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BACKGROUND
The aim of forensic psychiatric care is to care for, treat and rehabilitate patients back to independent 
life outside of hospital without recidivism into serious crime. Although the legal regulation of forensic 
psychiatric care differs from country to country, these patient groups are often distinguished by severe 
mental illness, a high risk of recidivism, complex rehabilitation and long hospital stays. Within Swedish 
forensic psychiatry (1) at any one time there are around 1,700 people sentenced to care. These forensic 
psychiatric patients often have a psychotic disorder, combined with substance use, and are receiving 
treatment with antipsychotics (2). Treatment often continues for several years (3) and there is a high 
risk of criminal recidivism after the end of treatment (4). A major problem is that forensic psychiatric 
care in general lacks evidence for the interventions that are used (5), although clinical guidelines for 
the treatment of mentally disordered offenders exist (6, 7). In this article we wish to raise the issue of 
whether forensic psychiatric care can be improved by reflecting on conditions potentially affecting 
the brain and the concept of brain health in the light of scientific findings concerning brain function, 
brain plasticity and clinical function in patients. Brain health may be regarded as a condition in which 
the brain can perform its functions in the best possible way. Recommended interventions for brain 
health are often associated with lifestyle changes, such as physical exercise (8), but can actually be 
assumed to apply to all interventions that aim to make it easier for the brain to function properly. We 
want to encourage forensic health professionals to perform interventions with potential for improving 
patients’ brain health, and we want to inspire new research studying the effects of such interventions.

Impaired brain health in forensic psychiatric patients may have a number of different causes and 
result in different effects on the body, the psyche and on behavior. Some of the obvious causal factors 
that are often seen in patients include early and long-lasting, extensive substance use, and a psychotic 
disorder with persistent negative or cognitive symptoms. Many patients also have a background 
of repeated skull trauma, suspected brain damage due to alcohol misuse in the mother during 
pregnancy, birth injuries and neuropsychiatric problems that first appeared in childhood. In addition 
to this, there is a lifestyle of smoking, an unhealthy diet and low levels of physical activity, leading to 
physical illnesses such as diabetes and arteriosclerosis, which can affect cerebral blood flow. Most of 
these causal factors are general, but some can also be considered specific. How do we assess a possible 
influence on brain health in forensic psychiatric patients? One obvious way is the presence of any 
psychiatric diagnosis that includes cognitive effects. Although some forensic psychiatric patients have 
neurocognitive diagnoses (9), the number of unrecorded cases may be high, particularly for mild and 
marginal intellectual disability. In Sweden neuropsychological tests are often performed in connection 
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with a forensic psychiatric examination, while neurobiological 
examinations such as EEG, brain imaging, functional MRI or 
blood flow measurements are performed more rarely and then 
primarily if a tumour, bleed or dementia is suspected. We contend 
that there are great possibilities, based on existing knowledge 
and using current methodology, for increasing our knowledge of 
brain health in forensic psychiatric patients and thus introducing 
targeted measures for improving function, preventing further 
functional loss, and compensating for already existing functional 
loss. In the light of both old knowledge and new research, we 
would like here to provide a few examples of causes of impaired 
brain health and examples of interventions that can improve brain 
health in forensic psychiatric patients.

PSYCHOTIC DISORDERS
Fundamental to improving brain health among forensic psychiatric 
patients is to treat any psychotic disorder correctly. Forensic 
psychiatric patients with a psychotic disorder are often at an 
increased risk of aggressive behavior and treatment resistance to 
antipsychotics. For psychotic disorders a number of changes in the 
brain structure have been described, although these changes are 
small and varied, and are primarily demonstrated at group level. 
Individuals with schizophrenia and aggressive behavior, compared 
with individuals with schizophrenia but without aggression, have 
smaller volumes in several brain regions, such as the prefrontal 
cortex (10, 11), a region that plays a key role in cognitive impulse 
control (12). Treatment-resistant schizophrenia, a common 
clinical challenge in forensic psychiatry, is associated with even 
greater frontotemporal changes but perhaps also with specific 
brain changes (13). These brain changes may explain the greater 
severity of disorders with negative and cognitive symptoms, as 
seen in psychotic patients who are difficult to treat (14).

