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Introduction: Neurofilament light chain protein (NfL) is a fluid biomarker of 
neural injury measurable in cerebrospinal fluid and blood. Patients with different 
neurodegenerative disorders and mild traumatic brain injury display elevated 
levels of NfL. However, so far, elevated levels of NfL have not been demonstrated 
in persons with psychiatric disorders. To our knowledge, the occurrence of NfL 
in the blood has not previously been studied in persons undergoing forensic 
psychiatric assessment or persons treated in forensic mental health services. 
Supposedly, these persons suffer from experiences and conditions with a higher 
risk of neural injury than other psychiatric patients.

Methods: In this pilot study, we investigated plasma levels of NfL in 20 persons 
undergoing forensic psychiatric assessment and 20 patients at a forensic 
psychiatric hospital. NfL values were compared with control groups of healthy 
individuals matched for age and sex.

Results: The prevalence of increased NfL in both forensic groups was low and 
did not differ compared with the controls. However, some persons undergoing 
forensic psychiatric assessment showed slightly elevated values.

Discussion: The slightly elevated values were observed in the group investigated 
closer in time to the index crime, when elevated NfL levels could be expected 
to be more prevalent due to acute conditions from the time of the offense. This 
gives reason to look further into this group.
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Introduction

Patients within forensic psychiatric settings are burdened by 
mental illness, comorbidities, and risk for relapse in violent behavior, 
making rehabilitation challenging and causing long hospital stays. 
Poor brain health of the patients has been proposed as one explaining 
factor that may be  the target for future interventions in forensic 
psychiatry (1). Brain health is correlated with cognitive function, an 
essential element for the success of forensic psychiatric 
rehabilitation (2, 3).

Forensic psychiatric patients may display poor brain health for 
several reasons. First, they often have a psychotic disorder. 
Schizophrenia is a psychotic disorder with morphological changes 
in several brain regions (4) and cognitive dysfunction (5). Brain 
damage may be even more profound in patients with schizophrenia 
and aggressive behavior (6). Second, many patients have a 
comorbid substance use disorder with a potential risk for brain 
damage and cognitive deficits (7). Third, there is a link between 
traumatic brain injury and violent behavior (8). Forensic 
psychiatric patients (9) and young violent offenders in prison (10) 
have a high prevalence of previous traumatic brain injuries. Fourth, 
forensic psychiatric patients have profound comorbidities with 
somatic disorders, such as diabetes, hypertension, and metabolic 
syndrome, factors known to influence the level of NfL (11), which 
probably contribute to the reduction in estimated life expectancy 
in these patients (12).

Neurofilament light chain protein (NfL) derives from the neuronal 
cytoskeleton and is increased in cerebrospinal fluid in several 
neurodegenerative conditions (13). The levels of NfL in the 
cerebrospinal fluid correlate with serum and plasma levels. In recent 
years blood NfL has been established as a biomarker for neuronal 
injury (11), such as traumatic brain injury (14). The Single molecule 
array (Simoa) technology has enabled the detection and quantification 
of clinically useful levels of NfL in the blood (15). In Sweden, plasma 
NfL was recently introduced as a routine clinical chemistry test (16). 
Severe mental illness per se does not seem to be  associated with 
increased levels of NfL (17–21), although one study found 
contradicting results in a group of patients with schizophrenia (22). 
Forensic psychiatric patients may display increased blood NfL levels 
due to brain health-related comorbidities. However, to our knowledge, 
there is no study on blood levels of NfL in forensic psychiatric patients.

The present study aimed to investigate the plasma levels of NfL in 
two forensic psychiatric groups, one undergoing a forensic psychiatric 
assessment and one in treatment in a forensic psychiatric hospital. 
We used two clinical forensic psychiatric cohorts being heterogenic 
regarding psychiatric diagnoses and comorbidities, based on a need 
for pragmatically designed studies (23) within forensic psychiatric 
research (24).

