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Abstract

Background Personality change is a debilitating consequence of traumatic brain injury (TBI), yet its prevalence, character-
istics, and treatment remain poorly understood.

Methods We completed a pre-registered (CRD42023440990) systematic review and meta-analysis searching four databases
(MEDLINE, PsycINFO, EMBASE and CINAHL) for primary studies assessing personality change after TBI. We synthe-
sized conceptualization, prevalence, longitudinal outcome, lesion location, and treatment. Prevalence was estimated using
a random effect meta-analysis using the Paule—Mandel estimator, with subgroup, meta-regression and robustness analyses.
Results A total of 101 studies were included in this review, seventeen of which were suitable for meta-analysis. Personality
change was defined inconsistently although common symptoms involved the emergence or increase of affective, behavioral,
and social disturbances, including irritability, depression, emotional instability, anger outbursts, social withdrawal, anxiety,
impulsivity, restlessness, aberrant motor behaviors, and aggression. The prevalence of secondary personality disorder was
estimated as 29.1% (CIs 22.5% — 36.2%) and prevalence of broad personality change was 68.1% (Cls 53.4% — 81.2%). Robust-
ness analyses showed that the estimate for broad personality change should be treated with caution as it was unstable when
adjusted for risk of bias and potential publication bias. Follow-up studies, although of varying quality, consistently showed
personality change remained stable over long follow-up periods. The relationship between personality change and specific
lesion locations in TBI remains unclear, likely due to the poor methodological quality of studies examining this association.
Perhaps most concerning, there is limited evidence and very few systematic studies addressing treatment.

Conclusion Personality change is a common and persistent consequence of TBI. Varying definitions, and the lack of high-
quality lesion mapping studies and systematic investigations into treatment highlights critical gaps in understanding and
management.

Keywords Traumatic brain injury - Personality change - Organic personality disorder - Secondary personality disorder -
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condition caused by external mechanical forces that cause
temporary or permanent impairment of brain function with
wide-ranging physical, cognitive, and psychosocial conse-
quences [1]. Personality change is considered one of the
most disabling but least understood effects of TBI, affecting
social adjustment, family life, and impacting rehabilitation
outcomes [2].

Studies vary in how they define personality change
including constructs spanning apathy to disinhibition [3].
As aresult, it is often unclear which constructs are integral
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to personality change itself, as opposed to being part of
broader cognitive or behavioral shifts. This diversity of
definitions has led to various ways of classifying personal-
ity change making it hard to report comparable prevalences
and, therefore, estimate the risk of personality change after
TBI [4]. Patients and families affected by brain injury cite
information about outcomes as important during the early
stages of injury [5] but to date, there has been no systematic
synthesis of the long-term prognosis of post-TBI personality
change. Similarly, treatment options for secondary personal-
ity change have not been based on a systematic analysis of
the literature [3] and it is not clear which treatments are used
in those affected by post-TBI personality change. Finally,
acquired personality change is traditionally associated with
damage to the prefrontal cortex [6]. However, studies on
other forms of acquired brain injury, such as tumor resection
[7] and acquired brain injury more broadly [8], indicate that
secondary personality change is associated with a far wider
range of lesions. Understanding the diversity of lesions asso-
ciated with post-TBI personality change may be useful in
characterizing the clinical presentation and neurocognitive
basis of changes in affected patients.

Consequently, we completed a systematic review and
meta-analysis to i) understand the most common symptoms
associated with post-TBI personality change; ii) provide a
meta-analytic prevalence of personality change after TBI,;
iii) review long-term outcomes and treatment, and; iv)
review lesion locations associated with TBI-related person-
ality change.

Methods

The present review was undertaken following discussions
with individuals with lived experience of brain injury from
Headway London, a charity who support survivors of brain
injury, who identified this as an important unmet need. The
results were discussed and interpreted in partnership with
them. The study is reported in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines and we pre-registered on PROS-
PERO (CRD42023440990).

Types of studies included

We included all peer-reviewed primary studies published
in English between July 1980 and November 2023 with the
review updated in June 2025. We included studies using ran-
domized or nonrandomized controlled trials, retrospective
or prospective cohort studies, case—control studies (includ-
ing nested case—control and family studies), qualitative
studies, and case studies, and excluded reviews, comments,
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newsletters, narrative book chapters, conference abstracts,
and congress papers.

Eligibility criteria
Participants

Studies investigating personality change following traumatic
brain injury were included if they were original human
research published in English with adult participants, while
excluding reviews, non-English publications, animal studies,
exclusively pediatric research, and studies of other acquired
brain injuries. We originally defined “adult” as 18+ but
changed the inclusion criteria to 16 + following initial
screening where 16 + was commonly used in TBI studies to
define adult participation. Data from adults with TBI had to
be distinguishable within a study if mixed populations were
reported in a single paper.

