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Pharmacotherapy to Improve Cognitive 
Functioning After Acquired Brain Injury: 
A Meta- Analysis and Meta- Regression
Ruud van der Veen1,2,* , Marsh Königs1,2 , Simon Bakker3, Andries van Iperen2, Saskia Peerdeman4 , 
Pierre M. Bet5  and Jaap Oosterlaan1

Cognitive impairments, common sequelae of acquired brain injury (ABI), significantly affect rehabilitation and 

quality of life. Currently, there is no solid evidence- base for pharmacotherapy to improve cognitive functioning 

after ABI, nevertheless off- label use is widely applied in clinical practice. This meta- analysis and meta- regression 

aims to quantitatively aggregate the available evidence for the effects of pharmacological agents used in the 

treatment of cognitive impairments following ABI. We conducted a comprehensive search of Embase, Medline Ovid, 

and Cochrane Controlled Trials Register databases for randomized controlled and crossover trials. Meta- analytic 

effects were calculated for each pharmaceutical agent and targeted neuromodulator system. Cognitive outcome 

measures were aggregated across cognitive domains. Of 8,216 articles, 41 studies (4,434 patients) were included. 

The noradrenergic agent methylphenidate showed a small, significant positive effect on cognitive functioning in 

patients with traumatic brain injury (TBI; k = 14, d = 0.34, 95% confidence interval: 0.12–0.56, P = 0.003). Specifically, 

methylphenidate was found to improve cognitive functions related to executive memory, baseline speed, inhibitory 

control, and variability in responding. The cholinergic drug donepezil demonstrated a large effect size, albeit based 

on a limited number of studies (k = 3, d = 1.68, P = 0.03). No significant effects were observed for other agents. 

Additionally, meta- regression analysis did not identify significant sources of heterogeneity in treatment response. Our 

meta- analysis supports the use of methylphenidate for enhancing cognitive functioning in patients with TBI. Although 

donepezil shows potential, it warrants further research. These results could guide clinical decision making, inform 

practice guidelines, and direct future pharmacotherapeutic research in ABI.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS 
TOPIC?
	; Cognitive functioning is a critical aspect of recovery 

after acquired brain injury (ABI), including traumatic brain 
injury (TBI) and stroke. However, the use of pharmacother-
apy for cognitive deficits in this context is predominantly 
off- label, with existing evidence being fragmented and 
inconclusive.
WHAT QUESTION DOES THIS STUDY ADDRESS?
	; The study addresses the effectiveness of various pharmaco-

logical agents in improving cognitive functioning post- ABI. It 
involves a comprehensive meta- analysis and meta- regression of 
available randomized controlled trials.

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
	; This study provides robust evidence for the beneficial effect 

of methylphenidate in enhancing cognitive functioning in pa-
tients with TBI. It also suggests the potential of donepezil, war-
ranting further research.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
	; The findings support the use of methylphenidate for cogni-

tive improvement in patients with TBI and guide clinical deci-
sion making. The study informs practice guidelines and directs 
future research in ABI pharmacotherapy, highlighting the need 
for precision medicine approaches in neurorehabilitation.
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Cerebrovascular accidents and traumatic brain injury (TBI) are 
the most common causes of acquired brain injury (ABI), affect-
ing an estimated 85 million people annually around the world.1,2 
Patients with ABI are at risk of debilitating long- term impair-
ments in a wide range of function domains, such as physical, 
neurocognitive and behavioral functioning.3,4 Patients with ABI 
are typically referred for neurorehabilitation treatment in order 
to optimize recovery, limit the consequences of ABI, and maxi-
mize independency in daily living.5 Cognitive impairments are 
particularly common after ABI and can have a profound impact 
on a patient’s ability to engage in neurorehabilitation therapy.6 
Moreover, persisting cognitive impairments beyond the window 
of treatment severely threaten societal participation and quality of 
life.7 Therefore, providing patients with effective interventions to 
improve cognitive functioning is a pivotal aspect of rehabilitation 
after ABI.