SUBSTANCE USE
The link between substance use, brain disorder, mental illness and 
violent crime is indisputable, and a large part of forensic psychiatric 
rehabilitation is based on offering a drug-free environment 
and preventing a relapse into substance use. Alcohol misuse 
produces brain damage (15) and affects cognitive functions (16), 
while narcotic preparations can produce brain damage in single 
doses (17). This itself is obvious, but clinically there is seldom 
more detailed knowledge of any brain damage and cognitive 
difficulties the patient may have. Although the patients are often 
deemed to be generally marked by previous severe substance use, 
a more detailed mapping of damage and functional difficulties 
using brain imaging and neuropsychological tests might provide 
guidance in forensic psychiatric rehabilitation.

TRAUMATIC BRAIN INJURY
The incidence of traumatic brain injuries increases the risk of 
violent crime (18), and produces an increased risk of violence 

when forensic psychiatric patients are in institutional care (19). 
Some of the persistent problems of forensic psychiatric patients, 
after positive psychotic symptoms and drug withdrawal have 
been treated in the acute phase, consist of symptoms that to a 
certain extent may be likened to the mental fatigue that is seen 
after a traumatic brain injury, severe infections or cerebrovascular 
insults (20). Fatigue, lack of initiative, trouble concentrating, 
stress sensitivity, irritability and a great need for sleep may be 
understood from many different explanation models, for example, 
as negative and cognitive symptoms in cases of schizophrenia, 
reactions after prolonged substance use, institutionalisation, 
depressive reactions, or as effects of extensive pharmacological 
treatment. Future research may show if an explanation model 
based on mental fatigue after some form of condition influencing 
brain health could give an even more complete picture of the 
challenges of forensic psychiatric rehabilitation, and if biomarkers 
for traumatic brain injury (21) could be used for evaluation of the 
brain health of forensic psychiatric patients.

PHYSICAL HEALTH
The brain is affected in various ways by physical illnesses that can 
often be investigated and treated. The risk of developing diabetes 
(22), metabolic syndrome (23) and cardiovascular disease (24) 
is heightened with psychotic disorders, and patients with a 
psychotic disorder have an estimated reduced life expectancy of 
10–20 years (23–25). Diabetes and metabolic syndrome, which 
predispose to cardiovascular disease, stroke and premature 
death, can be detected with simple measurements and blood tests 
that should be performed for all forensic psychiatric patients. 
Cardiovascular disease, diabetes and metabolic syndrome are 
all linked to poorer cognitive functions (26–28). Structured 
interventions for lifestyle changes, with targets such as the patient 
giving up smoking or losing weight, can have beneficial effects on 
physical and mental health (29).

COGNITIVE FUNCTION
Successful forensic psychiatric rehabilitation requires the patient 
to be able to use their cognitive abilities. Cognitive defects are a 
core symptom of schizophrenia that affect the patient’s ability to 
make decisions and to manage independent living (30). Recently 
it was shown that attention problems in a group of forensic 
psychiatric patients correlated with future risk of violence and 
less rehabilitative engagement (31). Although there is currently 
no guaranteed effective treatment for cognitive symptoms, 
experimental treatment with transcranial magnetic stimulation 
has proven to be able to improve working memory in schizophrenia 
patients (32) and it has been suggested that pharmacotherapy 
for substance use could improve executive functions in misuse 
patients (33). Most interestingly, a randomized controlled trial 
of cognitive remediation training, a behaviorally based treatment 
for cognitive deficits in schizophrenia, showed promising effects 
on cognitive function in a cohort of forensic psychiatric patients 
with psychotic disorders (34).
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DIET
Many forensic psychiatric patients have unhealthy dietary habits, 
with too high a calorie intake and an unbalanced diet. It is well 
known that alcohol misuse affects dietary intake and produces 
vitamin disturbances, but vitamin disturbances are also seen in 
psychotic disorder cases and vitamin B supplements could be a 
future supplementary treatment for schizophrenia in order to 
reduce symptoms (35). Vitamin D has also been suggested as 
supplement for psychosis treatment (36) and vitamin D deficiency 
has been demonstrated in forensic psychiatric patients (37).

PHYSICAL EXERCISE
Low oxygen uptake ability is an independent risk factor for 
cardiovascular disease and premature death (38). Low oxygen 
uptake ability has been demonstrated in patients with a psychotic 
disorder (39) and in patients in forensic psychiatric care (40). 
Aerobic exercise offers one possibility for improving patients’ general 
health and their cognitive functions (8) possibly via activation of 
neurotrophic factors, such as BDNF (brain-derived neurotrophic 
factor), and brain repair (41) although the mechanism is not fully 
understood (42). In patients with schizophrenia, aerobic exercise has 
positive effects on psychotic symptoms, cognitive function, general 
functional outcomes and quality of life (43, 44). Aerobic exercise 
can also be expected to reduce the incidence of metabolic syndrome 
in forensic psychiatric patients and thereby reduce cardiovascular 
morbidity, diabetes and premature death (45).