Exposures

TBI was defined as any intracranial injury caused by an
external force. This includes closed or penetrating head inju-
ries, with severity ranging from mild to severe. Studies were
excluded when general term such as “head injury” was used
and the nature of the head injury could not be determined,
or when TBI could not be differentiated from other acquired
brain injuries such as stroke. Given the ambiguity in the
definition of “personality change,” any papers that refer to
“personality change” explicitly were included as were spe-
cific personality types (e.g., “narcissism”). Articles that
identified acquisition of “personality disorder” diagnosis
following a TBI were included. Any methods for assessing
such changes were included. Studies were excluded if they
solely discussed impulsivity, identity, cognition, behavior,
or emotion without specific mention of personality change.

Comparators

Studies with and without comparison groups were included;
no exclusion criteria applied.

Outcomes

We included papers that reported the following outcomes:
i) signs and symptoms associated with personality change
following TBI; ii) diagnostic or classification tools used to
assess post-TBI personality change; iii) prevalence of sec-
ondary personality change or personality disorder after TBI,
iv) treatments for secondary personality change and their
outcomes; v) lesion location associated with post-TBI per-
sonality change.
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Information sources and search strategy

Four databases were searched electronically (MEDLINE,
PsycINFO, EMBASE, and CINAHL). We conducted for-
ward and backward reference searching for additional
papers. See the Supplementary Material for full search
terms.

Study selection process

Review software Rayyan [9] was used to support the
study selection phase, including duplicate removal, title
and abstract screen, and full-text screen. Duplicates were
removed by one reviewer (LB). Two reviewers indepen-
dently screened the title and abstracts, as well as full-text
articles (LB; KJ). A third reviewer (VB) was consulted
when a consensus could not be reached during screening
and full-text reading.

Data extraction process

A spreadsheet was developed by one reviewer (LB) for
extracting data from the full-text articles. One reviewer
(LB) extracted study characteristics and outcomes of all
included studies into the spreadsheet for comparison,
which was conducted by two reviewers (LB; KJ), with a
third held for disagreements (VB).

Risk of bias

The quality of included studies using the Joanna Briggs
Institute (JBI) critical appraisal tools. Study objectives,
design, sampling methods, participant recruitment, meas-
ures, statistical analysis, results, and conclusions were
assessed for appropriateness. Disagreements were resolved
either by consensus, or with the involvement of the third
reviewer (VB).

Synthesis of results

Prevalence was estimated using a random effect meta-
analysis using the Paule-Mandel estimator implemented
with the meta package [10] in R version 4.5.2 [11], with
subgroup, meta-regression and robustness analyses. To
assess publication bias, we used a Doi plot and the LFK
index [12] due to funnel plots and Egger’s test being inap-
propriate for meta-analyses of prevalence [13]. A narrative
synthesis was conducted to summarize symptoms reported

as personality change, diagnostic and classification tools,
treatment and long-term outcomes.

Results

A total of 101 articles were included in the systematic
review. See Fig. 1 for PRISMA 2020 flow diagram. Stud-
ies were carried out in the USA (k=42), followed by the
UK (k=18), Canada (k=7), Australia (k=4), Brazil (k=4),
Denmark (k=4), Finland (k= 3), China (k=3), Spain (k=2),
and Taiwan (k=2). Belgium, Chile, Croatia, India, Ire-
land, Japan, Korea, New Zealand, Nigeria, Poland, Saudi
Arabia, and Switzerland produced one study each. Study
designs included cross-sectional studies (k=34), case stud-
ies (k=27), cohort studies (k=24), retrospective observa-
tional studies (k=7), case—control studies (k=3), case series
(k=4), qualitative studies (k=1), and nonrandomized inter-
vention studies (k=1).

Risk-of-bias assessment

We used the Joanna Briggs Institute (JBI) critical appraisal
tool for risk-of-bias assessments. Details of the risk of bias
ratings are reported in Figs S3a-S3d of the supplementary
material. These indicated variable risk of bias, with higher
risk of bias in cohort studies and inadequate control of con-
founding across studies designs.

Synthesis of results

Table S2 in the supplementary material characterizes all
included studies. In additional to narrative synthesis, a meta-
analysis was conducted with 17 studies reporting prevalence
to estimate the prevalence of personality change following
TBI. The analysis is available as a Jupyter Notebook, a docu-
ment that combines code and the output in a form that can be
re-run and reproduced, at the following URL: https://github.
com/vaughanbell/personality-change-TBI-meta/.

