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consequences, including reduced independence, meaningful
activities and quality of life. However, previous studies have N e
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reported variable prevalence rates and no meta-analysis has injury; Neurology; Psychiatry;
synthesized prevalence findings and identified moderators Amotivation
of apathy in clinical populations. We conducted a pre-
registered meta-analysis (PROSPERO CRD42024552306),
searching three databases (MEDLINE, EMBASE, and APA
PsycInfo) for primary studies assessing apathy in individuals
with TBI. 18 studies met inclusion criteria, and data were
extracted for meta-analysis to estimate the pooled
prevalence of apathy. Subgroup analyses and meta-
regressions explored the influence of potential moderating
factors including demographic characteristics, injury-related
factors, and methods of apathy assessment. The meta-
analysis found the prevalence of apathy following TBI to be
37.6% [95% Cl 28.5-47.2%)]. Key moderators included cause
of injury, TBI severity, sex and population type. Specifically,
transport accidents were associated with higher apathy
prevalence, while mild TBI, male sex, and veteran status were
associated with lower apathy prevalence. Apathy is a
prevalent and significant symptom following TBI, affecting
over one-third of individuals in the reviewed studies. These
findings highlight the need for increased clinical focus on
apathy as an important aspect of TBI recovery.
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Introduction

Traumatic brain injury (TBI) is a significant public health concern. It occurs when
an external force damages the brain, which can result in a range of physical,
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cognitive, emotional, and behavioural impairments (Menon et al,, 2010). It is the
leading cause of disability and mortality among individuals aged 1-45, with only
25% of those who have had a serious TBI gaining long-term functional indepen-
dence (Ahmed et al., 2017). The consequences of TBI extend beyond the individ-
ual, often causing significant distress for families and contributing to broader
societal and economic challenges (Faul et al., 2010; Rubiano et al., 2015). In
2019, there were 27.16 million new cases of TBI worldwide, with 48.99 million
people living with TBI (Guan et al.,, 2023). In the UK, a report by the Centre for
Mental Health estimated the annual cost of TBI to be £15 billion (Parsonage,
2016). Importantly, while some of the symptoms or TBI may be immediately
apparent, other, predominantly neuropsychiatric, symptoms, may be less so.
It is because of this that TBI is often referred to as the “silent epidemic.”

Apathy is a well-recognized neuropsychiatric outcome in individuals with TBI,
with significant impact on functioning and recovery (Azouvi et al., 2017; Ciurli et
al,, 2011; Worthington & Wood, 2018). Marin (1991) first defined apathy as a neu-
ropsychiatric syndrome characterized by a persistent lack of motivation that
cannot be explained by diminished consciousness, cognitive deficits, or emotional
distress. It is considered to be a multidimensional construct involving reduced
motivation, goal-directed behaviour, and emotional indifference (Marin, 1996).
These characteristics make apathy a critical focus in clinical assessment and inter-
vention, given its substantial impact on daily functioning and overall quality of life.

Apathy has been consistently linked to significant impairments in psychosocial
functioning. Individuals with apathy face difficulties in activities of daily living
(Green et al., 2022; Tierney et al., 2018), reduced independence after hospital dis-
charge (Arnould et al.,, 2015), and limited community integration (Cattelani et al.,
2008). Apathy has also been associated with less progress in rehabilitation
(Resnick et al., 1998), increased reliance on caregivers (Landes et al., 2001) and sig-
nificant caregiver distress which can strain family dynamics (Marsh et al., 1998).
Moreover, apathy has been associated with passive coping strategies (Finset &
Andersson, 2000), poorer employment outcomes such as reduced working
hours and financial independence (Bull et al., 2016; Funayama et al.,, 2022).
These findings highlight the pervasive and multifaceted impact of apathy, reinfor-
cing its importance as a focus for clinical assessment and intervention.

Apathy is prevalent across various other neurological conditions. A meta-
analysis found that apathy affects 33% of individuals post-stroke (Zhang et
al., 2023), and that the prevalence is approximately three times higher than
depression (Caeiro et al., 2013). Similarly, 39.8% of individuals with Parkinson’s
disease experience apathy (den Brok et al., 2015), and it was reported as the
most common neuropsychiatric symptom in Alzheimer’s disease (Mega et al.,
1996; Nobis & Husain, 2018; Zhao et al., 2016). However, our understanding of
the prevalence of apathy following TBI is limited.

A recent review by Quang et al. (2024) explored factors associated with
apathy in moderate-to-severe TBl and reported the limited role of injury severity
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and demographics. Instead, they highlighted the influence of factors like care-
giver burden and self-efficacy. While this review emphasized the need for a mul-
tifaceted biopsychosocial approach to understanding apathy, it did not meta-
analyse apathy prevalence, leaving the overall rate across studies unclear.
Additionally, their focus on moderate-to-severe TBI limited insight into how
apathy and its moderators vary across the full spectrum of injury severity.

