AGE AND GENDER

Levels of life satisfaction and happiness vary with age. Most 
adolescents are satisfied with their lives (1), but compared 
to older people, teenagers are less satisfied but happier 
(16). Compared to childhood, life satisfaction decreases in 
adolescence (17–20) although the reason for this decline 
is unclear. In healthy adults (n=9679), self-reported life 
satisfaction was rather stable in a 15-year follow-up, 
and overall life satisfaction changed from satisfaction to 
dissatisfaction, or vice versa, only among 5.9% of the study 
population (21).

There are also gender differences in life satisfaction. It 
has been speculated that in adolescence, life satisfaction is 
higher among males than females (22), whereas in young 
adults, women are more satisfied with their lives than men 
(20).

EXTERNAL FACTORS

There are several different factors in the economic, social 
and cultural environment that influence a young person’s 
well-being and life satisfaction. Low life satisfaction in 
adolescence has been predicted by a low socioeconomic 
status of the family, low educational motivation and poor job 
opportunities (1). Other researchers have claimed that a high 
life satisfaction in adolescence is associated with a higher 
family income (18,23) and materialism (24). 

Life satisfaction has been postulated to be lower among 
adolescents from sexual (25) and ethnic minorities (26). In 
contrast, life satisfaction has been found to be higher among 
those migrant adolescents who have received cultural support 
using their mother tongue, and among those whose reasons 
for immigration were voluntary, compared to refugees (1).

Academic performance 

Self-reported life satisfaction has been associated with 
activities that promote knowledge and skills (27). Among 
7th and 8th grade students, the grade point average (GPA) 
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was associated with life satisfaction and, in addition, the 
association was stronger than the association between GPA 
and socioeconomic status during the five months’ follow-up 
(28).

Furthermore, longitudinal studies have observed 
a bidirectional relationship between adolescents’ life 
satisfaction and different aspects of academic performance 
and school satisfaction. During a five-month follow-up, 
a bidirectional relationship was detected between life 
satisfaction and cognitive engagement in school (29). Higher 
life satisfaction in childhood and adolescence was associated 
with better educational achievements in a 3-year follow-up 
study (30). In addition, a four-year follow-up trial revealed 
that higher life satisfaction in 9th grade students was strongly 
associated with satisfaction with school (31–32).

Leisure time activities and social relationships

Participation in social and cultural leisure activities has 
been associated with life satisfaction in adolescents (27,33–
34), with physical activity being a particularly significant 
predictor (18,35). In adolescent boys, lower life satisfaction 
has been indirectly associated with low physical activity (36). 
It has been claimed that the relationship between physical 
activity and life satisfaction may be mediated by self-esteem 
(35).

Increased use of electronic media to communicate with 
peers has been associated with an increase (37), whereas a 
long time spent in front of a computer and problematic internet 
use have been associated with a decline in life satisfaction 
among adolescents (38). Furthermore, among girls aged 10–
17, social media use and peer competition were linked with 
a decrease in life satisfaction after a 6-month follow-up (39). 

Self-reported life satisfaction in adolescents has been 
associated with social relationships (27). For example, 
feelings of loneliness have been associated with lower life 
satisfaction (40). Life satisfaction is higher among students 
who feel that they are accepted by their peers (18) and 
conversely lower among adolescents who feel that they are 
not liked by their peers (40). In a longitudinal study, the 
quality of peer relationships at the age of 15 moderated life 
satisfaction when assessed 30 years later in middle-aged 
adults: adolescents without friends and who felt rejected by 
their peers had lower life satisfaction and a lower perceived 
quality of relationships in adulthood than adolescents without 
friends, but who were still accepted by their peers (12). 

Parenting

It has been reported that the ways that adolescents perceive 
their relationships and support from their parents and other 
family members are significant predictors of life satisfaction 
(18,41). Frequent family dinners have been associated 
with higher life satisfaction, possibly reflecting better 
communication between parents and the adolescent (42). 
Family support and encouragement for learning has been 
recognized as a significant contributor to an adolescent’s 
overall life satisfaction (43).

A large longitudinal study (n=46 593) explored changes 
in family affection, communication and activities and their 
relationship to life satisfaction in three cohorts of adolescents 
aged 11–18 in 2002, then in 2006 and again in 2010 (44). 
Communication with the father and many family activities 
increased the life satisfaction of adolescents over time, even 
though changes in life satisfaction were small (44). Another 
longitudinal study found that high parental care and low 
psychological control in adolescence were associated with 
higher life satisfaction in adulthood (11).

INDIVIDUAL TRAITS

The association between personality traits and life 
satisfaction has been a topic of interest for researchers in 
recent decades. Among high school students, a trait that the 
researchers described as “courage” partially explained the 
relationship between career adaptability and life satisfaction 
(45). A recent longitudinal study focusing on personality 
development in young trainees, before and after a 3-year 
educational programme, revealed a connection between 
life satisfaction and personality traits: a decrease in life 
satisfaction was associated with a decrease in extraversion 
(46). A two-year follow-up of students found that decreased 
life satisfaction was related to personality factors, stressful 
life events and behavioural problems, and this relationship 
was mediated by internalizing and externalizing symptoms 
(47). With respect to coping skills, a sense of social coherence 
associated with life satisfaction among adolescents (48). 

A follow-up study lasting one year investigated the 
regulation of positive affective states in adolescence and 
found that a self-focused positive rumination style predicted 
higher, whereas a negative outlook on life predicted lower life 
satisfaction (49). In a two-year follow-up study, positive and 
negative affect in adolescents mediated the effect between 
emotional intelligence and later life satisfaction (50).

Better self-concept (41), self-esteem and (22–23,35) and 
self-efficacy (51) have been associated with life satisfaction in 
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adolescence. However, both self-esteem and life satisfaction 
appear to be generally higher in adolescent boys than in girls 
(22), whereas later in young adulthood, self-esteem and life 
satisfaction are higher among females (20,52). In young 
adults, the development of an internet addiction has been 
found to be associated with loneliness and poor self-esteem, 
and furthermore, a low life satisfaction strengthened the 
above association (53).

PSYCHOSOCIAL AND SOMATIC FACTORS

Fergusson et al. (2015) suggested that the association 
between life satisfaction and mental health problems would 
be bidirectional, i.e. low life satisfaction in adolescence 
would be a significant predictor of mental health problems 
in adulthood (54). Furthermore, different mental health 
problems in adolescence have been connected to lower life 
satisfaction (18,20,24,55–56).

Emotional and behavioural problems in childhood seem 
to predict lower life satisfaction in adolescence (57–58), as 
well as substance use before the age of 13 (55). In adolescents 
suffering from ADHD, attention problems were associated 
with lower life satisfaction (59). Self-reported mental health 
complaints of adolescents have been associated with lower 
satisfaction with their family, friends, living environment, 
school experiences and self (60).

Life satisfaction and mental health in adolescence have 
been claimed to predict different aspects of well-being and 
health later in adulthood. A good life satisfaction may act as 
a protective factor from suicidality (56) and externalizing 
mental health symptoms (61). Furthermore, longitudinal 
studies have demonstrated that the presence of anxiety and 
depression in adolescents (13–14), as well as the consumption 
of tobacco and cannabis, are associated with lower life 
satisfaction in late adulthood (15). 

An adolescent’s experience of being overweight (62) 
and dissatisfaction with his/her body weight (63) have 
been associated with lower life satisfaction, especially in 
adolescent females (62). Feelings of being overweight have 
also been associated with a poor quality of educational, social 
and emotional support (64). In addition, psychosomatic 
symptoms in adolescence have been related to lower life 
satisfaction (24).

If an adolescent complains of health complaints, this may 
be linked with lower satisfaction with their family, friends, 
living environment, school experiences, as well as poor 
satisfaction with him/herself (60). There is also evidence that 
over a 30 day period, regardless of ethnicity or gender, the 

following four factors in an adolescent’s life are significantly 
related to reduced life satisfaction: 1) lower self-rated health, 
2) poor physical days, 3) poor mental health days and 4) 
activity limitation days (65). Furthermore, poor dental 
health and dental hygiene have been connected to lower life 
satisfaction (18, 66). 

Interestingly, there is no evidence that somatic health 
concerns in childhood would impact on life satisfaction 
in adolescence. In a longitudinal study, children were 
investigated at the age of 7 and followed up until the age of 16. 
At the follow-up point, chronic childhood somatic conditions 
had exerted no effect on life satisfaction in adolescence, 
although the subjective experience of health was lower in 
those with chronic somatic conditions compared to healthy 
adolescents (10).

DISCUSSION

According to the literature, the most frequently investigated 
predictors of life satisfaction in adolescence seem to be 
family and peer relationships and physical activity (1,18,35). 
Adolescents reporting extremely high values of life 
satisfaction usually concurrently have very high levels of 
social support, academic, emotional and social self-efficacy, 
superior interpersonal and cognitive functioning and very 
low levels of neuroticism and internalizing and externalizing 
behaviour problems (1) (Figure 1).

Low life satisfaction in adolescents has been linked with 
mental health problems such as depression and substance use 
(1). This is in line with investigations conducted in adults, in 
which low life satisfaction has been associated with numerous 
adverse health problems such as depression, alcohol abuse, 
increased all-cause mortality and suicide risk (67–70). 

Mental health problems and life satisfaction seem to exist 
in a kind of vicious circle (54). While there are buffers such 
as social support, there are also predisposing factors such 
as stressful life events which influence the development of 
life satisfaction in an adolescent (1). Therefore, one must be 
cautious in seeking causality between psychopathology and 
life satisfaction since so many factors impact on adolescent 
development: in this time period, a teenager is highly 
susceptible to disruptive factors. 

During adolescence, life satisfaction seems to be a 
comprehensive indicator of the steadiness of psychosocial 
life, but it is clearly affected by acquired social abilities 
and experiences. Life satisfaction may reflect earlier social 
experiences that have influenced a youngster’s development 
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Figure 1. Concurrent personal characteristics connected to good life satisfaction in adolescence 
according to Proctor, Linley & Maltby 2009. 
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Figure 1. Concurrent personal characteristics connected to good life satisfaction 
in adolescence according to Proctor, Linley & Maltby 2009.
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in a positive way. In summary, low life satisfaction relates 
to numerous adverse health outcomes and therefore, 
measurement of life satisfaction might be useful in screening 
for general well-being in adolescents to assess the risk of 
adverse health outcomes.

CONCLUSION

Knowledge of life satisfaction predictors and causality 
during adolescence can be used in interventions to improve 
the well-being of young adults. Several guidelines emerge 
from the reviewed studies to support healthy development 
and decrease adverse health outcomes that are related to low 
life satisfaction. Interventions to improve life satisfaction 
should include support for education, leisure time activities 
and family communication. Furthermore, it is important to 
create opportunities where adolescents can practice social 
skills in real life. On the other hand, for adolescents at risk, 
prevention of mental health problems and loneliness may be 
the key factors for enhancing his/her life satisfaction and 
overall well-being as the adolescent develops into a young 
adult.
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ABSTRACT

The field of psychiatry has evolved significantly in recent years: knowledge and general acceptance of mental health issues 
have increased and the treatment of psychiatric disorders has taken big steps forward. Despite progress in psychiatric care, the 
burden of mental illness on society is substantial. The best way to achieve improvements in psychiatry is by active, high-impact 
and correctly targeted research. The targeting of research requires information about the current state of the field.
The aim of this study was to determine publishing trends in Finnish psychiatric research. We conducted this work by reviewing 
articles with contributions from individuals with Finnish affiliations, published in 2019 in the field of psychiatry. We included 
journals from all fields of science, not just psychiatry. We evaluated research productivity, publication forums and research 
topics and determined differences in areas of publication activity between institutions. 

 Altogether 415 articles matching our selection criteria were published in 2019 by individuals with Finnish affiliations. 
The most common ICD-10 category as a focus of research was mood disorders (F30-39) and the single most researched 
disorder was depression. Other commonly researched disorders were schizophrenia, substance abuse and anxiety. Most 
publication forums were ranked as low level and eleven articles were published in the top 6 journals in the field, as ranked by 
impact factor (IF). Journal Citation Reports and Web of Science data from recent years indicates that the number of articles 
in high-impact publication forums is considerably lower in Finland than in other Nordic countries. While topics of psychiatric 
research match well with the disease burden in society, low impact of the psychiatric research in comparison with other 
Nordic countries should be considered further. Similar data from different years, medical specialties and countries should 
be gathered in future studies to further assess the relative impact of psychiatric research in Finland. Present information 
about research focus in different Finnish institutions is hoped to help researchers find interesting projects and collaborations, 
although increasing research impact needs more widespread contribution within and beyond the psychiatric research 
community.

PUBLISHING TRENDS IN THE FIELD OF PSYCHIATRY IN FINLAND 2019

SOFIA HERNBERG, SOILI M. LEHTO, TUUKKA T. RAIJ

KEY WORDS: PSYCHIATRY, PUBLISHING, ICD-10, RESEARCH PRODUCTIVITY, JUFO
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INTRODUCTION

Psychiatry is a constantly growing field of medicine and 
the treatment and knowledge of psychiatric disorders has 
taken big steps forward, but there is still plenty of room for 
development. For instance, the 2018 edition of Health at a 
Glance: Europe emphasizes the importance of promotion of 
mental health and prevention of mental illness. In 2016, more 
than one in six (17.3%) people across the EU suffered from 
mental disorders. The number was even higher in Finland, as 
its estimated prevalence of mental illness was the highest of all 
EU countries (i.e. 18.8%). Subsequently, mental health issues 
also cause a remarkable strain on the countries’ economies. 
In Finland, the total costs of mental health problems were 
estimated to be 11 billion euros in 2015, which accounted for 
5.32% of the GDP. Anxiety and depressive disorders were 
the most common mental disorders in the EU (1). Research 
should be targeted towards the most pressing issues of the 
field to improve the treatment of psychiatric disorders and to 
decrease morbidity, mortality and healthcare costs caused by 
mental health problems.

Apart from conducting the actual research and publishing 
articles, it is therefore important to assess the research field of 
psychiatry in Finland and to evaluate the impact and quantity 
of scientific output. This information could be used to reduce 
overlapping research and to guide researchers aspiring to look 
for interesting research projects, by providing information on 
current trends in the field of psychiatry in Finland. It could 
also help to improve the targeting of funding and other 
resources, while also contributing to building collaboration 
networks between research groups and universities. 

The number and type of publications from an institution 
can be used as an indicator for their contributions to generating 
new knowledge (2). In psychiatry worldwide, publishing 
trends that have been studied include research productivity 
in different institutions (3), countries and regions (3,4,5), 
geographic differences in citation practices (3) and subject 
trends (3). This type of evaluation has also been made in other 
fields of medicine (6,7). Koskinen et al. have studied the use 
of bibliometric methods in evaluation of scientific research, 
using Finnish schizophrenia research as an example (8). The 
results of their study imply that the use of bibliometric methods 
is a practical, time-saving and impartial way of evaluating 
publications. In addition, Miettunen et al. published an article 
in 2019, in which they reviewed the psychiatric research 
in the Northern Finland Birth Cohort (NFBC) 1986 (9). To 
our knowledge, no other previous studies have reviewed the 
scientific productivity in the field of psychiatry in Finland.

The aim of this study was to provide up-to-date 
information about the research conducted in the field of 
psychiatry in Finland by systematically reviewing research 
topics, publication forums and the number of articles in 
Finnish universities and other affiliated institutions in the 
field of psychiatry in 2019.

METHODS

The PubMed search engine was used for a computerized 
search in the MEDLINE database on January 15th, 2020. We 
mainly utilized the ICD-10 classification group F (Mental 
and behavioral disorders) when defining our search terms and 
complemented the search with words and phrases from the 
DSM-IV classification, to reach publications from all fields of 
psychiatry as broadly as possible. We only included articles 
with contributions from authors from Finnish institutions, by 
choosing Finland as affiliation for the search. To limit our 
search results to the year 2019, we used 2019 as a filter for our 
search. We only included articles that were published for the 
first time in any form in 2019: articles published online ahead 
of print in 2018 or earlier were excluded. This gave us a total 
of 704 matches. After excluding letters, editorial material, 
corrections and articles from other fields of science, 415 
articles met our inclusion criteria. 

We examined research productivity of individual 
institutions by counting the number of publications. 
Information about the affiliations of the authors was retrieved 
from the author lists of each article. For articles where several 
(>1) Finnish institutions were listed, all Finnish institutions 
were counted. In addition, we counted the number of articles 
written in collaboration between ≥2 of the sixteen most 
productive institutions (i.e. institutions with ≥10 articles). For 
this purpose, each university and its respective University 
Hospital were labelled as the same institution, otherwise they 
were treated as separate organizations. Institutions with less 
than 10 articles were listed as “other”. We also ranked the 
five universities with medical faculties by institution size to 
see how the institution size correlates with productivity: here 
we report absolute productivity and productivity adjusted 
for the number of inhabitants of each University Hospital’s 
catchment area (2017) (10). 

In addition to quantity, we aimed to assess the impact 
of the research. We did this by utilizing publication forum 
(JUFO) ratings. JUFO is a Finnish rating and classification 
system used for quality assessment of scientific output. One 
of its advantages compared to citation analyses is that it takes 
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into consideration field-specific publication practices and 
the classifications are made by expert panels. The scientific 
community is also able to contribute to the development 
of the classification (11). The rating system consists of the 
following levels (11):

No marking = the journal in question is currently under 
evaluation
0= identified publication, no rating
1= basic level
2= leading level
3= highest level

We also utilized impact factor (IF) based journal rankings 
(2018) to determine the six most cited journals in the field of 
psychiatry and assessed the number of articles published in 
these journals (12). In the absence of superior indicators for 
quality assessment, we used these two indicators as a proxy 
of research impact.

We categorized the publications by publication type: 
reviews, original articles and meta-analyses. Reviews and 
meta-analyses were identified from the results by using the 
filters “review” and “meta-analysis” in Pubmed. Abstracts 
were then evaluated manually to exclude editorials, letters 
and corrections and the remaining publications were labelled 
as original articles.

Next, we reviewed the research topics of the articles 
based on their titles and abstracts and divided them 
into different ICD-10 categories (Table 1). We included 
articles from journals of all fields of science. The suitable 
categories for each article were determined by the content 
of the titles and abstracts. In addition to the disorder-based 
classification, we classified publications according to some 
major methodological fields of research, including imaging, 
genetics, psychopharmacology and molecular biology. 
Author S.H classified the articles with help of senior authors 
(S.M.L and T.T.R). In cases of ambiguity, classification was 
based on consensus between the senior authors. We sorted 
the publications to as many of our categories as they fit into. 
After constructing a picture of the state of the research field in 
Finland, we compared institutions, determining differences in 
areas of publication. We also utilized Journal Citation Reports 
(JCR) and Web of Science (WoS) data for international 
comparison of research productivity and impact by assessing 
the number of contributions (articles and reviews; “citable 
items” in JCR) from selected countries (USA, Germany, 
Finland, Sweden, Denmark, Norway and Iceland) in the top 6 
psychiatry journals listed by JCR during 2016-2019 (12). The 

WoS search was conducted 16.5.2020. We also adjusted the 
productivity numbers for GDP and population in 2018, using 
World Bank data (13). Ethics approval was not necessary for 
this study, as no study participants were involved.

RESULTS

RESEARCH PRODUCTIVITY AND ARTICLE TYPES

We identified four articles as meta-analyses, 22 as reviews 
and the remaining 389 as original articles. A total of 108 
different institutions contributed to the publications. 

The productivity of institution was the highest in the five 
universities with medical faculties (UH, UTU, TUNI, UEF, UO),  
Helsinki University Hospital (HUH) and Finnish Institute for 
Health and Welfare (THL). Ranking of productivity depended 
on the method of assessment, as shown for the five universities 
in Table 2 and Figure 1. The most productive institution in 
absolute number of articles was The University of Helsinki 
(UH), contributing 181 articles, followed by The University 
of Turku (UTU, 100 articles), Finnish Institute for Health 
and Welfare (THL, 92 articles), Helsinki University Hospital 
(HUH, 88 articles), The University of Eastern Finland (UEF, 
83 articles), The University of Tampere (TUNI, 82 articles) 
and The University of Oulu (UO, 74 articles). UH and THL 
have close collaboration with each other, so we counted the 
number of articles with contributions from both institutions, 
which resulted in 58 articles. In addition, 215 articles 
had contributions from at least one of these two Helsinki 
institutions (UH + THL).

When we examined research productivity adjusted for 
the number of inhabitants of each specific catchment area, the 
most productive university was UTU (115 articles/1,000,000 
inhabitants), followed by UEF (103), UO (100), TUNI (91) 
and UH (84). UH + THL produced 99 articles per 1,000,000 
inhabitants.

In addition to these institutions, other important 
contributors (≥10 articles, Table 3) were The University of 
Jyväskylä (24 articles), the Finnish Institution of Occupational 
Health (19 articles), Folkhälsan Research Center (18 articles), 
Aalto University (Aalto, 12 articles) and Åbo Akademi 
(ÅA, 10 articles). In addition to HUH, the remaining four 
University Hospitals (Turku, Tampere, Kuopio and Oulu 
University Hospitals) also made significant contributions, 
often in collaboration with their respective universities. Turku 
contributed to 64, Oulu to 57, Tampere to 46 and Kuopio to 
40 articles. Of the included 415 articles, 179 (43.1%) were 
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written in collaboration between ≥2 of these sixteen most 
productive institutions. 

PUBLICATION FORUMS

The publication forums of most of the included articles 
(272, 65.5%) were rated as level 1 on the JUFO scale, 88 
(21.2%) as level 2 and 48 (11.6%) as level 3. Five articles 
(1.2%) were published in journals that received 0 points on 
the JUFO scale, the publication forum of one article (0.2%) 
was identified but had no review and the publication forum 
of one article (0.2%) was not found in the JUFO database  
(Figure 2). Of the articles in publication forums with level 
3 ratings, UH was the most productive when the absolute 
number of articles was considered (28 articles). When 
adjusted for the number of inhabitants of the specific 
catchment areas, UTU was the most productive of the 
five universities with medical faculties on level 3 (19.5 
articles/1,000,000 inhabitants) (Table 4). The distribution 
of articles in the most productive institutions to publication 
forums on each rating level is presented in Table 5.

The three most common journals were The Journal 
of Affective Disorders (14 articles), The Nordic Journal of 
Psychiatry (8 articles) and Scientific Reports (8 articles). 
Ranked by impact factor (IF), the top 6 journals in the field of 
psychiatry in 2018 were World Psychiatry, Lancet Psychiatry, 
JAMA Psychiatry, Psychotherapy and Psychosomatics, 
American Journal of Psychiatry and Molecular Psychiatry. 
A total of 11 articles were published in these Journals: six 
in JAMA Psychiatry and five in Molecular Psychiatry. We 
compared the number of contributions in these top 6 journals 
during 2016-2019 from selected countries (Table 6). The rank 
depended largely on adjustment. While USA produced the 
largest absolute number of articles in high-impact publication 
forums, Nordic countries produced far more when adjusted for 
population size and GDP. Finland and Norway were the least 
productive Nordic countries. In comparison with Sweden, 
Finland produced less than half the number of articles in 
high-impact publication forums, even when adjusted for 
population and GDP.

RESEARCH TOPICS

The distribution of articles to ICD-10 categories is presented 
in Table 1. The most researched category was F30-39 (Mood 
[affective] disorders) with 75 articles. Depression was the 
single most researched disorder of the category (82.7% of the 
category), as well as of all categories. The most researched 
topics within category F10-19 (Mental and behavioural 

disorders due to psychoactive substance use) were smoking/
nicotine dependence (34.1% of the category) and alcohol 
use (27.3% of the category). Schizophrenia was the most 
researched topic of category F20-29 (Schizophrenia, 
schizotypal and delusional disorders), covering 66.7% of 
the category. Most articles in category F50-59 (Behavioural 
syndromes associated with physiological disturbances and 
physical factors) covered sleep-related problems (65.7% of 
the category) and 17.1% covered eating disorders. In category 
F40-48 (Neurotic, stress-related and somatoform disorders), 
75.0% of the articles covered anxiety disorders or anxiety 
symptoms. In F60-69 (Disorders of adult personality and 
behaviour), gambling was the most frequently researched 
topic (41.2% of the category). Autism spectrum disorders 
(F84.0-84.9) were the most prevalent topic (75.0%) in 
category F80-89 (Disorders of psychological development). 
In category F90-98 (Behavioural and emotional disorders 
with onset usually occurring in childhood and adolescence), 
most articles covered ADHD (14 articles, 66.7%). 