Patient characteristics

The causes of TBI included road traffic accident (k=41),
which included pedestrians, cyclists or vehicles. The
second were falls (k=23), followed by assault (k=14),
sports-related injuries (k=9), work-related injuries (k=9),
gun-crime or war-related injuries (k=7). Nineteen stud-
ies reported “Other” categories, which included blows to
the head, aircraft-related injuries, falling objects, or not
otherwise specified. Thirty-eight of the studies did not
specify causes of injury. The study populations were more
frequently made up of men (male majority k=72, female
majority k=13, unspecified k=12). Few studies reported
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[ Identification of studies via databases and registers ]

Records identified from*:
Databases (n = 4)
MedLine (n = 3,585)
Psychinfo (n = 2,831)
Embase (n = 8,292)
CINAHL (n = 996)

Identification

Total (n = 15,704)

\ 4

A 4

Records screened

Records removed before screening:
Duplicate records removed (n = 5,387)

(n =10,317)

\ 4

A 4

Records excluded (n = 10,120)

Reports sought for retrieval
(Full text = 197)

\ 4

Reports not retrieved
(n=8)

\ 4

\ 4

J

Studies included in review

(n=101)

Reports excluded (n = 88)

» Either not, or uncertainty around whether, TBI (n = 13)
+ Unable to differentiate TBI from ABI (n = 19)

« Personality changes not reported (n = 28)

* Premorbid personality predicting outcomes (n = 5)

» Study Design (n = 15)

+ Language (n=4)

* Population (n =4)

Included

Fig. 1 PRISMA 2020 flow diagram for systematic review

ethnicity (k= 15), although one study [14] found that ethnic
minority individuals were disproportionally affected.

Conceptualization of post-TBI personality change

The signs and symptoms used in the conceptualization
of personality change by included studies are reported in
Table 1, grouped under symptoms areas by the authors of
this review. These have been included nonexclusively and
signs and symptoms are reported as they were reported by
the original authors. The most frequently reported signs
and symptoms were irritability/frustration (k=21), depres-
sion (k=17), mood swings/emotional instability/emotion-
ally impulsive (k=17), anger outbursts (k= 14), decreased
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social interaction/increased social withdrawal/isolation
(k=13), anxiety (k=12), impulsivity/impatience (k=11),
restlessness/sleep disturbance/fatigue (k= 10), aberrant
motor behaviors/obscene gestures (k= 10), and aggressive-
ness (k=9).

Prevalence of post-TBI personality change

Among the 101 studies, 17 included prevalence data. An ini-
tial estimate of prevalence indicated an overall prevalence of
49.8% (Cls 37.3% — 62.3%) but with very high heterogeneity
(I’=95.1%; tau>=0.0615 1, p<0.0001) indicating that this
estimate is unlikely to be a valid synthesis of prevalence. A
MetaForest analysis [15] to identify moderators that were
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Table 1 Signs and/or symptoms included under the conceptualization of post-TBI personality change

Domain Signs and/or symptoms

Psychopathology depression (k=17); anxiety (k=12); neuroticism (k=15); personality disorder (k=15); paranoia (k=4);
borderline personality disorder/borderline features (k=4); antisocial personality traits (k=4); obses-
sive—compulsive traits (k=3); psychopathy (k= 3); hypomania/mania (k=2); schizophrenia (k=2);
nihilistic delusions (k= 1); grandiosity (k=1); PTSD (k= 1); dissociative identity disorder (k=1);
addiction (k= 1); narcissism (k=1)

Mood and emotional regulation irritability/frustration (k=21); mood swings/emotional instability/emotionally impulsive (k=17);
anger outbursts (k= 14); aggressiveness (k=9); apathy/emotional withdrawal (k= _8); difficulties
controlling emotions/recognizing emotions (k=7); somatic symptoms reflecting emotional distress
(k=15); loss of empathy (k=3); emotional distress (k=2); passive-aggressive (k=2); stubbornness
(k=2); hypersensitivity/catastrophic responses (k=2); loneliness (k=1)

Behavioral dysregulation and impulsivity impulsivity/impatience (k= 13); restlessness/sleep disturbance/fatigue (k= 10); aberrant motor
behaviors/obscene gestures (k= 10); disinhibited behavior (k=5); childishness (k=15); inappropri-
ate/aggressive/disturbed behavior (k=4); extraverted behavior/extraversion (k=4); inappropriate
sexual disclosures/comments (k= 3); increased pornography use/masturbation (k=2); profane
language (k=2); talkativeness (k=2); increased affectionate behavior (k=2); inappropriate sexual
advances/paraphilias k=2); hoarding tendencies (k= 1); criminality (k=1); conscientiousness
(k=1); reduced inhibition (k= 1); inappropriate jokes (k= 1); rule breaking (k= 1); diminished
libido (k=1)

forgetful/memory impairments (k= 8); lack of initiative (k=4); increased rigidity (k=2); poor plan-
ning (k=2); disoriented (k=2); lack of insight (k=2); poor/impulsive decision-making (k=2); ina-
bility to manage money (k=2); difficulties organizing daily activities (k= 1); difficulties reasoning
(k=1); poor goal setting (k= 1); problems continuing and finishing tasks (k=1); creativity (k=1)

