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REVIEW ARTICLE

Assessing neurocognitive outcomes in PTSD: a multilevel meta-analytical 
approach
Snaefridur Gudmundsdottir Aspelund a, Hjordis Lilja Lorange b, Thorhildur Halldorsdottir a, 
Birna Baldursdottir a, Heiddis Valdimarsdottir a,c, Unnur Valdimarsdottir b,d,e and 
Harpa Lind Hjördísar Jónsdóttir f

aDepartment of Psychology, School of Social Sciences, Reykjavik University, Reykjavik, Iceland; bCentre of Public Health Sciences, Faculty 
of Medicine, School of Health Sciences, University of Iceland, Reykjavik, Iceland; cDepartment of Population Health Science and Policy, 
Icahn School of Medicine, Mount Sinai, NY, USA; dDepartment of Medical Epidemiology and Biostatistics, Karolinska Institute, Stockholm, 
Sweden; eDepartment of Epidemiology, Harvard TH Chan School of Public Health, Boston, MA, USA; fFaculty of Psychology, School of 
Health Sciences, University of Iceland, Reykjavik, Iceland

ABSTRACT
Background: Evidence supporting the association between posttraumatic stress disorder 
(PTSD) and cognitive impairment is accumulating. However, less is known about which 
factors influence this association.
Objective: The aims of this meta-analysis were to (1) elucidate the association between PTSD 
and a broad spectrum of cognitive impairment, including the risk of developing 
neurocognitive disorder (NCD) later in life, using a multilevel meta-analytic approach, and 
(2) identify potential moderating factors of this association by examining the effects of age 
(20–39, 40–59, 60+), study design (cross-sectional or longitudinal), study population (war- 
exposed populations/veterans or the general population), neurocognitive outcome assessed 
(i.e. a diagnosis of NCD or type of cognitive domain as classified according to A 
Compendium of Neuropsychological tests), gender (≥50% women or <50% women), study 
quality (high vs low), type of PTSD measure (self-report or clinical diagnosis), as well as the 
presence of comorbidities such as traumatic brain injury (TBI), depression, and substance 
use (all coded as either present or absent).
Method: Peer-reviewed studies on this topic were extracted from PubMed and Web of Science 
with predetermined keywords and criteria. In total, 53 articles met the criteria. Hedge‘s g effect 
sizes were calculated for each study and a three-level random effect meta-analysis conducted.
Results: After accounting for publication bias, the results suggested a significant association 
between PTSD and cognitive impairment, g = 0.13 (95% CI: 0.10–0.17), indicating a small 
effect. This association was consistent across all examined moderators, including various 
neurocognitive outcomes, age, gender, study design, study population, study quality, type 
of PTSD measure, and comorbidities such as depression, substance use, and TBI.
Conclusions: These findings collectively suggest that PTSD is associated with both cognitive 
impairment and NCD. This emphasizes the need for early intervention (including prevention 
strategies) of PTSD, alongside monitoring cognitive function in affected individuals.

International Prospective Register of Systematic Reviews (PROSPERO) registration number: 
CRD42021219189, date of registration: 02.01.2021.

Evaluación de los resultados neurocognitivos en TEPT: una 
aproximación meta-analítica multinivel  
Antecedentes: Cada vez hay más evidencia que apoya la asociación entre el trastorno de 
estrés postraumático (TEPT) y el deterioro cognitivo. Sin embargo, se conoce poco sobre 
qué factores que influyen en esta asociación.
Objetivo: Los objetivos de este metaanálisis fueron: (1) dilucidar la asociación entre el TEPT y 
un amplio espectro de deterioro cognitivo, incluido el riesgo de desarrollar un trastorno 
neurocognitivo (NCD por sus siglas en inglés) más adelante en la vida, utilizando una 
aproximación meta-analítica multinivel, y (2) identificar posibles factores moderadores de 
esta asociación examinando los efectos de la edad (20–39, 40–59, 60+), el diseño del 
estudio (transversal o longitudinal), la población del estudio (poblaciones expuestas a la 
guerra/veteranos o población general), consecuencias neurocognitivas evaluadas (ej., un 
diagnóstico de NCD o tipo de dominio cognitivo según la clasificación de Un Compendio de 
test Neuropsicológicos), genero ((≥ 50% mujeres o < 50% mujeres), calidad del estudio (alta 
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HIGHLIGHTS
• The current meta-analysis 

was the first to 
comprehensively 
investigate the association 
between posttraumatic 
disorder (PTSD) and a 
broad spectrum of 
cognitive impairment, 
including the risk of 
developing neurocognitive 
disorder (NCD), using a less 
biased multilevel meta- 
analytical approach.