The treatment of cognitive impairments in patients with ABI is 
challenging due to the complex interplay between factors that de-
termine the nature and severity of cognitive impairment after ABI, 
such as injury characteristics (e.g., type, severity, and location), de-
mographic characteristics (e.g., age and educational level), and pre- 
morbid functioning (e.g., comorbid conditions).8,9 Nevertheless, 
therapeutic options for cognitive impairments are available, includ-
ing both non- pharmacological (e.g., cognitive rehabilitation)10,11 
and pharmacological approaches. Pharmacotherapy has shown 
to be an effective intervention for the improvement of cognitive 
functioning in a range of psychiatric and neurological disorders, 
including attention- deficit/hyperactivity disorder,12 major depres-
sive disorder,13 schizophrenia,14 and Alzheimer’s disease.15

Pharmacotherapy is a promising treatment option for cogni-
tive impairments following ABI, with multiple agents available 
that target neuromodulating systems implicated in cognitive 
functioning.16,17 Cholinesterase inhibitors, such as donepezil 
and rivastigmine, are examples of agents that primarily modulate 
the cholinergic system. Similarly, the dopaminergic system can 
be targeted with agents such as Levodopa- carbidopa and aman-
tadine, whereas methylphenidate and atomoxetine can be used 
to modulate the adrenergic system. Selective serotonin reuptake 
inhibitors, such as fluoxetine and sertraline, are examples of phar-
macotherapeutic options that can affect the serotonergic system. 
Nevertheless, the state of the literature regarding the efficacy of 
pharmacotherapy for the treatment of cognitive impairment after 
ABI is inconclusive. Existing systematic (Cochrane) reviews from 
2015 and 2016 concluded that there was insufficient evidence to 
determine whether pharmacotherapy is effective for chronic cogni-
tive impairment in patients with TBI or stroke,18,19 primarily due 
to a lack of randomized controlled trials (RCTs) with adequate 
sample size. Despite the absence of a solid evidence- base and guide-
line recommendations, pharmacotherapy is widely used as an off- 
label therapeutic option in clinical practice to improve cognitive 
functioning in patients with ABI.

This meta- analysis and meta- regression of RCTs aims to quan-
titatively aggregate the available evidence for the effects of phar-
macological agents used in the treatment of cognitive impairments 
following ABI. Cognitive functioning encompasses a wide range of 
domains, each with its unique sensitivity to ABI and responsiveness 

to treatment. In this meta- analysis, we chose to aggregate different 
cognitive domains to provide an overarching perspective on cogni-
tive functioning. Although this approach might overlook specific 
effects on specific domains, it offers a broader understanding rel-
evant for clinical decision making. In addition, in- depth analysis 
at the level of cognitive domains was performed when data avail-
ability were sufficient. The results will contribute to a more com-
prehensive and reliable view on the fragmented evidence available, 
which can aid in clinical decision making for patients with ABI 
and cognitive impairments, contribute to the development of prac-
tice guidelines, and inform future research into promising pharma-
cological agents and involved neuromodulating systems.

METHODS

Protocol and registration

This systematic review was registered in the international prospective 
register of systematic reviews PROSPERO (#CRD42022150220), per-
formed according to the Cochrane Library Handbook for Systematic 
Reviews of Interventions20 and reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) 
guidelines.21

Identification and selection of studies

Eligibility criteria. Studies were considered eligible if the study design 
was an RCT or crossover trial (XOT) that compared a pharmacological 
intervention to a control condition consisting of either (i) no pharmaco-
logical treatment or (ii) placebo treatment. Studies had to enroll pediatric 
or adult participants with ABI (e.g., TBI or stroke). Studies with an onset 
of treatment during acute phase (< 24 hours) were excluded. The inter-
vention had to consist of pharmacological agents that are (i) registered 
with the US Food and Drug Administration (FDA) and/or the European 
Medicines Agency (EMA), (ii) are supposed to act on the central nervous 
system through modulation of one or more neurotransmitter systems, 
and (iii) were aimed at improvement of cognitive functioning. Studies 
had to use cognitive performance outcome measures that have been stan-
dardized in a healthy or brain injured population. Studies that were pri-
marily focused on the treatment of a single symptom or condition were 
excluded (e.g., post- stroke depression, aphasia, and neglect).