Cognitive and decision-making

Social and interpersonal decreased social interaction/increased social withdrawal/isolation (k= 13); dependence on others/
helplessness (k=5); difficulties comprehending social nuances/inappropriate disclosure in conversa-
tions/social inattentiveness (k=4); inability to socialize/converse/social inappropriateness/insen-
sitivity (k=4); difficulties comprehending humor/loss of sense of humor (k= 3); increased social
discomfort (k=2); estrangement from family/relationship deterioration (k=2); sarcasm (k=2); lack
of cooperativeness (k=2); ability to relate/argumentative (k=2); aspontaneity (k=2); tactlessness
(k=2); intimacy/closeness/warmth (k=2); social adjustment/dominance (k=2); compliance (k=1);
criticism of others (k=1)

Motivation and activity levels loss of interest/decrease in daily activities (k= 8); reduced motivation/drive (k=5); lower employ-
ment rates (k=4); work/school impairments (k=4); contentment with inactivity (e.g. sitting, read-
ing) (k=2); boredom (k=2); reduced self-care (k=2); reduced physical functioning (k=1); reduced
social functioning (k= 1); hyperactivity (k=1)

Identity and self-esteem loss of self-identity/sense of self (k=3); low self-image/self-esteem (k=3); disconnect between past
and present self (k=2); inability to connect with other descriptions of premorbid personality (k=1);

loss of personal agency (k= 1); optimism (k= 1); pessimism (k= 1); Machiavellian views (k=1)

the significant contributors to heterogeneity identified out-
come type (broad personality change (k=9) vs diagnosis
of secondary personality disorder (k=38) as the largest con-
tributor to heterogeneity by a considerable margin (Fig S1,
supplementary material) and subsequent analyses for broad
personality change and diagnosis of secondary personality
disorder were conducted separately. Figure 2 illustrates the
forest plots for these meta-analyses.

Broad personality change

Broad personality change refers to personality change meas-
ured by studies using instruments or frameworks that extend
beyond the specific changes captured within secondary per-
sonality disorder and included k=9 total studies. It was
identified by relative report (k=3), clinical interview (k=2),
SCAN (schedules for clinical assessment in neuropsychiatry;

k=2), clinical review (k=1) and patient/relative question-
naire (k=1). Broad concept personality change prevalence
was estimated as 68.1% (CIs 53.4% — 81.2%) with high het-
erogeneity (I2 =96%, tau>= 0.0443). However, outlier and
leave one out sensitivity analyses identified Aldossary et al.
[16] as a significant outlier. Removal of this study led to a
revised prevalence estimate of 73.7% (CIs 65.4% — 81.3%)
with substantially reduced heterogeneity metrics (I=65.4%;
tau®>=0.0095, p=0.0101).

Doi plots and LFK indices were used to assess publica-
tion bias with evidence of asymmetry (LFK index =2.26;
Fig S2a, supplementary material) indicating the poten-
tial for publication bias affecting results. We used trim
and fill to impute potentially missing small study effects,
leading to an adjusted prevalence estimate of 42.5% (Cls
22.0% — 65.6%; 1>=96.4%; tau’>=0.1602). Subgroup
analysis showed no statistically reliable moderation by

@ Springer



502 Page6of11

Journal of Neurology (2026) 273:502

Study Events Total N
Outcome = Personality change
Aldossary et al (2019) 56 251 -
Thomsen (1984) 19 24
Weddell et al (1980) 31 44
Weddell Wood (2016) 48 71
Weddell Leggett (2006) 54 87
Brooks et al (1986) 31 42
Kaitaro et al (1995) 14 15
Lauterbach et al (2015) 52 60
Norup et al (2015) 13 22
Random effects model 616

Heterogeneity: I? = 95.5%, T2 = 0.0443, p < 0.0001

Outcome = Secondary PD

Events per 100
observations

Prev % 95% Cls Weight

22.3 [17.4; 27.7] 12.4%

——=%— 792 [60.1; 92.8] 10.3%
—_— 70.5 [56.0; 83.2] 11.3%
—— 67.6 [56.2; 78.1] 11.8%
e 62.1 [51.6; 72.4] 11.9%
—_— 73.8 [59.4; 86.5] 11.2%
——%—  93.3[73.0;100.0] 9.3%