• The results showed a 
significant association 
between PTSD and 
cognitive impairment, 
across all neurocognitive 
outcomes, age groups, 
genders, study designs, 
study populations, study 
qualities, types of PTSD 
measures, and the 
presence of comorbidities 
such as depression, 
traumatic brain injury or 
substance use, 
highlighting the broad 
effect of PTSD on cognitive  
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versus baja), tipo de medida del TEPT (auto informada o diagnóstico clínico), así como también 
la presencia de comorbilidades tales cono lesión cerebral traumática (TBI por sus siglas en 
ingles), depresión y consumo de sustancias (todas codificadas como presente o ausente).
Método: Estudios de revisión por pares sobre este tópico se extrajeron de PubMed y Web of 
Science con palabras clave y criterios predeterminados. En total, 53 artículos reunieron los 
criterios. Se calcularon los tamaños del efecto g de Hedge para cada estudio y se condujo 
un metaanálisis de efectos aleatorios de tres niveles.
Resultados: Después de tener en cuenta el sesgo de publicación, los resultados sugirieron una 
asociación significativa entre TEPT y deterioro cognitivo, g = 0.13 (IC 95%: 0.10–0.17), indicando 
un efecto pequeño. Esta asociación fue consistente en todos los moderadores, incluidos varios 
resultados neurocognitivos, edad, genero, diseño del estudio, población de estudio, calidad 
del estudio, tipo de medida para el TEPT y comorbilidades tales con depresión, consumo de 
sustancias y TBI.
Conclusiones: Estos hallazgos sugieren en conjunto que el TEPT se asocia tanto con deterioro 
cognitivo como con NCD. Esto enfatiza la necesidad de intervenciones tempranas (incluidas 
las estrategias de prevención) del TEPT, en conjunto con el seguimiento de la función 
cognitiva en las personas afectadas.

function.
• These findings emphasize 

the need for early 
intervention (including 
prevention strategies) of 
PTSD, alongside 
monitoring cognitive 
function in affected 
individuals.

Posttraumatic stress disorder (PTSD) is a mental dis
order that occurs in a subset of individuals exposed to 
traumatic events where the individual’s life or well- 
being or someone else’s is threatened (American Psy
chiatric Association, 2013). PTSD is characterized by 
a severe reaction to trauma exposure, which impairs 
daily functioning (Iribarren et al., 2005). The diagnostic 
criteria for PTSD include a constellation of intrusion 
symptoms, persistent avoidance, marked changes in 
arousal and reactivity, and negative alterations in 
mood and cognition. The negative alterations in cogni
tive function, inherent in the diagnostic criteria, include 
memory and concentration problems (American Psy
chiatric Association, 2013). Previous meta-analyses 
have shown that individuals with PTSD have a broad 
cognitive impairment that extends beyond these diag
nostic criteria, such as impaired attention, processing 
speed, working memory and executive functioning 
(Qureshi et al., 2011; Schuitevoerder et al., 2013; Scott 
et al., 2015). These findings are concerning given that 
cognitive impairment may reduce the treatment 
response in psychosocial PTSD treatment since many 
treatments (e.g. cognitive behavioral therapy) require 
learning and acquisition of new skills (Falconer et al., 
2013; Samuelson, 2011; Wild & Gur, 2008).

PTSD symptoms are thought to arise from stress- 
induced changes in the brain (Bremner, 2006). Neu
roanatomical correlates of PTSD include the limbic 
system (i.e. the hippocampus, the amygdala and the 
cingulate cortex) and the prefrontal cortex (Liberzon & 
Sripada, 2007). In response to threats or emotionally 
arousing stimuli, PTSD is characterized by hyperacti
vation of the amygdala, i.e. ‘the brain’s threat alarm’ 
can become overactivated. Concurrently, there is a 
hypoactivation of the ventromedial prefrontal cortex, 
impairing its ability to properly inhibit the amygdala, 
i.e. ‘malfunctioning of the threat alarm’s brake’ 
(Liberzon & Sripada, 2007; Patel et al., 2012). This 
can lead to prolonged elevated levels of the stress 
hormone cortisol, which could potentially damage 
brain regions (e.g. hippocampus and prefrontal 

cortex) critical for cognitive function (i.e. memory, 
processing speed and executive function) (Arnsten, 
2009; McEwen et al., 2016). Supporting this notion, 
hippocampal atrophy (i.e. shrinkage of the hippo
campus, a brain area essential for memory) has been 
observed among individuals with PTSD (Chao et al., 
2014; Sapolsky, 2000).