Thus, despite recognition of its seriousness, the prevalence of apathy after
TBI remains unclear and a robust meta-analysis addressing this is needed.
Estimates of the prevalence of apathy in TBI vary widely, ranging from
16% (van Zomeren & van den Burg, 1985) to 71% (Kant et al., 1998),
making it difficult to estimate the scale of the problem and plan services
accordingly. The extent of this variability also hints at the existence of
factors moderating the relationship between TBI and apathy, whether this
is the case and which factors may be relevant remains unclear. Potentially
contributing to this inconsistency are definitional challenges. Apathy has
been conceptualized as a symptom, a syndrome, or a distinct disorder
(Levy & Dubois, 2006; Robert et al., 2018) and often co-occurs with related
conditions such as depression and fatigue, which complicates differential
diagnosis (Worthington & Wood, 2018). In addition, the lack of a gold-stan-
dard apathy measure validated for TBI populations (Clarke et al., 2011)
further limits comparability across studies.

This systematic review and meta-analysis aimed to address these important
issues by providing a comprehensive estimate of apathy prevalence across
mild, moderate, and severe TBI populations while identifying potential modera-
tors influencing variability in reported rates.

Methods
Search strategy

The protocol was pre-registered on PROSPERO (CRD42024552306). We per-
formed comprehensive searches on the Ovid platform across three databases:
APA PsycINFO, MEDLINE, and EMBASE. The search was conducted in August
2024 with no date restrictions. Exact search terms are provided in supplementary
material 1. The search strategy included terms such as “traumatic brain injury,”
“head injury,” “apathy,” “amotivation” and “disinterest.” A wide-ranging selection

of apathy-related terms was used (e.g., “loss of motivation,” “indifference”). Refer-
ences of included papers were searched to identify additional studies.

"

Eligibility criteria and screening

Eligibility criteria were defined using the Population, Intervention, Comparison,
Outcomes, and Study (PICOS) framework:
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o Population: Adults (>18 years) with a history of TBI, assessed at least once for
apathy.

 Intervention: Apathy assessed through clinical evaluation, structured inter-
views, or validated questionnaires.

o Comparison: Studies with or without comparison groups were eligible.

e Outcome: Prevalence of apathy reported as cases per sample.

o Study Design: Peer-reviewed primary research articles.

We included studies published in English only due to resource limitations but
imposed no restrictions on publication date, geographic location, or care
setting. We did not include studies which did not differentiate between TBI
and other neurological conditions or acquired brain injury.

Search results were imported into Rayyan, an online screening platform.
Two authors (JL and LHS) independently screened titles and abstracts for eli-
gibility. Studies passing this initial screening underwent full-text review for
final inclusion by the two authors (JL and LHS). Any disagreements were
resolved through discussion or consultation with a third author (VB) when
necessary.

Data extraction

Data were extracted independently by two authors (JL and LHS), with discrepan-
cies resolved through discussion and consensus. A third author (VB) was con-
sulted if necessary. Data were extracted into a pre-designed spreadsheet,
capturing the following:

1. Study characteristics: Authors, publication year, study design, population
and setting.

2. Sample demographics: Age, sex distribution, percentage of non-white par-
ticipants and sample size.

3. Clinical characteristics: TBI severity, time since injury, and cause of TBI.

4. Apathy assessment: Measurement tool and rater (e.g., clinician, self-report,
caregiver/informant).

5. Outcome: Prevalence of apathy (number of cases and sample size).

In cases where multiple apathy prevalence estimates were reported within a
study (k = 3), reviewers (JL and VB) selected the most appropriate estimate on a
case-by-case basis. When both self-report and caregiver-report measures were
available (k=1), the caregiver rating was used to align with the most
common method across studies. When two validated measures were used
within the same sample (k= 1), the scale with stronger psychometric support
was selected. Where prevalence was reported at multiple timepoints (k= 1),
the mid-point estimate was chosen to ensure consistency across studies.
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These instances are discussed in the narrative review and sensitivity analyses
were conducted where appropriate.

Quality assessment

Risk of bias was evaluated using the JBI Critical Appraisal Checklist for Preva-
lence Studies which assesses various aspects of study validity such as measure-
ment reliability, sample size and sampling methods (see supplementary
material 2 for criteria). Assessments were conducted independently by two
authors (JL and LHS), with disagreements resolved through consensus.