—%— 867 [76.9; 945 11.6%
—_— 59.1 [38.2; 77.8] 10.2%
e 68.1 [53.4; 81.2] 100.0%

Balan et al (2021) 15 41 —a— 36.6 [22.7; 52.0] 9.2%
Diaz et al (2014) 14 41 —a— 34.1 [20.7; 49.5] 9.2%
Koponen et al (2002) 14 60 —=— 23.3 [13.9; 35.2] 11.5%
Diaz et al (2012) 11 33 —a— 33.3 [18.5; 50.5] 8.0%
Franulic et al (2000) 9 28 —a— 32.1 [16.3; 50.8] 7.2%
Hibbard et al (2000) 76 438 —+ 17.4 [11.8; 19.3] 21.1%
Li et al (2022) 340 1027 33.1 [30.0; 35.8] 22.9%
Rao et al (2008) 17 54 —E— 31.5 [18.9; 44.4] 10.8%
Random effects model 1722 <> 28.4 [23.2; 34.0] 100.0%

Heterogeneity: /2 = 84.4%, T2 = 0.0037, p < 0.0001
[

20

40 60 80 100

Fig. 2 Forest plot of prevalence of post-TBI broad personality change and personality disorder diagnosis outcomes

longitudinal vs cross-sectional design or between stud-
ies that used validated measures vs. unvalidated meas-
ures, although the latter comparison had only k=2 stud-
ies with validated measures. Meta-regression analyses
showed a statistically reliable association with length of
follow-up in months, although the effect was marginal
increased prevalence (0.003; CIs 0.000-0.005) of person-
ality change with each month of follow-up. There was
no association between broad personality change preva-
lence and risk of bias assessment, although over the full
sample there was an association with risk of bias lower
prevalence was reported (—0.005; CIs —0.009 — 0.000;
p=0.037) with each percentage increase in risk of bias
rating. Consequently, we calculated broad concept per-
sonality change prevalence adjusted by association with
risk of bias rating across the whole sample, which gave a
meta-regression adjusted prevalence of 51.2% (CIs 27.0%
—75.2%). We note the sensitivity of the broad person-
ality prevalence estimate to adjustment, suggesting it is
unlikely to be reliable and should be treated with caution.
Full meta-regression results are reported in Table S3 of
the supplementary material.
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Secondary personality disorder diagnosis

The prevalence of secondary personality disorder was esti-
mated as 28.4% (ClIs 23.2% — 34.0%) with lower heterogene-
ity (I? = 84%, tau®>=0.0037). Outlier and leave one out sen-
sitivity analysis identified Hibbard et al. [17] as an outlier.
Remove of this study led to a revised prevalence estimate
of 32.5% (CIs 29.9% — 35.1%). Notably, the heterogene-
ity for this revised analysis was estimated as zero (I>=0%;
tau’=0, p=0.8214) although largely because removing
Hibbard et al. [17] left a single large study [18] and several
small studies. The smaller studies contributed little weight to
the overall between study variance, and all reported similar
prevalence estimates, leading to these heterogeneity metrics.

Doi plot and LFK index (Fig S2b, supplementary mate-
rial) showed no evidence of publication bias. Subgroup
analysis showed no statistically reliable moderation by lon-
gitudinal vs. cross-sectional design or between studies that
used validated measures vs. unvalidated measures. Meta-
regression analysis showed an association with percentage of
moderate TBI in the sample with more moderate TBI associ-
ated with lower prevalence (—0.007; CIs —0.013 — —0.001).
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There was no association between secondary personality
disorder prevalence of risk of bias assessment. However,
given the overall association in the full sample, we calcu-
lated the meta-regression adjusted prevalence of 29.5% (Cls
21.1% — 38.6%), differing only slightly from the original
estimate. It was not possible to conduct a subgroup analysis
on continent because study location was confounded with
outcome type. Studies conducted in Europe were predomi-
nantly on broad concept personality change whereas those
conducted in Latin and North American were predominantly
on secondary personality disorder, with one study from Asia
within each category.