Materials and methods

Forensic psychiatry in Sweden

The Swedish legal system does not allow criminal defendants to 
be less accountable or plead not guilty due to legal insanity. Instead, 
offenders with severe mental disorders can be sentenced to involuntary 
psychiatric care (25). A forensic psychiatric assessment, performed by 

the National Board of Forensic Medicine in Sweden, is essential to the 
criminal court’s decision basis when deciding the sentence. Forensic 
psychiatric assessments are done at the request of the court. 
Approximately half of those assessed are judged to have a severe 
mental disorder. Participants in this study’s forensic psychiatric 
assessment group had been found guilty of a serious crime, were 
detained, and underwent psychiatric assessment before the final 
verdict. The forensic mental health services group participants had all 
been sentenced to involuntary forensic psychiatric care. Thus, the two 
groups represented two different time points after the crime.

Forensic psychiatric assessment group

Participants in the forensic psychiatric assessment group, labeled 
the assessment group, were recruited from an ongoing study at the 
National Board of Forensic Medicine in Sweden: “The association 
between mental disorder, type of crime and relation to the victim: a 
consecutive study of mentally violent offenders undergoing a forensic 
psychiatric assessment (RPU 2.0).” In short, the RPU 2.0 compiles data 
from a psychiatric, psychological, sociological, and nursing care 
perspective. RPU 2.0 covers persons admitted for forensic psychiatric 
assessment, aged 18 or more, prosecuted for a violent crime according 
to the Swedish penal code. Exclusion criteria were insufficient 
knowledge of the Swedish language to participate without the 
assistance of an interpreter, inability to give informed consent on 
participation in research, and ongoing aggressive and threatening 
behavior. Those meeting the inclusion criteria and considered by the 
forensic psychiatrist in charge of the assessment capable of giving 
informed consent were given oral and written information about the 
RPU 2.0. Beginning in spring 2022, those who consented to participate 
in RPU 2.0 at the Division of Forensic Psychiatry in Gothenburg were 
also asked to participate in the sub-study CARERPU 2.0, which adds 
blood samples, a self-assessment form and body measures to 
investigate metabolic health and signs of acquired brain damage. All 
participants provided written informed consent to RPU 2.0 and 
CARERPU 2.0, respectively. As a part of CARERPU 2.0, this study 
reports data from the first 20 consecutively included participants to 
match the size of the forensic mental health services group (see 
below). Inclusion was performed for 7 months in 2022. During that 
time, an additional 26 persons were asked to participate but declined. 
For plasma NfL levels, blood samples were collected in 5 ml EDTA 
tubes and sent the same day to the Laboratory of Clinical Chemistry 
at Östra Sahlgrenska University Hospital (SU) of Gothenburg, 
Sweden, to be analyzed. Items in the RPU 2.0 protocol were used to 
define selected baseline characteristics; the crime/crimes that led to 
the executed sentence (index crime) and psychiatric and somatic 
medical history. Per the diagnostical manuals of choice in Sweden at 
the time of the study, psychiatric diagnoses were classified in groups 
as described in the 5th edition of the Diagnostic and Statistical Manual 
of Mental disorders (DSM-5) (26), while somatic diagnoses were 
classified in groups according to the 10th International Classification 
of Diseases (ICD-10) (27). It was noted whether the participant had 
suffered from a first-time psychotic episode at the time of the index 
crime and whether he/she had a known history of previous head 
trauma. Further, it was registered if the participant was prescribed 
antipsychotic medication or not and whether it constituted single-or 
multiple treatments.
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Forensic mental health services group