Figure 3 demonstrates the top 3 categories of the most 
productive institutions. In most of the 16 institutions with 
≥10 articles, the most common ICD-10 category was F30-39 
(except TUNI and ÅA). In TUNI, the most prevalent category 
was F10-19 (15 articles, 18.3% of all articles from TUNI), 
although F30-39 was the second most common (14 articles, 
17.1% of all articles from TUNI). Apart from F30-39, UH and 
THL were particularly productive in category F50-59 (UH 
with 23 articles, 13.3% of all articles from UH; THL with 
14 articles, 15.2% of all articles from THL). UO (and Oulu 
University Hospital) was particularly active in schizophrenia 
research category F20-29 (11 articles, 14.7% of all articles 
from UO).

One hundred and eight articles (26.0% of all articles) fit 
at least one of the selected methodological approach-based 
categories. The methodological approach-based classification 
resulted in 44 (11% of all articles) articles in genetics, 32 
(7.7% of all articles) in imaging, 28 (6.7% of all articles) in 
molecular biology and 25 in psychopharmacology (6.0% of 
all articles) (Table 1). UH contributed to 32 (72.7%) articles 
in the genetics category and 18 articles (64.3%) in molecular 
biology. In the imaging category, UTU, Turku University 
Hospital, UH and Aalto were the most productive. Imaging 
was the most prevalent category (disorder-based classification 
included) for Aalto University (6 articles, 50% of all articles 
from Aalto). 

One hundred and five articles did not fit into any specific 
disorder-based or methodological approach-based categories. 
The most frequent topics of these mental and often also 
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somatic health-related articles included Health-related quality 
of life (9 articles) and maternal (pre-, peri- or post-natal) 
health and impact on the offspring (4 articles). Several articles 
also covered behaviour or mental health on a more general 
level.

DISCUSSION

 The Finnish population (14) formed 0.07% of the global 
population in 2019 (15) and 0.32% of the World GDP in 2018 
(13). Meanwhile, a total of 17,691 articles were published 
worldwide with the median impact factor 2.4 in the 
“psychiatry” category in 2018 (878,334 cites in JCR) (12). JCR 
data from 2019 was not available at the time of our study, but 
our sample from 2019 would comprise ca. 2% of all articles 
worldwide, assuming that the number of articles in 2019 
was similar to 2018 and that the JCR category “psychiatry” 
covered most articles of our search. Considering the above 
numbers, research productivity in the field of psychiatry in 
Finland appears to be on a reasonable level.  

At the level of individual institutions, we aimed to 
compare productivity adjusted for the resources of each 
university. When the universities with medical faculties 
were ranked by the number of employees (person years) in 
2018, the University of Helsinki (UH) was the biggest (7144 
person years) (16), followed by UTU (3283) (17), UO (2610) 
(18), UEF (2438) (19) and TUNI (2032) (20). However, the 
credible evaluation of institution-specific resources proved 
more complicated than expected. We acquired data of the 
total number of employees, but detailed information of the 
resources directed towards psychiatric research in each 
institution was difficult to find. Thus, we adjusted productivity 
for the population size of each university’s catchment area 
in our data analysis. As the University of Helsinki is the 
largest university in Finland, it was expected to be the most 
productive as well, which it was when the absolute number 
of publications was considered. However, when adjusted 
for population size, UTU was the most productive and UH 
the least productive of the five universities with medical 
faculties. The adjusted rank of UH may be partially explained 
by the fact that in the Helsinki region, many psychiatrists 
and psychologists conduct their research at THL, which 
may reduce the net productivity of UH. The number of 
articles (215) with contributions from at least one of these 
two institutions adjusted for population size resulted in 99 
articles per one million inhabitants, which places UH + THL 
together as 4th most productive. We categorized articles to 

all Finnish institutions listed in the author list of each article, 
regardless of each author’s degree of authorship or number of 
listed institutions. In future studies, a more specific approach, 
where only the affiliations of the first, last or corresponding 
author are included, could be added to this method. This 
would provide additional information about the distribution 
of articles to each organization

The publication forums of most articles (65.5%) were 
classified as level 1 in the JUFO rating system and eleven 
articles (2.7%) were published in the top 6 most cited journals 
in the field of psychiatry. Of all articles (citable items) in the 
JCR “psychiatry” category, 3% were published in the top 
6 psychiatry journals in 2016-2018 (JCR data from 2019 
was not available at the time of our study). Considering 
the comparison of these numbers, the impact of Finnish 
psychiatry research is on a decent level. However, it is notable 
that we also included journals from other fields of science. 
Furthermore, it should be mentioned that there is some 
controversy within the scientific community about the proper 
use and interpretation of publication forum ratings and impact 
factors. They are generally not recommended as indicators of 
quality or impact for individual articles and are best suited for 
analysis of large samples, preferably within the same research 
field (21,22). Since our focus was in evaluating bigger trends 
in research impact instead of evaluating individual articles, 
we concluded that these indicators were appropriate for our 
study as no better indicators were available. These publication 
forum-related findings alone are difficult to evaluate, since we 
only evaluated publications from Finland and only included 
one year. Therefore, we compared the number of contributions 
from different countries in 2016-2019 in the top 6 psychiatry 
journals listed by JCR. Finland ranked comparatively low in 
the list of the most contributive countries of each journal. The 
low adjusted rank of USA could be partly explained by bigger 
gaps in education and income equality in comparison with 
Nordic countries. For the Nordic countries, the results for the 
adjusted numbers followed a somewhat similar pattern as the 
absolute numbers, apart from the surprisingly high rank of 
Iceland. Excluding Iceland, Sweden and Denmark were the 
top 2 countries with significantly higher numbers than Norway 
and Finland. These numbers together with our findings are 
merely indicative, but they suggest that the impact of Finnish 
psychiatry research should be enhanced. Previous literature 
about the productivity and impact of Finnish research in the 
field of psychiatry is scarce, but we compared our findings to 
those of Ingwersen (23). During 1981-98, publication activity 
in Finland showed comparatively steep growth rates, and in 
the latter part of the studied period the absolute number of 
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articles was the second highest of the four included Nordic 
countries (Iceland was excluded from the study), with 
Sweden consistently as the most productive Nordic country. 
During the whole studied period, almost all Nordic countries 
showed significant fluctuations in citation impact. Finland 
was usually the weakest impact country, which is in line with 
our results. It should however be mentioned that during 1994-
98, Finland actually beat all other Nordic countries, even 
Sweden, in citation impact. Nevertheless, this study is fairly 
old and differs from ours in that it takes into account all found 
articles, while we did our international comparison based on 
selected high-impact journals. 

Psychiatry and mental health-related problems are 
currently important topics in public discussion and mental 
health problems account for a remarkable portion of public 
healthcare costs (1), causing an increasing number of sick 
leave days each year. Depression is the most significant 
mental health problem in Finland, when public health is 
considered (24). According to our findings, research efforts 
are in line with this fact, as mood disorders (F30-39) and more 
specifically depression was the most common research topic 
in most institutions. Globally, depression was the third largest 
cause for years lived with disability for females in 2017, after 
low back pain and headache disorders. For males, depression 
was ranked as the fifth leading cause after low back pain, 
headache disorders, diabetes and age-related hearing loss. 
Anxiety disorders ranked high as well: eighth for females and 
thirteenth for males. Our study found anxiety to be the third 
most researched disorder category in psychiatry in Finland, 
which correlates with the global disease burden of anxiety 
disorders.

F20-29 (Schizophrenia, schizotypal and delusional 
disorders) was the third most common disorder-based category 
in our study, although schizophrenia ranked only 19th for both 
sexes in years lived with disability (25). This discrepancy fits 
the common argument that besides considering prevalence in 
the population, public resources/attention should be directed 
towards the care of the most severely ill. 

There were some institution-specific areas of interest. 
In TUNI, the most common topic category was F10-19. 
Substance abuse disorders and category F50-59 were also 
prevalent topics in THL. In UH, sleep was a frequently 
occurring topic, as well as genetics, compared to the other 
institutions. This could be explained by the fact that these 
are topics that are studied with basic research methods that 
require resources that are more easily accessible for big 
universities, such as UH. Imaging was largely concentrated 
to Aalto University and Turku University and University 

Hospital. The contributions from Turku can be explained by 
research conducted at Turku PET Centre. UO was particularly 
invested in schizophrenia research. 

This article has several limitations. We only searched articles 
in one database and although MEDLINE is extensive and 
widely used, no single database has 100% coverage. The 
degree of coverage in different databases has previously 
been found to vary significantly between psychiatric 
research topics. Articles that might be missing from our 
sample are most likely from the field of social psychiatry or 
psychology rather than biological psychiatry: these articles 
could potentially be better retrieved from other databases 
(psychological or educational), such as PsycINFO. (26) 
Despite careful and systematic revision of the results, the 
utilized categorization by research topic can be considered 
somewhat subjective. Although we classified articles by both 
research topic (ICD-10 disorder groups) and methodology, 
our main focus was in the disorder-based categorization. 
Because of the novelty of our study, deciding the number 
of relevant methodological categories in advance was not 
entirely straightforward. The four included methodological 
categories were considered not only important and 
interesting, but specific enough for practical categorization. 
Therefore, the methodology categorization in particular is 
not comprehensive and should be extended in future studies 
by adding more categories, such as epidemiology (preferably 
divided into more specific subcategories). We also advise 
researchers to cover sample-related issues in future studies. 
Another limitation is that we did not extensively compare our 
main findings to other years, medical specialties or countries. 
This should be considered in future research. Comparison of 
productivity between different institutions was difficult, as 
we had no credible information about person working hours 
resourced to psychiatric research at each institution.

CONCLUSION

Depression was the most common research topic in 
psychiatric research in Finland. Other frequently researched 
disorders were schizophrenia, substance abuse and anxiety. 
These findings balance well with the estimated prevalence 
and severity of mental disorders globally and in Finland. 
Tampere University was particularly invested in substance 
abuse research, The University of Helsinki in sleep and 
genetics and The University of Oulu in schizophrenia 
research. These findings may help scholars to find interesting 
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research fields and to build relevant collaborations. Most 
publication forums were ranked as level 1 in the JUFO rating 
system and eleven articles were published in the top 6 journals 
(ranked by IF) in the field of psychiatry. JCR and Web of 
Science data implied that Finland was less contributive in the 
top psychiatry journals than other Nordic countries, which is 
discrepant with the high societal impact of mental disorders 
in Finland. Future research should include more detailed 
comparison of different years, specialties and countries, 
to clarify the picture of the relative impact of psychiatric 
research in Finland. Meanwhile, the impact of psychiatric 
research should be enhanced by optimizing education, 
resources and collaboration.
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Table 1. Categories by subject and research method
Table 1. Categories by subject and research method

Table 2. Research productivity in the fi ve Finnish universities with medical faculties

" !

Table 2. Research productivity in the five Finnish universities with medical faculties!

University Number!of!articles Number!of!articles!per!1,000,000!inhabitants

University!of!Helsinki 181 84

University!of!Turku 100 115

Tampere!University 82 91

University!of!Eastern!Finland 83 103

University!of!Oulu 74 100
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Table 4. The number of articles on each JUFO rating level per 1,000,000 inhabitants (of 
each university's specific catchment area) from Finnish universities with medical faculties 
in 2019!

University 3 2 1
University!of!Helsinki 12,9 14,8 53,6
University!of!Turku 19,5 27,6 65,5
University!of!Eastern!Finland 14,8 21,0 65,5
Tampere!University 10,0 14,4 66,6
University!of!Oulu 10,8 25,7 63,5

JUFO-ratings

Table 4. The number of articles on each JUFO rating level per 1,000,000 inhabitants (of each university’s 
specific catchment area) from Finnish universities with medical faculties in 2019

" !

Table 3. Research productivity of other significant Finnish research institutions in the field 
of psychiatry in 2019!

Institution Number!of!articles
National!Institute!for!Health!and!Welfare 92
Helsinki!University!Hospital 88
Turku!University!Hospital 64
Oulu!University!Hospital 57
Tampere!University!Hospital 46
Kuopio!University!Hospital 40
University!of!Jyväskylä 24
Finnish!Institute!of!Occupational!Health 19
Folkhälsan!Research!Center 18
Aalto!University 12
Åbo!Akademi!University 10

Table 3. Research productivity of other significant Finnish 
research institutions in the field of psychiatry in 2019
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Table 5. The number (N) of articles on each level in the JUFO rating system and their 
share (%) of the total number of articles from each institution!

Institution N! % N! % N! % N! %
University!of!Helsinki 28 15,5!% 32 17,7!% 116 64,1!% 4 2,2!%

University!of!Turku 17 17,0!% 24 24,0!% 57 57,0!% 1 1,0!%
National!Institute!for!Health!and!Welfare 17 18,5!% 24 26,1!% 48 52,2!% 3 3,3!%
University!of!Eastern!Finland 12 14,5!% 17 20,5!% 53 63,9!% 1 1,2!%
Tampere!University 9 11,0!% 13 15,9!% 60 73,2!% 0 0,0!%
University!of!Oulu 8 10,8!% 19 25,7!% 47 63,5!% 0 0,0!%
University!of!Jyväskylä 3 12,5!% 2 8,3!% 18 75,0!% 0 0,0!%
Finnish!Institute!of!Occupational!Health 2 10,5!% 3 15,8!% 14 73,7!% 0 0,0!%
Folkhälsan!Research!Center 2 11,1!% 2 11,1!% 14 77,8!% 0 0,0!%
Aalto!University 1 8,3!% 2 16,7!% 9 75,0!% 0 0,0!%
Åbo!Akademi!University 1 10,0!% 2 20,0!% 7 70,0!% 0 0,0!%
Helsinki!University!Hospital 10 11,4!% 10 11,4!% 65 73,9!% 2 2,3!%
Turku!University!Hospital 14 21,9!% 10 15,6!% 38 59,4!% 2 3,1!%
Oulu!University!Hospital 5 8,8!% 16 28,1!% 35 61,4!% 1 1,8!%
Tampere!University!Hospital 4 8,7!% 9 19,6!% 33 71,7!% 0 0,0!%
Kuopio!University!Hospital 4 10,0!% 5 12,5!% 30 75,0!% 1 2,5!%

0
JUFO-rating!level

3 2 1

Table 5. The number (N) of articles on each level in the JUFO rating system and their share (%) 
of the total number of articles from each institution

!

Table 6. The number of contributions (articles and reviews) in the top 6 psychiatry 
journals ranked by impact factor during 2016-2019 from selected countries. The 
adjustments are made with GDP and population data from 2018!

Journal USA Germany Sweden Denmark Norway Finland Iceland
World!Psychiatry 50 15 6 8 0 1 0
Lancet!Psychiatry 102 28 21 22 10 4 1
JAMA!Psychiatry 296 51 66 45 22 18 3
Psychotherapy!and!Psychosomatics 35 36 6 7 3 0 0
American!Journal!of!Psychiatry 307 35 31 14 9 6 3
Molecular!Psychiatry 480 109 65 23 24 17 6

Total!number!of!contributions 1270 274 195 119 68 46 13
Total!number;!GDP!adj.!(per!billion!
US$) 0,06 0,07 0,35 0,33 0,16 0,17 0,50
Total!number;!Population!adj.!(per!
million!inhabitants) 3,9 3,3 19,2 20,5 12,8 8,3 36,9

Table 6. The number of contributions (articles and reviews) in the top 6 psychiatry journals ranked by impact factor during 2016-2019 from 
selected countries. The adjustments are made with GDP and population data from 2018
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Figure 2. JUFO ratings of the publication forums of articles with 
contributions from Finland in the field of psychiatry in 2019
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Figure 1. Research productivity (adjusted and non-adjusted) 
in Finnish universities with medical faculties
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Figure 3. The top 3 ICD-10 categories of Finnish research institutions in the field of psychiatry in 2019 (% of the total number of articles 
in the field of psychiatry in each institution)

UH= University of HelsinkiF30-39 F10-19
UTU= University of Turku
TUNI= Tampere UniversityF50-59 F20-29
UEF= University of Eastern Finland
UO= University of Oulu
NIHW= National Institute for Health and Welfare

F40-48
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ABSTRACT

Dreams are experiences during sleep that are internally generated by the brain. Dreaming is a common phenomenon during 
normal sleep and may occur in all sleep stages. The brain is active during sleep, but perceptual connection to the environment 
is mostly turned off. However, the content of dreams can be affected by both external and internal stimuli. Dream recall is 
associated with higher frequency brain activity during sleep, typical of REM sleep and arousals. 

During parasomnias, dream experiences may be disturbed, behaviourally manifested or mixed with waking reality. 
Parasomnias are sleep disorders characterized by incomplete transitions between sleep and wake. Abnormal motor, sensory 
or behavioural manifestations of parasomnias occur at sleep onset, within sleep or during arousal from sleep. Various sensory 
stimuli may be able to disturb sleep causing arousals or partial awakenings typical of parasomnias. 

Differential diagnosis of parasomnias includes patient report of recalled and enacted dream content, timing and age 
at onset of parasomnia episodes, witnessed sleep behaviour, and polysomnographic findings about the sleep stage and 
the mechanism of episodes. In adults, parasomnias may have a significant negative effect on well-being and even violent 
consequences. A patient case with severe parasomnia overlap disorder and its treatment is presented.

DREAMING AND PARASOMNIAS – A CASE WITH SEVERE PARASOMNIA OVERLAP 
DISORDER AND ITS TREATMENT

KATINKA TUISKU, NILS SANDMAN, MARKKU PARTINEN, TIINA PAUNIO

KEY WORDS: DOA, DREAMING, PARASOMNIA, POD, POLYSOMNOGRAPHY, PTSD, RBD 
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Tuisku et al.Dreaming and parasomnias – A case with severe parasomnia overlap 
disorder and its treatment

INTRODUCTION

Dreaming, as an altered state of consciousness, has 
interested and inspired creative and scientific approaches 
to understanding the human mind and existence since time 
immemorial. Dreaming is mostly beyond our control, though 
we spend a third of our life asleep, in the realm of dreams.  

Historically, psychoanalytic approaches in psychiatry 
have focused on dreams as the Freudian “Royal road to 
unconscious”, updating to working with dreams to explore 
dissociative disorders (1). Despite technological advances of 
neuroscience in modern psychiatry and established knowledge 
of sleep functions in general, scientific understanding of 
dreams is still rudimentary. 

Disturbing dreams are of clinical interest as they can be 
manifestations of mental distress, symptoms of psychiatric 
disorders, symptoms of sleep disorders, adverse effects 
of medications, outcomes of unhealthy behavioural and 
environmental factors or somatic illness. Parasomnias are 
common sleep disorders that can manifest with disturbing 
dreams, dream enactment and dream sensations during partial 
wakefulness. 

Parasomnias are characterized by abnormal motor, 
sensory or behavioural manifestations at sleep onset, within 
sleep or during arousal from sleep. They can disturb sleep 
quality and decrease daytime alertness. Parasomnias can 
cause secondary insomnia, marked psychological distress 
and harmful social consequences. Violent and disoriented 
behaviour may cause accidents.

Parasomnias can be elicited by various sensory inner (e.g. 
pain) or outside stimuli (e.g. noise), physiological, chemical, 
psychological and behavioural factors. Some known risk 
factors for parasomnias are sleep-disordered breathing, fever, 
heavy exercise, alcohol, anxiety and irregular sleeping times. 
Parasomnias are classified by the sleep stages into REM 
parasomnias (e.g. nightmares), and NREM parasomnias (e.g. 
sleep walking), with characteristic differences in timing, 
degree of recall, type of dream content, behavioural features 
and psychological stressors. 

Here, we review the phenomenology of dreaming 
and clinical features of the most important parasomnias, 
then present a special patient case presenting with severe 
overlapping parasomnia symptoms. The overlapping 
symptoms were challenging for differential diagnosis and 
treatment approaches for the lack of established guidelines. 
The relevance of psychiatric comorbidity and stressors were 
obvious in this case, but in particular, we hope that the case 

elicits interest in diagnosing and treating sleep disorders of 
psychiatric patients. 

The presented case is also an encouraging example of 
early treatment response to severe, injurious and debilitating 
parasomnia followed with a return to work despite a 
concomitant, trauma-related psychiatric disorder requiring 
further treatment. 

DREAMING 

Sleep is a resting state of the brain and body that typically 
consists of behavioural quiescence and unresponsiveness to 
sensory stimuli. However, unresponsiveness does not equal 
unconsciousness. Consciousness is commonly defined as the 
ability to have experiences, while unconsciousness is a state 
without any experiences whatsoever (2,3). 

During sleep, it is common for a sleeper to have subjective 
internally generated experiences which are disconnected 
from the environment. Static imagery and thoughts during 
sleep are called sleep mentation, and experiences involving 
sense of space and temporal progression are called dreams 
(4). However, during sleep-wake transitions and parasomnias 
this distinction between waking and dream consciousness can 
become blurred.

Dreaming is a common phenomenon during normal 
sleep. Although most of the dreams are not recalled, sleep 
laboratory studies suggest that people generally experience 
several dreams every night (5,6). There is no scientific 
consensus on why people dream. Nevertheless, several 
theories about dream function have been put forward. 

Emotional regulation theories propose that dreaming has 
a psychological function as emotionally loaded memories are 
processed during dreams, which is considered necessary for 
maintaining mental health (7). Though refined over the years, 
this line of thinking can be traced all the way to the work of 
Freud (8).

Random activation theories such as continuity hypothesis 
of dreaming claim that dreaming has no function of its own 
and is just a by-product of brain activation during sleep 
(9,10). Neurophysiological-focused variants of these theories 
started with identity theory that REM sleep is dreaming, when 
REM sleep stage was discovered (11), and modern variants 
propose that dreaming reflects memory consolidation and 
related neurological processes that happen during sleep, but 
has no function of its own (12,13).

Simulation theories of dreaming posit that it is possible 
to learn from dream experiences and dreaming of themes 
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important for survival, including dangerous situations and 
important social interactions, and has been advantageous 
during evolution of the brain. Therefore, dreaming is an 
evolutionary adaptation and has a biological function (14,15). 
Variants of simulation theories include protoconsciousness 
theory, hypothesizing that simulating the world in dreams 
begins before birth and is necessary for brain development 
of a foetus (16).

Since dreaming consists of subjective experiences during 
sleep, studying it poses great challenges. There is no direct 
way of measuring or recoding experiences even though 
advances in brain imaging have identified several neural 
correlates of consciousness (17). Therefore, most information 
from dreams is based on retrospective dream reports given by 
the dreamer after waking up. This results in possible bias in 
related dream data due to unreliable recall and differences in 
reporting capability of individuals (18). 

Regardless of these methodological challenges, scientific 
dream research has advanced in recent decades after a long 
hiatus, and it has been demonstrated that dreaming has a 
robust connection with well-being. Dreams that are of special 
interest regarding mental well-being are nightmares. In ICD-
10, nightmares are defined as dream experiences loaded with 
anxiety and fear that are well remembered after awakening 
and some themes often reoccur from nightmare to nightmare 
(19). This sort of nightmare generally occurs during REM 
sleep stage though it is also possible to experience nightmarish 
imagery in NREM sleep.

Nightmares can be divided into idiopathic and post-
traumatic varieties. Idiopathic nightmares have content that is 
not clearly linked to actual events experienced by the dreamer. 
They are relatively common, with around half of adults 
experiencing at least one nightmare per month and 3-5% 
suffering from frequent nightmares (20,21). While occasional 
nightmares are harmless, frequent nightmares can pose a 
significant clinical problem if they cause daytime distress and 
disturb sleep. Frequent nightmares are often associated with 
symptoms of depression and insomnia as well as stress and 
life dissatisfaction (22,23).