Longitudinal outcome

Longitudinal studies of personality change after TBI show
little evidence for substantial change over time. However,
studies were frequently small, with less than 50 partici-
pants. A prospective study by Diaz et al. [19] followed-up
33 intensive-care-admitted brain injury patients 18 months
after admission, reporting 33% of patients had secondary
personality change. A small and retrospective study of 14
patients with complex maxillofacial trauma and high confi-
dence of brain injury 2—11 years after injury by Snell et al.
[20] reported personality problems in 29-36% of patients.
A study of 44 young adults with severe head injury con-
ducted by Weddell et al. [21] reported a 70% rate of clini-
cian judged personality change at two years with higher
rates of dependency, non-return-to-work, boredom and
fewer interests in the personality changed group. Oddy
et al. [22] reported on the same cohort at 7-year follow-up
and although there was no direct statistical comparison,
the rate of personality change was almost unchanged. Two
studies, Lezak [23] and Lezak and O’Brien [24], reported
on the same cohort of 47 males with TBI over five years.
Temperament and emotional issues remained stable after
the first year, with 39-40% still affected at year five. Anger
persisted, while anxiety and depression initially rose then

declined, indicating that personality changes were not
solely a reflection of comorbid affective disorder. Two
studies relied on relatives’ ratings of the same group of
severely head injured patients, reporting that perceived
personality change increased from 60% at 1 year (N =55)
[25] to 74% at 5 years (N =42) [26]. Kaitaro et al. [27]
directly compared relative and patient perceptions of per-
sonality change in an initial group of 19 severely head
injured patients at 5 years, reporting that both groups
perceived personality change to have occurred (patients
69%, relatives 80%) but there was almost no agreement on
which personality traits had changed apart from agreement
on a decrease in “excitability.” Thomsen [28] reported
results from a long-term follow-up study of 40 patients
with severe blunt head trauma, where prevalence had
decreased from 80% at 2.5 years to 60% at 10-15 years.
Only two papers reported longer follow-ups, albeit retro-
spectively and in single case studies. Both reported clear
personality changes postinjury that persisted at 18 years
[29] and 60 years [30] although with good social integra-
tion, largely due to support from the family and absence
of sustained dissocial traits.

Studies using psychometric personality scales designed
for the general population tended to report mixed results. A
study of 54 patients with brain trauma reported that 31.48%
scored in the abnormal range on the Korean Military Mul-
tiphasic Personality Inventory Test [31] although included
patients with follow-ups ranging from 2 weeks to 12 years,
making it difficult to judge what proportion were long-
term follow-ups. However, two studies using the Revised
NEO Personality Inventory reported few changes at 3 and
12 months [32] and 30 days and 6 months [33].

A qualitative study of five women whose partners experi-
enced personality change 1-7 years post-TBI reported [34]
reported that even several years postinjury, three of five
partners experienced their TBI spouses as fundamentally
changed people, with relationship quality continuing to dete-
riorate over time rather than adapting positively.

Table 2 Lesion location reported in TBI-related personality change case studies

Frontal 73% (n=38), temporal 36% (n=4), right hemisphere 45% (n=5), bilateral 36% (n=4)
Frontal 60% (n=06), temporal 40% (n=4), parietal 20% (n=2), bilateral 40% (n=4)

Bilateral frontal 56% (n=5), temporal 44% (n=4), right hemisphere 44% (n=4)

Frontal 100% (n=>5), orbitofrontal/dorsolateral prefrontal 60% (n=3), right hemisphere 40% (n=2)
Frontal 100% (n=4), orbitofrontal 50% (n=2), bilateral 50% (n=2)

Frontal 100% (n=35), dorsolateral prefrontal 60% (n=3), right hemisphere 40% (n=2)

Frontal 100% (n=4), orbitofrontal 75% (n=3), temporal 25% (n=1)

Frontal 67% (n=2), temporal 33% (n=1), bilateral 33% (n=1)

Frontal 100% (n=2), bilateral 50% (n=1)

Personality dimension N Primary associated lesion location
Irritability/short temper 11

Mood changes 10

Aggression/outbursts 9

Impulsivity 5

Social disinhibition 4

Apathy 5

Emotional lability 4

Social withdrawal/loss 3

Poor judgment inc. financial 2

Anxiety-fearfulness 2 Frontal 50% (n=1), occipital 50% (n=1)
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Lesion location

The evidence for reliable associations between lesion types
and TBI-related personally change dimensions is poor, and
there are few systematic studies. Table 2 reports lesions by
personality change type reported in case studies. Frontal lobe
involvement was common across personality dimensions.
Temporal lobe lesions appeared more frequently in cases
of irritability and aggression, while orbitofrontal involve-
ment was most often reported with emotional lability and
disinhibition. Bilateral lesions were relatively common in
aggression and mood changes. However, substantial overlap,
small sample sizes and potential reporting bias from single
case do not permit firm conclusions regarding lesion—per-
sonality mapping.