The search strategy was designed together with a biomedical infor-
mation specialist and involved a combination of search terms and their 
equivalents for “brain injury,” “drug therapy,” and “postacute.” The 
search was performed on October 13, 2022, in the electronic bibliograph-
ical databases Embase, Medline Ovid, and Cochrane Controlled Trials 
Register (CENTRAL) using both simple search terms and hierarchical 
family forms (e.g., Mesh, Thesaurus, and Emtree). Specific search queries 
per database are documented in Table S1. The search was extended to 
the reference lists of included studies and relevant review articles were 
also screened for additional eligible studies.

In order to identify relevant studies, all titles and abstracts were 
independently screened by two reviewers (authors R.vdV. and S.B.). 
Subsequently, the full text versions of the remaining studies were exam-
ined independently by the reviewers to reach a final decision on study 
eligibility. In case of disagreement between reviewers, consensus was 
reached through discussion.

Data extraction

The variables used in the meta- regression analysis were chosen based 
on their potential to explain heterogeneity in the treatment effects 
across the included studies and included sample demographics, clinical 
characteristics, and treatment characteristics. The following data were 
extracted: (i) publication year and country; (ii) sample demographics 
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(mean age and percentage of female subjects), clinical characteristics, 
(type of ABI, ABI severity, and time since ABI); (iii) pharmacological 
agent(s) used; (iv) comparison condition type (no intervention, pla-
cebo); (v) timing, dosing, and duration of the intervention; (vi) and 
outcome measures.

Data for meta- analysis were extracted from the articles by the first au-
thor (R.vdV.) and this procedure was carefully checked by a second author 
(S.B.). The sample size, means, and accompanying SDs of all outcome 
measures for each group at all timepoints were extracted. If this informa-
tion was not available, we extracted statistics describing the effect of the 
intervention on the outcome measure(s) (e.g., F or t- statistic, P value, odds 
ratio, and/or sample size of the experimental and control groups). If only 
the median and interquartile ranges were reported, methods described by 
Shi et al.22 were used to determine whether the data were skewed away 
from normality before estimating the sample mean and standard deviation 
in accordance with Luo et al.23 and Wan et al.24 In instances where stud-
ies reported both intention- to- treat (ITT) and per- protocol approaches, 
the ITT data were chosen for analysis to better reflect real- world clinical 
outcomes.

Risk of bias analysis

Risk of bias was assessed by the 2 reviewers using the RoB 2,25 a revised 
version of the Cochrane Collaboration Risk- of- Bias Tool.26 The RoB 
2 assesses bias arising from (i) the randomization process, (ii) devia-
tions from the intended interventions, (iii) missing outcome data, (iv) 
measurement of the outcome, and (v) selection of the reported results. 
Assessment led to judgments of “low risk of bias,” “some concerns,” or 
“high risk of bias.” The judgments within each domain led to an overall 
risk- of- bias judgment for the result being assessed. In case of disagree-
ment, consensus was reached through discussion.

Statistical analysis

Statistical analysis was performed using Comprehensive Meta- Analysis 
software (CMA) version 3. Meta- analysis was performed at the level of 
the targeted neuromodulator system and at the level of pharmacologi-
cal agent, if two or more studies were available. When we were unable 
to retrieve the correlations between pre- post scores from the included 
studies, we followed Rosenthal’s recommendation and assumed a con-
servative estimate of r = 0.7.27 XOTs were handled as paired groups. If 
carry- over was deemed problematic (e.g., an insufficient wash- out28) 
or a crossover design was deemed undesirable for other reasons (e.g., a 
possible period effect29), only data from the first crossover period were 
included, essentially treating the first period of the crossover study as 
an RCT. Our primary effect size measure was the standardized mean 
difference (Cohen’s d), interpreted as small (0.2 ≥ d < 0.5), moderate 
(0.5 ≥ d < 0.8), or large if (d ≥ 0.8), according to Cohen.30 Random- 
effects models were used to account for clinical and methodological 
differences between studies.31 Cohen’s d was computed from pretreat-
ment to post- treatment (or timepoint closest to post- treatment). If a 
study used multiple relevant outcome measures and/or assessments at 
more than one timepoint, these data were combined into one effect- 
size per study by calculating the average standardized effect across 
outcome measures and timepoints using the built- in option in CMA. 
This approach will expose the effects of treatment on cognitive func-
tioning in general, acknowledges that most cognitive functioning 
measures rarely rely on a single aspect of cognitive function, and uti-
lizes all available evidence for estimation of the intervention effect. 
The resulting study effect size ref lects the overall intervention effect 
across cognitive outcome measures and/or timepoints. Estimates and 
95% confidence intervals (CIs) were graphically presented using forest 
plots, constructed in Microsoft Excel using the templates developed by 
Neyeloff et al.32 We implemented a comprehensive, stepwise analyti-
cal approach. To specifically address the potentially distinct effects of 
pharmacotherapy in different typers of ABI, we conducted subgroup 