Most common themes in nightmares are those related to 
physical attack or a threat of such an attack, social conflicts, 
being chased and falling (24,25). However, more important 
than the actual content are emotions that are evoked by these 
dreams. Dreams can include violent or dangerous situations, 
but if the emotional tone is neutral or positive these dreams 
are not nightmares. On the other hand, there are nightmares 
in which nothing objectively threatening happens, but which 
evoke a strong negative reaction for the dreamer.

Post-traumatic nightmares contain clear references to, 
or even replications of, traumatic events that the dreamer 
has experienced in their life. These kinds of nightmares 
are a normal reaction to a traumatic event and most people 
experience some nightmares related to such an event in the 
following weeks after trauma. Typically dreams about trauma 
become less frequent with time and disappear on their own, 
but in some cases they may become a chronic problem. 

In a study of veterans of the Second World War in Finland, 
increased frequency of nightmares among war veterans was 
observed over 30 years after the war had ended (21). Post-
traumatic nightmares are also one of the key symptoms of full 
post-traumatic stress disorder that also includes heightened 
arousal, depressive symptoms and avoidance behaviour, and 
can be a long-term mental health problem (26).

NEUROPHYSIOLOGY OF DREAMING

Most of human adult sleep consists of NREM (non-REM, or 
basic sleep including doze, light sleep and deep sleep) and, 
to a lesser extent, REM (rapid eye movement or paradoxical) 
sleep (20-25%) (27). Normal adult sleep architecture consists 
of five sleep cycles, each of which starts in healthy people 
with NREM sleep, deepening gradually and ending with 
lightened sleep and transitioning into REM sleep. There may 
be awakenings at the end of the cycles. The first cycles of the 
night normally contain deep N3 sleep (slow wave sleep) that 
diminishes towards the end of the night, whereas the REM 
sleep increases towards the end of the night. 

Dreaming may occur in all sleep stages, though the recall 
of dream content is more frequent and vivid for REM than 
NREM sleep. When awakening from REM sleep, the dream 
content is recalled 74-82% of the time (5,6,28). The REM 
dreams typically contain vivid sensory experiences and 
may have long and narrative content. Some of the rapid eye 
movement, characteristic of REM sleep stage, correspond 
to dream content related to gaze shifts within the dream, but 
some do not. Recall rate of NREM dreams is somewhat lower 
than for REM dreams, only 17-43%. NREM dream content is 
typically less narrative and consists of static scenes that the 
dreamer passively perceives. (5,6,28).

During REM sleep, there are shared neurophysiological 
phenomena with wakefulness. Some excitatory, glutamatergic 
brain stem neural circuits, dopaminergic limbic and 
motivational areas, and cholinergic projections from basal 
forebrain to cortex are active during REM sleep, but not during 
NREM sleep. The activation of wake system neurochemistry 
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contributes to active dream mentation, lower threshold of 
arousal and higher rate of dream recall (29,30).

Recall of sleep content is associated with local fast 
frequency, wake-like EEG activity. Gamma power (40Hz) 
increases the probability of dream recall at any sleep 
stage. Frontal activation is associated with more realistic 
dream content, as well as with conscious-like thinking in 
sleep, which relates to precise recall of dream content and 
misinterpretation of the stage as awake. Posterior activation 
is associated with more dreamlike, unrealistic content. The 
smaller size of delta waves during NREM sleep is associated 
with experience of dreaming and dream recall (5,6,31).

Special cases of dreaming with atypically active frontal 
activation are lucid dreams. They are typically REM dreams, 
but they may also occur at sleep onset when REM sleep is 
rare. In lucid dreams the sleeper becomes aware that he or 
she is dreaming and can sometimes control the dream scenery 
or guide the dream narrative (28). Recurrent, weekly lucid 
dreaming is quite rare (1%), but one half of the population has 
experience of lucid dreaming. Gamma power in prefrontal 
cortex is increased compared to non-lucid dreaming brain 
activity (32). 

During REM sleep muscle atonia, mediated by medulla 
glycinergic and GABAergic regulation, paralyzes striated 
muscles in the body. This prevents movement corresponding 
to motor cortex activation in REM sleep and behavioural 
dream content. Failure in muscle atonia, in combination 
with aggressive dream content, may lead to violent dream 
enactment, behaviour that is typical to certain parasomnias. 
There is no muscle atonia during NREM sleep stage, and that 
is why sleepwalking is possible during NREM deep sleep 
with partial awakening. During sleepwalking, eyes opened, 
the sleeper perceives the environment enough to move 
somewhat purposefully, but without wakeful consciousness. 
The interpretation of the environment is dreamlike. (33,34).

CLASSIFICATION OF PARASOMNIAS

NREM PARASOMNIAS

NREM parasomnias (Disorders of Arousal, DOA) are 
motor behaviours that arise from slow wave sleep during 
the sleep stage N3. The mechanism is incomplete transition 
to wake from N3. NREM parasomnias comprise a variety 
of manifestations with an increasing complexity from 
confusional arousal to sleep terror to sleepwalking. 
Between them, on the continuum of motor behaviour is 
sleep terror, also known as pavor nocturnus. Sleep terrors 

are characterized by extreme fear, motor agitation, intense 
vocalization and high autonomous activity (35). 

NREM parasomnias manifesting as partial arousals are 
sleepwalking (2-4% of adults), sleep terrors (1-2% of adults) 
and confusional arousals (3-15% of adults) (34,36). Variants 
of sleep walking, such as sleep-related eating disorder and 
sexsomnia, are also classified as NREM parasomnias. Subjects 
with NREM parasomnias often have comorbid anxiety and 
mood disorders, but the prevalence of sleep apnoea is also 
elevated (34). 

Unlike common expectation, most adults with sleep 
terror or sleepwalking occasionally remember the dream 
content. The dreams are typically short, visual and unpleasant 
with themes of danger, threat or catastrophe (37). Dreamlike 
mentation most often (95%) consists of a single visual scene. 
The patients with dream mentation reported more severe 
daytime sleepiness after NREM parasomnia episodes (38).

Onset age is typically in early childhood and they are 
common phenomena among children, often relieved by 
puberty. They may, however, persist or relapse in adulthood 
more often than reported in epidemiological studies (39). 
While major psychiatric problems are not common among 
these patients, elevated rates of parasomnias are reported 
among individuals with psychiatric disorders (40). 

Further, NREM parasomnias are triggered by factors 
increasing sleep fragmentation, such as psychosocial stress 
and anxiety in vulnerable individuals (41). Also, factors 
leading to increase of N3 sleep, such as sleep deprivation, 
night shifts or fever, predispose to disease episodes 
(41). Benzodiazepine receptor agonists and modulators, 
antidepressants, antipsychotics and beta-blockers are 
possible triggers for sleepwalking. The strongest evidence for 
medication-induced sleepwalking is for zolpidem and sodium 
oxybate (42).

REM PARASOMNIAS

REM parasomnias arise from REM sleep. 

Nightmare disorder includes recurrent, extended, extremely 
dysphoric, intensive and well-recalled dreams that lead 
to awakening, and becoming rapidly oriented and alert on 
awakening. They cause significant distress or impairment 
by the unpleasant dream, or by disruption of the sleep, and 
sometimes by secondary insomnia. Nightmare disorder is 
more common in children than adults (4%). It is often related 
to psychological stressors, and nightmares are common 
symptoms in PTSD, depression and alcohol withdrawal 
(33,37). 
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At population level, nightmares relate to symptoms 
of insomnia, alcohol use, a core symptom of depression 
and negative attitude towards self (Sandman 2015). 
Various substances affecting glutamatergic, noradrenergic, 
dopaminergic, GABAergic, histaminergic or cholinergic 
neurons may disturb dreaming by causing nightmares (43). 
Many antihypertensive, antidepressant and dopaminergic 
drugs can induce nightmares (37). 

Sleep paralysis is an incomplete transitioning from REM 
sleep to wake, so that the muscle atonia typical of REM 
persists while there is an intrusion of alpha activity (8-12Hz 
EEG) and consciousness during an otherwise desynchronized 
EEG. Sleep paralysis may be accompanied by a sensation of 
pressure on the chest and sometimes frightening hypnopompic 
hallucinations. Typical onset is in adolescence or young 
adulthood. Sleep paralysis is common in patients with 
narcolepsy, but occurs quite frequently (6%) as an isolated 
phenomenon in an otherwise healthy population (44).

REM sleep behaviour disorder (RBD) is a potentially 
violent and harmful motor enactment of dreams that is 
characterized by loss of muscle atonia during REM sleep. 
The behaviour occurs more towards the morning hours 
when REM sleep is more frequent (45). Patients with RBD 
often have violent dream content (46). Onset is typically in 
older age, often related to degenerative neural processes or 
medication. Earlier onset, from childhood to young adult, is 
typical of narcolepsy (33). 

RBD is often related to synucleinopathies, such as 
Parkinson’s disease, Lewy body dementia and multiple 
system atrophy, and it is usually an early sign of these 
diseases. However, RBD is also encountered in other 
neurodegenerative diseases, including Alzheimer’s disease, 
Huntington’s disease and amyotrophic lateral sclerosis (45). 

Other parasomnias like catathrenia (sleep-related 
expiratory groaning), exploding head syndrome (a sudden, 
non-painful sensation of explosion) and nocturnal enuresis 
(recurrent involuntary voiding during sleep) may occur at any 
sleep stage. Hypnagogic (at sleep onset) and hypnopompic 
(at waking) hallucinations occur during transitions between 
sleep and wake as isolated phenomena, or along with sleep 
paralysis, or as a part of narcoleptic tetrad.

TREATMENT OF NREM AND REM PARASOMNIAS

Treatment of parasomnias is indicated if the symptoms cause 
considerable distress, worry, social disturbance or severely 
disrupt sleep leading to daytime tiredness. Treatment 

is also needed if they threaten the safety of the sleeper or 
sleeping partner. There is, however, a lack of randomized 
controlled trials on the efficacy of pharmacological or non-
pharmacological intervention in parasomnias, with the 
exception of nightmares (47) and REM Behaviour Disorder 
(RBD) (48). 

For all parasomnias, treatment is based on identification 
and elimination of factors triggering the symptoms, such as 
irregular sleep-wake schedule, drugs or other sleep disorders, 
as well as maintaining a safe environment for prevention of 
sleep-related injury.

TREATMENT OF NREM PARASOMNIAS

Since NREM parasomnias share the same pathophysiological 
mechanism, the typical treatments overlap for certain 
priorities according to clinical picture. There are no 
established treatment guidelines for NREM parasomnias 
(49). Possible underlying predisposing factors, such as 
sleep apnoea and periodic limb movement disorder, should 
be excluded or treated. Predisposing medication should be 
discontinued (42).  

NREM parasomnias are usually benign, and in most 
cases there is no need for pharmacological therapy. Non-
pharmacological interventions include environmental safety, 
patient education and reassurance of benign prognosis, sleep 
hygiene, avoiding sleep deprivation, scheduled awakening, 
relaxation, stress management, hypnosis and psychotherapy. 
Pharmacological treatment is indicated if episodes of 
parasomnia are frequent and non-pharmacological methods 
are not sufficient. 

In NREM parasomnias, traditional pharmacological 
interventions aim to reduce deep N3 sleep and increase frontal 
inhibition without affecting too much REM sleep, if possible. 
Presently, the most commonly used drugs are GABA agonists 
such as benzodiazepines (e.g. clonazepam) or gabapentin. 
The authors also have preliminary positive experience with 
another gabapentinoid drug, pregabalin. Anti-epileptic drugs 
(e.g. topiramate, carbamazepine and sodium valproate), as 
well as antidepressants, such as tricyclic antidepressants, 
paroxetine and trazodone have been tried (34,49,50). No 
randomized clinical trials exist for any drugs.

TREATMENT OF REM PARASOMNIAS

As REM parasomnias have distinct mechanisms, the 
treatments are also different for each disorder. Also, in 
cases of REM parasomnias, the predisposing organic sleep 
disorders, brain diseases or toxic and pharmacological agents 
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should first be excluded. As RBD often precedes or presents 
with synucleinopathies in older age, a thorough neurological 
examination is necessary. 

Idiopathic nightmare disorder and nightmares induced 
by psychological trauma are most effectively treated by image 
rehearsal therapy (IRT) (37,51). Other non-pharmacological 
interventions, with lower evidence include systematic 
desensitization, progressive deep muscle relaxation training, 
lucid dreaming therapy and self-exposure therapy. 

Among pharmacological treatments, best evidence is 
for prazosin, a centrally active alpha-1 adrenergic antagonist 
(47). Lower grade evidence for medications are, for example, 
alpha-2 adrenergic agonist clonidine, antidepressants (e.g. 
trazodone, mirtazapine, tricyclic antidepressants), atypical 
antipsychotics (risperidone, quetiapine), gabapentin and 
certain long-acting benzodiazepines (37). 

Sleep paralysis does not generally need any treatment 
except explanation and reassurance, and there is no 
evidence-based treatment. Sometimes sleep paralysis is 
such a frightening experience for the patient that it leads to 
secondary insomnia and anxiety at bedtime. Antidepressants 
have sometimes been used with possible benefits by reducing 
the REM muscle atonia (44). Secondary insomnia and anxiety 
can often be managed with non-pharmacological methods. 
Resolving sleep paralysis may be hastened by consciously 
focusing on an outer stimulus, like watching a clock and 
hearing its sound. 

Treatment of RBD is closely linked to treatment of 
underlying neurological pathology. The safety measures and 
securing the sleeping environment are essential in management 
of RBD. Abrupt cessation of SSRIs and other antidepressants 
must be avoided, however, as they may provoke RBD attacks 
by increasing REM sleep as a rebound phenomenon. Possible 
pharmacological treatments, such as long-acting melatonin 
and clonazepam, may relieve symptoms (49,50). Melatonin 
has fewer adverse effects and it is more effective for elderly 
patients (44).

A PATIENT CASE WITH PARASOMNIA OVERLAP 
DISORDER 

Here we present a young NREM parasomnia patient, who 
presented with comorbid RBD symptoms. RBD is extremely 
rare in young people without predisposing neurological or 
pharmaceutical factors and in the absence of narcolepsy. 

A healthcare employee started to re-experience frequent, 
disturbing somnambulism and sleep terrors after moving 

back temporarily to his parents three years ago, at age of 26 
years. The episodes were more disturbing and frequent than 
in his childhood. New types of violent behaviour emerged. 
The sleep of the patient was severely fragmented by recurrent 
parasomnias as he had 2-10 attacks per night.   

When the violent parasomnia episodes emerged 3 years 
ago, he attacked his father while having a nightmare about 
an imaginary enemy. He sometimes broke pieces of furniture 
and rushed outside of the house. He could, for example, lift 
his bed against the door to protect himself, and carry his 
girlfriend out of the room to save her. He was also verbally 
aggressive during parasomnia episodes. Once he grabbed 
his girlfriend saying in English, “I kill you”, speaking to an 
imaginary dream enemy. Sometimes he was roaring like a 
bear, trying to scare away dream creatures. 

No serious accidents took place, but the patient was 
overwhelmed, frightened and worried about his parasomnia 
symptoms. Furthermore, he developed secondary insomnia 
because he was afraid of his potentially dangerous and socially 
undesirable sleep attacks. He was exhausted and sleepy, and 
had problems with memory and concentration. He had been 
on sick leave for 6 months before coming to psychiatric sleep 
disorder consultation. 

Before that, during the sick leave, a complete neurological 
examination, including brain magnetic resonance imaging, 
polysomnography and laboratory screen, was performed. 
There was no drug abuse and laboratory screenings were 
normal. During neurological examination, the patient had a 
2-month treatment trial with clonazepam with no response, 
only sedative and cognitive adverse effects. Self-medication 
with melatonin yielded no response either.

In psychiatric examination and sleep consultation he 
was diagnosed with post-traumatic stress disorder. In a few 
of his nightmares he re-experienced traumatic events from 
his childhood. His father’s behaviour had been uncontrolled 
and aggressive while he was drunk, and he had attacked the 
patient several times when he was a pre-teenager. Once his 
life was in danger when his father strangled him. He had put 
aside those memories, but they re-emerged in his dreams 
and his arousal threshold was very low.  Even minor outside 
stimuli could trigger incomplete awakenings and violent 
parasomnia attacks. He had been watchful and alert during 
day and night since his childhood, getting so used to it that he 
did not automatically consider it abnormal. 

Typical of NREM parasomnia, he was confused if woken 
up, had sleep inertia and sometimes sleep drunkenness with 
difficulty in waking up. He did not remember all the episodes, 
and the degree of dream recall varied. The timing, however, 
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was atypical for NREM parasomnia, as the episodes were 
occurring several times throughout the night, clustering 
around the early morning hours. Simultaneous nightmares 
and aggressive behaviour, corresponding to threatening and 
violent dream content, were also features referring to REM 
parasomnia rather than NREM parasomnia. He dreamed 
of escaping, fi ghting and defending himself against unreal 
enemies.

Polysomnography (PSG) with video recording was 
performed in sleep lab. Sleep apnoea and periodic limb 
movement disorder, as possible additional triggers for 
parasomnias, were excluded. PSG fi ndings, such as RSWA 
(REM sleep without atonia) and repeated transitions from 
N3 sleep to wake with simultaneous motor behaviour, 
correlated with physiological mechanisms of REM as well 
as NREM parasomnia. However, no characteristic diagnostic 
behavioural manifestations (somnambulism and sleep 
terrors) were seen in the video in the sleep lab. It is typical of 
laboratory recordings that the full symptomatology does not 
emerge as it does at home.  

The PSG recording showed 6 direct, abrupt transitions 
from deep N3 sleep to motor behaviour followed by waking 
EEG activity, characteristic of NREM parasomnia (Figure 
1-2). Behavioural manifestations of these confusional 
arousals were crying, climbing up to sit on the bed, turning 
on the lights and grabbing the PSG equipment. PSG also 
revealed an elevated chin muscle tone and some irregular limb 
movements during REM sleep (Figure 3-4), manifestations of 
RSWA (REM sleep without atonia), a feature of RBD (REM 
sleep behaviour disorder), but no destructive behaviour was 
demonstrated in the sleep lab. 

A new treatment approach had to be considered since 
the traditional treatment options had been proven to have a 
poor response. Clonazepam, with effi cacy for both NREM 
and REM parasomnias, had shown no response, only adverse 
cognitive effects, malaise and increasing tiredness. Melatonin, 
a typical treatment option for RBD and sometimes used in 
somnambulism, had yielded no response, nor adverse effects. 
Scheduled awakening was out of the question, because there 
was no fi xed time for episodes and they repeated several 
times a night. 

A low-dose doxepin trial (5mg) was started while the 
patient was in the queue for the sleep nurse. Doxepin was 
intended to treat secondary insomnia and to stabilize sleep 
by increasing the arousal threshold. With doxepin, there was 
a risk of NREM parasomnia escalation by increasing the 
amount of deep sleep, and a risk of RSWA progression by 
possible increase of muscle tone during REM, at least with 

higher doses. The initial response to doxepin during the fi rst 
two weeks was good, and the sleep was further stabilized by 
increasing the dose up to 7.5mg. Parasomnia episodes became 
milder and less frequent.  

Psychoeducation, reassurance, behavioural guidance (risk 
minimization, optimal sleep timing, relaxation) and cognitive 
methods (stress and anxiety management, image rehearsal) 
were offered by a sleep nurse. The risks to the patient and 
his bed partner were addressed by counselling and education, 
avoiding violent consequences by sleeping apart, removing 
potentially injurious objects, providing soft obstacles to 
stop rushing around, locking the doors, etc. Image rehearsal 
therapy is an evidence-based treatment for nightmare disorder 
(51) in which the patient modifi es the recurrent nightmare 
narrative into a more tolerable form, as well as working with 
the related self-attributions and emotions. 

Finally, the patient reported a remarkable relief of 
symptoms after 2 months of treatment. Parasomnia episodes 
did not recede, but instead of several times a night they 
occurred now every second night and they were milder. 
Severe, violent attacks were remarkably reduced (2 times in 2 
months) compared to previously (several times a night). The 
daytime tiredness receded and both physical and cognitive 
performance was so improved that the patient returned to 
work and his sport hobbies, enjoying them again.
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Figure 1. The first transition from N3 to wake, 17 minutes after falling asleep. Focus on 30 
seconds between epochs. There is some fast alpha activity running on the delta waves just 
before waking. Movement artifact on EEG and an elevated chin muscle tone, and marked 
increase in pulse are shown upon waking.  

Figure 2. The second transition from N3 to wake, 50 minutes after falling asleep. A full 30-
second epoch. There is some mild hypersynchronous delta waves before waking, and an 
autonomous arousal characterized by elevation of pulse.  

Figure 1. The fi rst transition from N3 to wake, 17 minutes after falling asleep. Focus on 30 seconds between 
epochs. There is some fast alpha activity running on the delta waves just before waking. Movement artifact 
on EEG and an elevated chin muscle tone, and marked increase in pulse are shown upon waking.

Figure 1. The first transition from N3 to wake, 17 minutes after falling asleep. Focus on 30 
seconds between epochs. There is some fast alpha activity running on the delta waves just 
before waking. Movement artifact on EEG and an elevated chin muscle tone, and marked 
increase in pulse are shown upon waking.  

Figure 2. The second transition from N3 to wake, 50 minutes after falling asleep. A full 30-
second epoch. There is some mild hypersynchronous delta waves before waking, and an 
autonomous arousal characterized by elevation of pulse.  

Figure 2. The second transition from N3 to wake, 50 minutes after falling asleep. A full 30-second 
epoch. There is some mild hypersynchronous delta waves before waking, and an autonomous arousal 
characterized by elevation of pulse. 
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Figure 3. The second REM phase at midsleep. Mild RSWA is seen in the 30-second epoch. Chin 
muscle (EMG) tone is slightly elevated with frequent small twitches. There are simultaneous 
facial and limb movements detected on video, not presented here.  

Figure 4. The third REM phase with a more pronounced RSWA seen in the 30-second epoch as 
an elevated chin EMG tone (two lowest derivations).  

7. Discussion 
Here we present a parasomnia patient who suffered from violent enactment of nightmares 
clustering in the early morning hours, consistent with REM sleep behaviour disorder. However, 
his young age was atypical of RBD in the absence of predisposing neurological disease or 
drugs. He responded well to low-dose doxepin, which was somewhat unexpected for RBD, as 
in small doses it does not decrease REM sleep as much as other, more commonly used 
antidepressant medications.  

However, in favour of a predominant NREM sleep disorder, our patient had a childhood history 
of NREM parasomnias (sleep terrors, somnambulism), and typical of NREM parasomnia he was 
often confused if woken up, with frequent amnesia of sleep attacks and often only vague 
dream recall. The video-PSG findings showed signs of both REM and NREM parasomnias: the 
partial lack of muscle atonia during REM, and transitions from deep sleep to wake, both with 
motor behaviour.   

Figure 3. The second REM phase at midsleep. Mild RSWA is seen in the 30-second epoch. 
Chin muscle (EMG) tone is slightly elevated with frequent small twitches. There are 
simultaneous facial and limb movements detected on video, not presented here.
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Here we present a parasomnia patient who suffered from violent enactment of nightmares 
clustering in the early morning hours, consistent with REM sleep behaviour disorder. However, 
his young age was atypical of RBD in the absence of predisposing neurological disease or 
drugs. He responded well to low-dose doxepin, which was somewhat unexpected for RBD, as 
in small doses it does not decrease REM sleep as much as other, more commonly used 
antidepressant medications.  

However, in favour of a predominant NREM sleep disorder, our patient had a childhood history 
of NREM parasomnias (sleep terrors, somnambulism), and typical of NREM parasomnia he was 
often confused if woken up, with frequent amnesia of sleep attacks and often only vague 
dream recall. The video-PSG findings showed signs of both REM and NREM parasomnias: the 
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motor behaviour.   