Recurrent stress, such as that experienced in PTSD, 
has been found to increase the risk of developing neu
rocognitive disorders (NCD) later in life. In line with 
this, PTSD has been identified as a risk factor for devel
oping NCD (Greenberg et al., 2014; Günak et al., 2020). 
NCD is defined as cognitive impairment with substan
tial impairment in one or more cognitive domains 
which disrupt daily life (American Psychiatric Associ
ation, 2013) and includes conditions formerly referred 
to as dementia in the DSM 4th edition text revision 
(DSM-IVTR) (American Psychiatric Association, 
2013; Escher et al., 2019; Nilaweera et al., 2020; Amer
ican Psychiatric Association, 2000). Due to longer life 
expectancy and increased exposure to cardiovascular 
risk factors (e.g. diabetes, midlife hypertension and 
obesity, physical inactivity, and smoking), NCD rates 
are expected to triple by 2050, representing one of the 
greatest public health challenges of the century (Living
ston et al., 2017; Prince et al., 2013). Considering that 
risk factors for NCD can be altered throughout life, 
and that approximately a third of NCD cases could 
have been prevented or delayed (Livingston et al., 
2017; Salthouse, 2009), it is vital to investigate modifi
able factors in the association between PTSD and cog
nitive impairment. This could potentially help reducing 
the impact of NCD on individuals and communities.

The current study aims to elucidate the relationship 
between PTSD and cognitive impairment. Previous 
meta-analyses explored the link between PTSD and 
cognitive impairment either without including an 
NCD diagnosis (Qureshi et al., 2011; Schuitevoerder 
et al., 2013; Scott et al., 2015) or focused solely on indi
viduals with an established NCD diagnosis (Günak 
et al., 2020). Furthermore, previous research (Günak 
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et al., 2020) has not examined the role of important 
moderators, such as depression and substance use. 
Expanding on the previous work, this study provides 
a more comprehensive understanding of the long- 
term effects of PTSD on cognitive function, including 
pre-clinical (cognitive impairment) to clinical (NCD) 
stages, and examines a broder range of clinically 
important moderators – namely age, study design, 
study population, neurocognitive outcomes, type of 
PTSD measurement, gender, study quality, and 
comorbidities such as traumatic brain injury (TBI), 
substance use and depression – that may influence 
the relationship between PTSD and cognitive impair
ment. Furthermore, the current study is the first to 
employ a multilevel design with maximum likelihood 
estimation to examine the association between PTSD 
and cognitive impairment, which reduces bias more 
effectively compared to traditional meta-analytic 
approaches (Cheung, 2019). Unlike conventional 
approaches that might select or average effect sizes 
from each study, our approach accounts for hetero
geneity and complex relationships among multiple 
effect sizes within studies (Cheung, 2019).

1. Materials and methods

1.1. Protocol and registration

The protocol for the present study was registered with 
the International Prospective Register of Systematic 
Reviews (PROSPERO, registration number 
CRD42021219189). The Preferred Reporting Items 
for Systemic Reviews and Meta-Analyses (PRISMA) 
Statement (Moher et al., 2009) and the Cochrane 
Handbook for Systemic Reviews of Interventions 
reporting items for meta-analyses (Higgins & Green, 
2011) were used to design, execute and report the 
findings.

1.2. Study eligibility

Inclusion criteria were that the studies (1) examined 
the association between a PTSD diagnosis and cogni
tive function in human adults aged 18 and older; (2) 
used validated and/or well-described methods to 
determine clinically impairing levels of PTSD (e.g. 
diagnosis or clinical cutoff on well-established 
measure); (3) employed neuropsychological assess
ment to measure at least two different cognitive 
domains; (4) used a clinical diagnosis of NCD (e.g. 
from medical records, clinical interviews and neurop
sychological assessment); (5) included a comparison 
group consisting of individuals without a PTSD diag
nosis or clinical levels of PTSD symptoms; (6) were 
published in a peer-reviewed journal in English; and 
(7) provided sufficient data to calculate effect sizes.