The forensic mental health services group, also called the hospital 
group, was selected within a retrospective cross-sectional study on 
clinical medical records (CROSSFOR22) conducted at the Forensic 
Psychiatric Clinic Rågården at Sahlgrenska University Hospital, 
Gothenburg. Before data collection, an opt-out procedure suggested 
by the Swedish Ethical Review Authority was implemented. 
Information about the study CROSSFOR22 was posted for 2 weeks on 
bulletin boards in each of the hospital’s four wards for forensic 
psychiatric rehabilitation. No patient opposed inclusion, and cross-
section data were obtained on all 68 patients enrolled at a specific date 
in 2022. The data collection was conducted in three main steps. First, 
data from clinical medical records were collected in CROSSFOR22 
study protocols by a research nurse with extensive clinical experience. 
Secondly, an experienced senior consultant and doctoral student 
evaluated and completed the protocols for psychiatric and somatic 
medical history. In the third step, an experienced senior consultant 
and researcher reviewed unclear protocol items (mainly on 
contradictory and incomplete diagnostical information). Plasma NfL 
values were found to have been prescribed by the attending physician 
in 20 patients between September 2020 and January 2022. These 20 
patients were included in the study. Due to the strong relation of age 
to NfL values, age at NfL-sampling rather than at the time of cross-
section was recorded (28, 29). Selected baseline characteristics 
corresponding to the forensic psychiatric assessment group were 
collected from the CROSSFOR22 protocol. Index crimes were 
classified as violent or non-violent per the Swedish penal code (30).

Control groups

For each case, we selected two age-and sex-matched individuals 
who had no history or clinical symptoms or signs of neurologic 
disorder from a large study that was conducted to generate normal 
reference limits for plasma NfL in our laboratory, as previously 
described in detail (16).

NfL analysis

Plasma NfL concentration was measured by Simoa using the 
NF-Light Advantage kit on an HD-X Analyzer according to 
instructions from the manufacturer (Quanterix, Billerica, MA), as 
previously described in detail (16). The measurements were performed 
in clinical laboratory practice by board-certified laboratory technicians 
blinded to clinical data. Longitudinal stability in the measurements is 
monitored and ascertained by high and low internal control samples; 
intra-and inter-assay coefficients of variation were below 10%, and no 
longitudinal drift was observed.

Statistics

Statistical analyses were performed in IBM SPSS version 29.0.0. 
Mann–Whitney U tests were also performed in GraphPad Prism 
version 9.5.0 to visualize the results in scatter plots. Plasma NfL 
concentration and age were treated as continuous variables, and other 

baseline characteristics as categorical, nominal variables. In the 
hospital group, the length of forensic psychiatric care in months, from 
the date of admission until the blood sample for NfL analysis, was 
collected and calculated in SPSS for each participant. After 
de-identification, the corresponding variables for each study group 
were registered in separate SPSS data sheets. Baseline characteristics 
were summarized using SPSS Frequencies. Data were assumed not to 
be normally distributed. The mean rank values of plasma NfL were 
calculated with the Mann–Whitney U test to compare the two study 
groups’ primary outcome (plasma NfL concentration) to the plasma 
NfL concentrations of the corresponding control groups. The level of 
significance was set to 0.050.

Ethics statement

Separate ethical approvals were obtained from the Swedish 
Ethical Review Authority for RPU2.0 (1016-16), CARERPU2.0 (2021-
02420, 2021-05631-02), and CROSSFOR22 (2021-05668-01), 
respectively.