COGNITIVE TRAINING
Cognitive training and other strategies for facilitating cognition 
(cognitive remediation) can improve cognitive function in cases 
of several different mental illnesses such as schizophrenia and 
substance use syndrome (46) and even in forensic psychiatric 
patients (34). Patients with schizophrenia who also have 
metabolic syndrome do not, however, get the same effect from 
cognitive training as schizophrenia patients without metabolic 
syndrome (47). Thus, to get an effect from cognitive training, 
psychosis patients should first be treated for their metabolic 
syndrome. A particularly interesting thought is therefore to 
combine various non-pharmacological interventions to achieve 
the best effect on brain health. In one pilot study, a combined 
treatment of aerobic exercise and cognitive training produced 
improved cognitive function in patients with schizophrenia (48).

PHARMACOTHERAPY
Pharmacotherapy is a staple of forensic psychiatric treatment, 
and most patients are given antipsychotics (2). Compliance with 
antipsychotic drug treatment is regarded on the one hand as 
perhaps the most important factor for avoiding recidivism into 
serious crime (49) along with freedom from misuse. On the other 
hand, antipsychotics have side effects that can have an adverse effect 
on cognition and physical health (50). Although at lower doses 

antipsychotics are seen as being able to improve cognition in certain 
patients, the opposite effect can been seen at higher doses, particularly 
when there is a long treatment period, or when the patient is also 
taking anticholinergics to deal with extrapyramidal side effects. A 
structured and cautious reduction of the dose of antipsychotics in 
forensic psychiatric patients, in a stable clinical condition, can bring 
about improved cognition and functional outcomes (51). Atypical 
antipsychotics have been associated with metabolic side effects and 
the incidence of diabetes (52) and metabolic syndrome, but this is 
probably true of all types of antipsychotics to a certain extent (50). In 
one group of schizophrenia patients being treated with olanzapine, 
the incidence of metabolic syndrome was linked to lower blood 
levels of the neurotrophic factor BDNF (53). In addition, the future 
study of clozapine-treatment, a common antipsychotic in forensic 
psychiatry probably due to its effects on aggressive behavior and 
treatment-resistant schizophrenia (54), may be of great interest with 
regard to putatively positive effects on brain health.

CONCLUSIONS AND 
RECOMMENDATIONS
There is much to indicate that forensic psychiatric patients have 
various complex conditions, which vary from patient to patient, that 
may potentially affect brain health. These conditions may affect the 
whole brain either in a general way (relating to, for example, physical 
health, previous diffuse brain trauma or prolonged substance use) 
or in a specific way (relating to, for example, psychotic disorders, 
pharmacotherapy or localised brain injuries), although the dividing 
line between the two groups is vague. Here we put forward the 
hypothesis that interventions that improve brain health in forensic 
psychiatric patients should be able to result in lower degrees of 
psychiatric morbidity, improved cognitive functions, better physical 
health, shorter hospital stays, increased independence and a longer 
life. This approach and these interventions demand a broad range 
of expertise within the forensic psychiatric team, which in addition 
to psychiatric and psychological expertise also needs expertise in 
general medicine, physical exercise and diet management.

From a medical-psychiatric perspective, the patient should be 
investigated and treated for physical illnesses with particular focus on 
metabolic syndrome and other risk factors for cardiovascular disease 
and diabetes. Physical exercise here occupies a special position as a 
promising form of treatment. Pharmacotherapy should be planned 
so as to minimise it leading to metabolic and cognitive side effects. 
Particular focus should be placed on investigating and mapping any 
brain injuries and their effects. From a psychological perspective, 
the patient should undergo neuropsychological investigation with 
particular focus on cognitive functions. These functions should 
be followed over time and the patient offered cognitive training 
or targeted support measures. From a care perspective, the patient 
should be offered as much support as possible in making lifestyle 
changes concerning diet, exercise and stopping smoking. From a 
social perspective, forensic psychiatric patients heading towards 
outpatient care and at the end of care should be offered support, 
activities and housing suited to their functional level. From a risk 
assessment perspective, it may be added that one of the hardest 
challenges for forensic psychiatry is assessing the risk of recidivism 
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into serious crime and communicating that to the courts. Brain-
related methods may become part of this risk assessment and risk 
communication (55–57) which means that forensic psychiatric 
methods for care, treatment and rehabilitation with a focus on 
brain health may also be significant for risk assessments and 
communication with the courts. Finally, we wish to encourage 
research concerning the mental and physical health of forensic 
psychiatric patients, with particular focus on conditions affecting 
brain health. Knowledge concerning longitudinal progress, brain 
health-related biomarkers and interventions to support brain health 
would be of particular importance.