Group studies used a range of methods for associating
lesions with personality changes. Using the Eysenck Per-
sonality Questionnaire, Tate’s [35] study of 28 patients
with varied lesion locations found consistent increases in
neuroticism, addiction, and criminality scores regardless of
specific damage sites. A study of 129 patients specifically
associated these lesions with increased Machiavellianism
tendencies with left dorsolateral prefrontal cortex damage,
suggesting this region may play a role in social-moral behav-
ior regulation [36]. A study of 10 patients with post-TBI
organic personality disorder [37] associated predominantly
frontal and temporal lesions with the “cognition energy”
and anxiety factors of the Neurobehavioural Rating Scale.
Thomen’s [28] study included 40 patients, 15 with brainstem
involvement, and 16 with focal lesions which were predomi-
nantly left sided (N =12) with personality changes rated as
childishness, emotional lability, irritability, restlessness, and
disturbed behavior, but no specific analysis of lesion/person-
ality change concordance.

Treatment
Medication

We found no trials, controlled or uncontrolled, of medi-
cation to treat post-TBI personality change or secondary
personality disorder. In a retrospective study, Llauterbach
et al. [38] reported medication used in the treatment of trau-
matic brain injury patients with severe neuropsychiatric
symptoms including personality change. Out of 60 patients,
N =18 were prescribed mood stabilizers, N=17 antipsy-
chotics, N=7 antidepressants, N =3 benzodiazepines,
N =2 medroxyprogesterone, N =2 beta blockers, and N=2
medroxyprogesterone acetate to treat sexual aggression. Tsai
and Hsiao [39] reported on a retrospective case series of 10
patients with secondary personality change in a cohort of
psychiatric patients. They reported used of antipsychotics
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(N=10) and carbamazepine (N =7) to manage aggression,
impulsivity, and expressiveness. In a single case study, car-
bamazepine was reported to ameliorate psychosexual behav-
iors in secondary personality disorder [40]. In another sin-
gle case study, Margetic and Margetic [41] reported gradual
improvements in personality traits (e.g., reduced anger and
irritability) following quetiapine prescription.

Nonpharmacological interventions

Prigatano et al. [42] reported that those attending a neurore-
habilitation program, involving intensive cognitive retrain-
ing and psychotherapeutic rehabilitation, compared to a con-
trol group, showed improvement in personality functioning
compared to controls. In an uncontrolled study, Kaitaro et al.
[27] noted that rehabilitation was valued by families largely
in terms of its benefits for changes in emotional reactions
and personality. One case study [43] reported improvement
in personality change after 20 sessions of repetitive tran-
scranial magnetic stimulation, using 1 Hz inhibitory stimu-
lation on the right dorsolateral prefrontal cortex and 10 Hz
of excitatory stimulation on the left dorsolateral prefrontal
cortex. We found no reports of the use of psychological
interventions for post-TBI personality change.

Discussion

This systematic review and meta-analysis found that person-
ality change is common following TBI and tends to persist
over long-term follow-up periods. However, literature shows
significant variation in how personality change is defined,
though certain common elements emerge across studies. The
relationship between personality change and specific lesion
locations remains unclear, likely due to the poor methodo-
logical quality of studies examining this association. Perhaps
most concerning, there is limited evidence and very few sys-
tematic studies addressing treatment.

The meta-analytic synthesis of prevalence indicted that
secondary personality disorder was present in 28.4% of
patients post-TBI. When personality change was broadly
defined, it was present in 68.1% of patients. However, the
fact that this latter estimate changed markedly (42.5%
when potential publication bias was adjusted for, 73.7%
when an outlier was removed), with high heterogeneity in
the original and adjusted figures, shows that this estimate
is far less reliable and should be treated with caution. In
contrast, the estimate prevalence estimate for secondary
personality disorder remains broadly stable during robust-
ness analysis, suggesting it is more likely to be reliable.
Nevertheless, on conservative estimates, this suggests that
roughly one-third to one-half of patients experience per-
sonality change post-TBI, making it equally, if not more,
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common than cognitive impairment [44], and anxiety and
depression [45] after TBI, although methodological het-
erogeneity across the studies included in these prevalence
syntheses means that the prevalence estimates should be
interpreted as broadly comparable rather than directly
equivalent.