The average score for study quality across all 18 studies was 8.6/10. Ten
studies scored full marks for study quality and one scored below five. Full
details of the quality assessment scores for each study can be found in sup-
plementary material 3.

Statistical analysis

The meta-analysis was carried out using R (version 4.4.2) with the meta and
metafor packages. Random-effects models were used to calculate the pooled
prevalence of apathy after TBI. Heterogeneity was assessed using I* statistics
to quantify the proportion of variability due to heterogeneity rather than
sampling error. Heterogeneity is typical among prevalence studies and there-
fore a random effects model accounts for I > 50%. Prevalence rates were trans-
formed using a Freeman-Tukey double arcsine transformation to stabilize
variance. All data and analysis code are available in the open online archive:
https://github.com/lynchjess/Apathy-TBI-meta.

To assess potential publication bias, we constructed a Doi plot and calculated
LFK index (Furuya-Kanamori et al., 2018) which are recommended in place of
funnel plots and Egger’s test which are inappropriate for meta-analyses of
prevalence (Cheema et al., 2022). Sensitivity analyses were completed using a
leave-one-out procedure, wherein each study was sequentially removed to
examine its impact on the overall effect size.

Subgroup analyses were conducted to explore variations in prevalence based
on study design, study location, setting, apathy measure and apathy rater. Meta-
regressions were used to assess whether age, gender, study quality, TBI severity,
length of time since TBI and cause of injury moderated the prevalence of apathy.

Results
Search results

Out of 710 studies screened, 18 met the final inclusion criteria. The full screening
and study selection process is detailed in the PRISMA flowchart (Figure 1). There
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Figure 1. PRISMA flowchart for identification of included studies.

was substantial agreement between both reviewers for the title and abstract
screening (Cohen’s kappa =0.72).

Study characteristics

Eighteen studies were included in the analysis, spanning publication years from
1991 to 2024, Table 1 outlines basic characteristics of each included study. The
studies were conducted across five continents, with the majority based in North
America (k =6), Asia (k=5) and Europe (k=5). Only two of the studies (both in
North America) reported details on the proportion of non-white participants,
limiting our ability to assess how representative the included samples were or
explore potential differences in apathy prevalence by ethnicity. A total of
1136 participants with a TBI were included, with a mean of 63 participants
per study. The mean age of participants was 37.8 years, and males comprised
79% of the sample, reflecting the well-documented gender imbalance in
reported TBI rates (Bruns & Hauser, 2003).
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Table 1. Characteristics of 18 included studies. GCS = Glasgow Coma Scale; NA = Not reported;
Other factors = Length of post traumatic amnesia, length of loss of consciousness, trauma-
related intracranial neuroimaging abnormalities.

Severity
TBI categorization Apathy
Study authors Year Country N method Apathy measure Rater N
Venkatesan & 2024 USA 106  GCS + other Frontal Systems Self- 53
Rabinowitz factors Behaviour Scale report
Nguyen et al. 2023 Vietnam 75 GCS Neuropsychiatric Caregiver 46
Inventory
Quang et al. 2023 Vietnam 45 GCS Dimensional Apathy Caregiver 20
Scale
Ubukata et al. 2022 Japan 88 GCS Apathy Scale Self- 51
report
Balan et al. 2021  Brazil 41 NA Apathy Evaluation Caregiver 12
Scale
Devi et al. 2020 India 50 GCS Neuropsychiatric Caregiver 5
Inventory
Huang et al. 2020 USA 25 GCS + other Head Injury Symptom  Self- 1
factors Checklist — adapted report
Nygren 2017 Sweden 81 GCS Clinical interview Clinician 26
DeBoussard
et al.
Arnould et al. 2015 France 68 NA Apathy Inventory Caregiver 14
Lengenfelder et 2015 USA 33 NA Frontal Systems Caregiver  11.55
al. Behaviour Scale
Knutson et al. 2014 USA 176 NA Neuropsychiatric Caregiver 28
Inventory
Wiart et al. 2012  France 47  Glasgow Clinical interview Clinician 20
Outcome Scale
Lane-Brown & 2010 Australia 34 NA Apathy Evaluation Caregiver 23.46
Tate Scale
Kilmer et al. 2006 USA 51  Other factors Neuropsychiatric Caregiver 19
Inventory
Al-Adawi et al. 2004 Oman 80 GCS Apathy Evaluation Self- 16
Scale report
Cantagallo & 2002 ltaly 53  GCS Neuropsychiatric Caregiver 25
Dimarco Inventory
Pachalska et al. 2001  Poland 15 NA Frontal Behavioural Caregiver 13
Inventory
Dunlop et al. 1991 USA 68 NA Neuropsychiatric scale  Clinician 28.56
devised for the
study