AUTHOR CONTRIBUTIONS
PA and HB contributed conception and design of the study. PA 
wrote the first draft of the manuscript. PA and HB contributed to 
manuscript revision, read and approved the submitted version.

FUNDING
This work was supported by the Swedish Research Council for 
Health, Working Life and Welfare under Grant no. 2018-01409.

REFERENCES
 1. Svennerlind C, Nilsson T, Kerekes N, Andiné P, Lagerkvist M, Forsman A, 

et al. Mentally disordered criminal offenders in the Swedish criminal system. 
Int J Law Psychiatry (2010) 33:220–6. doi: 10.1016/j.ijlp.2010.06.003

 2. Degl’ Innocenti A, Hassing LB, Lindqvist AS, Andersson H, Eriksson L, 
Hanson FH, et al. First report from the Swedish National Forensic Psychiatric 
Register (SNFPR). Int J Law Psychiatry (2014) 37:231–7. doi: 10.1016/j.
ijlp.2013.11.013

 3. Andreasson H, Nyman M, Krona H, Meyer L, Anckarsater H, Nilsson T, 
et al. Predictors of length of stay in forensic psychiatry: the influence of 
perceived risk of violence. Int J Law Psychiatry (2014) 37:635–42. doi: 
10.1016/j.ijlp.2014.02.038

 4. Lund C, Hofvander B, Forsman A, Anckarsater H, Nilsson T. Violent 
criminal recidivism in mentally disordered offenders: a follow-up study of 
13-20 years through different sanctions. Int J Law Psychiatry (2013) 36:250–
7. doi: 10.1016/j.ijlp.2013.04.015

 5. Howner K, Andiné P, Bertilsson G, Hultcrantz M, Lindstrom E, Mowafi  F, 
et al. Mapping systematic reviews on forensic psychiatric care: a systematic 
review identifying knowledge Gaps. Front Psychiatry (2018) 9:452. doi: 
10.3389/fpsyt.2018.00452

 6. Staahl SM, Morrissette DA, Cummings M, Azizan A, Bader S, Broderick C, 
et al. California state hospital violence assessment and treatment (Cal-
VAT) guidelines. CNS Spectrums (2014) 19:449–65. doi: 10.1017/
S1092852914000376

 7. Völlm BA, Clarke MC, Tort Herrando V, Seppänen AO, Gosek P, Heitzman J, 
et al. European Psychiatric Association (EPA) guidance on forensic 
psychiatry: Evidence based assessment and treatment of mentally disordered 
offenders. Eur Psychiatry (2018) 51:58–73. doi: 10.1016(j.eurpsy.2017.12.007

 8. Cotman CW, Berchtold NC. Exercise: a behavioral intervention to enhance 
brain health and plasticity. Trends Neurosci (2002) 25:295–301.

 9. Ekstrom A, Kristiansson M, Bjorksten KS. Dementia and cognitive disorder 
identified at a forensic psychiatric examination - a study from Sweden. BMC 
Geriatr (2017) 17:219. doi: 10.1186/s12877-017-0614-1

 10. Fjellvang M, Groning L, Haukvik UK. Imaging Violence in Schizophrenia: 
a systematic review and critical discussion of the MRI Literature. Front 
Psychiatry (2018) 9:333. doi: 10.3389/fpsyt.2018.00333

 11. Widmayer S, Sowislo JF, Jungfer HA, Borgwardt S, Lang UE, Stieglitz 
RD, et al. Structural magnetic resonance imaging correlates of aggression 
in psychosis: a systematic review and effect size analysis. Front Psychiatry 
(2018) 9:217. doi: 10.3389/fpsyt.2018.00217

 12. Petrovic P, Castellanos FX. Top-down dysregulation-from ADHD to 
emotional instability. Front Behav Neurosci (2016) 10:70. doi: 10.3389/
fnbeh.2016.00070