Results

Study group characteristics

Selected baseline characteristics are presented in Table  1. In 
contrast to the hospital group, the assessment group consisted of 
both females (30%) and males. The median age was slightly higher 
than in the hospital group due to a few older participants, as 
indicated by the interquartile ranges. A primary diagnosis of any 
psychotic disorder and bipolar disorder, as well as antipsychotic 
treatment at the time of plasma NfL analysis, were more common in 
the hospital group (75%) compared with the assessment group 
(25%). The remaining primary psychiatric diagnoses in the hospital 
group were few and constituted by neurodevelopmental disorders: 
(n = 3, 15%), personality disorder; (n = 1, 5%), and substance-related 
disorder; (n = 1, 5%). In the assessment group, substance-related and 
addictive disorders were more frequent; (n = 6, 30%), as were 
personality disorders; (n = 4, 20%). Three participants were assigned 
a neurodevelopmental disorder and one a disruptive disorder, 
impulse-control disorder. As seen in Table  1, somatic diagnoses, 
including those of metabolic and cardiovascular significance, were 
more common in the hospital group, as was a history of brain 
damage. No acute or recent brain damage was reported in either 
group. Other somatic diagnoses varied greatly in both groups 
without any significant pattern. The median length of stay at forensic 
mental health services at the time of blood sample collection was 
20.5 months. However, a few participants had a considerably shorter 
time in forensic psychiatric treatment. There was no participant with 
a shorter length of stay than 3 months.

Plasma NfL levels

No significant differences between the study groups and the 
controls were detected (Figures 1, 2 and Table 2). When examining 
individual NfL concentrations, we found that four participants in the 
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assessment group had slightly elevated concentrations compared with 
age-adjusted reference values, while this was true for none of the 
participants in the hospital group. The age-adjusted clinical reference 
limit for all deviating participants was <10 nanograms per liter (ng/L) 
(16), and NfL values of the four deviating participants were 10, 10, 13, 
and 21 ng/l, respectively. Out of these four persons, two had an 
alcohol-related disorder, one had an opioid-related disorder and a 
hypothyroid disorder, and one had diabetes. The NfL value 12 ng/l 
seen in Figure  1 represents a participant of higher age where the 
age-adjusted reference value is <35 ng/l (16).

Discussion

In this pilot study, we investigated the blood levels of NfL in two 
groups of forensic subjects. The two groups represented two different 
time points after the crime. The assessment group was investigated 
weeks-months after the crime and prior to an expected verdict, a 
period characterized by acute psychiatric morbidity, recent substance 
use and stress. The hospital group was investigated months-years after 

the crime, with a median time of forensic psychiatric care and 
treatment of 20.5 months. This group was possibly to a greater extent 
stabilized, considering psychiatric morbidity, recent substance use and 
stress compared to the assessment group. The two forensic psychiatric 
groups’ mean rank of blood levels did not differ compared with 
matched controls. However, some participants from the assessment 
group showed slightly elevated blood values of NfL compared with 
clinically used, age-adjusted reference values, which gives reason to 
look further into this group.

There may be several reasons for the lack of increased blood levels 
of NfL in the two forensic psychiatric groups. We will mainly discuss 
the findings in relation to neurological disorders, psychiatric 
disorders, and substance use disorders. First, NfL is a cytoskeletal 
protein specific for neurons, which is released to the cerebrospinal 
fluid and blood in situations of neuronal damage (11, 13). Increased 
blood NfL has been reported in neurological conditions with a distinct 
temporal nature, such as stroke, multiple sclerosis, and traumatic 
brain injury, but also in more chronic conditions, such as Alzheimer’s 
disease and parkinsonian disorders (11, 13). These conditions were 
absent in the two forensic psychiatric groups of patients except for 
previous traumatic brain injury. Studies have reported an association 
between violent crime and traumatic brain injury (8, 10). In the 
forensic psychiatric assessment group, 10% reported previous head 
trauma, while in the forensic psychiatric hospital group, the 
corresponding figure was 25%. However, no recent or acute head 
trauma was reported in either group.

Second, Swedish forensic psychiatric patients all have a severe 
mental disorder, with about two-thirds having a psychotic disorder, 
mainly schizophrenia (31). In the present study, the prevalence of 
schizophrenia spectrum and other psychotic disorders was 20 and 75% 
in the assessment and hospital groups, respectively. There is growing 
evidence that primary psychiatric disorders, in general, and psychotic 
disorders, in particular, are not characterized by increased levels of NfL 
in the cerebrospinal fluid (18, 20) or blood (16–18), not even in 
patients with treatment-resistant schizophrenia (21), a group with 
profound cognitive deficits (32) and possibly the group of 
schizophrenia patients with most neuronal damage (33). One study has 

TABLE 1 Selected baseline characteristics of participants.