One study (Nygren DeBoussard et al., 2017) provided demographic data for a
larger sample (n = 114) than the 81 that were assessed for apathy, limiting the
demographic details we could report for this study. Sixteen studies reported the
TBI severity of their sample, which overall was found to be 13.2% mild, 34.0%
moderate-to-severe and 52.8% severe. Seven of the studies used the Glasgow
Coma Scale (GCS) to categorize severity: mild (score 13-15), moderate (9-12),
and severe (3-8). Two studies used the GCS alongside other factors, such as
the duration of loss of consciousness, post-traumatic amnesia, and intracranial
neuroimaging abnormalities. One study combined these factors without relying
on the GCS, while another used the Glasgow Outcome Scale. Seven studies did
not specify their method of categorization.
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Eleven studies reported TBI causes: transport accidents (74.5%), falls (11.36%),
combat (4.3%), assaults (4.5%), and other causes (3.8%). Seventeen studies
reported a mean or median time since TBI, with a pooled average of 43.4
months. The average time since injury across studies ranged from 3 to 133.2
months (SD =44.3), based on study-level summary values. One study (Nygren
DeBoussard et al., 2017) reported apathy prevalence at 3 weeks (35%), 3 months
(32%), and 1 year (37%) post-injury; the 3-month estimate was selected for
inclusion in the meta-analysis. Fourteen studies did not specify whether partici-
pants had a single or multiple TBIs. Of the four that did, two included only single
TBI cases, while the other two included participants with varying numbers of TBIs.

Apathy was assessed using a variety of measures, including the Neuropsy-
chiatric Inventory (NPI; k=5), Apathy Evaluation Scale (AES; k=3), Frontal
Systems Behavior Scale (FrSBe; k=2), Dimensional Apathy Scale (DAS; k=1),
Apathy Scale (k= 1), Head Injury Symptom Checklist (k = 1), Frontal Behavioural
Inventory (k= 1), and Apathy Inventory (k=1).

For the purposes of this review, the AES and FrSBe were considered validated
measures of apathy in TBI, based on psychometric evidence in this population.
The AES and NPI have also been identified as the most psychometrically robust
apathy measures across neurological populations (Clarke et al., 2011). Prelimi-
nary evidence supports the NPI's validity in TBI populations specifically
(Kilmer et al., 2006), and it was therefore also included, with caution, as a TBI-
validated measure. Several other tools such as the DAS, Apathy Inventory and
Frontal Behavioural Inventory lack validation in TBI populations, though have
been validated in other neurological populations (Kertesz et al., 2000; Radako-
vic, Gray, et al, 2020; Radakovic, McGrory, et al, 2020). In total, ten studies
used TBI-validated measures and eight used non-validated ones.

Most measures were caregiver-rated (k=10), with four self-reported and
three clinician-rated. One study (Lengenfelder et al., 2015) reported both self-
reported (43%) and caregiver-reported (35%) apathy prevalence; the care-
giver-reported estimate was included in the meta-analysis to align with the
dominant reporting method across studies. Reported apathy prevalence
ranged widely, from 4% to 87%.

Main findings

The pooled prevalence of apathy after TBI was 37.58% (95% Cl: 28.45-47.15%)
using a random-effects model (Figure 2). Heterogeneity was high (I =90.3%,
95% Cl: 86.2-93.2%), with a significant test of heterogeneity (Q=174.88, p
<.001) and between-study variance (t>=0.037, 95% Cl: 0.021-0.098). Study
weights ranged from 4.4% to 6.1%, indicating no single study disproportio-
nately influenced the estimate. A Freeman-Tukey double arcsine transformation
and Clopper-Pearson method were applied to address extreme values and cal-
culate confidence intervals.
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Weight
Study Events Proportion 95%-Cl (random)
Venkatesan & Rabinowitz (2024) 53 i—*— 0.50 [0.40; 0.60] 5.9%
Nguyen et al.(2023) 46 o —— 0.61 [0.49;0.72] 5.8%
Quang et al.,(2023) 20 —il— 0.44 [0.30; 0.60] 5.5%
Ubukata et al.(2022) 51 i —a— 0.58 [0.47;0.68] 5.9%
Balan et al.(2021) 12 —a— 0.29 [0.16; 0.46] 5.4%
Devi et al.(2020) 5 — i 0.10 [0.03;0.22] 5.6%
Huang et al.(2020) 18— i 0.04 [0.00; 0.20] 5.0%
Nygren DeBoussard et al.(2017) 26 —— 0.32 [0.22; 0.43] 5.8%
Arnould et al.(2015) 14 —— i 0.21 [0.12;0.32] 5.7%
Lengenfelder et al.(2015) 12 —— 0.36 [0.20; 0.55] 5.3%
Knutson et al.(2014) 28 = 0.16 [0.11;0.22] 6.1%
Wiart et al.(2012) 20 —f——-— 0.43 [0.28; 0.58] 5.5%
Lane-Brown & Tate(2009) 23 W — 0.68 [0.49; 0.83] 5.3%
Kilmer et al.(2006) 19 ——-— 0.37 [0.24;0.52] 5.6%
Al-Adawi et al.(2004) 16 — 0.20 [0.12;0.30] 5.8%
Cantagallo & Dimarco (2002) 25 +—— 0.47 [0.33;0.61] 5.6%
Pachalska et al.(2001) 13 i —— 0.87 [0.60; 0.98] 4.4%
Dunlop et al.(1991) 29 —i—'— 0.43 [0.31; 0.55] 5.7%
Common effect model & 0.35 [0.32; 0.38] .
Random effects model = 0.38 [0.28; 0.47] 100.0%