 13. Mouchlianitis E, McCutcheon R, Howes OD. Brain-imaging studies of 
treatment-resistant schizophrenia: a systematic review. Lancet Psychiatry 
(2016) 3:451–63. doi: 10.1016/s2215-0366(15)00540-4

 14. Iasevoli F, Avagliano C, Altavilla B, Barone A, D’Ambrosio L, Matrone M, 
et al. Disease severity in treatment resistant schizophrenia patients is mainly 
affected by negative symptoms, which mediate the effects of cognitive 
dysfunctions and neurological soft signs. Front Psychiatry (2018) 9:553. doi: 
10.3389/fpsyt.2018.00553

 15. Zahr NM, Kaufman KL, Harper CG. Clinical and pathological features of 
alcohol-related brain damage. Nat Rev Neurol (2011) 7:284–94. doi: 10.1038/
nrneurol.2011.42

 16. Heinz AJ, Beck A, Meyer-Lindenberg A, Sterzer P, Heinz A. Cognitive and 
neurobiological mechanisms of alcohol-related aggression. Nat Rev Neurosci 
(2011) 12:400–13.

 17. Shrot S, Poretti A, Tucker EW, Soares BP, Huisman TA. Acute brain 
injury following illicit drug abuse in adolescent and young adult patients: 
spectrum of neuroimaging findings. Neuroradiol J (2017) 30:144–50. doi: 
10.1177/1971400917691994

 18. Fazel S, Lichtenstein P, Grann M, Langstrom N. Risk of violent crime in 
individuals with epilepsy and traumatic brain injury: a 35-year Swedish 
population study. PloS Med (2011) 8:e1001150. doi: 10.1371/journal.
pmed.1001150

 19. Brown S, O’Rourke S, Schwannauer M. Risk factors for inpatient 
violence and self-harm in forensic psychiatry: the role of head injury, 
schizophrenia and substance misuse. Brain Injury (2019) 33:313–21. doi: 
10.1080/02699052.2018.1553064

 20. Johansson B, Starmark A, Berglund P, Rodholm M. Ronnback L. A self-
assessment questionnaire for mental fatigue and related symptoms after 
neurological disorders and injuries. Brain Injury (2010) 24:2–12. doi: 
10.3109/02699050903452961

 21. Zetterberg H, Blennow K. Fluid biomarkers for mild traumatic brain injury 
and related conditions. Nat Rev Neurol (2016) 12:563–74. doi: 10.1038/
nrneurol.2016.127

 22. Vancampfort D, Correll CU, Galling B, Probst M, De Hert M, Ward PB, et al. 
Diabetes mellitus in people with schizophrenia, bipolar disorder and major 
depressive disorder: a systematic review and large scale meta-analysis. World 
Psychiatry (2016) 15:166–74. doi: 10.1002/wps.20309

 23. Vancampfort D, Stubbs B, Mitchell AJ, De Hert M, Wampers M, Ward 
PB, et al. Risk of metabolic syndrome and its components in people with 
schizophrenia and related psychotic disorders, bipolar disorder and major 
depressive disorder: a systematic review and meta-analysis. World Psychiatry 
(2015) 14:339–47.

 24. Correll CU, Solmi M, Veronese N, Bortolato B, Rosson S, Santonastaso P, 
et al. Prevalence, incidence and mortality from cardiovascular disease in 
patients with pooled and specific severe mental illness: a large-scale meta-
analysis of 3,211,768 patients and 113,383,368 controls. World Psychiatry 
(2017) 16:163–80. doi: 10.1002/wps.20420

 25. Hayes JF, Marston L, Walters K, King MB, Osborn DP. Mortality gap for 
people with bipolar disorder and schizophrenia: UK-based cohort study 
2000–2014. Br J Psychiatry (2017) 211:175–81.

 26. Bora E, Akdede BB, Alptekin K. The relationship between cognitive 
impairment in schizophrenia and metabolic syndrome: a systematic 
review and meta-analysis. Psychol Med (2017) 47:1030–40. doi: 10.1017/
s0033291716003366

 27. Stefanidis KB, Askew CD, Greaves K, Summers MJ. The effect of non-stroke 
cardiovascular disease states on risk for cognitive decline and dementia: a 
systematic and meta-analytic review. Neuropsychol Rev (2018) 28:1–15. doi: 
10.1007/s11065-017-9359-z

 28. Rosenberg J, Lechea N, Pentang GN, Shah NJ. What magnetic resonance 
imaging reveals - a systematic review of the relationship between type II diabetes 