Figure 4. The third REM phase with a more pronounced RSWA seen in the 30-second 
epoch as an elevated chin EMG tone (two lowest derivations).
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DISCUSSION

Here we present a parasomnia patient who suffered from 
violent enactment of nightmares clustering in the early 
morning hours, consistent with REM sleep behaviour 
disorder. However, his young age was atypical of RBD 
in the absence of predisposing neurological disease or 
drugs. He responded well to low-dose doxepin, which was 
somewhat unexpected for RBD, as in small doses it does not 
decrease REM sleep as much as other, more commonly used 
antidepressant medications. 

However, in favour of a predominant NREM sleep 
disorder, our patient had a childhood history of NREM 
parasomnias (sleep terrors, somnambulism), and typical of 
NREM parasomnia he was often confused if woken up, with 
frequent amnesia of sleep attacks and often only vague dream 
recall. The video-PSG fi ndings showed signs of both REM 
and NREM parasomnias: the partial lack of muscle atonia 
during REM, and transitions from deep sleep to wake, both 
with motor behaviour.  

For the lack of a more accurate sleep disorder diagnosis, 
we diagnosed the patient with parasomnia overlap disorder, 
POD. In ICSD-3, POD is classifi ed as a subtype of RBD 
occurring with NREM parasomnias. However, considering 
the predominant NREM parasomnia symptoms, younger age 
of onset and lack of underlying neurological disease, POD 
most likely is a distinct entity instead of an RBD subtype 
(52). An updated classifi cation of POD also comprises RBD 
sleep-related eating disorder, RBD sexsomnia, RBD rhythmic 
movement disorder and POD with neurological disorders 
(53), further blurring the clear phenomenological distinction 
between NREM and REM parasomnias. 

Two-thirds of PODs are idiopathic whereas a third 
are related to neurological morbidity, especially alpha-
synucleinopathies (54). Though the pathophysiology of 
POD is unknown, it is possible that in some cases there is 
an evolution of sleep-related motor dyscontrol by ageing, 
with a more prominent DOA component earlier in life and 
RBD becoming more prominent during later years (52). RBD 
symptoms in patients under 50 years are often associated 
with narcolepsy (33). Other pathologies linked to POD are 
multiple sclerosis, brainstem structural anomalies or lesions, 
head trauma, ethanol abuse and post-traumatic stress disorder 
(PTSD) (54). 

Despite the association between POD and PTSD, 
there is no such association between psychological trauma 
and RBD, which is linked to neurological disease, often 
a neurodegenerative process. Instead, post-traumatic and 

current psychological stressors are typical of REM nightmare 
disorder and psychological stress is associated with NREM 
disorders (34,36,37). Emotionally loaded events, even 
positive ones, are commonly reported to precede NREM 
parasomnias, possibly explained by high arousal and sleep 
stage dissociation (39).  

Surprisingly, PSG and neurologically examined NREM 
parasomnia patients later reported frequent violent and 
injurious behaviour with simple dream enactment (55). 
Possible mechanisms presented were sleep stage dissociation 
and impaired inhibitory control of motor systems (39), further 
supporting the theory of symptoms evolving from NREM 
parasomnias towards POD with behavioural and PSG features 
of RBD, and POD being distinct from RBD (52). 

In PTSD, nightmare disorder is frequently reported (up to 
80% of patients), but this diagnosis does not acknowledge the 
presence of disruptive nocturnal dream enactment behaviour. 
However, disruptive nocturnal motor behaviour accompanied 
by autonomic hyperarousal, abnormal vocalizations and 
replay of traumatic experiences in nightmares are frequently 
reported in trauma survivors with and without PTSD. Even if 
secondary REM sleep behaviour disorder is reported in PTSD 
patients, with the lack of REM atonia in PSG accompanied 
with dream enactment behaviour, no accurate diagnosis to 
encompass the complex and disruptive motor behaviour in 
PTSD is available. For these patients, a new diagnostic entity 
is suggested as “Trauma associated sleep disorder”, TSD (55). 

Typical TSD dream content is different from RBD and 
POD. The nightmares of RBD tend to have quite similar 
themes of animals and self-defence against enemies, whereas 
the nightmares of TSD are unique to each patient with 
replay of traumatic experiences (55). The preliminary TSD 
treatment approache (IRT, prazosin) focuses on nightmares 
(55). Our patient, despite having PTSD, reported no recurrent, 
identifi ed nightmare narrative to offer focus for IRT and the 
replay of traumatic experiences was infrequent. Rather, the 
dream content showed features of vague NREM dreams and 
violent fi ghting themes typical of RBD.  

Traumatic nightmare enactment may share the same 
mechanism (sleep stage dissociation and impaired inhibitory 
control of motor systems) that is suggested to lie behind 
disruptive enactment of NREM dreams (39). However, there 
is no clear explanation for the dysregulation of REM sleep 
muscle tone in PTSD patients with nightmares. Simultaneous 
hyperarousal with defi cient fi ltering of stimuli, continuous 
alertness and hyper-reactivity to potentially “threatening” 
external cues, and consequent disruption of sleep with 
incomplete transitions between sleep and wake typical of 
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parasomnia, may contribute to increased sympathetic and 
muscle tone with consequent enactment of nightmares. Other 
possible explanations include incomplete transitions between 
NREM and REM sleep, as the disruption of REM sleep may 
lead to increased homeostatic sleep pressure for intrusions of 
REM sleep into NREM sleep. 

The patient himself was described to be continuously 
at “hyperarousal state” day and night. According to his 
girlfriend, he reacted to even the smallest outside stimuli with 
violent attacks during sleep. He recognized motor hyper-
reactivity, tension and restlessness both day and night. The 
“hyperarousal state” could be related to central sensitization, 
low parasympathetic tone and high sympathetic tone (56). 
In PTSD, sensitizing of the central nervous system’s arousal 
centres can lead to pronounced central and physiological 
hyperarousal (57). 

After treatment for POD, his sleep quality and daytime 
well-being were better, probably with bidirectional causality. 
He returned to his work after a long sick leave, showing the 
clinical importance of treating comorbid sleep disorders of 
patients with psychiatric disability. 

There is no established treatment for POD. Sustained 
release melatonin and benzodiazepines have been commonly 
used medications for patients with POD, and usually the 
response has been good. In some cases, the symptoms have 
resolved after discontinuation of provoking medications, 
such as antidepressants, antipsychotics or zolpidem (50,58). 
Behavioural and psychotherapeutic techniques aimed at 
lowering arousal, stabilizing sleep and coping with stress may 
be useful for POD. In this case, the treatment of secondary 
insomnia may have reinforced the initial positive response 
to doxepin by further stabilizing sleep and offering coping 
strategies for anxiety. Because of PTSD, the patient was 
also referred to psychotherapy, which probably advances 
the recovery from parasomnias by relieving anxiety and 
hyperarousal.

As far as we know, this is the first report of doxepin used 
successfully used in the treatment of parasomnia overlap 
disorder. In small doses, doxepin acts primarily as a histamine 
H1 receptor inverse agonist. With doses above 10mg it has an 
antimuscarinic action that reduces REM sleep, thus potentially 
lowering the occurrence of REM parasomnias. Low-dose 
doxepin is recommended by the AASM (59) and the Finnish 
Sleep Research Society (60) for treatment of insomnia 
disorder, and our patient was suffering from secondary 
insomnia. Based on this case, we are cautious in making 
conclusions about the mechanism of response. At least part of 
the positive response can be linked to the normalizing action 

of doxepin on both NREM sleep and REM sleep without 
affecting brain processing or emotional pathways to the same 
degree as, for example, benzodiazepines. 

Further trials are needed to establish effective and safe 
pharmacological treatment options and to standardize non-
pharmacological methods for complex parasomnias with 
overlapping clinical pictures. In psychiatric patients, the 
predisposing antidepressant and antipsychotic medications 
should be considered as a possible secondary aetiology for 
RBD symptoms. Antidepressants indicated for concomitant 
anxiety disorder, common in NREM parasomnias, can increase 
the muscle tonus during REM sleep, thus predisposing to 
POD (61).

The quality of sleep and sleep-related symptoms are of 
clinical importance for psychiatric assessment, addressed 
by differential diagnosis as focus of treatment, and noted 
as possible factors behind relapses, residual symptoms and 
treatment-resistant psychiatric disorders. As an example 
of diagnostically challenging, debilitating and injurious 
parasomnia symptoms with psychiatric comorbidity, we 
present a patient case. The clinical picture could not be 
classified clearly to either main parasomnia category (REM 
nor NREM parasomnia), but something between them, better 
described as a parasomnia overlap disorder.
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an example of diagnostically challenging, debilitating and injurious parasomnia symptoms 
with psychiatric comorbidity, we present a patient case. The clinical picture could not be 
classified clearly to either main parasomnia category (REM nor NREM parasomnia), but 
something between them, better described as a parasomnia overlap disorder.  
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ABSTRACT

The participation rates in epidemiologic cohort studies have declined in recent decades. We aimed to evaluate the effect of home 
recruitment on participation rate and non-response bias within the individuals with psychosis in a follow-up study. The baseline 
(1999-2001) and follow-up (2008-2010) studies in the Northern Finland Birth Cohort 1966 consisted of magnetic resonance 
imaging of the brain, cognitive testing and psychiatric assessment. The participation rates were 67% (54/81) for baseline 
participants, 10% (5/49) for baseline non-participants and 35% (48/136) for those who were diagnosed with a psychosis after 
the baseline study. In order to increase participation of the individuals who had participated at the baseline (n=81), those 
who would not have participated otherwise were offered to be interviewed at home. Altogether 18 follow-up participants were 
home-recruited. Several illness-related variables were compared between the home-recruited participants, standard protocol 
participants and non-participants. The home-recruited participants had more symptoms, lower functioning, cognition and 
total grey matter volume, and higher use of antipsychotics measured at baseline (absolute values of effect sizes 0.60-1.05), 
compared to standard protocol participants and non-participants. The same differences occurred between the home-recruited 
and standard protocol participants in the follow-up. By using home recruitment we were able to increase the participation rate 
and to avoid problems of non-response bias. Effective recruitment may need special efforts in population-based studies for 
individuals with psychosis.

Abbreviations: NFBC1966: The Northern Finland Birth Cohort 1966, CRHC: the Care Register for Health Care, PANSS: the 
Positive and Negative Syndrome Scale, CGI: the Clinical Global Impression, SOFAS: the Social and Occupational Functioning 
Assessment Scale, MRI: Magnetic Resonance Imaging, TGM: total grey matter volume, CVLT: the California Verbal Learning 
Test, VOLT: Visual Object Learning Test, AIM: Abstraction, Inhibition and Working Memory task.

USING HOME RECRUITMENT TO INCREASE PARTICIPATION AND 
REPRESENTATIVENESS IN RESEARCH AMONG INDIVIDUALS WITH PSYCHOSIS

MARIANNE HAAPEA, MATTI ISOHANNI, ERIKA JÄÄSKELÄINEN, JUHA 
VEIJOLA, JOUKO MIETTUNEN 

KEY WORDS: NON-PARTICIPATION, NON-RESPONSE BIAS, PSYCHOSIS, RECRUITMENT
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INTRODUCTION

Non-participation is a serious problem in research, reducing 
sample size and statistical power, compromising both 
internal and external validity and possibly introducing 
non-response bias. Non-response bias, i.e. bias resulting 
from limiting the survey analysis to the available data, may 
occur if participants and non-participants are different with 
respect to the study variables. However, a high participation 
is neither a necessary nor a sufficient condition for unbiased 
estimation, if the study sample is representative (1). 

The participation rates in epidemiologic cohort studies 
have declined in recent decades and they are likely to decline 
even further (2,3). Participant dropout tends to increase with, 
e.g. multiple follow-ups and more complicated study designs 
becoming burdensome for the participants (3). 

Participation in health studies is lower among people 
with severe mental health problems (4), and diagnoses of 
schizophrenia (5-7), psychosis and personality disorders (8) 
have been associated with non-participation. In the Health 
2000 Study in Finland, the prevalence estimate of psychotic 
disorders was 12% higher when non-participants with a register 
diagnosis of psychosis were included in the calculations (9). 
In a five-year follow-up magnetic resonance imaging (MRI) 
study of schizophrenia cases, the participants of the follow-up 
had a shorter duration of illness and fewer negative symptoms 
at baseline than non-participants (10). Also, according to 
Candilis et al. (11) individuals with schizophrenia were more 
willing to participate in a hypothetical research protocol if 
they had less symptoms and higher decision-making capacity. 
In all, individuals with more severe psychotic illness tend to 
cumulate into non-participants.

We have previously reported that in a study of psychosis, 
including MRI of the brain, non-participants were more often 
patients with schizophrenia than with non-schizophrenic 
psychoses, they had more positive symptoms, and they had 
a higher number of hospitalizations than participants (7). In 
this paper we describe the participation of individuals with 
psychosis (cases) in a follow-up study. We specifically aimed 
to evaluate the effect of home recruitment of the baseline 
participants on participation rate and non-response bias. As 
far as we know, this is the first study evaluating the effect 
of home recruitment of individuals with psychosis in a 
population-based follow-up study.

MATERIAL AND METHODS

THE NORTHERN FINLAND BIRTH COHORT 1966

This study is based on the Northern Finland Birth Cohort 
1966 (NFBC1966), which includes all live-born babies in 
Northern Finland with a date of birth during 1966 (n=12058; 
12). Schizophrenia research in the NFBC1966 has been 
active since the mid-1990s (13). Altogether, 10932 subjects 
who lived in Finland at the age of 16 years have not denied the 
use of their data. Overall ethical permissions for the NFBC 
studies have been obtained from The Ethics Committee of 
the Northern Ostrobothnia Hospital District (EETTMK 
94/11, 17th September 2012) and signed informed consents 
have been received from all participants.

FIELD STUDIES ON PSYCHOSIS IN THE NFBC1966

In the NFBC1966, field studies on psychosis data were 
collected from individuals with psychosis and control 
subjects without psychosis. The control subjects (not used in 
this study) have been presented earlier by, e.g. Haapea et al. 
(14) and Veijola et al. (15).

Baseline study

The baseline study was conducted during 1999–2001 (mean 
age 34.2 years, standard deviation (SD) 0.8). It consisted of 
structural MRI of the brain (14,16), measures of cognitive 
functioning (17), psychiatric interviews (18) and questions 
relating to, e.g. use of antipsychotic medication (19), social 
background and substance use. 

Sample detection. Cohort members with a psychotic 
episode by the end of year 1997 were detected using the Care 
Register for Health Care (CRHC). Additionally, two subjects 
were outpatients with a psychosis detected by non-systematic 
search of outpatient records in outpatient practice during the 
data collection. The diagnoses were validated according to 
DSM-III-R. 

Participation. Altogether 91 (62%) cases participated 
and provided informed consent in writing. The data collection 
of the baseline study has been presented in detail previously 
(7). 

Follow-up study

The follow-up study was conducted during 2008–2010 (mean 
age 43.7 years, SD 0.8). The follow-up study procedure was 
extended from the baseline study with also functional MRI 
and more measures of cognitive functioning (15,20-23). The 
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participants provided informed consent at the beginning of 
the study. The interviews, the MRI scans and the cognitive 
tests were to be conducted in the Oulu University Hospital, 
in most cases during one day. Completing all parts of the 
field study took about seven hours. 

Home recruitment. In the early phase of the follow-
up study we had problems in recruitment as many of the 
cases did not want to participate with standard protocol. To 
increase the participation of the cases who had participated 
at the baseline, they were offered to be interviewed at home 
and chauffeured to the Oulu University Hospital for the 
MRI scan and cognitive testing if they were not willing to 
participate with the standard protocol. Home interviews were 
arranged beforehand on the phone, and were conducted by 
two experienced psychiatric nurses, who always visited the 
interviewees together. Home interviews lasted for about 4–6 
hours. The mean distance to the homes of the interviewees 
was 150km, maximum being 360km. The nurses chauffeured 
those who agreed to participate in the MRI scan to the Oulu 
University Hospital and back home.

Sample detection. In addition to those who had been 
identified as having a psychosis before the baseline study 
(baseline cases), we detected individuals (new cases) who 
had developed a psychosis between 1998–2008 according to 
the CRHC: those who had indications of a psychosis in the 
register data of the Social Insurance Institution of Finland 
by the end of year 2008 (i.e. sick leave or disability pension 
due to psychosis, or right for reimbursement for psychoactive 
medication); or who had reported having a psychosis or 
current high-dose (over 300mg chlorpromazine equivalents) 
antipsychotic use at 31 years of age in the questionnaire data. 
The diagnoses of those who participated were validated using 
DSM-IV.

Invitation. Addresses were received from the Population 
Register Centre. A maximum of four invitation letters were 
sent in which several examination dates were suggested. The 
suitable date was agreed during a phone call with a research 
secretary. In the invitation letter, the subjects were informed 
that associations between mental health, brain function and 
cognitive performance were to be studied. The procedure 
of the field study was introduced and a fact sheet presenting 
information on the MRI session was included. The subjects 
were told that they would have their travel expenses paid and 
that they would receive a daily allowance and refreshments. 
The possibility to participate in a shorter examination and to be 
interviewed at home was given for the cases who participated 
in the baseline study but would not have participated in the 
follow-up with the standard protocol. 

Participation. We detected 277 individuals with a 
possible psychosis (81 baseline participants with already 
confirmed psychosis, 54 baseline non-participants and 142 
new cases), of whom 266 with information on address were 
invited to participate (Figure 1). Fifty-four (67%) baseline 
participants, 5 (10%) baseline non-participants and 48 (35%) 
new cases participated. All participants provided informed 
consent in writing.

Haapea et al. Using home recruitment to increase participation and representativeness 
in research among individuals with psychosis

SPECIFICATION OF THE VARIABLES USED

The variables used in this study are presented in Table 1. 
As the home recruitment was offered for the baseline 
participants with psychosis we selected variables which were 
measured both in the baseline and follow-up studies.
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Figure 1. Flowchart of the participation of the individuals with a psychosis in the follow-up study 
on psychosis at the age of 43 years. 

7

Figure 1. Flowchart of the participation of the individuals with a psychosis in the follow-up 
study on psychosis at the age of 43 years.
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Specification of the variables used 

The variables used in this study are presented in Table 1. As the home recruitment was offered 

for the baseline participants with psychosis we selected variables which were measured both 

in the baseline and follow-up studies. 

Table 1. Variables used in the study. 

Variables used Additional information on the variables

The following for all subjects:

Participation

Follow-up (2008-2010) Participated vs. not. Separately for the home-recruited baseline participants, i.e. 
those who were interviewed at home and/or chauffeured to the MRI scan; the 
standard protocol baseline participants, i.e. those who participated without extra 
effort; the baseline non-participants and the new cases.

Baseline (1999-2001) Participated vs. not.

Demographic

Gender Men vs. women.

Education Basic, secondary, tertiary level in the end of 1997 (at the age of 31). 
Information from Statistics Finland.

Geographic area Oulu Region, Northern Ostrobothnia (other than the Oulu Region), Kainuu or 
Lapland, other parts of Finland. 

Illness-related

Diagnosis Schizophrenia (including schizophrenia spectrum diagnoses) vs. non-
schizophrenic psychoses. Information from the Care Register for Health Care, 
the Social Insurance Institution of Finland and self-report.

The following for the participants with psychosis of the baseline study:

Psychiatric assessments

Psychiatric symptoms 
(PANSS)

The Positive and Negative Syndrome Scale interview (24); higher scores 
indicate more symptoms. Subscales of positive, negative and general 
psychopathology, as well as the total score of all PANSS items.

Illness severity (CGI) The Clinical Global Impression (25); scale from 1 to 7, higher scores indicate 
more severe illness.

Social and occupational 
functioning (SOFAS)

The Social and Occupational Functioning Assessment Scale (26); scale from 0 
to 100, lower scores indicate worse functioning.

Cognitive ability

CVLT, total recall Verbal learning and episodic memory in general from the California Verbal 
Learning Test (27); lower scores indicate impairment. 

VOLT Visual Object Learning Test (28); lower scores indicate impairment and scores 
less than half of the maximum scores are considered as below chance and are 
excluded.

!  8
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Statistical methods 

Participation rates in background variables were analysed separately in baseline participants, 

baseline non-participants and new cases using chi-square test. Sample characteristics were 

analysed using chi-square test between the baseline participants, baseline non-participants and 

new cases, and between home-recruited and standard protocol participants within the baseline 

participants. The follow-up participation of the baseline participants was studied in detail. 

Separate analyses were conducted for evaluating illness severity as follows: 1) home-recruited 

(those who were interviewed at home and/or chauffeured to the MRI scan) vs. standard 

protocol participants (those who participated without extra effort); 2) home-recruited 

participants vs. non-participants; 3) standard protocol participants vs. home-recruited and 

non-participants (i.e. comparison of what difference between the participants and non-

participants would have been without home recruitment), and 4) all participants (home-

recruited and standard protocol participants) vs. non-participants (i.e. the real situation in our 

data). Effect sizes (Hedge’s g; 30) were calculated to compare PANSS symptoms, CGI, 

SOFAS, cognitive ability (CVLT, VOLT and AIM), antipsychotic medication use (dose years) 

and total grey matter volume (TGM). Significance of the differences was tested by t-test. 

TGM was also analysed using analysis of variance, adjusted for gender. The same variables 

measured in the follow-up were compared between the home-recruited and standard protocol 

participants, between the home-recruited participants and the new cases, and between the 

standard protocol participants and the new cases, using the same methods as in the baseline 

comparisons. IBM SPSS Statistics 25.0 was used to conduct the analyses. 

AIM Abstraction, Inhibition and Working Memory task (29); two outcome measures 
are used (total score on the abstraction trials and total score on the trials 
involving abstraction and memory); lower scores indicate impairment and 
scores less than half of the maximum scores are considered as below chance 
and are excluded.

Antipsychotic medication

Dose years Dose years in chlorpromazine equivalents until the baseline and follow-up 
studies. Logarithmic transformations were used in analysing the statistical 
significance. Information from the hospital and outpatient notes for the baseline 
participants only.

Brain volumes

Volume of total grey 
matter

Volume of total grey matter acquired from the structural MRI data. 

!  9

Table 1. Variables used in the study.

STATISTICAL METHODS

Participation rates in background variables were analysed 
separately in baseline participants, baseline non-participants 
and new cases using chi-square test. Sample characteristics 
were analysed using chi-square test between the baseline 
participants, baseline non-participants and new cases, and 
between home-recruited and standard protocol participants 
within the baseline participants. The follow-up participation 
of the baseline participants was studied in detail. Separate 
analyses were conducted for evaluating illness severity as 
follows: 1) home-recruited (those who were interviewed 
at home and/or chauffeured to the MRI scan) vs. standard 
protocol participants (those who participated without extra 
effort); 2) home-recruited participants vs. non-participants; 
3) standard protocol participants vs. home-recruited and non-
participants (i.e. comparison of what difference between the 
participants and non-participants would have been without 
home recruitment), and 4) all participants (home-recruited 
and standard protocol participants) vs. non-participants 

(i.e. the real situation in our data). Effect sizes (Hedge’s 
g; 30) were calculated to compare PANSS symptoms, 
CGI, SOFAS, cognitive ability (CVLT, VOLT and AIM), 
antipsychotic medication use (dose years) and total grey 
matter volume (TGM). Significance of the differences was 
tested by t-test. TGM was also analysed using analysis of 
variance, adjusted for gender. The same variables measured 
in the follow-up were compared between the home-recruited 
and standard protocol participants, between the home-
recruited participants and the new cases, and between the 
standard protocol participants and the new cases, using the 
same methods as in the baseline comparisons. IBM SPSS 
Statistics 25.0 was used to conduct the analyses.