Both prospective and retrospective studies were 
included. When two manuscripts presented findings 

from overlapping datasets, the one of most relevance 
to our research question or the one with the greater 
number of subjects was included. For studies in 
which specialized subgroups were examined (e.g. indi
viduals diagnosed with HIV (Rubin et al., 2016) or 
schizophrenia (Fan et al., 2008)), analyses comparing 
groups most accurately addressing the research ques
tion (i.e. comparison of participants with and without 
PTSD in terms of cognitive impairment) were 
included in the meta-analysis. Case studies and studies 
that only examined self-reported cognitive function 
(without neuropsychological assessment) or trauma 
(i.e. studies focusing on PTSD symptoms without a 
clinical cutoff) were excluded.

1.3. Information sources and search strategy

In a comprehensive search initially conducted in 
December 2019 and updated in April 2024, all 
research articles on the association between PTSD 
and cognitive impairment in English conducted on 
humans indexed in PubMed/Medline and Web of 
Science meeting the aforementioned inclusion criteria 
were identified. No publication date limitations were 
set. The search was performed by investigators with 
research experience in the field of PTSD and cognitive 
impairment (S.G.A., H.L.L.). Titles, abstracts and 
articles were reviewed to identify relevant manu
scripts. The search terms included combinations of: 
PTSD, posttraumatic stress disorder, cognitive func
tion, cognitive impairment, cognitive decline, cogni
tive dysfunction, neurocognitive disorder, Lewy 
Body dementia, vascular dementia, frontotemporal 
dementia and Alzheimer’s disease. The detailed search 
terms and filters are provided in the Supplementary 
material S1. Reference lists of the included studies 
and published reviews of the association between 
PTSD and cognitive impairment were also searched 
for relevant studies to increase the comprehensiveness 
of the search.

1.4. Data extraction

Data for this meta-analysis were extracted from each 
study independently (S.G.A., H.L.L.) according to pro
tocol. Data extraction variables included bibliographic 
information, study design, demographic information 
on participants (i.e. age, gender, ethnicity, education, 
study population), PTSD status, cognitive impair
ment, primary findings, statistical information needed 
to calculate effect sizes, and covariates in the analyses. 
Any conflicts regarding data extraction were reviewed 
and resolved by consensus with two additional 
reviewers (T.H., H.L.H.J.). Data from fully adjusted 
models were used to calculate effect sizes.

The Cochrane Handbook for Systemic Reviews 
of Interventions reporting items for meta-analyses 
(Higgins & Green, 2011) and Agency for Healthcare 
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Research and Quality (Owens et al., 2010) guidelines 
were used to assess study quality. The Newcastle- 
Ottawa Scale (NOS) for case-control, cohort and 
cross-sectional design was coded (by S.G.A., H.L.L, 
H.L.H.J) for all studies to assess the risk of bias within 
studies (Wells et al., 2012). Adequate reproducibility 
was found when replicating the NOS assessments 
(S.G.A., H.L.H.J), with 76.7% agreement among the 
raters.

Since either high or low scores can be indicative of 
cognitive impairment, depending on the neuropsy
chological test, all analyses were adjusted such that 
positive effect sizes consistently indicate greater cogni
tive impairment for the PTSD group compared to 
controls.

1.5. Moderators

To gain a deeper understanding of how various factors 
may influence the relationship between PTSD and 
cognitive impairment, moderator analyses were con
ducted. In these analyses, moderator variables were 
treated as categorical.

1.5.1. Age

Given the increased risk for cognitive impairment 
with age (Morovic et al., 2019), we classified the 
studies into distinct chronological age groups based 
on the mean age of their samples: early adulthood 
(20–39-years-old), middle adulthood (40–59-years- 
old), and old age (60 years and older) (Lachman, 
2001).

1.5.2. Gender

Since women may be likelier to develop both PTSD 
and NCD (Christiansen & Berke, 2020; Günak et al., 
2020), gender was included as a moderator and 
coded based on the proportion of women in each 
study, ≥ 50% or < 50% women. One reason for why 
women might be likelier to develop PTSD is that 
they are likelier than men to experience sexual assault 
(Tolin & Foa, 2006), which is strongly associated with 
PTSD (Resnick et al., 2007).