November 2019 | Volume 10 | Article 840Frontiers in Psychiatry | www.frontiersin.org

https://doi.org/10.1016/j.ijlp.2010.06.003
https://doi.org/10.1016/j.ijlp.2013.11.013
https://doi.org/10.1016/j.ijlp.2013.11.013
https://doi.org/10.1016/j.ijlp.2014.02.038
https://doi.org/10.1016/j.ijlp.2013.04.015
https://doi.org/10.3389/fpsyt.2018.00452
https://doi.org/10.1017/S1092852914000376
https://doi.org/10.1017/S1092852914000376
https://doi.org/10.1016(j.eurpsy.2017.12.007
https://doi.org/10.1186/s12877-017-0614-1
https://doi.org/10.3389/fpsyt.2018.00333
https://doi.org/10.3389/fpsyt.2018.00217
https://doi.org/10.3389/fnbeh.2016.00070
https://doi.org/10.3389/fnbeh.2016.00070
https://doi.org/10.1016/s2215-0366(15)00540-4
https://doi.org/10.3389/fpsyt.2018.00553
https://doi.org/10.1038/nrneurol.2011.42
https://doi.org/10.1038/nrneurol.2011.42
https://doi.org/10.1177/1971400917691994
https://doi.org/10.1371/journal.pmed.1001150
https://doi.org/10.1371/journal.pmed.1001150
https://doi.org/10.1080/02699052.2018.1553064
https://doi.org/10.3109/02699050903452961
https://doi.org/10.1038/nrneurol.2016.127
https://doi.org/10.1038/nrneurol.2016.127
https://doi.org/10.1002/wps.20309
https://doi.org/10.1002/wps.20420
https://doi.org/10.1017/s0033291716003366
https://doi.org/10.1017/s0033291716003366
https://doi.org/10.1007/s11065-017-9359-z
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org


Focus on Brain Health in Forensic PsychiatryAndiné and Bergman

5

and associated brain distortions of structure and cognitive functioning. Front 
Neuroendocrinol. (2019) 52:79–112. doi: 10.1016/j.yfrne.2018.10.001

 29. Barber S, Thornicroft G. Reducing the mortality gap in people with severe 
mental disorders: the role of lifestyle psychosocial interventions. Front 
Psychiatry (2018) 9:463. doi: 10.3389/fpsyt.2018.00463

 30. Sugawara N, Yasui-Furukori N, Sumiyoshi T. Competence to consent and 
its relationship with cognitive function in patients with schizophrenia. Front 
Psychiatry (2019) 10:195. doi: 10.3389/fpsyt.2019.00195

 31. Puzzo I, Sedgwick O, Kelly R, Greer B, Kumari V, Guethjonsson G, et al. 
Attention problems predict risk of violence and rehabilitative engagement in 
mentally disordered offenders. Front Psychiatry (2019) 10:279. doi: 10.3389/
fpsyt.2019.00279

 32. Jiang Y, Guo Z, Xing G, He L, Peng H, Du F, et al. Effects of high-frequency 
transcranial magnetic stimulation for cognitive deficit in schizophrenia: 
a meta-analysis. Front Psychiatry (2019) 10:135. doi: 10.3389/
fpsyt.2019.00135

 33. Butler K, Le Foll B. Impact of substance use disorder pharmacotherapy on 
executive function: a narrative review. Front Psychiatry (2019) 10:98. doi: 
10.3389/fpsyt.2019.00098

 34. O’Reilly K, Donohoe G, O’Sullivan D, Coyle C, Corvin A, O’Flynn P, et al. 
A randomized controlled trial of cognitive remediation for a national cohort 
of forensic patients with schizophrenia or schizoaffective disorders. BMC 
Psychiatry (2019) 19:27. doi: org/10.1186/s12888-019-2018-6

 35. Firth J, Stubbs B, Sarris J, Rosenbaum S, Teasdale S, Berk M, et al. The effects 
of vitamin and mineral supplementation on symptoms of schizophrenia: a 
systematic review and meta-analysis. Psychol Med (2017) 47:1515–27. doi: 
10.1017/s0033291717000022

 36. Suetani S, Saha S, Eyles DW, Scott JG, McGrath JJ. Prevalence and correlates 
of suboptimal vitamin D status in people living with psychotic disorders: 
Data from the Australian Survey of High Impact Psychosis. Aust New Z J 
Psychiatry (2017) 51:921–9. doi: 10.1177/0004867416681853