Haapea et al.Using home recruitment to increase participation and representativeness 
in research among individuals with psychosis

PSYCHIATRIA FENNICA 
2020;51:108-121



114

RESULTS

PARTICIPATION RATES

Overall, 107 (40%) cases participated in the follow-up study. 
The participation rates between the baseline participants, 
baseline non-participants and the new cases differed 
significantly (67%, 10% and 35%, respectively, p<0.001; 
Table 2). Without home recruitment participation rate 
within those who also participated in the baseline study 
would have been only 44% instead of 67%, as out of the 54 
individuals who participated both in the baseline and follow-
up studies, 18 (33%) were home-recruited (Figure 1). Within 
the baseline participants, those with a secondary education 
had the highest participation rate, and within the new cases, 
women participated more actively than men, those living in 
the Oulu region more actively than those living in other parts 
of Finland, and those having non-schizophrenic psychosis 
more actively than those having schizophrenia (Table 2).

SAMPLE CHARACTERISTICS

The baseline participants, baseline non-participants and 
the new cases did not differ in demographic characteristics 
(Table 2). The baseline cases had more often schizophrenia 
than non-schizophrenic psychosis, whereas the new cases had 
more often non-schizophrenic psychosis than schizophrenia 
(p<0.001; Table 2). 

Within those who participated both in the baseline and 
follow-up studies, 33% were home-recruited from the Oulu 
Region and 67% from the Northern Ostrobothnia, Kainuu 
or Lapland. The geographic area for the standard protocol 
participants was the Oulu Region for 39%, Northern 
Ostrobothnia, Kainuu or Lapland for 36%, and other parts of 
Finland for 25% (p=0.031; Table 2).

COMPARISON OF THE BASELINE MEASUREMENTS 
BETWEEN THE HOME-RECRUITED PARTICIPANTS, 
STANDARD PROTOCOL PARTICIPANTS AND  
NON-PARTICIPANTS 

Compared to the standard protocol participants, the home-
recruited participants had more negative and general 
psychopathology symptoms and higher total score in PANSS 
(effect sizes (g)=1.05, 0.74 and 0.95, respectively), higher CGI 
score (g=0.60), lower SOFAS score (g=1.02) and lower levels 
of CVLT total recall (g=0.98) and VOLT score (g=0.87). 
They had used more antipsychotic medication (g=0.75) and 
had smaller TGM (g=0.77) (Table 3). The difference in TGM 
was also significant when adjusted for gender (p=0.035). 

Haapea et al. Using home recruitment to increase participation and representativeness 
in research among individuals with psychosis

Compared to the non-participants, the home-recruited 
participants had more negative symptoms in PANSS (g=0.70), 
higher CGI score (g=0.62) and lower SOFAS score (g=0.85), 
lower levels of VOLT score (g=1.05) and AIM scores (g=0.78 
for AIM without memory and g=0.76 for AIM with memory). 
They had used more antipsychotic medication (g=0.98) 
(Table 3). 

When the standard protocol participants were compared 
with a pooled group of home-recruited and non-participants, 
i.e. all those who would have been non-participants without 
the home recruitment, the standard protocol participants had 
less negative symptoms in PANSS (g=0.46), their SOFAS 
score was higher (g=0.50), level of CVLT total recall was 
higher (g=0.65), and they had larger TGM (g=0.49) at baseline 
(Table 3). Non-participants did not differ from pooled home-
recruited and standard protocol participants in their baseline 
illness severity.
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Table 2. Participation by background variables separately for the baseline participants, baseline non-participants and the new cases; 
the sample characteristics of the baseline participants, baseline non-participants and the new cases; and the participation method 
(home-recruited vs. standard protocol) within those who participated both in the baseline and follow-up studies.

Table 3. Illness severity measured at the baseline in the home-recruited participants (n=18), standard protocol participants (n=36) and 
non-participants (n=27); and pooled groups of home-recruited with non-participants (n=45) and home-recruited with standard protocol 
participants (n=54).
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Table 2. Participation by background variables separately for the baseline participants, baseline non-participants and the new cases; the sample 
characteristics of the baseline participants, baseline non-participants and the new cases; and the participation method (home-recruited vs. 
standard protocol) within those who participated both in the baseline and follow-up studies. 

Participation sample characteristics Whole sample characteristics Participation method for the 
baseline and follow-up 

participants, n = 54
Baseline 

participants,
N = 81

Baseline non-
participants,

N = 49

New cases,
N = 136

Baseline 
participants, 

N = 81

Baseline non-
participants,

N = 49

New cases, 
N = 136

Home-
recruited, 

N = 18

Standard 
protocol, 
N = 36

n (%) P1 n (%) P1 n (%) P1 n (%) n (%) n (%) P2 n (%) n (%) P3

Participation in the 
follow-up study

54 (66.7) 5 (10.2) 48 (35.3)

Gender >0.999 0.362 0.050 0.666 0.154
Men 29 (65.9) 4 (14.8) 18 (26.9) 44 (54.3) 27 (55.1) 67 (49.3) 7 (38.9) 22 (61.1)
Women 25 (67.6) 1 (4.5) 30 (43.5) 59 (45.7) 22 (44.9) 69 (50.7) 11 (61.1) 14 (38.9)

Education 0.013 0.396 0.132 0.484 0.701
Basic 9 (64.3) 0 (0.0) 7 (20.6) 14 (17.3) 11 (22.4) 34 (25.0) 4 (22.2) 5 (13.9)
Secondary 45 (71.4) 5 (14.3) 36 (40.0) 63 (77.8) 35 (71.4) 90 (66.2) 14 (77.8) 31 (86.1)
Tertiary 0 (0.0) 0 (0.0) 5 (41.7) 4 (4.9) 3 (6.1) 12 (8.8) - -

Geographic area 0.135 0.819 0.028 0.066 0.031
Oulu Region 20 (69.0) 1 (12.5) 14 (53.8) 29 (36.7) 8 (17.8) 26 (20.2) 6 (33.3) 14 (38.9)
Northern Ostrobothnia, 
Kainuu or Lapland

25 (78.1) 2 (8.0) 27 (39.1) 32 (40.5) 25 (55.6) 69 (53.5) 12 (66.7) 13 (36.1)

Other parts of Finland 9 (50.0) 2 (16.7) 7 (20.6) 18 (22.8) 12 (26.7) 34 (26.4) 0 (0.0) 9 (25.0)
Diagnosis of psychosis >0.999 >0.999 0.009 <0.001 0.704

Schizophrenia 46 (66.7) 5 (11.1) 11 (21.2) 69 (85.2) 45 (91.8) 52 (38.2) 16 (88.9) 30 (83.3)
Non-schizophrenic 
psychoses

8 (66.7) 0 (0.0) 37 (44.0) 12 (14.8) 4 (8.2) 84 (61.8) 2 (11.1) 6 (16.7)

Significance 1 between the participation rates, 2 between the baseline participants, baseline non-participants and new cases, and 3 between the home-recruited and standard 
protocol participants from Chi square test.
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Table 3. Illness severity measured at the baseline in the home-recruited participants (n=18), standard protocol participants (n=36) and non-
participants (n=27); and pooled groups of home-recruited with non-participants (n=45) and home-recruited with standard protocol participants 
(n=54). 

Home-recruited 

participants, 

n = 18

Standard protocol 

participants, 

n = 36

Non-participants, 

n = 27

Home-recruited and 

non-participants, 

n = 45

Home-recruited and 

standard protocol 

participants, 

n = 54

Effect sizes (Hedge’s g)

N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) g1 g2 g 3 g 4

PANSS

Positive symptoms 17 13.8 (5.8) 36 11.6 (4.6) 26 11.5 (4.6) 43 12.4 (5.2) 53 12.3 (5.1) 0.44 0.46 -0.16 0.17

Negative symptoms 17 21.1 (11.5) 36 12.1 (6.9) 26 13.5 (10.5) 43 16.5 (11.4) 53 15.0 (9.5) 1.05 0.70 -0.46 0.15

General psychopathology 17 27.8 (9.6) 36 22.4 (5.9) 26 23.8 (9.7) 43 25.4 (9.7) 53 24.2 (7.6) 0.74 0.42 -0.36 0.04

Total 17 62.8 (23.3) 36 46.2 (14.1) 26 48.8 (21.7) 43 54.3 (23.1) 53 51.5 (19.0) 0.95 0.63 -0.42 0.14

CGI 18 5.1 (1.8) 36 4.1 (1.5) 27 4.1 (1.5) 45 4.5 (1.7) 54 4.5 (1.7) 0.60 0.62 -0.23 0.22

SOFAS 18 40 (19) 36 57 (15) 27 54 (15) 45 48 (18) 54 51 (19) -1.02 -0.85 0.50 -0.17

CVLT, total recall 15 39.5 (13.5) 36 51.7 (12.0) 26 45.2 (14.6) 41 43.1 (14.3) 51 48.1 (13.6) -0.98 -0.40 0.65 0.21

VOLT 14 54.6 (7.5) 35 61.3 (7.8) 24 61.7 (6.2) 38 59.1 (7.5) 49 59.4 (8.2) -0.87 -1.05 0.29 -0.30

AIM

Without memory 15 21.4 (3.2) 35 23.1 (3.0) 22 23.5 (2.4) 37 22.7 (2.9) 50 22.6 (3.2) -0.56 -0.78 0.15 -0.32

With memory 13 20.0 (2.3) 35 20.9 (3.6) 22 21.9 (2.5) 35 21.2 (2.6) 48 20.7 (3.3) -0.28 -0.76 -0.07 -0.38

Dose years 15 43.0 (45.8) 29 18.4 (23.8) 20 12.1 (13.1) 35 25.4 (34.7) 44 26.8 (34.5) 0.75 0.98 -0.23 0.50

Total grey matter 17 593 (60) 33 642 (64) 26 623 (61) 43 611 (62) 50 625 (66) -0.77 -0.49 0.49 0.04

PANSS = Positive and Negative Syndrome Scale, CGI = Clinical Global Impressions Scale, SOFAS = Social and Occupational Functioning Assessment Scale, CVLT = 
California Verbal Learning Test, VOLT = Visual Object Learning Test, AIM = Abstraction, Inhibition and Working Memory task.
1 Home-recruited vs. standard protocol participants. 2 Home-recruited vs. non-participants. 
3 Standard protocol participants vs. home-recruited and non-participants, i.e. comparison of what difference between participants and non-participants would have been 
without home recruitment. 4 All participants vs. non-participants, i.e. the real situation in the data. 
Effect sizes in bold letters are statistically significant according to t-test.

PSYCHIATRIA FENNICA 
2020;51:108-121



116

Haapea et al. Using home recruitment to increase participation and representativeness 
in research among individuals with psychosis

COMPARISON OF THE FOLLOW-UP MEASUREMENTS 
BETWEEN THE HOME-RECRUITED PARTICIPANTS, 
STANDARD PROTOCOL PARTICIPANTS AND NEW 
CASES

At the time of the follow-up, compared to the standard 
protocol participants, the home-recruited participants had 
more negative and general psychopathology symptoms 
and higher total score in PANSS (g=1.11, 0.74 and 0.83, 
respectively), higher CGI score (g=0.74), lower SOFAS score 
(g=-0.74), and lower level of VOLT score (g=-0.94) (Table 4).

Compared to the new cases, the home-recruited 
participants had more positive, negative and general 
psychopathology symptoms and higher total score in PANSS 
(g=1.19, 1.47, 1.58 and 1.64, respectively), higher CGI score 
(g=0.88), lower SOFAS score (g=0.75), and lower level of 
VOLT score (g=1.11). The standard protocol participants 
had more positive and general psychopathology symptoms 
and higher total score in PANSS (g=0.82, 0.66 and 0.59, 
respectively) and larger TGM (g=0.57) compared to the new 
cases (Table 4).

DISCUSSION

MAIN RESULTS

Home recruitment substantially increased the participation 
rate of the individuals who also participated in the baseline 
study (from 44% to 67%). The home-recruited participants 
had more severe illness than the standard protocol participants 
at the baseline and follow-up. The non-participants did not 
differ from the pooled standard protocol and home-recruited 
participants based on the baseline data. However, compared 
to the home-recruited participants, the non-participants 
had less severe illness and better social and occupational 
functioning.

INTERPRETATION OF THE RESULTS

Due to the home recruitment we were able to collect data 
on people with a psychosis, who otherwise would not have 
participated in the follow-up study. Without the home 
recruitment the estimates of severity of psychotic symptoms 
or estimates of, e.g. changes in cognitive functioning or brain 
volumes over time in our sample would have been different 
and possibly biased. The home-recruited participants had 
the most severe illness followed by the non-participants, the 
standard protocol participants having the least severe illness. 
In population-based studies the aim is that data represent the 
whole population. Our data include individuals with varying 

severity and phase of psychotic illness. Unlike in many other 
studies (e.g. 8,31), we do not have the non-participants with 
more severe illness than the participants, which would have 
been the case without the home recruitment. In our study, 
the final non-participants seem to have slightly less severe 
illness than those who were home-recruited. It might be that 
the individuals with less severe illness may also be unwilling 
to participate, which may cause bias to direction of worse 
estimates of illness severity and outcome.

Participants were required to visit the Oulu University 
Hospital for the MRI scan and cognitive tests, which may 
have been difficult for some people. Oulu has good access 
by public transportation. However, from remote parts of 
Northern and Eastern Finland connections are not frequent 
and travelling may require extra effort and time which may 
be very challenging to individuals with a psychosis. Attitudes 
of individuals with schizophrenia towards participating in 
psychiatric research have been shown to depend on the type 
of research protocol: psychosocial research has been favoured 
over biological, and interviews and questionnaires over more 
invasive methods, e.g. imaging (3,32,33). Participation in our 
study was demanding with the MRI scan, cognitive testing 
and psychiatric interviews.

COMPARISON WITH PREVIOUS STUDIES

In the epidemiologic survey of all the members of the 
NFBC1966 at age of about 31 years, women participated 
more actively than men in all phases of the survey, i.e. 
postal questionnaire, clinical examination and additional 
psychometric assessments (34). In general, women tend to 
participate in studies more actively than men (e.g. 4,6,35). In 
the baseline study, there was no difference in participation 
rates between men and women (7), which is concordant with 
the participation of men and women within the baseline 
participants in the follow-up study. However, within the new 
cases women participated more actively.

Having a high level of education has been associated 
with active participation in some studies (6,31,35). In the 
epidemiologic survey of the NFBC at age of about 31 years, 
however, among subjects with a psychiatric disorder those 
who had a tertiary education participated less commonly than 
those who had a secondary education (34). In some studies, 
education has shown not to affect the participation activity 
(4,7). In this study, within the baseline participants none of 
those who had tertiary education participated.

Over one third of the baseline participants lived in the 
Oulu region compared to about one fifth of the baseline non-
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Comparison of the follow-up measurements between the home-recruited participants, 
standard protocol participants and new cases
At the time of the follow-up, compared to the standard protocol participants, the home-
recruited participants had more negative and general psychopathology symptoms and higher 
total score in PANSS (g=1.11, 0.74 and 0.83, respectively), higher CGI score (g=0.74), lower 
SOFAS score (g=-0.74), and lower level of VOLT score (g=-0.94) (Table 4).
Compared to the new cases, the home-recruited participants had more positive, negative and 
general psychopathology symptoms and higher total score in PANSS (g=1.19, 1.47, 1.58 and 
1.64, respectively), higher CGI score (g=0.88), lower SOFAS score (g=0.75), and lower level 
of VOLT score (g=1.11). The standard protocol participants had more positive and general 
psychopathology symptoms and higher total score in PANSS (g=0.82, 0.66 and 0.59, 
respectively) and larger TGM (g=0.57) compared to the new cases (Table 4).

Table 4. Illness severity measured in the follow-up study between the home-recruited and 
standard protocol participants and new cases. 

Baseline participants

Home-recruited

n = 18

Standard protocol

n = 36

New cases

n = 48

Effect sizes (Hedge’s g)

N Mean (SD) N Mean (SD) N Mean (SD) g1 g2 g 3

PANSS
Positive symptoms 18 16.3 (7.5) 34 14.1 (6.0) 46 10.1 (4.0) 0.33 1.19 0.82
Negative symptoms 18 26.7 (10.7) 34 16.0 (8.9) 46 14.8 (6.8) 1.11 1.47 0.16
General psychopathology 18 42.2 (15.5) 34 32.2 (12.3) 46 25.6 (7.9) 0.74 1.58 0.66
Total 18 85.2 (31.3) 34 62.4 (25.1) 46 50.4 815.8) 0.83 1.64 0.59

CGI 18 5.0 (1.4) 36 3.8 (1.7) 48 3.7 (1.6) 0.74 0.88 0.12
SOFAS 18 44 (15) 36 57 (19) 48 57 (19) -0.74 -0.75 0.03
CVLT, total recall 16 39.3 (15.8) 36 45.0 (15.5) 47 46.7 (11.6) -0.37 -0.58 -0.13
VOLT 11 55.1 (7.8) 32 62.5 (7.9) 47 63.1 (7.1) -0.94 -1.11 -0.09
AIM
Without memory 11 21.8 (3.0) 34 23.4 (2.8) 48 22.7 (3.2) -0.57 -0.27 0.26
With memory 10 20.2 (3.9) 29 21.2 (3.3) 45 22.2 (3.2) -0.30 -0.61 -0.31

Dose years 15 75.0 (69.5) 29 41.6 (41.4) - 0.64 - -
Total grey matter 13 576 (54) 32 599 (55) 35 570 (47) -0.42 0.14 0.57
PANSS = Positive and Negative Syndrome Scale, CGI = Clinical Global Impression, SOFAS = Social and 
Occupational Functioning Assessment Scale, CVLT = California Verbal Learning Test, VOLT = Visual Object 
Learning Test, AIM = Abstraction, Inhibition and Working Memory task.
1 Home-recruited vs. standard protocol baseline participants. 2 Home-recruited baseline participants vs. new cases. 
3 Standard protocol baseline participants vs. new cases. 
Effect sizes in bold letters are statistically significant according to t-test.

Table 4. Illness severity measured in the follow-up study between the home-recruited and standard 
protocol participants and new cases. 
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participants and the new cases. In the Health 2000 Survey, 
people living in the catchment area of Oulu University 
Hospital had the highest participation rate (4). In the baseline 
study of psychosis in the NFBC1966, people living in the 
city of Oulu had the highest participation rate (7). In our 
study, home recruitment increased markedly the participation 
of those who lived in Northern Ostrobothnia, Kainuu or 
Lapland (i.e. in the remote areas of northern Finland) within 
the baseline participants. Within the new cases, the highest 
participation rate was for those who lived in the Oulu region.

It has been suggested that people with schizophrenia may 
not be willing or able to participate in interviews (36). Our 
cohort was about 34 years old at the time of the baseline study 
and about 43 years old at the time of the follow-up study. 
Due to onset age of schizophrenia being generally between 
20 and 29 years (37), the proportion of individuals with 
schizophrenia was higher among the baseline cases compared 

to the new cases. Also, compared to the baseline cases, the 
new cases were detected using more comprehensive registers 
which detected persons treated solely in outpatient care. 
This is one reason why the non-schizophrenic psychoses 
were more likely to be found. In some previous studies non-
participation has been shown to accumulate into the group of 
schizophrenia patients (5-7). In our study, the participation 
rates did not differ between people with schizophrenia and 
non-schizophrenic psychoses within the baseline participants 
and baseline non-participants, but within the new cases those 
with schizophrenia participated less actively. 

Participants with schizophrenia from a 5-year follow-
up MRI study were shown to have a shorter duration of 
illness and fewer negative symptoms at baseline than the 
non-participants (10). We have previously found that in our 
baseline study, having more positive symptoms associated 
with lower participation rate (7). The non-participants in our 
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follow-up study did not differ significantly in their symptoms 
compared to all participants, but compared to the home-
recruited participants they had lower CGI and higher SOFAS 
scores, higher scores in VOLT and AIM, and they had used 
less antipsychotic medication. 

There are ways to encourage and increase participation 
in research, e.g. monetary incentives (38). Our participants 
received a daily allowance, their travel expenses were 
paid and they were offered refreshments during the day. 
According to the Medical Research Act no payment shall be 
made for research participants in Finland, but an appropriate 
remuneration may be paid to cover expenses or any other 
inconvenience suffered as a result of the research (39). In the 
Health 2000 Survey, home interviews were an essential part 
of the survey, and to maximize the participation, telephone 
interviews or interviews at the most convenient place for the 
interviewees were offered (4). In the Health 2000 Study the 
participants, if necessary, were also offered to be chauffeured 
to the health examination clinic or their taxi fares reimbursed. 
We offered the home interview and pick up for only the cases 
who participated in the baseline study. 

The importance of informed consent should also be 
notified. When research is clearly explained to the subjects, 
with the risks and benefits of participation, participation 
is less likely to suffer from uncertainty issues (40). All the 
invited subjects were given information about the study in the 
invitation letter and they were able to inquire about the study 
from the research secretary by phone.

METHODOLOGICAL ISSUES

Population-based studies are important in order to achieve 
a more extensive understanding of psychotic illnesses. 
In population-based samples subjects may have widely 
heterogeneous diseases in terms of severity of the illness 
and they may be in different phases of the illness. If the 
most severely ill patients drop out, differences between 
patient and control groups may be affected, as well as the 
estimates of illness course. Non-response bias may occur 
especially if participants and non-participants are different 
with respect to the survey variables (41). By comparing the 
standard protocol participants with pooled group of home-
recruited participants and non-participants, we were able to 
evaluate that without the home recruitment non-participation 
might have caused non-response bias in several estimates 
calculated from the follow-up data. 

Non-participation also causes decrease of power by 
reduced sample size. We aimed to invite all the members of 
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the NFBC1966 with a possible psychosis. In this birth cohort 
setting, the number of cases is limited and the sample size 
of the baseline study was reasonably small. Therefore, it was 
crucial to try to have as many participants of the baseline 
study as possible participate in the follow-up. We were able 
to increase the sample size of the follow-up by one third by 
using the home recruitment. 

Home interviews were conducted by two experienced 
psychiatric nurses. They always visited the participants 
together. Home interviews were time-consuming, required 
staff and were therefore reasonably expensive. The moderate 
extra costs were due to salaries of the nurses and expenses 
caused using their own car. The psychiatric nurses were 
able to build a trustful atmosphere in the interview at the 
participants’ homes and no difficulties, e.g. threat of violence 
or negative reactions from the interviewees, occurred during 
the interviews.

STRENGTHS AND LIMITATIONS

The NFBC1966 is a large population-based study with the 
opportunity to utilise data from nationwide registers. We 
have the same register information on non-participants as we 
have on participants. We also have information collected at 
the baseline, which we could use in evaluating symptoms, 
illness severity, functioning, cognition, use of antipsychotic 
medication and brain volumes between the home-recruited 
participants, standard protocol participants and non-
participants. 

Altogether our sample size is reasonably small. However, 
we tried to recruit as many cases as possible. Without the 
home recruitment the non-response bias would be of more 
concern, and it would be more difficult to attain adequate 
statistical power in comparisons in time between the cases 
and controls. However, it is also possible that those with 
less severe illness were unwilling to participate and the data 
might lead to too pessimistic conclusions. Home recruitment 
increased the participation, but it was offered only for the 
baseline participants. The geographical differences between 
the samples, i.e. larger proportion of baseline participants 
living in the Oulu Region compared to the baseline non-
participants and the new cases, may also have affected the 
participation activity, especially the low participation rate of 
the new cases.
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CONCLUSIONS

By using home recruitment we were able to increase the 
participation rate and the sample size in the follow-up study 
and collect reasonably non-biased data in terms of severity 
of illness. In population-based studies for individuals with 
psychosis, effective recruitment may need special efforts 
like home recruitment. Higher participation rates and 
more representative sample will improve the reliability and 
validity of the research.
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ABSTRACT

Despite the extensive literature on the outcome and process of psychotherapy in the treatment of depression, little is known about 
how the underlying factors of depression and the therapy process are experienced by the patients and therapists. In particular, 
the recognition of themes that are discordantly experienced by patients and therapists may have practical significance for how 
the therapy process should be conducted. We have previously developed a process description questionnaire to explore the views 
of patients with major depression and their therapists during the psychodynamic therapy process. In this study, we used factor 
analysis on the data collected with the process description questionnaire to explore the perceptions of the patients and therapists 
at different stages of the therapy process. We derived 15 clusters of variables from the questionnaire, on which we conducted 
primary and secondary factor analysis. The formation of the factors was found to be largely consistent between the patients and 
therapists regarding the alliance and affectively neutral aspects of the treatment process, whereas the variables of the patients 
vs. therapists concerning symptoms of depression and their underlying factors dispersed to a greater extent into separate factors. 
Dispersion was found especially in the experience of processing affectively laden themes and the developmental background 
factors underlying depression. Our findings refer to a defective insight of the patients into the developmental, interactional and 
affective factors underlying their symptoms. These factors should be especially targeted in psychotherapy of depression.