analyses for stroke and TBI populations. Furthermore, if the available 
number of studies (k > 10) and diversity of cognitive measures used in 
studies was sufficient, an in- depth analysis of the intervention effect 
was executed at the level of cognitive domains. We categorized cogni-
tive outcome measures onto specific cognitive domains following the 
framework by Vertessen et al.33 In cases of uncertainty regarding the 
mapping of cognitive outcome measures to cognitive domains, consen-
sus was reached through discussion among authors (R.vdV., M.K., and 
J.O.). The resulting categorization is presented in Table S2 .

Between- study heterogeneity was assessed using I
2 statistics. 

Heterogeneity of 25% was interpreted as minimal, 50% as moderate, and 
75% as large.34 Publication bias was assessed if more than six studies were 
available, by visually inspecting funnel plots for asymmetry and perform-
ing Egger’s liberal one- tailed test of the intercept.35

Moderator variables with >10 observations that could explain the 
heterogeneity in meta- analytic effect- sized were investigated using meta- 
regression with restricted maximum likelihood using the Hartung- Knapp 
method. Additional sensitivity analysis utilizing the one- study- removed 
method assessed the impact of each individual study on the overall effect. 
P values < 0.05 were considered statistically significant.

RESULTS

Selection of studies

A PRISMA flow diagram of the study search and selection is 
provided in Figure 1. The search retrieved 11,797 records relat-
ing to 8,205 unique studies after removal of duplicates, whereas 
11 records were identified through other sources. Screening 
of titles and abstracts led to exclusion of 7,905 studies. A total 
of 311 articles was assessed for eligibility based on full- text 
review, of which 41 articles were included for meta- analysis. 
There were 26 studies (63.4%) that included patients with TBI 
(n = 1,221),28,29,36–57 whereas 15 studies (36.6%) included pa-
tients with stroke (n = 3,213).58–71 Table 1 provides an overview 
of the included number of studies (k) and participants (n) for 
each of the studied pharmacological agents, with pharmacolog-
ical agents sorted according to the neuromodulatory system in-
volved in the presumed mechanism of action. Table 2 provides 
study characteristics of the included studies per pharmacologi-
cal agent assessed.

Risk of bias

Figure 2 depicts a summary of the risk of bias assessment. 
Assessment of all individual studies can be found in Figure S1. 
Among the included studies, risk of bias (either some concerns or 
high risk) was observed in bias arising from the randomization 
procedure (21.1%); due to deviations from intended interventions 
(23.7%); due to missing outcome data (50.0%) and measurement 
of outcome (23.7%); and due to selection of the reported result 
(34.2%). A total of 13 articles (31.7%) had low risk of bias. These 
studies were classified as higher- quality studies and were used in 
the sensitivity analysis that studied the impact of risk of bias on 
the meta- analytic findings.

Main analysis

Meta- analytic effects were calculated according to the targeted 
neuromodulator system of pharmacological agents and for each 
individual pharmacological agent (Table 1; Figure 3). At the 
level of neuromodulator systems, the meta- analytic effect of 
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noradrenergic agents on cognitive functioning was significant 
and small- sized (k = 22, d = 0.22, 95% CI: 0.10–0.35, P = 0.001), 
whereas the meta- analytic effects for all other neuromodulator 
systems were not significant (P values >0.09, ds: 0.002–0.35).