Prediction interval
Heterogeneity: /7 = 90.3%,

[0.05; 0.79]
1% =0.0372, p < 0.0001

02 04 06 08

Figure 2. Forest plot of overall apathy prevalence across 18 included studies.

Subgroup analyses

We conducted subgroup analyses for study design, setting, population, conti-
nent, apathy measure, validated measures and apathy rater (Table 2). Groups
with single studies only were excluded. The only significant difference was
found was in population subgroups, where veterans had a lower apathy preva-
lence than the general public (p <.001). No other subgroups were found to sig-
nificantly moderate the apathy prevalence. One study (Lengenfelder et al., 2015)
included both self and caregiver-reported apathy. We ran a sensitivity analysis
using the self-report measure in place of the caregiver rated measure, although
the subgroup comparison for rater remain non-significant (p = .876).

Meta regression analyses

We also ran several meta-regressions to explore the impact of further demo-
graphic factors (age and sex), TBI factors (severity, time since TBI and cause of
TBI) and study factors (year published and study quality) on apathy prevalence.

Demographic factors

A mixed-effects meta-regression model found no significant relationship
between mean age and apathy prevalence (f =0.001, p=.930). An analysis of
17 studies revealed a significant effect of sex, with males showing a lower preva-
lence of apathy ( = — 0.90, p =.03). The model explained 10.56% of the hetero-
geneity, but residual heterogeneity remained high (I>=90.03%).
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Table 2. Subgroup analyses of apathy prevalence in TBI populations.

Subgroup Category (k) Prevalence (%) 95% Cl p

Study design Cross-sectional (14) 40.09 28.97-51.72 .306
Other designs (4) 29.66 15.20-46.46

Setting Outpatient (8) 43.23 29.24-57.78 .600
Inpatient (5) 40.45 24.30-57.69
Study registry database (3) 30.69 13.46-51.21

Population General public (16) 41.52 32.77-50.54 <.001
Veterans (2) 10.92 2.47-23.56

Continent Europe (5) 43.18 26.89-60.22 513
Asia (5) 37.46 17.94-59.30
North America (6) 29.87 15.95-45.90

Apathy measure Frontal Systems Behaviour Scale (2) 45.12 32.63-57.92 672
Apathy Evaluation Scale (3) 37.66 13.20-65.91
Clinical Interview (2) 36.23 26.47-46.58
Neuropsychiatric Inventory (5) 32.71 14.47-54.09

Validated measures Validated (10) 36.21 23.83-49.55 740
Non-validated (8) 39.39 25.82-53.80

Apathy rater Caregiver (11) 39.60 26.45-53.52 .836
Self-report (4) 31.49 11.61-55.60
Clinician (3) 38.27 31.12-45.67

TBI factors - severity

Three meta-regression analyses were conducted to examine whether TBI sever-
ity moderated the relationship between TBI and apathy prevalence. Fifteen
studies were included, with three excluded due to missing data.

A significant negative association was found between mild TBI and apathy
prevalence (f=-0.40, p=.044), suggesting that individuals with mild TBI
experience lower apathy prevalence compared to other severity levels. The
model explained a modest proportion of variability (R*=5.16%), though
residual heterogeneity remained high (I>=87.79%). No significant associations
were found for moderate-to-severe TBI (3 =0.10, p=.469) or severe TBI (B =
0.09, p = .473) with apathy prevalence.

TBI factors - time since TBI and cause of TBI

A meta-regression analysis investigating the relationship between the mean
months since TBI and apathy prevalence revealed no significant association
(=0.002, p =.130). Regarding the cause of TBI, additional meta-regression ana-
lyses were conducted to assess how specific causes influenced apathy preva-
lence. For transport accidents, an analysis of 11 studies demonstrated a
significant positive association, indicating that individuals with TBI resulting
from transport accidents exhibited higher apathy prevalence (3=0.417, p
=.028). This model explained 26.02% of the variability and residual heterogen-
eity remained high (I>=89.56).