CONCORDANCE AND DISCORDANCE IN HOW PATIENTS AND THERAPISTS EXPERIENCE 
THE PSYCHOTHERAPY PROCESS IN THE TREATMENT OF DEPRESSION

PASI AHOLA, TOMMI HÄRKÄNEN, JOHANNES LEHTONEN, OLAVI LINDFORS,  
PAUL KNEKT, MIKKO JOENSUU, PIRJO SAARINEN, TOMMI TOLMUNEN, ESA VIRTALA, 
JARI TIIHONEN, MINNA VALKONEN-KORHONEN

KEY WORDS: PSYCHOTHERAPY PROCESS, PSYCHODYNAMIC PSYCHOTHERAPY, DEPRESSION, INSIGHT
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INTRODUCTION

Depression is one of the most common psychiatric disorders 
treated with psychodynamic psychotherapy. Despite the 
large field of psychotherapy studies, there are few studies 
on how depression manifests itself during actual treatment 
process and in the therapeutic relationship, especially 
concerning psychodynamic psychotherapy. The effects of 
past experiences on present behaviours (cognitions, affect, 
fantasies and actions) and the expression of emotions and 
avoidance of distressing thoughts and feelings are focused 
on in psychodynamic therapy, and furthermore, therapeutic 
and interpersonal relationships are also centrally targeted 
aspects (1,2,3). Concerning the treatment of depression, a 
meaningful emotional insight into contradictory, negative 
and inwardly-turned affect is often regarded to be clinically 
important (4,5). Even though these common features of 
depression and its treatment are widely described in literature 
and are well known among researchers and clinicians, their 
manifestations and how they are experienced by patients and 
therapists during the psychotherapy process has remained 
less studied. 

No consensus has been reached on how or why 
psychotherapeutic interventions produce change (6,7,8). 
Psychodynamic psychotherapy is an effective treatment for 
depression (9,10,11), but the factors affecting change remain 
largely unknown. Many studies have suggested that the 
quality of the alliance is significantly related to improvement 
within psychotherapy (12,13,14). The alliance has also been 
suggested to be an active ingredient in therapy and therefore 
plausibly therapeutic in itself (15), and the alliance may play 
a more important role in psychodynamic psychotherapy 
than in other forms of therapy (16). Even though it is clear 
that the alliance is an important variable in the process 
of psychotherapy, its therapeutic value has remained 
controversial due to its complex nature and deficiencies in 
its conceptualization and measurement. Despite numerous 
studies on the therapeutic alliance, an absence of consensus 
in its definition, unifying model and rating scale still remains. 
Thus, the function and therapeutic value of the therapeutic 
alliance has been interpreted and discussed with several 
different perspectives and emphases (17,18). Understanding 
of the emergence, unfolding and meaning of intra- and 
interpersonal processes in psychotherapy for depression 
clearly requires further study (19).

In some studies, more specific factors that may produce 
change beyond the alliance have also been indicated. Cailhol 
et al. (20) suggested that in psychodynamic psychotherapy, 

specific ingredients, such as working out the meaning of 
present symptoms or behaviours in relation to past events, 
explain the outcome to a greater extent than the therapeutic 
alliance in the treatment of depression. Zimmermann et 
al. (21) have argued that intensive psychoanalytic therapy 
is effective in the treatment of major depression and may 
produce sustained therapeutic change, specifically due to its 
distinctive psychoanalytic technique rather than its intensity 
alone.

Less attention has been paid to how patients and therapists 
experience the therapy process and the underlying factors 
of depression. In particular, recognition of the elements of 
depression in which the views of the patients and therapists 
are discordant may have relevance for the therapeutic 
work with these patients. We have previously explored this 
issue by developing a process description questionnaire in 
order to compare patient and therapist evaluations of the 
psychodynamic therapy process for depression (22). We 
found depressive patients to have significant difficulty in 
expressing or getting in touch with affective and negatively 
loaded themes. The recognition of these themes may thus 
form an important practical challenge in psychotherapy for 
depression.

In the present study, we applied factor analysis to the 
data derived from the process description questionnaire to 
identify and conceptualize the factors at work in the treatment 
process for depression from the viewpoints of both patients 
and therapists. We focused on the impact of depression on 
the core elements of the psychodynamic psychotherapy 
process, such as the capacity to explore the effects of past 
experiences, express emotions, and the functioning of the 
psychotherapeutic relationship, as well as interpersonal 
relations. We hypothesized that identification of the core 
features of depression as they are experienced by the patients 
and therapists during the treatment process may shed light on 
the mechanism of change in patients during the psychotherapy 
process.

MATERIALS AND METHODS

PATIENTS AND SETTING

This study was performed as part of an investigation into the 
outcome of psychodynamic psychotherapy at the Department 
of Psychiatry of Kuopio University Hospital in Finland. 
Altogether, 60 outpatients were referred by healthcare 
centres, the student healthcare organization and occupational 
healthcare services in the Kuopio region for an examination 
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to participate in the study. Patients considered eligible for this 
study had to be drug naïve and to have received no previous 
psychiatric treatment. They were required to meet the DSM-
IV-R (23) criteria for moderate or severe depression without 
psychotic symptoms. There was no limit to the duration of 
preceding depression. Psychotic symptoms, bipolar disorder, 
substance abuse, severe personality disorders such as 
antisocial personality disorder, and somatic illnesses were 
exclusion criteria.

Of the 60 patients referred to the project, 54 were assessed 
for eligibility at clinical evaluation and 40 of them, with a 
mean age of 27 years (range 19–51), were found to satisfy 
the criteria. During the waiting time (range 4–9 months) 
from the assessment of eligibility to treatment assignment, 
seven patients decided not to participate. Altogether, 33 
patients (25 female, 8 male) were included in the intention-
to-treat analysis. Five patients did not receive the allocated 
intervention due to moving elsewhere, having objections to 
the type of therapy, did not feel the need for the therapy or 
gave no reason not to start the psychotherapy. Three patients 
discontinued the treatment and one underwent atypical 
therapy (i.e. too low frequency of sessions). A total of 24 
patients completed the study.

In the outpatient clinic where treatment was carried out, 
a six-month waiting time before treatment was common for 
patients expecting to start psychotherapy. The clinical safety 
and ethics of this study are also supported by earlier findings 
from comparable clinical research (24). All patients provided 
written informed consent. The study was approved by the 
Ethics Committee of the North Savo Hospital District. 

THE PSYCHOTHERAPY AND THERAPISTS

The patients were offered psychodynamic psychotherapy, 
with the frequency of sessions being twice a week for one 
year. The treatment was provided in the outpatient clinic of 
the Department of Psychiatry of Kuopio University Hospital 
(25,26). The patients’ motivation and aptitude for long-term 
psychodynamic psychotherapy without medication were 
assessed by an evaluation group consisting of a psychiatrist 
together with a psychologist and/or a specially trained 
nurse. Any patients not considered suitable for the treatment 
required by the research frame or in need of more immediate 
intervention were redirected elsewhere for appropriate 
treatment. In the evaluation meeting, the patients received 
more information on the study and the treatment contract 
was established. The treatment contract was made for one 
year of therapy, but the patients were informed that they 

would have an opportunity to continue the therapy for up to 
three years based on demand and clinical evaluation.

 All the patients were treated by experienced 
psychodynamic psychotherapists with at least three years 
of postgraduate professional training in psychodynamic 
psychotherapy according to the prevailing Finnish standards. 
A total of eight therapists participated in the study: two of 
them were psychiatrists, three were psychologists and 
three were specially trained nurses. Their average length of 
experience as psychotherapists was 20 years. Filling out the 
questionnaires during the therapy process and meetings of 
the therapists once or twice a year supported a concordant 
dynamic therapeutic protocol between the therapists. 

ASSESSMENTS

Systematic data collection for the outcome variables was 
performed during the initial one-year treatment period. The 
clinical scores have been described in detail earlier (27). 
Psychiatric diagnoses on axis I were assessed using the 
Structured Clinical Interviews for DSM-IV-R (SCID-1 and 
SCID-II) (23) at recruitment to the study and on axis II after 
12 months of treatment. The assessments were conducted 
by a trained, experienced psychiatrist. Socioeconomic data 
and information on the psychiatric background (age at onset 
of the first episode of depression, diagnosis of depression 
in either parent) and somatic health were collected via a 
questionnaire (Table 1).
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8

Number of patients 33

Socioeconomic variables
Age (years) 26.8 (7.4)
Women 25/33
Living alone 23/32
Academic education   6/31
Employed or studying 21/33 

Psychiatric diagnoses 
Major depressive disorder 33/33
One or more comorbid axis I diagnoses 18/33
One or more personality disorders* 9/24

Psychiatric background and health
First episode of depression at <20 years of age 16/29
Depression diagnosed for either or both parents 18/32
Good or relatively good general health 19/30

_________________________________________________________________________________

*Diagnosis assessed after 12 months of treatment. 

Design of the clusters derived from the process variables

The data of this study were based on a specific process description questionnaire (22). The 

aim of this questionnaire was to assess the conceptions and experiences of different aspects of 

the patients’ therapy experience, estimated by both the patients themselves and their 

therapists, and gathered at different stages of the therapy. The psychotherapy process was 

assessed by using the questionnaires, which were mailed to the patients and their therapists 

according to a specific protocol in six stages, during the first year of the psychotherapy. 

Completed questionnaires were returned by mail to an independent researcher, who did not 

participate in the psychotherapy of the patients. 

Table 1. Baseline characteristics of the patients intended to 
receive treatment
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DESIGN OF THE CLUSTERS DERIVED FROM THE 
PROCESS VARIABLES

The data of this study were based on a specific process 
description questionnaire (22). The aim of this questionnaire 
was to assess the conceptions and experiences of different 
aspects of the patients’ therapy experience, estimated by both 
the patients themselves and their therapists, and gathered at 
different stages of the therapy. The psychotherapy process 
was assessed by using the questionnaires, which were 
mailed to the patients and their therapists according to a 
specific protocol in six stages, during the first year of the 
psychotherapy. Completed questionnaires were returned by 
mail to an independent researcher, who did not participate in 
the psychotherapy of the patients. 

The questionnaires contained a total of 284 items for the 
patients and 282 items for the therapists. The questions were 
divided into 15 main scales covering subjects of the treatment 
process for depression regarded as essential by the authors 
and the psychotherapy team of the Department of Psychiatry, 
Kuopio University Hospital. This clinical judgement was 
based on the theoretical knowledge of the core dynamics 
of depression, clinical experience and theory of the course 
of psychodynamic psychotherapy process for depression. 
These subjects included evaluations by the patients and their 
therapists of the impact of depression on the patient’s self-
experience and life situation, the ongoing treatment process, 
life-management skills, working capacity, self-image and 
future opportunities of the patient. The scales used a 5-point 
Likert scale, with 1 indicating full agreement and 5 full 
disagreement. Not all items were the same for patients and 
therapists, as they were designed to consider the differences 
between the perspectives of patients and therapists in assessing 
the issues involved. The internal consistency of the original 
scales was assessed by Cronbach’s alpha. The psychotherapy 
team of the Department of Psychiatry, Kuopio University 
Hospital reviewed the questionnaires to ensure the content 
validity and the timing of administration of the scales, and 
assessed whether they were coherent and reflected the issues 
relevant to the psychotherapy process for depressed patients.

For the factor analysis of this study, we selected 
the clinically most relevant variables related to the 
psychodynamics of depression from the material of the 
original scales, and from this material we produced 15 
new clusters of variables to cover essential subjects of the 
treatment in two phases of the first year of treatment (Figure 
1). The selection of the items for the clusters was based on the 
evaluation of the authors. Our basic premise in the selection 
of the variables was clinical relevance prior to statistical 

methods. Our clinical hypothesis was supported by the 
subsequent factor analysis. Five clusters consisted of data that 
were collected in an early phase during the first four months 
of the therapy process. The data for 10 clusters were collected 
after 11 months of the therapy process. Two of the clusters 
were estimated in both phases using different variables. The 
clusters contained a total of 233 variables of the patients and 
233 variables of the therapists.

STATISTICAL METHODS

The factor analysis was based on varimax rotation, and each 
cluster of variables was analysed separately for patients 
and therapists, yielding 30 factor analyses. Factors with an 
eigenvalue below 3.0 were excluded based on the scree plot 
(data not shown) in order to obtain a small number of factors. 
The number of patients was relatively small. De Winter 
et al. (28) have, however, shown that even smaller sample 
sizes can suffice to recover the factor structure. Items with 
communality below 0.30 were excluded from the analyses, 
and the interpretation of the factors were based primarily 
on variables with communalities greater than 0.6. By this 
restriction of communalities, Hogarty et al. (29) noted that 
factor recovery was good in the case of three factors, ten 
variables and sample size n=30 based on their simulations. 
In our case the sample size was slightly lower, but the 
number of variables was about the same and number of 
factors at most three in the factor analyses, thus we believe 
that factor recovery was also good in our factor analyses. 
Also, the factors obtained in our analyses appeared to be 
highly overdetermined (there were high loadings on at least 
three to four variables and the factors exhibited good simple 
structure), which was also shown to improve the factor 
analysis solution. In the secondary factor analysis, all factor 
score variables from the clusters were analysed together in 
a single factor analysis, again with varimax rotation, to find 
possible latent variables explaining the factors of different 
clusters.

Concordance and discordance in how patients and therapists experience 
the psychotherapy process in the treatment of depression
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1.  Emergence of a rational treatment alliance 
2.  Recognition of depression and hopelessness 
 within the treatment setting 
*3a. Affective relationship between the patient and 
 the therapist 
4.  Current self-experience

*3b. Affective relationship between the patient 
 and the therapist
*5b. Capacity for insight
6. Object relationships
7. Processing of the patient’s aggression
8. Work and other occupational problems
9. Working with the depressive mental contents 
 and hopelessness
10. Experiences of being understood and mirrored 
 in the therapy
11. Recognition of changes that psychotherapy has 
 made possible
12. Alleviation of depression

   After 11 months of psychotherapy

Within four months of psychotherapy

*Clusters 3 and 5 were estimated in both phases by 
different variables

Figure 1.

Concordance and discordance in how patients and therapists experience 
the psychotherapy process in the treatment of depression
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RESULTS

FIRST-ORDER FACTOR ANALYSIS

In total, 70% of the variables of the therapists and 69% of 
those of the patients were loaded in factor analysis when 
communality less than 0.30 was the exclusion criterion. 
From the variable composition of the 15 respective clusters, 
13 formed at least one factor for both the patients and 
therapists when factors with an eigenvalue greater than 3.0 
were included, thus suggesting factor analytic validity of 
the composition of the clusters. Altogether, 19 factors were 
formed using the patient variables and 16 factors using the 
therapist variables, with slightly differing compositions 
of variables. These factors were labelled in relation to the 
process of the therapy in order to describe the clinical and 
therapeutic content of the respective factor.

The data gathered at the 4-month point formed 
similar factors in both groups concerning the recognition 
of depression and hopelessness within the treatment, the 
affective relationship between the patient and the therapist 
and the current self-experience. The variables of the cluster 
“Emergence of a rational treatment alliance” only formed a 
factor for the therapists.

At the 11-month point, four variable clusters were loaded 
differently in the patients compared to the therapists (Table 2). 
The cluster “Affective relationship between the patient and the 
therapist” loaded into three factors labelled as “Confidence 
in the therapist’s assistance”, “Experience of the therapist as 
a person”, and “Experience of one’s own significance to the 
therapist”, thus representing more detailed dimensions of the 
relationship as experienced by the patients. In the therapists, 
this cluster formed two factors labelled as “Confidence in the 
method in relation to the patient” and “Quality of the affective 
relationship between the patient and the therapist”, indicating 
that the therapists’ view differed regarding the content of the 
affective relationship. 

A more detailed factor structure also emerged in three 
other clusters of the patients. The cluster “Object relationships” 
was divided into two factors labelled as “Functionality of the 
object relationships” and “Experience of the self in relation to 
objects”. The clusters “Processing of the patient’s aggression” 
and “Functionality of the therapeutic working relationship” 
were also divided into two factors. The factors derived 
from the former cluster were labelled as “Difficulties with 
aggression” and “Aggression in the service of self-esteem”. 
The factors derived from the latter cluster were labelled as 
“Functionality of the therapeutic working relationship” and 

“Dependency on the therapist” as a separate satellite factor 
of the former.

The cluster “Capacity for insight” was loaded similarly 
in patients and therapists into two factors labelled as 
“Understanding of one’s own mental functioning” and “Effects 
of one’s developmental history on mental functioning”. This 
cluster only loaded at the 11-month point of evaluation.
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Table 2. Formation of the factors at the 11-month point when factors 
with an eigenvalue greater than 3.0 were included

Variable cluster                                                                     Factors

Patients Therapists

3b. Affective relationship 
between the patient and the 
therapist

3bP1. Confidence in the therapist's 
assistance!

3bT1. Confidence in the method in 
relation to the patient!

3bP2. Experience of the therapist as a 
person!

3bT2. Quality of the affective relationship 
between the patient and the therapist  

3bP3. Experience of one.s own 
significance to the therapist!

5b. Capacity for insight 5bP1. Understanding of one.s own mental 
functioning

5bT1. Understanding of one.s own mental 
functioning 

5bP2. Understanding of the effects of one's 
developmental history on mental 
functioning

5bT2. Understanding of the effects of 
one's developmental history on mental 
functioning

6. Object relationships 6P1. Functionality of the object 
relationships

6T. Object relationships
6P2. Experience of the self in relation to 
objects!

7. Processing of the patient’s 
aggression

7P1. Difficulties with aggression 7T. Processing of the patient’s aggression 

7P2. Aggression in the service of self-
esteem

8. Work and other occupational 
problems

8P. Work and other occupational problems 8T. Work and other occupational problems

9. Working with the depressive 
mental contents and 
hopelessness

9P. Working with the depressive mental 
contents and hopelessness

9T. Working with the depressive mental 
contents and hopelessness

10. Experiences of being 
understood and mirrored in the 
therapy

10P. Experiences of being understood and 
mirrored in the therapy

10T. Experiences of being understood and 
mirrored in the therapy

11. Recognition of changes that 
psychotherapy has made 
possible 

11P. Recognition of changes that 
psychotherapy has made possible 

11T. Recognition of changes that 
psychotherapy has made possible 

12. Alleviation of depression 12P. Alleviation of depression 12T. Alleviation of depression

13. Functionality of the 
therapeutic working 
relationship

13P1. Functionality of the therapeutic 
working relationship

13T. Functionality of the therapeutic 
working relationship

13P2. Dependency on the therapist

PSYCHIATRIA FENNICA 
2020;51:122-141



130

Ahola et al. Concordance and discordance in how patients and therapists experience 
the psychotherapy process in the treatment of depression

Factor                      

Within four months of psychotherapy

1T Emergence of a rational treatment alliance 4.45 0.81

2P Recognition of depression and hopelessness within the 
treatment setting

8.79 0.72

2T Recognition of depression and hopelessness within the 
treatment setting 

4.96 0.50

3aP Affective relationship between the patient and the therapist 4.23 0.46

3aT Affective relationship between the patient and the therapist 3.03 0.58

4P Current self-experience 6.06 0.54

4T Current self-experience 6.49 0.59

After 11 months of psychotherapy

3bP1 Confidence in the therapist's assistance 10.02 0.42

3bP2 Experience of the therapist as a person 4.68 0.20

3bP3 Experience of one's own significance to the therapist 3.09 0.13

3bT1 Confidence in the method in relation to the patient 13.99 0.58

3bT2 Quality of the affective relationship between the patient 
and the therapist 

3.11 0.13

5bP1 Understanding of one's own mental functioning 8.54 0.54

EigenvalueLabel Propor-
tion

The factors “Functionality of the object relationships” and 
“Confidence in the therapist’s assistance” had the highest 
eigenvalues in the patients. The first of these accounted 
for 56% of the variance and the second for 42%. In the 
therapists, the highest eigenvalues were recorded for the 
factors “Confidence in the method in relation to the patient” 
and “Object relationships”. The first of these accounted for 
58% of the variance and the second for 63% (Table 3).

The highest proportion of variance in the patients was 
accounted for by the factors “Alleviation of depression” 
and “Experiences of being understood and mirrored in the 

therapy”, the respective percentages being 82% and 77%. In 
the therapists, the corresponding factors were “Emergence 
of a rational treatment alliance” and “Experiences of being 
understood and mirrored in the therapy”. The former 
accounted for 81% and the latter for 80% of the variance 
(Table 3).

Table 3. Eigenvalues of primary factors,  
excluding factors with an eigenvalue below 3.0
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5bP2 Understanding of the effects of one's developmental 
history on mental functioning 

4.01 0.25

5bT1 Understanding of one's own mental functioning 7.92 0.51

5bT2 Understanding of the effects of one's developmental 
history on mental functioning 

3.96 0.26

6P1 Functionality of the object relationships 11.15 0.56

6P2 Experience of the self in relation to objects 3.41 0.17

6T Object relationships 12.09 0.63

7P1 Difficulties with aggression 3.85 0.35

7P2 Aggression in the service of self-esteem 3.01 0.28

7T Processing of the patient’s aggression 6.66 0.52

8P Work and other occupational problems 5.06 0.72

8T Work and other occupational problems 5.80 0.71

9P Working with the depressive mental contents and 
hopelessness

6.34 0.63

9T Working with the depressive mental contents and 
hopelessness 

5.80 0.65

10P Experiences of being understood and mirrored in the 
therapy 

6.89 0.77

10T Experiences of being understood and mirrored in the 
therapy 

6.93 0.80

11P Recognition of changes that psychotherapy has made 
possible 

3.83 0.54

11T Recognition of changes that psychotherapy has made 
possible 

5.86 0.71

12P Alleviation of depression 5.84 0.82

12T Alleviation of depression 5.76 0.78

13P1 Functionality of the therapeutic working relationship 4.26 0.35

13P2 Dependency on the therapist 3.24 0.27

13T Functionality of the therapeutic working relationship 5.06 0.43
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SECOND-ORDER FACTOR ANALYSIS

The combined analysis of all factors of the patients and 
the therapists yielded three second-order factors, which 
accounted for 80% of the variance. The primary factors of 
the therapists loaded into two of these second-order factors, 
and the primary factors of the patients loaded into all three 
second-order factors (Table 4). These factors were named, in 
an analogous way to the description of the primary factors, 
according to their feasible clinical content with respect to the 
therapeutic process.

Factor 1: Coping with depression 
This factor had the highest eigenvalue and accounted for 
46% of the total variance. Thirteen factors of the therapists 
and eight factors of the patients loaded into this second-order 
factor, six of which were the same in the patients and the 
therapists. Five of these six factors were related to working 
with the depressive mental contents within the therapeutic 
relationship, coping with depression, recovery from 
depression with the support of the therapist or the emotional 
relationship of the therapeutic alliance. The remaining factor 
identified current self-experience.

Seven other factors of the therapists loaded into this 
second-order factor. They represented themes that widely and 
more profoundly identified mental functioning and difficulties 
associated with depression or the treatment relationship, such 
as factors related to the quality of the emotional relationship 
of the therapeutic alliance or to the processing of aggression. 
The two remaining factors of the patients loaded into this 
second-order factor represented experience of the self in 
relation to others and confidence in the therapist’s assistance. 
The factor “Alleviation of depression” had the highest 
communality in both the therapists and the patients for this 
second-order factor (Table 4).