Adrenergic agents. In the group of adrenergic agents, we found 
a significant and small- sized positive effect for methylphenidate 
on cognitive functioning (k = 16, d = 0.28, 95% CI: 0.11–
0.45, P = 0.001). No significant effects were obtained for 
dextroamphetamine (k = 2, d = 0.313, 95% CI: −0.09 to 0.72, 
P = 0.62) and modafinil (k = 3, d = 0.05, 95% CI: −0.16 to 
0.26, P = 0.62). Meta- analysis was not possible for atomoxetine 
because only one study was available.

Figure 4 displays the forest plot for the significant meta- analytic 
effect observed for methylphenidate, with a moderate between- study 

heterogeneity (I
2 = 54.4%). The meta- analytic effect in a subgroup 

analysis on studies that included patients with stroke60,63 was not sig-
nificant (k = 2, d = −0.14, 95% CI: −1.03 to 0.73, P = 0.74). In the 
subgroup analysis on studies that included patients with TBI, a signifi-
cant and positive small- sized effect was obtained (k = 14, d = 0.34, 95% 
CI: 0.12–0.56, P = 0.003). In a sensitivity analysis with the one- study- 
removed method, the meta- analytic effect remained significant after it-
erative exclusion of every single study. Likewise, the meta- analytic effect 
was replicated when including only the higher- quality studies with low 
risk of bias.44,45,47,48,54 (d = 0.185, 95% CI: 0.028–0.341, P = 0.021). 
Finally, we found no evidence for publication bias in the visual inspec-
tion of the Funnel plot and Egger’s Regression intercept (P = 0.15).

In- depth analysis of the meta- analytic effect size for methylphe-
nidate in patients with TBI revealed significant positive small- sized 
effects of methylphenidate observed on Executive Memory (k = 10, 

Figure 1 Prisma flow diagram.
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d = 0.346, 95% CI: 0.133–0.559, P = 0.001), Baseline Speed 
(k = 14, d = 0.288, 95% CI: 0.126–0.450, P < 0.001), Inhibitory 
Control (k = 10, d = 0.239, 95% CI: 0.012–0.466, P = 0.04), and 
Variability in Responding (k = 4, d = 0.154, 95% CI: 0.007–0.301, 
P = 0.04). Effects on Cognitive Flexibility (k = 7, d = 0.134, 95% 
CI: −0.016 to 0.285, P = 0.08), and Non- executive Memory (k = 5, 
d = 0.091, 95% CI: −0.184 to 0.366, P = 0.516) were not statisti-
cally significant.

Cholinergic agents. In the group of cholinergic agents, we found 
a significant and large- sized meta- analytic effect for donepezil 
on cognitive functioning (k = 3, d = 1.68, 95% CI: 0.19–3.17, 
P = 0.03), whereas the meta- analytic effect for rivastigmine was 
not significant (k = 4, d = 0.04, 95% CI: −0.11 to 0.19, P = 0.63).

Figure 5 displays the forest plot for the significant meta- 
analytic effect observed for donepezil, with a large between- study 

heterogeneity (I
2 = 78.14%). The meta- analytic effect in a sub-

group analysis on studies that included patients with TBI28,36 was 
not significant (k = 2, d = 2.13, 95% CI: −0.29 to 4.55, P = 0.085). 
Only one study was available for patients with stroke, precluding 
meta- analytic aggregation.58 In a sensitivity analysis with the one- 
study- removed method, the meta- analytic effect did not remain 
significant after iterative exclusion of Chang et al.58 and Kim et 

al.36 None of the studies assessing donepezil had low risk of bias. 
Publication bias analysis was not conducted because an insufficient 
number of studies was available.

Dopaminergic agents. In the group of dopaminergic agents, the 
meta- analytic effect sizes were not significant for the effect of 
amantadine (k = 2, d = 0.07, 95% CI: −0.54 to 0.68, P = 0.82) 
and levodopa- carbidopa (k = 2, d = 0.012, 95% CI: −0.15 to 
0.18, P = 0.89).