When exploring the same 11 studies, no significant relationship was ident-
ified between falls as a cause of TBI and apathy prevalence (3=0.125, p
=.908). Similarly, an analysis focusing on assault as a cause of TBI, which
included nine studies where this was reported, found no significant association
with apathy prevalence ( =1.150, p =.397).
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Study factors

A meta-regression analysis found no significant relationship between the year
of study publication and apathy prevalence ( =—0.004, p =.428). Similarly,
no significant effect was found for study quality (3 =—0.014, p=.601).

Publication bias and sensitivity analysis

The LFK index was 0.4 and so below the threshold for asymmetry suggesting no
significant evidence of publication bias in the Doi plot (Figure 3).

Outlier and influence analysis

Outlier analysis identified seven studies (Devi et al., 2020; Huang et al., 2020;
Knutson et al., 2014; Lane-Brown & Tate, 2010; Nguyen et al., 2023; Pachalska
et al,, 2001; Ubukata et al., 2022) as outliers. After excluding these outliers,
the random-effects model was based on 11 studies with 673 observations
and 246 events although the pooled apathy prevalence estimate was similar
at 36.11% (95% Cl: 29.37-43.13) although with reduced heterogeneity (I°=
70.4%, T° = 0.009). Sensitivity analysis using leave-one-out diagnostics showed
minor fluctuations in the pooled prevalence (ranging from 33.34% to 39.23%),
with similarly minor fluctuations in overall heterogeneity (I =87.9% to 90.8%),
indicating the robustness of the meta-analytic results.

Similarly, the influence diagnostics (supplementary material Figure S1) did
not identify any studies as having an effect on the pooled effect size and hetero-
geneity. Baujat diagnostics identified Pachalska et al. (2001) and Huang et al.
(2020) as potentially influential studies (supplementary material Figure S2).
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Figure 3. Doi plot.



12 (&) J.LYNCHETAL.

However, a sensitivity analysis omitting these studies indicated a similar preva-
lence estimate although with slightly improved heterogeneity (38% Cls 29%-
47%; |* = 89.4%), similarity indicating robustness.

Discussion

To our knowledge, this is the first review to meta-analyse the pooled prevalence
of apathy in individuals with a history of TBI. We also examined potential mod-
erators, including demographic characteristics, TBl-related factors, and methods
of apathy assessment. Drawing on data from 18 studies published between
1991 and 2024, we found an overall prevalence of 37.6%, emphasizing the
high occurrence of apathy in this population. The prevalence estimate remained
robust with little change in the overall estimate in subsequent sensitivity
analyses.

This prevalence rate is comparable to other neurological conditions, such as
33% in stroke (Zhang et al., 2023) and 39.8% in Parkinson’s disease (den Brok et
al., 2015), although it is lower than the 49% prevalence found in Alzheimer’s
disease (Zhao et al., 2016). These findings indicate that over a third of individuals
with TBI are likely to experience apathy. Given its significant negative impact on
psychosocial functioning, rehabilitation outcomes, and family well-being, this
underlines the need for greater clinical attention to apathy as a critical issue
in TBI recovery.

Significant heterogeneity was observed across studies, with apathy fre-
quency ranging from 4% to 87%. This wide variability suggests the influence
of various moderating factors. Our subgroup analyses and meta-regressions
identified four factors that significantly influenced apathy prevalence: cause
of injury, TBI severity, sex and population type. Specifically, transport accidents
were associated with higher apathy prevalence, while mild TBI, male sex, and
veteran status were associated with lower apathy prevalence. We will consider
each of these in turn.

We found that males had a significantly lower prevalence of apathy com-
pared to females. Previous studies, including a large cohort study and meta-
analysis, have found that females reported a higher symptom burden and
more mental health difficulties following TBI (Farace & Alves, 2000; Mikoli¢ et
al., 2021). This difference was more pronounced after mild TBI than after
severe TBI (Mikoli¢ et al., 2021; Starkey et al., 2022). The mechanisms underlying
these disparities in sex remain unclear, with some clinical opinions contrasting
this and suggesting that females tend to experience better outcomes after TBI.
While biological factors may contribute to these differences, an additional
explanation could be that females are more likely to self-report symptoms or
have greater self-awareness of TBI-related deficits (Barsky et al., 2001; Niemeier
et al., 2014). Interestingly, a review on apathy after TBI (Quang et al., 2024) found
no significant sex differences. However, this review focused only on moderate-
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to-severe TBIl and may not reflect differences that emerge more clearly in mild
TBI, which our study includes. Given the male predominance in TBI cases (79% in
our sample), further research is needed to explore sex-specific differences in
apathy and their clinical implications. No significant impact of other demo-
graphic factors, such as age, was found on apathy prevalence in this review.