Forensic 
psychiatric 
assessment 

group (n = 20)

Forensic 
mental health 
services group 

(n = 20)

Male sex, n (%) 14 (70) 20 (100)

Median age (IQR) 35.5 (26.5–48.0) 29.5 (25.0–32.8)

Any psychosis/bipolar I, n (%) 5 (25) 15 (75)

Any substance use disorder, n (%) 11 (55) 13 (65)

Alcohol-related disorders, n (%) 4 (20) 1 (5)

Cannabis-related disorders, n (%) 3 (15) 4 (20)

Opioid-related disorders, n (%) 5 (25) 0 (0)

Sedative-, Hypnotic-, or 

Anxiolytic-related disorders, n (%)
2 (10) 0 (0)

Stimulant-related disorders, n (%) 5 (25) 1 (5)

Other (or unknown) substance-

related disorders, n (%)
1 (0) 0 (0)

Multiple drug use*, n (%) 0 (0) 10 (50)

Any somatic diagnosis, n (%) 8 (40) 11 (55)

Any neurological disorder, n (%) 1 (5) 0 (0)

Any endocrine, nutritional and 

metabolic diseases, n (%)
3 (15) 6 (30)

Any disease of the circulatory 

system, n (%)
0 1 (5)

Any history of brain damage, n (%) 2 (10) 5 (25)

Antipsychotic treatment at NfL 

analysis, n (%)
6 (30) 17 (85)

Length of stay in months at forensic 

hospital at NfL analysis, median 

(IQR)

** 20.5 (3–27)

NfL data recorded from 2020 through 2022.
NfL, Neurofilament light chain protein; n, number of participants; IQR, interquartile range; 
*, According to ICD-10; **, not applicable. Participants may have several specific diagnoses.

FIGURE 1

Forensic psychiatric assessment group.
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shown significantly increased plasma NfL in schizophrenia patients 
compared with controls, although the absolute difference was small 
(22). The currently unknown neurodegenerative processes in psychotic 
disorders may be without NfL increase, or they may occur at specific 
time points of the disorder [see (21) for discussion] not detected in the 
present study. Considering these findings, it was not surprising that 
we did not find elevated blood NfL levels in forensic psychiatric patients.

Third, a growing number of studies also show increased blood 
NfL levels in persons with different substance use disorders. Alcohol 
use disorder is associated with increased blood NfL (34), and there 

seem to be relationships between the dose of alcohol use, blood levels 
of NfL, and gray matter damage in the brain (35). Blood levels of NfL 
have even been shown to correlate to the treatment effect of 
transcranial magnetic stimulation on alcohol use disorder (36). In 
addition, other drugs than alcohol have also been shown to affect 
NfL. Users of ketamine (37) and cocaine (38), psychoactive drugs 
associated with cognitive deficits and brain structure alterations, may 
have increased blood levels of NfL. In contrast, the use of ecstasy does 
not seem to affect NfL (39). In the present study, a substance use 
disorder diagnosis was present in 50 and 65% of the patients in the 
assessment and hospital groups, respectively. In the assessment group, 
active substance use is likely to have occurred more recently than in 
the hospital group. This might explain the findings of a few slightly 
elevated NfL levels in the assessment group compared with clinically 
applied reference values. In fact, three out of four persons with 
elevated NfL levels did have a substance use disorder.