Table 1 Number of studies (k) and Meta- analytic effect sizes per neuromodulator system and pharmacological agent

Neuromodulator 

system Pharmacological agent

Included trials (k) and  

participants (n) Meta- analytic effect size

TBI Stroke d 95% CI P value I
2

Adrenergic Atomoxetine k = 1
n = 55

n/a 0.07 −0.210 to 0.351 0.62

Dextroamphetamine k = 1
n = 64

k = 1
n = 32

0.31 −0.09 to 0.716 0.13 0.0

Methylphenidate k = 14
n = 385

k = 2
n = 50

0.28 0.107–0.451 0.001 51.7

Modafinil k = 1
n = 55

k = 2
n = 77

0.05 −0.158 to 0.263 0.62 0.0

Overall effect size k = 17
n = 559

k = 5
n = 159

0.22 0.095–0.347 0.001 41.3

Cholinergic Donepezil k = 2
n = 44

k = 1
n = 14

1.68 0.187–3.167 0.03 78.1

Rivastigmine k = 3
n = 355

k = 1
n = 50

0.04 −0.112 to 0.186 0.63 0.0

Overall effect size k = 5
n = 399

k = 2
n = 64

0.35 −0.053 to 0.755 0.09 78.0

Dopaminergic Amantadine k = 2
n = 144

n/a 0.07 −0.539 to 0.679 0.82 61.5

Levodopa- Carbidopa n/a k = 2
n = 633

0.01 −0.152 to 0.138 0.89 0.0

Overall effect size k = 2
n = 144

k = 2
n = 633

0.002 −0.144 to 0.148 0.98 0.0

Serotonergic (Es)citolapram n/a k = 4
n = 687

0.15 −0.128 to 0.435 0.29 62.8

Fluoxetine n/a k = 1
n = 1,500

0.01 −0.098 to 0.123 0.82

Paroxetine n/a k = 1
n = 170

0.24 −0.076 to 0.560 0.14

Sertraline k = 2
n = 119

n/a −0.28 −0.726 to 0.177 0.23 0.0

Overall effect size k = 2
n = 119

k = 6
n = 2,357

0.07 −0.07 to 0.217 0.32 41.8

Total k = 26
n = 1,221

k = 15
n = 3,213

k = 41
4,434

CI, confidence interval; TBI, traumatic brain injury; n/a, not applicable.

P values in bold (P < 0.05) denote significant effect sizes.
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Serotonergic agents (5- HT). In the group of serotonergic agents, 
the meta- analytic effect sizes were not significant for the effect of 
(es)citalopram (k = 4, d = 0.15, 95% CI: −0.10 to 0.12, P = 0.287) 
and sertraline (k = 2, d = −0.28, 95% CI: −0.73 to 0.18, P = 0.23). 
Meta- analysis was not feasible for fluoxetine70 and paroxetine,70 
because only one study was available per agent.

Meta- regression analysis

Considering the number of observations available, meta- 
regression was only feasible for the meta- analytic effect of 
methylphenidate, see Figures S2–S5. We found no signif-
icant relations between the magnitude of effect sizes and 

any of the following moderator variables: mean age (in years, 
range = 10.7–71.3, β = −0.0074, P = 0.51 df = 14), sex (in per-
centage of female subjects, range = 11%–58%, β = −0.0009, 
P = 0.90, df = 14), time since injury (in days, range = 18–2,993, 
β = −0.0001, P = 0.43, df = 13), or treatment duration (in days, 
range = 1–210, β = 0.0027, P = 0.5073, df = 14). The moderator 
variable dosage was not available for meta- regression due to dif-
ference in reporting between studies.

DISCUSSION

This meta- analysis and meta- regression representing 4,434 pa-
tients with ABI aimed to provide aggregations of the available 

Figure 3 Forest plot of effect sizes on neuromodulator systems. CI, confidence interval.