1.5.3. Study design

To capture both short-term and long-term effects of 
PTSD on cognitive function, including the develop
ment of NCD, the included studies were coded 
based on their study design as either longitudinal or 
cross-sectional. Longitudinal studies can provide 
insights into changes in cognitive function over 
time, i.e. whether cognitive function stays stable, wor
sens or improves over time (see Table 1 for the follow- 
up duration of each longitudinal study). Meanwhile, 

cross-sectional studies offer a snapshot of cognitive 
function at a single point in time. Examining study 
design as a moderator helps determine if the duration 
and timing of data collection influences the strength or 
direction of the association between PTSD and cogni
tive impairment.

1.5.4. Study population

The study population was categorized into war- 
exposed individuals/veterans and the general popu
lation. Most research in this field focuses on veterans, 
who have higher prevalence rates of PTSD compared 
to many other subgroups. Therefore, it is important 
to determine whether the effects of PTSD on cognitive 
function are comparable in the general public (which 
includes different types of trauma exposures and clini
cal profiles), or if they are specific to characteristics 
associated with veterans (Scott et al., 2015).

1.5.5. Traumatic brain injury

TBI (also called concussion), including head injuries, 
is common among veterans and can also be a conse
quence of traffic-related accidents, falls, sports inju
ries, etc. Since TBI is a risk factor for developing 
both cognitive impairment and NCD (Barman et al., 
2016; Shively et al., 2012), it was included as a modera
tor in this meta-analysis (coded as present or absent).

1.5.6. Depression

Depression (coded as present or absent) is a common 
comorbidity of PTSD and given its association with 
cognitive impairment and NCD (Cohn-Schwartz 
et al., 2024; Kuring et al., 2020), it was included as a 
moderator.

1.5.7. Substance use

Since substance use (coded as present or absent) is 
common among individuals with PTSD, as well as 
individually associated with cognitive impairment 
(Hua et al., 2022; Kutash et al., 2023), it was included 
as a moderator.

1.5.8. Study quality

To assess the impact of study quality on the associ
ation between PTSD and cognitive function, we con
ducted a moderator analysis, utilizing the NOS to 
rate the quality of the included studies. Initially, only 
studies with NOS scores of 7 or higher were con
sidered high quality. Due to the limited number 
(11%) of studies meeting this criterion, we adjusted 
the threshold to include studies with scores of 6 or 
higher, thereby encompassing 28% of the total studies.
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1.5.9. Neurocognitive outcomes

Informed by previous research on how PTSD can 
affect various cognitive domains and the risk of devel
oping NCD (Günak et al., 2020; Qureshi et al., 2011; 
Schuitevoerder et al., 2013; Scott et al., 2015), neuro
cognitive outcomes were included as a moderator in 
the current study. PTSD may influence these neuro
cognitive outcomes differently, leading to varying 
degrees of cognitive impairment.

The neurocognitive outcomes in the present study 
included a diagnosis of NCD (i.e. either a clinical diag
nosis of major NCD or mild cognitive impairment, see 
the supplementary material for more details), as well 
as the cognitive domains assessed in the retrieved 
studies. Neuropsychological tests were classified into 
cognitive domains based on the classification system 
of the Compendium of Neuropsychological Tests 
(Sherman & Spreen, 2006): general cognitive function, 
which included broad-scale measures of cognitive 
functioning (e.g. Mini Mental State Examination, 
Montreal Cognitive Assessment); attention (e.g. 
Trail Making Test); working memory (e.g. WAIS- 
Digit Span); processing speed (e.g. Digit Symbol); 
memory (e.g. Rey Auditory Verbal Learning Test); 
executive function (e.g. Controlled Oral Word 
Association Test, Stroop test); visuospatial percep
tion (e.g. Judgement of Line Orientation, Block 
Design). Cognitive domains assessed by neuropsy
chological tests, which were underrepresented in 
the analyses, were added to the general cognitive 
function domain (i.e. language tests, motor function 
and time perception). See Supplementary Table S1 
for the complete classification of the neuropsycholo
gical tests.

1.6. Statistical analysis

Effect sizes were calculated for each reported analysis 
in the eligible studies. Given that Cohen’s d tends to 
overestimate effect sizes in small samples, Hedge’s g 
correction formula was used to decrease this bias 
(Borenstein et al., 2009; Hedges, 1981). Data were con
verted into Hedge’s g effect sizes using the esc package 
in R (Lüdecke, 2019). As is customary, effect sizes of 
0.2, 0.5 and 0.8 were considered small, medium and 
large, respectively (Cohen, 1992).