Regarding TBI severity, we conducted three meta-regressions to examine
whether the severity of TBI (mild, moderate-to-severe, and severe) moderated
the relationship between TBI and apathy prevalence. Our results indicated
that only mild TBI had a significant moderating effect, suggesting that individ-
uals with mild TBI may be less likely to experience apathy. However, this effect
was small, and substantial heterogeneity remained, indicating that additional
factors may contribute to apathy in this group. The lack of significant findings
for moderate-to-severe and severe TBI suggests that apathy prevalence may
not increase in direct proportion to injury severity alone. Neuropsychiatric out-
comes after mild TBI are influenced by a complex, multifactorial aetiology, with
psychological mechanisms such as coping styles or pre-injury mental health
difficulties potentially playing a significant role in this group (Mooney et al.,
2005; Ponsford et al., 2000; van der Horn et al, 2020). Given that mild TBI
accounted for only 10% of the participants in this review, these findings
should be interpreted with caution and further research on apathy in mild TBI
is needed.

Road traffic accidents were found to moderate the relationship between TBI
and apathy, suggesting that individuals with traffic accident-related TBIs may be
more likely to experience apathy. One potential explanation for this finding is
that road traffic accidents may lead to more complex neurological damage or
additional injury-related factors that influence apathy. In high-income countries,
road traffic accidents account for the highest proportion of TBI-related hospital-
izations (Hyder et al., 2007), indicating that these injuries often necessitate more
intensive medical intervention. Furthermore, TBIs resulting from road traffic
accidents tend to be more severe than those caused by other incidents
(Rahman et al,, 2025). The increased severity of injury and the heightened
burden of hospitalization following road traffic accidents may contribute to
the higher prevalence of apathy observed in this group.

Veterans had a significantly lower prevalence of apathy (10.9%) compared to
the general population (41.5%). However, this result should be interpreted cau-
tiously, given the small number of studies on veterans (k=2). Notably, both
veteran cohorts were composed entirely of males. Given that we found males
had a significantly lower prevalence of apathy than females, one possibility is
that this difference is explained entirely by sex. Alternatively, the lower preva-
lence in veterans could be attributed to other factors, such as distinct TBI aetiol-
ogies, the effects of military training or rehabilitation, or differences in symptom
reporting. One of these studies used self-report measures, while the other relied
on caregiver ratings. Some research suggests that veterans may underreport
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psychological symptoms due to cultural influences such as military norms
around emotional resilience and concerns about stigma (Hoge et al., 2004;
Vogt et al.,, 2014). If underreporting is a factor, the true prevalence of apathy
in veterans may be underestimated.

Further research using clinician-rated measures is needed to determine
whether the lower prevalence reflects a genuine difference or is influenced
by reporting biases. Additional studies with larger and more diverse veteran
cohorts, including female participants, are essential to clarify and expand
upon these findings. This result also underscores the broader importance of
contextual influences such as cultural norms, motivational issues, identity-
related factors, and psychosocial context, in shaping how apathy is experienced
and reported across populations. For instance, a review by Quang et al. (2024)
concluded that apathy was associated with increased loneliness and lower self-
efficacy, highlighting complex interactions between environmental and individ-
ual-level factors. These influences may contribute to variability in prevalence
estimates and warrant greater attention in future research.

We found no evidence that the length of time since injury influenced
apathy prevalence, suggesting that apathy may persist over time. This
might indicate that apathy is a chronic symptom, possibly driven by neurobio-
logical changes affecting brain regions involved in motivation and emotion.
The lack of significant change over time may also reflect insufficient clinical
focus on apathy post-TBI. Notably, a systematic review on interventions for
post-TBI apathy identified only one randomized controlled trial addressing
this symptom (Lane-Brown & Tate, 2009). This study examined cranial electro-
therapy stimulation but lacked between-group analyses, preventing con-
clusions on effectiveness. This highlights both the potential persistence of
apathy and the scarcity of evidence on effective treatments. However, there
was substantial variability in the time since injury across included studies,
with a range of 3-133.2 months, which may have limited our ability to
detect consistent associations. Future research should use longitudinal
designs with repeated assessments to clarify the trajectory of apathy over
time and identify key windows for intervention.