Factor 2: Coping with present and past reality
The patient and therapist factors from the first-order analysis 
loaded differently on this second-order factor, and they 
accounted for 19% of the total variance. The three factors 
of the therapists were related to the effects of developmental 
history on mental functioning and on the underlying factors 
of depression, to the object relationships or to the rational 
treatment relationship. The two factors of the patients loaded 
into this second-order factor identified work and other 
occupational problems and problems with aggression.

The factors of the therapists “Understanding of the 
effects of one’s developmental history on mental functioning” 

and “Object relationships” had the highest communalities for 
this second-order factor (Table 4).

Factor 3: Understanding of self-experience
This second-order factor was only composed of patient 
factors, accounting for 15% of the total variance. Three of 
the seven primary factors were loaded into this second-
order factor and they had in common qualities related to 
the experience of depression and its underlying factors, 
such as the effects of one’s developmental history on mental 
functioning. Four factors, representing experience of the self 
in relation to others and to the therapist, were also loaded 
into this factor.

The highest communalities for this second-order factor 
were in “Understanding of one’s own mental functioning” 
and “Recognition of depression and hopelessness within the 
treatment setting” (Table 4).

Concordance and discordance in how patients and therapists experience 
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Factor Label Communality

Coping with depression (Eigenvalue = 12.66, Proportion = 
0.46)     

12P Alleviation of depression 0.90

12T Alleviation of depression 0.88

10T Experiences of being understood and mirrored in the therapy 0.87

11T Recognition of changes that psychotherapy has made possible 0.84

13T Functionality of the therapeutic working relationship 0.79

5bT1 Understanding of one's own mental functioning 0.77

13P1 Functionality of the therapeutic working relationship 0.70

11P Recognition of changes that psychotherapy has made possible 0.70

10P Experiences of being understood and mirrored in the therapy 0.68

9P Working with the depressive mental contents and hopelessness 0.67

4P Current self-experience 0.62

7T Processing of the patient’s aggression 0.61

8T Work and other occupational problems 0.57

3bT2 Quality of the affective relationship between the patient and the 
therapist

0.56

3bT1 Confidence in the method in relation to the patient 0.55

6P2 Experience of the self in relation to objects 0.52

5T Current self-experience 0.49

Table 4. Second-order factor analysis of all factors of the patients and 
the therapists, excluding factors with communality below 0.30 
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3bP1 Confidence in the therapist's assistance 0.48

2T Recognition of depression and hopelessness within the treatment 
setting 

0.47

9T Working with the depressive mental contents and hopelessness 0.45

3aT Affective relationship between the patient and the therapist 0.43

Coping with present and past reality (Eigenvalue = 5.16, 
Proportion = 0.19)      

5bT2 Understanding of the effects of one's developmental history on 
mental functioning 

0.87

6T Object relationships 0.81

8P Work and other occupational problems 0.74

7P1 Difficulties with aggression 0.53

2T Emergence of a rational treatment alliance 0.52

Understanding of self-experience (Eigenvalue = 4.05, 
Proportion = 0.15)     

5bP1 Understanding of one's own mental functioning 0.85

2P Recognition of depression and hopelessness within the treatment 
setting 

0.80

13P2 Dependency on the therapist 0.69

6P1 Functionality of the object relationships 0.65

5bP2 Understanding of the effects of one's developmental history on 
mental functioning 

0.60

3aP Affective relationship between the patient and the therapist 0.48

3bP2 Experience of the therapist as a person 0.43

" !$&
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DISCUSSION

The aim of the present study was to identify and conceptualize 
the factors at work in the process of psychodynamic 
psychotherapy for depression based on the views of both 
the patients and therapists. We applied factor analysis to 
investigate the experiences and perceptions of the patients 
and therapists of the commonly targeted core elements of 
the treatment. Below, we separately discuss our findings in 
relation to the outcomes of the primary and secondary factor 
analysis.

PRIMARY FACTOR ANALYSIS

More than 2/3 of all the process variables were loaded in 
factor analysis with communality higher than 0.30. Of the 15 
clusters designed to characterize the psychotherapy process 
of depressive patients, 13 formed at least one factor for 
both the therapist and patient variables. The good loading 
of the variables and the formation of the factors suggest 
that selected variables and their clustering had clinical 
validity. Moreover, the joint behaviour of the patient and 
therapist clusters suggests that the patients and the therapists 
were reciprocally tuned to the therapeutic work with the 
depression of the patient.

In the early stage of the treatment, both the patient and the 
therapist variables formed no more than a single factor from 
each cluster, whereas at the end of the first year of treatment, 
five clusters of the patients and two clusters of the therapists 
divided into two or more factors. A long enough period of 
therapeutic work seems to be required before a more detailed 
evaluation of the different dimensions of the clusters becomes 
meaningful.

The formation of the factors revealed several differences 
between the patients and therapists in their way of experiencing 
and perception of the therapy process and the manifestation 
of depression. The variables of the cluster “Emergence of 
a rational treatment alliance” only formed a factor for the 
therapists, which probably indicates that in the early stage of 
the treatment the patients’ expectations are more concentrated 
on the experience of therapeutic help in the midst of their 
difficulties, while the therapists also pay specific attention to 
the functioning of the working relationship and the wider life 
situation of the patient (30).

The variables of the cluster “Capacity for insight” did 
not form a factor for either the therapists or the patients in 
the early stage of treatment, but loaded after 11 months of 
therapy and formed two factors for both of them. It is likely 

that the experience of insight only occurs as the therapy 
process gradually develops and not in the initial stage of the 
treatment. The formation of insight at the end of the first year 
as a factor in both patients and therapists indicates that the 
meaning of gaining understanding was recognized at this 
stage. This is in line with Høglend (31) and Kallestad et al. 
(32), who have suggested that insight is a specific mechanism 
of change in dynamic psychotherapy that requires a long 
enough time to produce change. Insight has been suggested 
to be a relevant mechanism of change even across different 
psychotherapeutic treatment modalities in a recent meta-
analysis by Jennisen et al. (36). Moreover, increased insight 
may also have had relevance in the findings from the Helsinki 
Psychotherapy Project (33,34,35) of the sustained benefits of 
long-term psychodynamic psychotherapy in comparison with 
short term therapies. 

 In the early stage of the therapy, the variables of the 
cluster “Affective relationship between the patient and the 
therapist” formed one factor for both the patients and the 
therapists. After 11 months, however, they formed three 
factors for the patients and two factors for the therapists, 
suggesting a different evolution of understanding between 
the patients and therapists over the second period. The factors 
of the patients emphasized confidence in the therapist’s 
assistance, experience of the therapist as a person and 
experience of one’s own significance to the therapist, whereas 
the therapist factors brought up the importance of confidence 
in the method and the quality of the affective relationship. 

The difference between the patients and the therapists 
in this respect highlights the significance of the evaluator’s 
perspective. The perspective of the patients concerning the 
affective relationship reflects self-uncertainty and the need 
for help, whereas the viewpoints of the therapists have a 
more professional basis. Patient factors appear to reflect the 
activation of narcissistic vulnerability and dealing with low 
self-esteem in relation to the therapist. These two themes 
have been suggested to reflect core features in depression (4). 
Their activation, and working through within the transference, 
is presumably essential in bringing about positive changes. 
Increasing awareness of the repetitive and fantasy-driven 
nature of depressive thinking and behaviour is commonly 
assumed to enable change to occur, particularly in patients 
with long-standing problems in interpersonal relationships 
(37,38,31) 

The therapists appeared to aim at a comprehensive 
understanding of the overall situation of the patient, including 
the various underlying causes of the symptoms of depression, 
such as developmental, interpersonal and psychosocial 
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factors, whereas the patients seemed to experience the factors 
affecting their condition and the process of therapy as more 
divided into separate issues. This difference may relate to 
the difficulty of the patients in experiencing, communicating 
and gaining insight into aggressive and other affectively 
loaded mental contents, especially within the treatment 
relationship. This would be in agreement with the commonly 
found difficulties of depressed subjects in experiencing and 
expressing affect, on a conscious level, especially negative 
affect and inhibited anger (39,5). The promotion of affective 
experience and expression has been found to be associated 
with improvement over the course of psychodynamic 
psychotherapy (40,41). The apparent ambiguity among the 
patients in conceptualizing these themes probably also made 
their activation during the first year of the therapy process 
difficult. The distribution of the variables of the patients into 
several factors relative to the therapists may additionally 
indicate a more subjective evaluation of the process by the 
patients, due to their need for help and support during the 
depressive episode, which would be in line with the finding 
that hospitalized patients with major depression prefer 
supportive psychotherapy (42).

The factors of the patients “Confidence in the therapist’s 
assistance” and “Functionality of the object relationships”, 
and respectively the factors of the therapists “Confidence 
in the method in relation to the patient” and “Object 
relationships”, explained the largest proportion of common 
variance. These findings emphasize the significance of the 
value of the working out of the therapeutic relationship (5).

SECOND-ORDER FACTOR ANALYSIS

In the second-order factor analysis, all primary factors of 
the patients and therapists were pooled together, resulting 
in three second-order factors. The first factor, which we 
labelled as “Coping with depression”, appeared to represent 
at the content level more broadly the state of a depressed 
patient. The second factor, labelled as “Coping with present 
and past reality”, represented more the difficulties and the 
obstacles related to the depression. The third factor, labelled 
as “Understanding self-experience”, contained elements 
which represented emotional insight into the underlying 
factors of depression. 

Most of the primary factors loaded into the same second-
order factor, labelled as “Coping with depression”. The good 
concordance of loadings between patients and therapists 
suggests that the work within the therapeutic couple was 
satisfactorily tuned for coping with depression and not driven 

by the preconceptions of the therapist. In therapists only, 
possibly depression-related contributing factors of mental 
activity and themes related to the therapeutic relationship and 
method also loaded into this factor.

 These differences in the loadings of the themes between 
the patients and the therapists are in line with the results of the 
primary factor analysis and provide methodological support 
to the generalizability of its results (43). From both analyses, 
the same trend becomes evident: the therapists perceived 
the situation of the patient and the therapy process more 
comprehensively, while the experience of the patients was 
more heterogeneous. 

The primary factors that loaded into the second factor 
named as “Coping with present and past reality” were 
different in the therapists and the patients. In the therapists, 
this second-order factor appeared to reflect the underlying 
developmental factors of depression as they were revealed 
within the therapeutic relationship. The patients’ factors 
appeared to mainly reflect difficulties with aggression in 
respect of occupational problems, thus probably representing 
more the obstacles to than the factors promoting the therapy. 

Only primary factors of the patients concerning the 
underlying factors of depression and experience of the self in 
relation to others loaded into the third factor, “Understanding 
of self-experience”. The primary factors “Understanding 
of one’s own mental functioning” and “Recognition of 
depression and hopelessness within the treatment setting” had 
the highest communalities for this second-order factor. The 
emphasis of these themes in the patients plausibly associates 
with the progress of treatment. According to Gabbard (44), 
for example, central to the psychodynamic approach with 
depressed patients is the establishment of the interpersonal 
meaning and context of their depression. The formation of 
a separate second-order factor only in patients regarding 
these subjects also further suggests that the patients perceive 
the symptoms of depression and its determinants as less 
integrated than the therapists.

STRENGTHS AND LIMITATIONS

The strengths of the study are the inclusion of drug-naïve 
subjects, the absence of significant previous treatment, 
the homogeneity of the training of the therapists, and the 
ethnically and culturally homogeneous patient sample. The 
small number of subjects is an obvious limitation. On the 
other hand, De Winter et.al. (28) have suggested that for 
loadings higher than 0.8 and one factor, even sample sizes 
smaller than 10 are sufficient for factor recovery, and when 
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loadings are as high as 0.9, even with a high number of factors 
(f=4) and a limited number of variables (p=12), a sample size 
of 12 may suffice. Also, the simulation study by Hogarty 
et al. (29) suggested that high communalities and a small 
number of highly overdetermined factors can provide good 
recovery of factors even in the case of small sample size. 
Moreover, assessment of the validity of the used variable 
clusters remained incomplete in this study and requires 
further work. Finally, all except two patients continued 
their psychotherapy after the first year, which might have 
caused heterogeneity in the therapeutic relationships and 
in the phase of their therapeutic process in our sample, and 
thus limits the generalization of our finding to the long-term 
psychodynamic psychotherapy process.

CONCLUSIONS

The analysis yielded factors that appear to be clinically 
relevant and in concordance with the nature of depression 
and its treatment with psychotherapy. The formation of 
the factors was largely consistent between the patients 
and the therapists, reflecting a good mutual tuning to the 
therapeutic work with depression. The main finding was 
the significant difference between the patients and the 
therapists in perceiving the overall situation of the patients, 
including the symptoms and their underlying factors, such 
as developmental, interpersonal and psychosocial issues. 
The variables representing these themes were dispersed to a 
greater extent into separate factors in the patients compared 
to the therapists. The depressive patients seemed to be less 
able to perceive in an integrative way the background factors 
of depressive symptoms and to detect a connection between 
these and depression. 

The results of the present study are in accordance with our 
previous more qualitative analysis (22) and indicate that the 
perceptions and experiences of patients and their therapists 
differ, especially with respect to affective and negatively 
loaded themes and object relationships. We hypothesize 
that the working through of these themes is important for 
achieving understanding of the underlying factors of the 
symptoms and for creating a meaningful connection between 
the past and present in patients with depression.
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ABSTRACT

Transcranial electrical stimulation (tES) has shown promise in the treatment of conditions such as depression and chronic pain 
with mild-to-moderate adverse effects (AEs). Few previous studies have attempted to identify factors predicting tES-induced 
AEs. In particular, AEs resulting from repeated sessions of tES remain understudied. We conducted an exploratory retrospective 
analysis of two independent randomized controlled studies to investigate whether lifestyle factors (i.e. chronic alcohol use, 
smoking, exercise, and quality and length of sleep) modify the severity and frequency of tES-induced AEs, and evaluated the 
progression of AEs over repeated sessions.

We utilized two double-blinded samples: 1) a male sample (n=82) randomized to receive transcranial direct current 
stimulation (tDCS) or sham for 5 days, and 2) a mixed-sex sample (n=60) who received both transcranial random noise 
stimulation (tRNS) and sham in a crossover setting. The severity of AEs was recorded on a scale of 0-100. The data was 
analysed using negative binomial models. In addition, we performed power calculations and, to guide future research, 
evaluated the numbers of individuals needed to detect non-significant observations as significant. 

By day 5, the tDCS group experienced more sensations under the electrodes than the sham group. Alcohol use, smoking, 
exercise, or quality or duration of sleep did not appear to be associated with the intensity of the AEs. The subsequent power 
analyses indicated that substantially larger samples would be needed to detect the observed associations as significant.

Repetitive sessions do not appear to introduce additional AE burden to individuals receiving either tDCS or tRNS, at 
least with protocols lasting up to 5 days. Alcohol use, smoking, exercise, or quality or duration of sleep appear to only have 
an effect of negligible size, if any, on AEs induced by tDCS or tRNS, and studies with sample sizes ranging from roughly 100 
individuals to hundreds of thousands of individuals would be required to detect such effects as significant.

THE IMPACT OF LIFESTYLE FACTORS ON THE INTENSITY OF ADVERSE EFFECTS 
IN SINGLE AND REPEATED SESSION PROTOCOLS OF TRANSCRANIAL ELECTRICAL 
STIMULATION: AN EXPLORATORY PILOT STUDY

AARON KORTTEENNIEMI, ALFREDO ORTEGA-ALONSO, AMIR-HOMAYOUN JAVADI, OWEN 
THOMAS, TOMMI TOLMUNEN, TUUKKA KOTILAINEN, JAN WIKGREN , SOILI M. LEHTO

KEY WORDS: TDCS, TRNS, BRAIN STIMULATION, ADVERSE EFFECTS
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INTRODUCTION

Transcranial electrical stimulation (tES), a non-invasive 
method for modulating neuronal activity, has attracted 
increasing interest among both clinicians and researchers 
during the past decade. In tES, a small electrical current is 
introduced into the brain via electrodes placed on the scalp, 
with the aim being to modulate the sensitivity and activity of 
neurons (1–6). The term tES encompasses several methods, 
including transcranial direct current stimulation (tDCS) and 
transcranial random noise stimulation (tRNS). The electrical 
fields generated by tES are not considered sufficient to evoke 
action potentials by themselves, although they can modulate 
neuronal excitability (7). 

tDCS is the oldest tES method in present-day use; its 
relatively low costs, its favourable safety profile, and the 
potential for home application have made it an attractive 
option for the clinical treatment of a variety of psychiatric 
and neurological conditions. tDCS has shown promise in the 
treatment of non-drug resistant major depressive disorder, 
fibromyalgia pain and addiction disorders (8–10). tRNS, 
as a newer variation of tES, has received far less attention 
in the literature. The cortical effects of tRNS appear to be 
similar to those of anodal tDCS, i.e. the excitability of the 
underlying cortex has been suggested to be enhanced after 
stimulation (11). Perhaps as a consequence, tRNS has been 
investigated for indications similar to tDCS. Since knowledge 
on the potential clinical indications of tRNS remains limited, 
it would be advantageous to have a detailed awareness of its 
adverse effects in order to assess its true clinical potential.

The typical adverse effects (AEs) of tES include 
both local, skin-related effects such as itching or tingling 
sensations under the electrodes and skin redness under the 
electrodes after the treatment (12–14), and more generalized 
effects, such as tiredness and headache (15). Adverse effects, 
however, are quite rare. In a systematic review by Aparício 
et al., (16) looking at acceptability and tolerability of tES 
across 64 studies and 2262 participants, the authors indicated 
that due to the inadequate or non-existent reporting of AEs 
they were unable to conduct a statistical analysis of the 
tolerability (i.e. frequency of adverse effects). Furthermore, 
Moffa et al. (17) pooled all adverse effects together in their 
analysis, and found that the presence of anxiety disorders and 
a higher current density both predicted a higher number of 
AEs. Another study conducted by McFadden (18) stated that 
prior application of a topical anaesthetic was linked with less 
intense skin sensations. A larger electrode size, when keeping 
current density constant (19), and the use of tap water as 

the contact media (20) have been reported to be associated 
with more AEs. Nevertheless, while some research has been 
conducted on factors predicting tES-induced adverse effects, 
the significance of these factors remains unresolved.

Lifestyle factors such as smoking (21) and exercise 
habits (22) have been reported to modulate the motor evoked 
potential changes induced by tDCS. Thus, as some lifestyle 
factors modulate the neural effects of tES, they may also have 
an impact on tES-induced AEs. Smoking and insufficient 
sleep have also been associated with an increased likelihood 
for headaches (23), potentially creating an adverse add-on 
effect together with tES. Physical exercise has been shown 
to prevent both tension-type headache and migraines (24), 
whereas insufficient sleep has been claimed to be associated 
with headache (25). Chronic smoking is known to reduce 
cutaneous blood flow and impair the vasodilatory response 
(26). Chronic alcohol use can also cause oxidative stress and 
chronic inflammation of the skin (27), which could in turn 
sensitize the skin. Poor sleep quality and quantity increase 
skin aging, decrease its barrier function and worsen recovery 
from erythema, perhaps making skin more susceptible to 
adverse effects (28). However, even though one can speculate 
that these factors provide a potential linkage between lifestyle 
factors and tES-induced AEs, we are not aware of any studies 
investigating their impact. 

In addition to lifestyle factors, repeated stimulation 
sessions could also exacerbate adverse effects – skin irritation 
and damage could be cumulative, leading to more intense 
effects as stimulation sessions are repeated. In recent years, 
longer stimulation protocols have become more and more 
common, several of these protocols have been described 
recently (29–31). We have previously observed (32) that 
repeated stimulation sessions do not appear to affect skin 
erythema, but as far as we are aware, there are no reports on 
the impact of repeated sessions on other AEs.

In conclusion, there are only a limited number of studies 
which have examined predictors for tES-induced adverse 
effects, and to the best of our knowledge, none of them 
have focused on lifestyle factors. In addition, the effects of 
cumulative stimulations are also largely unknown. Therefore, 
we performed a retrospective exploratory analysis to take 
the first steps to understand whether chronic alcohol use, 
smoking, exercise, and quality and duration of sleep would 
have any effect on the intensity of the adverse effects of tDCS 
or tRNS. We hypothesized that tobacco and alcohol use, and 
poor quality or insufficient sleep would increase the intensity 
of AEs, whereas they would be reduced by exercise. However, 
regarding the specific effect of smoking on skin erythema, we 
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hypothesized that tobacco use would decrease skin erythema 
via an impaired vasodilatory response. Based on our previous 
results (32), we expected that repeated stimulations would not 
increase the incidence of adverse effects.

METHODS 

STUDY SAMPLES 

This study utilized samples from two studies. The first study 
was conducted using tDCS and the second study using tRNS. 
In the rest of the article, we will refer to these as “tDCS 
study” and “tRNS study”, respectively. 

The first sample (tDCS study) was gathered as part 
of the Optimizing Transcranial Electrical Stimulation for 
Clinical Applications: Systemic Effects in Healthy Volunteers 
(sOptES) Study, in which a total of 82 Caucasian male 
volunteers (age mean [SD] = 28.9[5.7]) were recruited from 
the North Savo region of Finland; its aim was to examine 
the physiological effects of tDCS. Detailed characteristics 
of the sample can be found in Supplementary Table 1. The 
participants received either tDCS or sham stimulation in 
a double-blind setting. They received stimulation for five 
consecutive days. In this study, only the data from the first and 
the last day were used – the former to compare with the tRNS 
data, and the latter to examine the exacerbation of possible 
adverse effects of tDCS with time. The distributions of the 
samples are presented in Supplementary Figures 1-3.

The second sample (tRNS study) was gathered as part of 
the Optimizing Transcranial Electrical Stimulation for Clinical 
Applications: Impulsivity and Risk-Taking as Potential 
Treatment Targets for Psychiatric Disorders (OptES-iTreat) 
study, in which a total of 60 male and female participants 
(age mean [SD] = males: 25.8[4.5], females: 27.6[7.2]) were 
recruited from the North Savo region of Finland; its aim was 
to determine the effects of tRNS on impulsivity and risk-
taking. Detailed characteristics of the sample can be found 
in Supplementary Table 2. The participants received both 
tRNS and sham stimulation in two separate sessions in a 
double-blind, crossover setting, with a minimum of one week 
between the two sessions. As the participants’ experiences 
of adverse effects may differ depending on the novelty 
of the testing/stimulation situation, we only used the data  
from the first testing session to maintain comparability with  
the tDCS study. The distributions of the sample are presented 
in Figure 1.

Participants with a history of substance dependence/abuse 
were excluded in the tDCS study; otherwise, there were no 

exclusion criteria related to psychiatric illness in either study. 
All participants provided written informed consent after a full 
explanation of the study. Both study protocols were approved 
by the Ethics Committee of the North Savo Hospital District 
and conformed to the Declaration of Helsinki. 

Inclusion criteria for the tDCS study were male sex, age 
of 18 to 40 years at the time of recruitment, right-handedness 
(i.e. belonging to the 1st to 10th right decile according to the 
Edinburgh Handedness Questionnaire (33)) and not having 
previously received tDCS. The inclusion criteria for tRNS 
Study were age from 18 to 50 years at the time of recruitment 
and right-handedness (i.e. belonging to the 1st to 10th right 
decile according to the Edinburgh Handedness Questionnaire 
(33)).

The exclusion criteria for both studies were metal 
implants inside the skull or eye, severe skin lesions in the 
electrode placement areas, a pacemaker, a history of epilepsy 
or previous seizures and a history of intracerebral bleeding 
during the previous six months. The tDCS study had an 
additional two exclusion criteria that related to the specific 
aims of that study: a history of any endocrinological condition 
(i.e. any physician-defined E00-E32 diagnosis according to 
the International Statistical Classification of Diseases and 
Related Health Problems version 10 (ICD-10) (34)) and a 
self-reported history of substance dependence/abuse during 
the past six months.