Post-TBI personality changes, as described in the litera-
ture, included a wide range of constructs. Some are com-
monly mentioned constructs in previous reviews of TBI-
related personality changes [6, 32] including changes such
as irritability/frustration, anger, decreased social interac-
tion, impulsivity and aggression. Nevertheless, depression,
anxiety, poor sleep, and fatigue featured strongly in studies
included in our review, and these are not typically consid-
ered personality characteristics either in the psychometric
[46] nor clinical literature [47]. Our group of lived experi-
ence collaborators strongly advocated for fatigue and depres-
sion as being an important factor in personality change, due
to its ability to limit social interaction and social vigor, and
reduce tolerance for stress, leading to irritability. Psycho-
metric studies of the general population [48] and studies in
patients with stroke [49] report covariation between fatigue
and personality. Personality appears to be relatively stable
in patients with primary depression [50] although there is
a larger degree of covariation between depression and per-
sonality disorder symptoms [51], indicating that depression
may play a larger role moderating personality-related psy-
chopathology, and may be an important factor in post-TBI
personality change. These associations clearly need further
investigation in post-TBI patients. We also note that person-
ality change was described across the literature as including
a surprisingly wide range of issues, including some psychi-
atric diagnoses and behavioral issues like addiction which
are not typically considered to be in the domain of personal-
ity per se. Although these wider characteristics were typi-
cally mentioned in only a few studies, it may reflect the need
to more effectively define post-TBI personality change to
achieve a useful working consensus across clinical practice
and research.

Longitudinal outcomes studies were typically small and
of moderate quality but the results were broadly consistent
across numerous studies, indicating that personality change
remains prevalent after the postacute period including in
studies with long-term follow-ups of five [26], seven [22]
or even 10 or more years [28]. These findings suggest that
personality changes following TBI are not only persistent
but may represent a chronic condition that requires ongoing
clinical attention and support. Nevertheless, the variability
in measurement, sample size, follow-up periods, and inclu-
sion criteria does suggest the need for better controlled stud-
ies to allow detection of trajectory-based subgroups, iden-
tify predictors of long-term outcomes, and clarify potential
mechanisms.

Given this, we note the striking paucity of studies on
interventions for TBI-related personality change. We found
no studies which specifically targeted problematic person-
ality change and few intervention studies that measured
personality as an outcome. It is worth highlighting that
individual treatment of problematic personality change is
only one potential focus for treatment studies. Interventions
for families to enhance support and adjustment are likely to
be equally as valuable given evidence that TBI survivors
and their family members may have poor agreement on how
their personality has changed [27] and some partners report
ongoing deterioration of their relationship in subsequent
years [34]. The impact of change on family and relationship
dynamics was highlighted by our lived experience collabo-
rators as a priority for future research, as was the need for
evidence-based therapies to support families affected by this.

Several factors might explain this gap. The wide range of
characteristics included under the umbrella of TBI-related
personality change, consensus definitions restricted to sec-
ondary personality disorder, and inconsistent measurement
approaches, may discourage researchers from targeting it as
a primary treatment outcome. There is a clinical tendency to
treat component symptoms (such as irritability, impulsivity,
or motivation) rather than the overarching personality syn-
drome [52], which may perpetuate the absence of evidence
for treating personality change as a coherent treatment objec-
tive. Qualitative studies suggest that personality change may
be more likely to manifest as a problem after the affected
person returns home,[53, 54], meaning it may be missed by
clinicians focusing on stabilization. Additionally, outcome
measurement remains a challenge. While a TBI-specific
scale for personality change exists, [55] there is currently
no research on which outcome measures are the most appro-
priate and most associated with longer-term functioning to
guide intervention trials.

There was also little systematic evidence on lesion loca-
tion and personality change. However, the results were
broadly in line with a wider lesion mapping study that
included patients with focal frontal lobe lesions not lim-
ited to TBI [8] where emotional lability was associated with
orbitofrontal/ventromedial lesions and other frontal lesions
were associated with disinhibited traits. Despite “disinhibi-
tion” being widely used to describe personality changes, the
extent to which they are best explained by frontal executive
disinhibition remains poorly evidenced [56] indicating a
need for future mechanistic research in this area.

We note some limitations of this review. Our inclusion
criteria focused on studies that specifically addressed per-
sonality change, and some studies were excluded on the basis
they addressed related concepts (e.g., disinhibition) but did
not specifically address this in relation to personality as a
broader concept. The extent to which these excluded constructs
that overlap with, or meaningfully contribute to, broader
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conceptualizations of personality change, even if the authors
of the original authors did not identify them as such, remains
a matter of debate. In addition, diagnostic studies used a range
of different measures, including structured assessments and
clinical diagnoses, that may have relied on different diagnostic
criteria as definitions are revised as new diagnostic systems
emerge. It is unclear the extent to which this affects case iden-
tification and therefore prevalence estimates as it was not pos-
sible to test this statistically in this study. This study excluded
studies not published in English, potentially limiting the inclu-
sion of studies from countries and cultures where concepts and
implications of post-TBI personality change may differ.

In conclusion, personality change is a common and endur-
ing consequence of TBI, yet remains poorly addressed clini-
cally. The development of targeted interventions for individu-
als and families affected by these changes remains a priority.
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