Our analysis found that apathy prevalence remained consistent across study
designs, settings, and continents, and was not influenced by the type of apathy
measure used or whether it was validated. This suggests our pooled estimate
may be robust across assessment approaches. However, there are some impor-
tant issues to bear in mind. Validated apathy measures for use in TBI populations
are limited, and even these appear to capture different characteristics of the
construct (Lane-Brown & Tate, 2010). Additionally, the lack of a clear consensus
on how apathy is defined complicates efforts to compare prevalence estimates
across studies. Together, these limitations highlight important gaps in the litera-
ture and point to the need for greater conceptual and measurement clarity in
future research.
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The study has several methodological strengths. By pooling data from mul-
tiple studies and using meta-analytic techniques, we achieved high statistical
power, which allowed for more precise and reliable estimates of apathy preva-
lence. The use of subgroup analyses and meta-regressions further enabled us to
explore potential moderating factors, helping to address the considerable varia-
bility in reported apathy rates. Moreover, the inclusion of studies spanning
different TBI severities strengthens the generalisability of our findings across a
wide range of patient populations.

Despite these strengths, several limitations warrant consideration. While the
review included studies from five continents, no studies from Africa and only
one from Oceania were identified, narrowing the global applicability of the
findings. We also only included studies published in English. Moreover, most
studies failed to report the ethnicity of their samples, which limits the ability
to explore whether apathy prevalence may differ across ethnic groups or cul-
tural contexts. The findings are further constrained by the underrepresentation
of certain groups, such as females and individuals with mild TBI, hindering the
understanding of sex-specific differences and limiting the applicability to milder
forms of TBI. Furthermore, the categorization of TBI severity was not consistently
reported across studies, and variability in classification systems could have
impacted the results.

In addition, our search strategy focused on peer-reviewed empirical studies
and included three key databases. The extent to which including additional
databases improves article identification for any particular topic is debated in
the literature. Our review complies with recommendations to select databases
based on their coverage of the topic (Dhippayom et al., 2023) and to include
at least three databases in systematic reviews related to clinical neurology
(Vassar et al., 2017). However, although we included backward citation search-
ing we did not include forward citation searching which can improve article
identification and grey literature was excluded, which may have missed preva-
lence estimates published in theses, pre-prints and other sources outside the
peer-reviewed literature.

Lastly, while our meta-analysis identified several factors that are likely to
explain some of the variability in prevalence estimates, it is notable that these
estimates were still extremely wide (ranging from 4% to 87%). Comparing
prevalence across studies is challenging, as apathy can be conceptualized as
both a symptom and a syndrome, and different measures may capture distinct
dimensions (e.g., emotional, behavioural, cognitive). Contextual influences such
as cultural norms, rehabilitation engagement, incentives, and individual differ-
ences, may also shape how apathy is experienced and reported. Future research
should investigate these factors to support a more biopsychosocial understand-
ing of apathy. Additionally, apathy scores are typically accepted at face value,
with no symptom validity measures included. Future research may benefit
from incorporating independent assessments — such as clinician ratings or



16 J.LYNCH ET AL.

objective behavioural indicators - to strengthen the validity of apathy
measurement.

Our findings highlight the high prevalence of apathy following TBI, yet treat-
ment options remain limited. There is little research investigating how pharma-
cological or rehabilitative interventions might influence apathy in this
population, which limits understanding of how best to support recovery. In
dementia, acetylcholinesterase inhibitors have shown the strongest evidence
for reducing apathy (Berman et al., 2012), while motivation-based behaviour
therapy has demonstrated benefits in a single-case experimental study (Lane-
Brown & Tate, 2010). Multi-sensory stimulation and music therapy have also
shown promise in dementia populations (Holmes et al., 2006; Verkaik et al.,
2005). Given the multifaceted nature of apathy, clinical research should priori-
tize developing and evaluating pharmacological, psychological, and rehabilita-
tive interventions tailored to TBI-related apathy.

In conclusion, this meta-analysis is the first to systematically quantify the
prevalence of apathy in individuals with TBI and identify the influence of
moderating factors. Our findings demonstrate that apathy is prevalent fol-
lowing TBI, affecting over one-third of individuals in the reviewed studies.
However, this pooled estimate should be interpreted with appropriate
caution given the substantial heterogeneity between studies, the limited rep-
resentation of individuals with mild TBI and females, and the absence of
studies from non-Western contexts. The review identified several factors
that may contribute to variability in prevalence: specifically, transport acci-
dents were associated with higher apathy rates, while mild TBI, male sex,
and veteran status were linked to lower prevalence. Further research is
needed to clarify how apathy manifests across diverse populations and set-
tings. These findings highlight the importance of recognizing apathy as a
key aspect of TBI recovery and underscore the need for greater clinical atten-
tion to its assessment and management.
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