Figure 4 Forest plot of effect sizes (SMD) of studies on methylphenidate. *Crossover trial. CI, confidence interval.

P

Figure 2 Summary of risk of bias assessment.
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randomized controlled trials regarding the effects of pharma-
cotherapy on cognitive functioning. The results indicate that 
methylphenidate has a small- sized beneficial effect on cognitive 
functioning in patients with TBI. Thanks to the meta- analytic 
approach, we were able to provide robust evidence for the benefi-
cial effect of methylphenidate based on a much larger sample than 
previously reported, encompassing 12 RCTs representing 385 pa-
tients with ABI. Thereby, this study strengthens the evidence- base 
from the fragmented literature to support the consideration of 
methylphenidate for patients with TBI and cognitive impairment. 
The results further suggest that cholinergic modulation with do-
nepezil may hold promising value, although no robust evidence 
was found for beneficial effects of other neuromodulating agents.

In the group of adrenergic agents, we found a robust small- 
sized meta- analytic effect of methylphenidate on cognitive func-
tioning in patients with TBI. In- depth analysis revealed that 
small- sized positive effects of methylphenidate may be expected 
for cognitive functions related to executive memory, baseline 
speed, inhibitory control, and variability in responding. These 
findings are in line with a recent narrative systematic review,72 
which reported that methylphenidate may improve cognitive 
abilities, particularly working memory, processing speed, and/
or aspects of attention. Our findings relating to executive mem-
ory and inhibitory control also align with the findings of studies 
showing that methylphenidate may enhance cognitive function-
ing by affecting neural networks related to working memory73 
and inhibitory control.74 Two recent considerably smaller meta- 
analyses that aggregated up to 6 studies representing up to 148 
patients that previously reported a positive effect of methylphe-
nidate on processing speed,75 and attention.76

In the group of cholinergic agents, we identified a large- sized and 
statistically significant effect for donepezil, suggesting that donepezil 
may be a promising pharmacological agent for the treatment of cog-
nitive impairment in patients with ABI. However, it should be noted 
that this meta- analytic effect was based on only three very small stud-
ies (n = 14–26) with substantial heterogeneity in terms of patient 
characteristics (e.g., mean age, type of injury, and mean time since 
ABI). The meta- analytic effect also showed considerable instability in 
sensitivity analysis. Consequently, the results suggest promising value, 
yet further research is needed to determine the efficacy of donepe-
zil in the treatment of cognitive impairment in ABI.77,78 Currently, a 
large multicenter trial (NCT02255799) examines the effect of done-
pezil on memory impairments in individuals with TBI.

We found no evidence for beneficial effects of rivastigmine (4 
studies), amantadine (2 studies), levodopa- carbidopa (2 studies), 
atomoxetine (1 study), dextroamphetamine (2 studies), modafinil 

(3 studies), or any of the serotonergic agents (8 studies). Due to the 
sparse literature for these pharmacotherapeutic options, our negative 
findings do not rule out potential value for cognitive functioning, or 
other treatment indications in this population. For example, a recent 
systematic review suggests that levodopa may have positive effects 
on motor function, mood, and promote wakefulness in stroke survi-
vors.79 Similarly, amantadine is the most commonly prescribed med-
ication for patients with prolonged disorders of consciousness after 
TBI and is considered to promote functional recovery.80