 37. Murie J, Messow CM, Fitzpatrick B. Feasibility of screening for and treating 
vitamin D deficiency in forensic psychiatric inpatients. J Forensic Legal Med 
(2012) 19:457–64. doi: 10.1016/j.jflm.2012.04.003

 38. Ladenvall P, Persson CU, Mandalenakis Z, Wilhelmsen L, Grimby G, 
Svardsudd K, et al. Low aerobic capacity in middle-aged men associated with 
increased mortality rates during 45 years of follow-up. Eur J Prev Cardiol 
(2016) 23:1557–64. doi: 10.1177/2047487316655466

 39. Vancampfort D, Rosenbaum S, Schuch F, Ward PB, Richards J, Mugisha J, 
et al. Cardiorespiratory fitness in severe mental illness: a systematic review 
and meta-analysis. Sports Med (Auckland NZ) (2017) 47:343–52. doi: 
10.1007/s40279-016-0574-1

 40. Bergman H, Nilsson T, Andiné P, Degl’Innocenti A, Thomee R, Gutke A. 
Physical performance and physical activity of patients under compulsory 
forensic psychiatric inpatient care. Physiother Theory Pract (2018) 1:9. doi: 
10.1080/09593985.2018.1488320

 41. Sanada K, Zorrilla I, Iwata Y, Bermudez-Ampudia C, Graff-Guerrero A, 
Martinez-Cengotitabengoa M, et al. The efficacy of non-pharmacological 
interventions on brain-derived neurotrophic factor in schizophrenia: a 
systematic review and meta-analysis. Int J Mol Sci (2016) 17:10. doi: 10.3390/
ijms17101766

 42. van der Stouwe ECD, van Busschbach JT, de Vries B, Cahn W, Aleman A, 
Pijnenborg GHM. Neural correlates of exercise training in individuals with 
schizophrenia and in healthy individuals: A systematic review. NeuroImage 
Clin (2018) 19:287–301. doi: 10.1016/j.nicl.2018.04.018

 43. Dauwan M, Begemann MJ, Heringa SM, Sommer IE. Exercise improves 
clinical symptoms, quality of life, global functioning, and depression in 
schizophrenia: a systematic review and meta-analysis. Schizophr Bull (2016) 
42:588–99. doi: 10.1093/schbul/sbv164

 44. Firth J, Cotter J, Carney R, Yung AR. The pro-cognitive mechanisms of 
physical exercise in people with schizophrenia. Br J Pharmacol (2017) 
174:3161–72. doi: 10.1111/bph.13772

 45. Schmitt A, Maurus I, Rossner MJ, Roh A, Lembeck M, von Wilmsdorff M, 
et al. Effects of aerobic exercise on metabolic syndrome, cardiorespiratory 
fitness, and symptoms in schizophrenia include decreased mortality. Front 
Psychiatry (2018) 9:690. doi: 10.3389/fpsyt.2018.00690

 46. Kim EJ, Bahk YC, Oh H, Lee WH, Lee JS, Choi KH. Current Status of 
cognitive remediation for psychiatric disorders: a review. Front Psychiatry 
(2018) 9:461. doi: 10.3389/fpsyt.2018.00461

 47. Bosia M, Buonocore M, Bechi M, Santarelli L, Spangaro M, Cocchi F, et al. 
Improving cognition to increase treatment efficacy in schizophrenia: effects 
of metabolic syndrome on cognitive remediation’s outcome. Front Psychiatry 
(2018) 9:647. doi: 10.3389/fpsyt.2018.00647

 48. Nuechterlein KH, Ventura J, McEwen SC, Gretchen-Doorly D, Vinogradov S, 
Subotnik KL. Enhancing cognitive training through aerobic exercise after a 
first schizophrenia episode: theoretical conception and pilot study. Schizophr 
Bull (2016) 42:44–52. doi: 10.1093/schbul/sbw007

 49. Fazel S, Zetterqvist J, Larsson H, Långström N, Lichtenstein P. Antipsychotics, 
mood stabilisers, and risk of violent crime. Lancet (2014) 384:1206–14. doi: 
10.1016/s0140-6736(14)60379-2

 50. MacKenzie NE, Kowalchuk C, Agarwal SM, Costa-Dookhan KA, Caravaggio 
F, Gerretsen P, et al. Antipsychotics, metabolic adverse effects, and cognitive 
function in schizophrenia. Front Psychiatry (2018) 9:622. doi: 10.3389/
fpsyt.2018.00622