Finally, some additional comments on the finding that a few 
subjects from the assessment group displayed slightly elevated blood 
NfL levels. A forensic psychiatric assessment most likely occurs within 
weeks or months after the index crime in offenders with a suspected 
severe mental disorder. Thus, acute conditions from the time of the 
offense, possibly associated with neuronal damage and NfL leakage, 
would be closer in time to the forensic psychiatric assessment than 
patients undergoing forensic psychiatric care. NfL dynamics in CSF and 
blood after acute brain injury mirrors each other with slow increases 
days to weeks after the injury, reaching peak concentrations after around 
2–3 months, followed by reduced concentrations with an apparent half-
life of 2–3 months (40). Elevated blood NfL levels could therefore 
be  expected to be  more prevalent during the forensic psychiatric 
assessment. In addition, patients with 3 months of alcohol withdrawal 
still have elevated blood NfL levels, although not as prominent as during 
the first day of alcohol abstinence (41). Another acute condition with 
elevated blood NfL levels is anti-NMDA receptor encephalitis (42). 
Speculatively, some of the patients with a severe mental disorder due to 
a first episode of psychosis may, in fact, have a so-called autoimmune 
psychosis (43) with NMDA receptor antibodies (44). Other factors that 
may cause elevated blood NfL levels are higher age and risk factors for 
cardiovascular disorders such as high blood pressure, diabetes, and 
smoking (11). The present study’s median age was 35.5 and 29.5 years in 
the two groups, respectively. Patients undergoing forensic psychiatric 
assessment had few somatic diagnoses related to metabolic and 
cardiovascular risk factors. About half of the patients at the forensic 
psychiatric hospital had a somatic diagnosis, with 30% having a 
diagnosis related to metabolic and cardiovascular disorders. There are 
also some conditions that may lower the blood levels of NfL (11). These 
include conditions with increased blood volume. Such a condition 
relevant to almost half of the forensic psychiatric patients is a high body 
mass index (45), which may lower the group mean of blood NfL in 
forensic psychiatric groups compared with controls. Unfortunately, in 
our study, we could not match controls regarding body mass index. 
Another condition speculatively lowering the blood levels of NfL is in a 
review by Barro and coworkers referred to as disease-modifying 
treatment (11). This would represent all treatments putatively targeting 
neurodegenerative processes given to patients from the arrest to the 
time of NfL testing. For forensic psychiatric patients, this would include 
antipsychotic and other psychopharmacological treatment but also 
non-pharmacological factors such as abstinence from alcohol and other 
drugs and a routine-based low stimuli environment.

FIGURE 2

Forensic mental health services group.

TABLE 2 NfL values, descriptive statistics and significance levels of 
comparative analyses.

Mean Nfl 
value, 
ng/L (CI)

Median 
NfL value, 
ng/L (IQR)

Value of p, 
comparative 
analysis of 
mean ranks in 
Mann Whitney 
U test

Forensic 

psychiatric 

assessment 

group (n = 20)

6.7 (4.6–8.9) 5.1 (3.8–9.4) 0.471 (n.s.)

Controls of 

Forensic 

psychiatric 

assessment 

group (n = 40)

5.7 (4.7–6.8) 5.1 (3.6–6.9) –

Forensic mental 

health services 

group (n = 20)

5.0 (4.0–6.0) 4.8 (3.0–6.8) 0.233 (n.s.)

Controls of 

Forensic mental 

health services 

group (n = 40)

4.1 (3.7–4.6) 3.9 (3.4–4.9) –

NfL, Neurofilament light chain protein; n, number of participants; IQR, interquartile range; 
n.s., not significant.
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Strengths and limitations

We consider the choice of groups a strength of our study since 
they are challenging to include in medical research, and previous 
studies are lacking. The participants are psychiatrically well 
characterized due to the forensic psychiatric assessment. Another 
strength is that the two groups were included at different times in the 
forensic psychiatric timeline. Limitations are the small number of 
participants in each group. This makes it difficult to detect any 
diagnostic-specific changes in NfL. In addition, the most aggressive 
and severely psychiatrically ill were excluded, as well as potential 
participants with scarce language skills. Another limitation of the 
study is the lack of imaging data on any structural brain damage.
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