The current study has limitations and strengths. According to 
our knowledge, this is the first study to examine the effects of all 
available pharmacotherapeutic agents aimed at improving cog-
nitive functioning following both TBI as well as stroke, whereas 
aggregating the evidence across cognitive outcome measures. The 
majority of studies included in this review was limited by moderate 
to severe bias affecting the validity of their findings. Nevertheless, 
the meta- analytic effect of methylphenidate was replicated when 
including only those studies that had low risk of bias. Furthermore, 
aggregating evidence from a fragmented research field with a rela-
tively large number of small and underpowered studies increases 
the risk of publication bias. This risk may be particularly high in 
the field of pharmacotherapy for TBI, as a recent analysis of regis-
tered trials on Clini calTr ials. gov found that the majority of com-
pleted trials had negative findings and only six were published.81 
However, it should be noted that the majority of the included 
methylphenidate studies in the current study also did not report 
a statistically significant effect. Moreover, we found no evidence 
of publication bias in the meta- analytic effect of methylphenidate. 
Last, it has been hypothesized that placebo effects may imitate the 
therapeutic effect of certain pharmacological agents, in particular, 
dopaminergic agents used in ABI populations.82 Dopaminergic 
cortical circuits may in fact be sufficiently upregulated by placebo 
treatment alone to produce a therapeutic response, complicating 
the effort to identify a medication- specific effect in patients with 
TBI. Finally, it should be noted that the manifestation of cognitive 
impairment after ABI as well as the response to treatment is not 
only the result of the brain injury sustained, but is also influenced 
by risk factors such as age, prior brain injury, exposure to neuro-
toxic substances, and pre- existing conditions. Such factors should 
be taken into account when considering pharmacological treat-
ment for cognitive impairment after ABI.

Future directions

The results of this study support the beneficial effects of meth-
ylphenidate for patients with TBI at the group level. Our 
meta- regression analysis was an attempt to identify factors that 

Figure 5 Forest plot of effect sizes (SMD) of studies on donepezil. *Crossover trial. CI, confidence interval.
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predict the heterogeneity in the treatment response across stud-
ies, revealing no evidence for a modulating influence of sex, age, 
time since injury, or treatment duration. Indeed, meta- analytic 
techniques do not allow thorough investigation of interin-
dividual differences in the treatment response. The distinct 
heterogeneity in the ABI population, with regard to the type, 
severity, and location of neuropathology, but also premorbid 
functioning and genetic make- up, are likely to influence the 
sensitivity of individuals to treatment with differential phar-
macotherapeutic agents.83 Matching the treatment at an indi-
vidual level may therefore increase efficacy. Consequently, we 
suggest that future studies aimed at the efficacy of pharmaceu-
tical treatments acknowledge that interindividual differences 
between patients can importantly influence the treatment re-
sponse, and such differences should in fact be utilized to select 
the optimal treatment at the individual patient level. For exam-
ple, the included study by Jenkins et al. stratified patients into 
groups with a hypodopaminergic or normo- dopaminergic state 
using neuro- imaging in an attempt to selectively target a sub-
group of patients with optimal treatment response for a given 
neuromodulating agent.44 Other options could involve the use 
of predictive and pharmacodynamic biomarkers,84 as well as 
the integration of data from multiple sources, such as medical 
history, phenotypic genetic, and imaging data in combination 
with data- mining techniques. Likewise, careful stepwise dos-
age titration should also be considered in future studies, given 
the emerging evidence for complex non- linear dose–response 
relationships, which may also differ between patients.33 Future 
research might also look into the synergistic effects of combi-
nations of pharmacological agents and non- pharmacological 
treatments. For example, the use of pharmacotherapy alongside 
structured rehabilitation programs and combining pharmaco-
logical treatments with cognitive therapy,51 noninvasive brain 
stimulation techniques85 or physical exercise programs.60,86 
Moreover, treatment of cognitive impairment may also involve 
targeting other underlying factors, such as treating sleep distur-
bances through cognitive behavior therapy87 or pharmacologi-
cal agents,88 highlighting the multifaceted nature of handling 
cognitive impairment in ABI. Last, future research should ex-
tend to understanding how pharmacological improvements in 
cognition translate into daily life functioning and quality of life 
for patients with ABI.89

CONCLUSION

This study provides meta- analytic evidence for a small, bene-
ficial, and robust effect of methylphenidate on cognitive func-
tioning of patients with TBI. Donepezil may hold promising 
value, but the evidence is based on a small number of studies 
with heterogeneous results. We found no robust evidence for 
positive effects of other neuromodulating agents in patients 
with ABI. Methylphenidate can be recommended as an effec-
tive treatment option for improving cognitive functioning in 
patients after TBI. The results of this study may aid in clinical 
decision making for off- label treatment options, can be used for 
the development and updates of practice guidelines, and may 
inform future pharmacotherapeutic studies.

SUPPORTING INFORMATION
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