 51. Omachi Y, Sumiyoshi T. Dose reduction/discontinuation of antipsychotic 
drugs in psychosis; effect on cognition and functional outcomes. Front 
Psychiatry (2018) 9:447. doi: 10.3389/fpsyt.2018.00447

 52. Hirsch L, Yang J, Bresee L, Jette N, Patten S, Pringsheim T. Second-
generation antipsychotics and metabolic side effects: a systematic review 
of population-based studies. Drug Saf (2017) 40:771–81. doi: 10.1007/
s40264-017-0543-0

 53. Zhang C, Fang X, Yao P, Mao Y, Cai J, Zhang Y, et al. Metabolic adverse 
effects of olanzapine on cognitive dysfunction: A possible relationship 
between BDNF and TNF-alpha. Psychoneuroendocrinology (2017) 81:138–
43. doi: 10.1016/j.psyneuen.2017.04.014

 54. Patchan K, Vyas G, hackman AL, Mackowick M, Richardson CM, Love RC, 
et al. Clozapine in reducing aggression and violence in forensic populations. 
Psychiatr Q (2018) 89:157–68. doi: 10.1007/s11126-017-9521-z

 55. Glenn AL, Raine A. Neurocriminology: implications for the punishment, 
prediction and prevention of criminal behaviour. Nat Rev Neurosci (2014) 
15:54–63. doi: 10.1038/nrn3640

 56. Steele VR, Claus ED, Aharoni E, Vincent GM, Calhoun VD, Kiehl KA. 
Multimodal imaging measures predict rearrest. Front Hum Neurosci (2015) 
9:425. doi: 10.3389/fnhum.2015.00425

 57. Poldrack RA, Monahan J, Imrey PB, Reyna V, Raichle ME, Faigman D, et al. 
Predicting violent behavior: what can neuroscience add? Trends Cogn Sci 
(2018) 22:111–23. doi: 10.1016/j.tics.2017.11.003

Conflict of Interest: The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Copyright © 2019 Andiné and Bergman. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) and the copyright owner(s) are credited and that the original publication 
in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org November 2019 | Volume 10 | Article 840

https://doi.org/10.1016/j.yfrne.2018.10.001
https://doi.org/10.3389/fpsyt.2018.00463
https://doi.org/10.3389/fpsyt.2019.00195
https://doi.org/10.3389/fpsyt.2019.00279
https://doi.org/10.3389/fpsyt.2019.00279
https://doi.org/10.3389/fpsyt.2019.00135
https://doi.org/10.3389/fpsyt.2019.00135
https://doi.org/10.3389/fpsyt.2019.00098
https://doi.org/org/10.1186/s12888-019-2018-6
https://doi.org/10.1017/s0033291717000022
https://doi.org/10.1177/0004867416681853
https://doi.org/10.1016/j.jflm.2012.04.003
https://doi.org/10.1177/2047487316655466
https://doi.org/10.1007/s40279-016-0574-1
https://doi.org/10.1080/09593985.2018.1488320
https://doi.org/10.3390/ijms17101766
https://doi.org/10.3390/ijms17101766
https://doi.org/10.1016/j.nicl.2018.04.018
https://doi.org/10.1093/schbul/sbv164
https://doi.org/10.1111/bph.13772
https://doi.org/10.3389/fpsyt.2018.00690
https://doi.org/10.3389/fpsyt.2018.00461
https://doi.org/10.3389/fpsyt.2018.00647
https://doi.org/10.1093/schbul/sbw007
https://doi.org/10.1016/s0140-6736(14)60379-2
https://doi.org/10.3389/fpsyt.2018.00622
https://doi.org/10.3389/fpsyt.2018.00622
https://doi.org/10.3389/fpsyt.2018.00447
https://doi.org/10.1007/s40264-017-0543-0
https://doi.org/10.1007/s40264-017-0543-0
https://doi.org/10.1016/j.psyneuen.2017.04.014
https://doi.org/10.1007/s11126-017-9521-z
https://doi.org/10.1038/nrn3640
https://doi.org/10.3389/fnhum.2015.00425
https://doi.org/10.1016/j.tics.2017.11.003
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Focus on Brain Health to Improve Care, Treatment, and Rehabilitation in Forensic Psychiatry
	Background
	Psychotic Disorders
	Substance Use
	Traumatic Brain Injury
	Physical Health
	Cognitive Function
	Diet
	Physical Exercise
	Cognitive Training
	Pharmacotherapy
	Conclusions and Recommendations
	Author Contributions
	Funding
	References