EXPERIMENTAL PROCEDURE

Before the experiments, the participants were instructed to 
abstain from alcohol consumption for 12 hours and to have 
consumed, at most, 2 doses (e.g. two 33 cl doses of beer or 
two 4 cl doses of hard liquor) during the preceding 24 hours, 
to abstain from products containing caffeine for 3 hours, and 
to abstain from smoking and heavy exercise for one hour 
prior to the experiment. In the tDCS study, the participants 
were randomly assigned to a 5-day period of tDCS or sham 
stimulation, while in the tRNS study they were randomized 
to receive either tRNS or sham stimulation in the first of the 
two sessions, with the other stimulation form delivered in 
the latter session. Information about potential influencing 
factors, including age, smoking history and alcohol use were 
collected prior to the stimulation sessions. Self-assessment 
of the quality and duration of the preceding night’s sleep was 
also collected.

In both studies, each participant received a 20-minute 
stimulation session with 15 seconds of ramping up and down 
using a neuroConn DC-Stimulator (neuroConn GmbH,  
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Ilmenau, Germany). The 5×5 cm2 conductive rubber 
electrodes were inserted inside sponge pads soaked with 
12 ml of saline and held in place with elastic straps. Elastic 
straps were tight enough to keep the sponge in place, while 
avoiding too much pressure on the skin. In the tDCS study, 
the anode was placed at site F3 and the cathode at site F4 
according to the international 10–20 electroencephalography 
system. In the tRNS study, the electrodes were placed in the 
same locations. The sham stimulation consisted of 15 seconds 
of ramping up and ramping down at the beginning, after 
which stimulation was discontinued. In the tDCS study, the 
current was 2mA; in the tRNS study, the current was 2mA 
peak-to-peak between +1 and -1mA with the high frequency 
current fluctuating between 101 and 640 Hz (i.e. the “HF-
Noise” setting of the neuroConn DC-Stimulator). The current 
flow for the tRNS protocol was the same, as the maximum 
stimulation frequency was below 10 kHz and the biological 
tissues can be treated as purely resistive, and “quasi-static” 
approximation of the Maxwell equations (35)

In both studies, the participants were shown a non-
narrated video of a train during the stimulation to standardize 
the mental stimulus the patients received. In the tDCS study 
the participants had no significant tasks before or during 
the stimulation. On the other hand, in the tRNS study 
the participants had to complete an extensive package of 
psychometric tests about risk taking and inhibition before and 
after the stimulation.

OUTCOME MEASURES

After the stimulation, both the participant and the 
experimenter filled in a form in which they were asked to 
provide their estimate of the intensity of various adverse 
effects on a scale from 0 to 100. The adverse effects inquired 
in the form were feelings of tiredness, sensations under the 
stimulation electrodes and skin redness under the electrodes. 
As only experimenter-reported data on skin redness 
was available in the tRNS study, experimenter-reported 
values were used for the tDCS study in order to maintain 
comparability. Subjective measures for the adverse effects 
were used, as no objective measures were available.

POTENTIAL PREDICTORS  

Alcohol use was measured with AUDIT-C, a short version 
of Alcohol Use Disorders Identification Test (AUDIT) score, 
focusing only on the amount of alcohol being consumed 
(36). It consists of three questions, each with five response 
options, and the total maximum score is 12. A score of 4 or 

higher (for men) or 3 or higher (for women) is considered 
indicative of alcohol abuse. The participants were asked to 
report how many years, if any, they had smoked, and how 
many hours of exercise they were getting, on average, each 
week. In addition, they were asked how many hours they 
had slept on the night preceding the first stimulation session, 
and how they would rate the quality of that sleep on a scale 
of 1 (very good) to 4 (very poor). In addition, as the tRNS 
study contained both males and females, sex was a variable 
of interest in that study. The lifestyle variables of interest 
were chosen based on availability and high frequency of use 
in clinical practice.

STATISTICAL METHODS

Preliminary analysis
The distribution of all the AE results can be seen in Figure 1 
(tRNS study) and Supplementary Figures 1-3 (tDCS study). 
All models were run with R version 3.5.2. The data were 
initially checked for overdispersion via implementing a 
generalized linear model (GLM) defined as “Adverse effect 
~ Group + Predictor + Group × Predictor”, with the Quasi-
Poisson distribution as reference for the dependent variable. 
As all these models showed substantial overdispersion 
which could lead to biased estimates, a GLM with a negative 
binomial distribution (with log-link) as reference was thus 
adopted instead for the main analyses, which is a more 
robust approach to overcome the undesirable overdispersion 
consequences of the data.

Main tests
All negative binomial GLM (log-link) were executed in 
R-CRAN software version 3.5.2 utilizing the package 
“msme” (37). Since age and stimulation condition could 
potentially modify the adverse effects (32), these factors 
were included into all models. A separate model was built 
for each adverse effect predictor pair, so the final models 
were defined as “Adverse effect ~ Age + Group + Predictor 
+ Group × Predictor”. A separate model for each pair was 
necessary in order to detect possible effects, as the data did 
not allow for more comprehensive models to be fitted. 

Bonferroni corrections were used to compensate for 
multiple comparison. The alpha level used was 0.0083 as, 
at most, six different models were built per adverse effect 
(sex, hours of exercise, AUDIT-C, years of smoking, sleep 
duration, sleep quality) and study group.

The interaction term Group × Predictor, as well as the 
main effect term for the Predictor were the main outcomes of 
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interest. In addition, the main effect for the stimulation group 
was used to aid in the interpretation of the main outcomes, but 
not as an independent outcome.

Additional tests
SPSS 25 was used for all additional tests. In addition to the 
main tests, Wilcoxon signed ranks test was used to compare 
intensities of the adverse effects on days 1 and 5 of the 
tDCS sample. This test was chosen due to the non-normal 
distribution of the data. As there were 6 tests (3 adverse 
effects for both sham and active conditions), the alpha level 
for these tests was also set at 0.0083.

Lastly, we compared the intensity of the adverse effects 
between the study groups (i.e. active stimulation vs. sham) 
with Mann-Whitney U-test. As there were 9 of these tests, the 
alpha level was set to 0.0056.

Power calculations
To determine the sample sizes necessary for future studies, 
GLMs, with a negative binomial distribution as a reference, 
were used. In some cases, the dispersion parameter became 
infinite, implying a Poisson distribution would be more 
appropriate; in these cases, the analysis was performed with 
a Poisson likelihood.

After the GLMs had been trained, an analysis of 
variance was performed on the model, returning the variance 
explained by each model component. The explained variance 
and residual deviance for the interaction term were used to 
calculate the partial eta squared effect size for the interaction.

The partial eta squared effect sizes were then used for 
a sample size calculation, along with the relevant degrees 
of freedom of the GLMs, a statistical power of 0.8 and a 
significance level of 0.05. The returned sample sizes are the 
total population necessary, to be rounded up to the nearest 
integer for practical use, and halved for the population for 
each arm of the study.

RESULTS

The characteristics of the two study samples have been 
described in Supplementary Tables 1-2. In the tDCS study, 
only one participant in the tDCS group and two participants 
in the sham stimulation group reported no AEs at Day 1; at 
Day 5, all participants in the tDCS group reported AEs and 
only four participants in the sham group reported no AEs. 
For the tRNS study, seven participants in the tRNS group 

reported no AEs and nine participants in the sham group 
reported no AEs.  

COMPARISON OF AES BETWEEN ACTIVE AND SHAM 
GROUPS IN TDCS AND TRNS STUDIES

The only statistically significant difference in AEs between 
the groups focused on skin redness on day 5 in the tDCS 
sample (p<0.001). Interestingly, sensations under the 
electrodes in the same sample were significantly milder 
on day five in the sham group (p=0.007), but not in the 
stimulation group (Tables 1 and 2).

PROGRESSION OF THE AES IN THE TDCS STUDY

Data revealed a slightly upwards trend for erythema in the 
tDCS group, and a slightly downwards trend for sensations 
of both conditions over time. However, the differences were 
statistically significant only in the sham group, with respect 
to sensations under the electrodes (Day 1 mean [SD] = 
28.34[22.32], Day 5 = 20.36[22.12]), with the intensity of the 
adverse effects being lower on day 5 (Table 1).

EFFECTS OF LIFESTYLE FACTORS

Alcohol use, smoking, exercise, or the quality or duration 
of sleep were not associated with AEs in any of the models 
(Supplementary Tables 3-5). 

POWER CALCULATIONS

Our power calculations suggested that the sample sizes 
necessary to detect any potential effects of lifestyles factors 
on AEs as significant are substantial (Table 3). To detect an 
effect of any studied lifestyle factor on skin redness under 
the electrodes, sample sizes ranging from 91 to 52825 
participants would be required. The numbers are similarly 
large for feelings of tiredness (115–427174 participants) and 
sensations under the electrodes (83–23430 participants).

DISCUSSION 

We ran retrospective exploratory analyses using two 
datasets to investigate the possible contribution of lifestyle 
factors on tDCS and tRNS AEs. Our analyses indicated that 
lifestyle factors did not contribute to the intensity of AEs 
following either tDCS or tRNS in the utilized samples, and 
that substantially larger samples would be needed for future 
studies on the same topic. Furthermore, in line with previous 

PSYCHIATRIA FENNICA 
2020;51:142-161

Kortteenniemi et al.



147

The impact of lifestyle factors on the intensity of adverse effects in single and 
repeated session protocols of transcranial electrical stimulation: an exploratory pilot study

research (38), the utilized samples displayed a significant 
difference in any AE (here, skin redness) only at day 5 in the 
tDCS Study, suggesting that the stimulation causes very few 
AEs. The observed AEs could instead represent nocebo or 
be caused by other factors of the study protocol, such as the 
elastic straps putting pressure on the head.

COMPARISON WITH THE EXISTING LITERATURE

To the best of our knowledge, there are no publications 
examining the effects of smoking, alcohol use or exercise 
habits on the AEs of tDCS and tRNS. Our findings provide 
direct guidance for the design of potential future studies 
investigating the same topic, while indicating that any 
potential effects of lifestyle factors on AEs are very small 
in nature.

With regard to the effect of cumulative stimulation sessions 
on tDCS adverse effects, we observed no intensification of 
adverse effects over repeated daily sessions. This finding is of 
particular clinical interest, as it indicates that tDCS protocols 
with a higher number of repeated daily sessions do not appear 
to increase the likelihood of more intense AEs.

STRENGTHS AND LIMITATIONS 

The main strengths of our study are the relatively large 
number of observations and robust study protocols with 
a randomized, sham-controlled study design, as well as 
statistical methods well suited to handle the available data. 

Perhaps the strongest limitation of our study is the 
number of participants, considering the observed minor 
effects of lifestyle factors on AEs. Nevertheless, we utilized 
our data to guide future studies by providing estimates for the 
needed numbers of participants for any studies focusing on 
the same topic.

Our results regarding repeated stimulation sessions 
would have been more reliable and better generalizable if we 
had had a longer intervention of, for example, four weeks. 
However, a recent meta-analysis (39) only found seven 
studies that reported adverse effects separately for each day, 
demonstrating that our retrospective analysis utilizing a 5-day 
stimulation protocol provides new information. 

While the montage we used (i.e. anode on F3 and the 
cathode on F4 for tDCS) is common in both clinical and 
experimental tDCS studies, our results concerning tiredness 
and headache may not apply to other montages. However, 
sensations under the electrodes and skin redness are considered 
to be caused by local effects on the skin and should therefore 
be relatively unaffected by the electrode montage. 

AUDIT-C scores and years of smoking reflect long-term 
use rather than shorter-term effects. Therefore, the results 
of this study represent chronic, not acute exposure, and 
future research should examine possible effects linked to 
acute exposures. Furthermore, caffeine is a commonly used 
substance with clear neurological effects, but with our current 
data, we could not investigate its effects, so its effects remain 
to be clarified.

A review by Brunoni et al. (40) concluded that the 
frequency of AEs reported was proportional to the extent to 
which they are sought. In other words, actively using structured 
questionnaires tends to overestimate the AEs when compared 
to passive monitoring. Thus, our study is conservative in 
this respect, and is more likely to have overestimated than 
underestimated the frequency of AEs.

CONCLUSIONS

Skin redness was more pronounced in the active group when 
compared to the sham group on day 5 in the tDCS Study. Our 
data suggests that in order to investigate potential effects 
of the studied lifestyle factors on AEs, significantly larger 
sample sizes are required.
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 Table 1. Comparisons of the intensity of the adverse effects on a scale 0-100 on days 1 and 5 of the 
tDCS study using Wilcoxon signed rank tests (rows) and a comparison between the study groups 
using Mann-Whitney U-test (columns). 

Notes: SD = Standard Deviation; tDCS = transcranial direct current stimulation. Corrected alpha level = 
0.0083 for the Wilcoxon Signed Rank test, 0.0056 for the Mann-Whitney U-test. 

Table 2. Comparisons of the intensity of the adverse effects on a scale 0-100 between the study 
groups of the tRNS study using Mann-Whitney U-test. 

Notes: SD = Standard Deviation; tRNS = transcranial random noise stimulation. Corrected alpha level = 
0.0056. 

Day 1 Day 5

Adverse effect Mean   SD  Mean   SD P-Value

Redness under the 
electrodes

Sham 3.12 3.77 1.49 3.36 0.019

Active 5.54 5.46 5.76 5.31 0.829

P-value 0.056 <0.001

Feeling of tiredness

Sham 7.43 15.76 7.51 15.95 0.767

Active 10.98 20.19 8.17 16.54 0.513

P-value 0.288 0.537

Sensation under the 
electrodes

Sham 28.32 22.32 20.36 22.12 0.007

Active 27.10 25.49 24.25 10.18 0.844

P-value 0.676 0.116

Adverse effect Mean   SD P-Value

Redness under the 
electrodes

Sham 5.37 12.8
0.984

Active 4.83 11.0

Feeling of tiredness
Sham 18.9 26.6

0.575
Active 23.8 27.7

Sensation under the 
electrodes

Sham 0.53 2.01
0.008

Active 8.23 16.1
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Table 3. Estimated total sample sizes necessary to detect the potential effects 
of lifestyle factors on adverse effects of tDCS or tRNS as significant.

Notes: SD = Standard Deviation; tDCS = transcranial direct current stimulation; tRNS = transcranial 
random noise stimulation. Corrected alpha level = 0.0056. 

Table 3. Estimated total sample sizes necessary to detect the potential effects of lifestyle factors on 
adverse effects of tDCS or tRNS as significant. 

AUDIT Smoking
Hours of 
exercise

Quality 
of sleep

Hours of 
sleep Sex

Redness under the 
electrodes

tDCS 52825 14173 7131 324 3336

tRNS 91 493 153 569 606 264

Feeling of 
tiredness

tDCS 427174 254 142 183 115

tRNS 13358 992 3763 4957 661 336

Sensation under 
the electrodes

tDCS 670 23430 462 997 430

tRNS 1295 176 147 10184 210 83
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Figure 1. Distribution of adverse effect intensity in the tRNS study for (a) redness under the 
electrodes, (b) feeling of tiredness, and (c) sensations under the electrodes. 

(a)

(b)

(c)

Figure 1. Distribution of adverse effect intensity in the tRNS study for (a) redness under the electrodes, 
(b) feeling of tiredness, and (c) sensations under the electrodes.
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Supplementary Table 1. Characteristics of the tDCS 
sample. 

Notes: SD = Standard Deviation, BMI = Body Mass Index. Sleep quality measured on a scale of 1 (Very 

Good) to 4 (Very Poor). 

Supplementary Table 2. Characteristics of the tRNS sample. 

Notes: SD = Standard Deviation, BMI = Body Mass Index. Sleep quality measured on a scale of 1 (Very 

Good) to 4 (Very Poor). 

Sham Active

Mean SD Mean SD

Age (years) 28.4 5.50 29.3 6.00

BMI 25.3 3.68 25.9 4.10

Education (Years) 15.6 2.58 15.3 2.38

AUDIT-C 3.95 1.58 4.18 1.99

Exercise (h/week) 7.80 5.02 7.99 4.10

Sleep Duration (h/day) 6.88 1.06 6.97 1.03

Sleep Quality 1.92 0.66 1.95 0.61

Smoking (Years) 2.12 4.15 1.95 4.57

Sham Active

Mean SD Mean SD

Age (years) 27.5 6.80 26.1 5.30

BMI 24.6 4.50 23.6 3.59

Education (Years) 16.4 3.67 15.7 2.78

AUDIT-C 3.73 2.43 4.17 1.64

Exercise (h/week) 7.87 4.15 8.20 3.53

Sleep Duration (h/day) 7.61 1.11 7.51 1.15

Sleep Quality 1.70 0.70 1.77 0.68

Smoking (Years) 1.37 3.33 1.13 3.59

Subjects 14 males, 15 
females

15 males, 15 
females
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Supplementary Table 3. The impact of lifestyle factors on tDCS-induced adverse effects on day 1 as 
assessed by negative binomial regression. The main effect coefficients represent the listed lifestyle 
factors and the interaction coefficients are the interactions between lifestyle factors (each inserted 
separately into the models) and the intervention group. 

Notes: AUDIT-C = The Alcohol Use Disorders Identification Test, short version. Ratio = Risk ratio. 
Corrected alpha level = 0.0083. 

Main-effect Coef. Interaction Coef. Group Coefficient

P-Value Coef. P-Value Coef. P-Value Coef.

Rednes
s under 

the 
electro

des

Hours of exercise 0.318 -0.06 0.767 0.02 0.62 0.35

AUDIT-C 0.613 -0.08 0.950 0.01 0.62 0.45

Years of smoking 0.255 0.12 0.166 0.57 0.17 -7.92

Sleep Duration 0.825 -0.06 0.664 0.16 0.84 -0.52

Sleep Quality 0.297 0.48 0.163 -0.88 0.07 2.30

Tiredn
ess

Hours of exercise 0.493 -0.10 0.120 0.52 0.15 -4.04

AUDIT-C 0.683 0.17 0.842 -0.10 0.69 0.83

Years of smoking 0.228 -2.20 0.221 2.25 0.29 -6.82

Sleep Duration 0.281 -0.50 0.492 0.42 0.60 -2.27

Sleep Quality 0.663 -0.35 0.358 1.09 0.47 -1.74

Sensati
on 

under 
the 

electro
des

Hours of exercise 0.772 0.01 0.204 -0.07 0.30 0.54

AUDIT-C 0.300 -0.11 0.304 0.13 0.36 -0.52

Years of smoking 0.446 0.05 0.297 -0.07 0.38 0.54

Sleep Duration 0.790 0.04 0.201 -0.33 0.21 2.22

Sleep Quality 0.069 -0.44 0.398 0.33 0.44 -0.62

Supplementary Table 3. The impact of lifestyle factors on tDCS-induced adverse effects on day 1 as assessed by negative 
binomial regression. The main effect coefficients represent the listed lifestyle factors and the interaction coefficients are 
the interactions between lifestyle factors (each inserted separately into the models) and the intervention group.
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Supplementary Table 4. The impact of lifestyle factors on tDCS-induced adverse effects on day 5 
using negative binomial regression. The main effect coefficients represent the listed lifestyle factors 
and interaction coefficients reflect the interactions between lifestyle factors (each inserted 
separately into the models) and the intervention group. 

Notes: AUDIT-C = The Alcohol Use Disorders Identification Test, short version. Ratio = Risk Ratio. 
Corrected alpha level = 0.0083. 

Main-effect model Interaction model Group Coefficient

P-Value Coef. P-Value Coef. P-Value Coef.

Redne
ss 

under 
the 

electro
des

Hours of exercise 0.099 -0.11 0.692 0.04 0.203 1.04

AUDIT-C 0.511 0.12 0.616 -0.12 0.095 1.76

Years of smoking 0.424 -0.17 0.328 0.21 0.515 0.91

Sleep Duration 0.600 -0.15 0.404 -0.36 0.210 4.00

Sleep Quality 0.051 -1.05 0.069 1.24 0.569 -0.69

Tiredn
ess

Hours of exercise 0.828 -0.04 0.812 1.07 0.782 -0.66

AUDIT-C 0.975 0.02 0.767 1.19 0.740 -0.83

Years of smoking 0.583 -0.18 0.126 2.30 0.096 -8.77

Sleep Duration 0.461 -0.63 0.771 1.37 0.779 -2.26

Sleep Quality 0.587 -0.75 0.455 3.42 0.465 -2.18

Sensat
ion 

under 
the 

electro
des

Hours of exercise 0.723 -0.01 0.623 0.49 0.319 -0.03

AUDIT-C 0.347 -0.12 0.471 -0.24 0.716 0.11

Years of smoking 0.302 -0.11 0.809 -0.01 0.993 0.03

Sleep Duration 0.198 -0.24 0.634 -0.68 0.726 0.13

Sleep Quality 0.891 0.04 0.964 0.21 0.750 -0.02

Supplementary Table 4. The impact of lifestyle factors on tDCS-induced adverse effects on day 5 using negative 
binomial regression. The main effect coefficients represent the listed lifestyle factors and interaction coefficients 
reflect the interactions between lifestyle factors (each inserted separately into the models) and the intervention 
group.
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Supplementary Table 5. The impact of lifestyle factors on tRNS-induced adverse effects using 
negative binomial regression. The main effect coefficients represent the listed lifestyle factors and 
the interaction coefficients describe the interactions between lifestyle factors (each inserted 
separately into the models) and the intervention group. 

Notes: AUDIT-C = The Alcohol Use Disorders Identification Test, short version. Ratio = Risk Ratio. 
Corrected alpha level = 0.0083. 

Main-Effect Coef. Interaction Coef. Group coefficient

P-Value Coef. P-Value Coef. P-Value Coef.

Redne
ss 

under 
the 

electro
des

Sex 0.598 0.70 0.640 -0.81 0.446 0.68

Hours of exercise 0.529 0.07 0.430 -0.08 0.662 0.89

AUDIT-C 0.657 0.17 0.047 0.03 0.941 0.11

Years of smoking 0.645 0.07 0.969 -0.05 0.645 0.32

Sleep Duration 0.900 -0.31 0.341 0.33 0.639 -2.24

Sleep Quality 0.712 0.07 0.468 -0.17 0.775 0.50

Tiredn
ess

Sex 0.454 1.51 0.512 -3.11 0.001 4.84

Hours of exercise 0.700 -1.07 0.733 1.13 0.379 -3.01

AUDIT-C 0.352 0.40 0.937 -0.28 0.117 4.35

Years of smoking 0.581 0.39 0.786 -0.35 <0.001 4.59

Sleep Duration 0.500 -1.29 0.602 1.58 0.227 -8.00

Sleep Quality 0.902 1.13 0.859 -0.28 0.286 3.53

Sensat
ion 

under 
the 

electro
des

Sex 0.277 1.15 0.076 1.11 0.534 -1.03

Hours of exercise 0.070 -0.12 0.065 0.19 0.451 -1.75

AUDIT-C 0.501 0.13 0.678 -1.89 0.083 6.51

Years of smoking 0.099 -0.10 0.224 -4.35 0.926 -0.10

Sleep Duration 0.117 0.10 0.083 -1.26 0.369 8.98

Sleep Quality 0.470 0.48 0.878 1.50 0.379 -3.22

Supplementary Table 5. The impact of lifestyle factors on tRNS-induced adverse effects using negative binomial regression. 
The main effect coefficients represent the listed lifestyle factors and the interaction coefficients describe the interactions 
between lifestyle factors (each inserted separately into the models) and the intervention group.
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Supplementary Figure 1. Progression of the intensity of redness under the electrodes in the tDCS study.

Supplementary Figure 1. Progression of the intensity of redness under the electrodes in the tDCS 
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Supplementary Figure 2. Progression of the intensity of feeling of tiredness in the tDCS study. 

!  

Supplementary Figure 2. Progression of the intensity of feeling of tiredness in the tDCS study.
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Supplementary Figure 3. Progression of the intensity of sensations under the electrodes 
in the tDCS study.Supplementary Figure 3. Progression of the intensity of sensations under the electrodes in the tDCS 

study. 
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