All retrieved studies used multiple neuropsycholo
gical tests to assess various cognitive domains. To 
include these multiple findings within each study, we 
conducted a three-level meta-analysis using the maxi
mum likelihood method to estimate heterogeneity and 
account for dependency between the effect sizes. This 
statistical approach is preferred over traditional meta- 
analytic procedures, such as averaging effect sizes 
across studies or selecting one effect size per study, 
as it is less biased (Cheung, 2019).

In the three-level meta-analytic model, we assumed 
that individual effect sizes (random effect at level 2) 
were nested within studies (random effect at level 3). 
Heterogeneity was calculated using the I2 statistic, a 
measure of the variance attributed to differences 
between the studies (0% = none, 25% = low, 50% =  
moderate, and 75% = high heterogeneity) (Thorlund 
et al., 2012). The fixed effects model analyses revealed 
high inter-study heterogeneity (I2 = 86.42%). Sub
sequently, a random effects model was used to account 
for this heterogeneity. Confidence intervals (CI; 95%) 
and p-values (significance threshold set at α = .05) 
were calculated. The metafor package in R (Viecht
bauer, 2010) was used to perform the three-level ran
dom effect meta-analysis (the rma.mv function).

The Egger’s test was utilized to assess publication 
bias (Egger et al., 1997), and Duval and Tweedie’s 
trim and fill analysis was employed to estimate the 
adjusted effect size (Duval & Tweedie, 2000). 
Additionally, Rosenthal’s fail-safe N was calculated 
to estimate the number of missing studies with non- 
significant results needed to nullify the findings of 
the current meta-analysis (Rosenthal, 1979), ensuring 
the robustness of the results. The fail-safe N threshold 
was set to 5*k + 10, where k represents the number of 
effect sizes (k = 377) included in the current study 
(Rosenthal, 1991; Shi et al., 2021).

2. Results

2.1. Study selection and characteristics

Figure 1 is a PRISMA flow diagram of the systematic 
search for applicable studies. A total of 1,525 abstracts 
were identified after duplicates were removed. Follow
ing the review of abstracts, 156 studies were selected 
for full-text review. Five studies were excluded as the 
sample overlapped with another study (Hori et al., 
2020; Narita-Ohtaki et al., 2018; Prieto et al., 2023; 
Rubin et al., 2017; Weiner et al., 2017). Overall, 53 
original studies met the inclusion criteria (Rubin 
et al., 2016; Fan et al., 2008; Barrett et al., 1996; Bet
thauser et al., 2018; Bhattarai et al., 2019; Brownlow 
et al., 2014; Burri et al., 2013; Clouston et al., 2016; 
Cohen et al., 2013; Duke et al., 2010; Falconer et al., 
2008; Flatt et al., 2018; Folnegovic-Smalc et al., 1997; 
Gilbertson et al., 2006; Gradus et al., 2019; Green 
et al., 2016; Hart et al., 2008; Horner et al., 2013; 
Hudetz et al., 2010; Islamoska et al., 2020; Jak et al., 
2020; Koopowitz et al., 2021; Mawanda et al., 2017; 
Meziab et al., 2014; Nakayama et al., 2020; Otsuka 
et al., 2021; Peleikis et al., 2013; Qureshi et al., 2010; 
Regier et al., 2019; Roughead et al., 2017; Scheiner 
et al., 2014; Shandera-Ochsner et al., 2013; Song 
et al., 2020; Stein et al., 2002; Stricker et al., 2015; 
Stricker et al., 2017; Twamley et al., 2009; Vasterling 
et al., 2002; Walczewska et al., 2014; Wang et al., 
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2016; Wisdom et al., 2014; Yaffe et al., 2010; Yaffe 
et al., 2019; Logue et al., 2023; Bergman et al., 2023; 
Rosen et al., 2022; Weiner et al., 2022; Cimino et al., 
2022; Van Praag et al., 2022; Brown et al., 2022; Mar
colini et al., 2023; Lawrence et al., 2023; Moretta et al., 
2022) (see Figure 1 for the PRISMA flow diagram).

Table 1 provides detailed information on the 
included studies. The majority of the studies were 
cross-sectional (67%) and conducted on veterans 
(55%). The studies were relatively equal regarding the 
age groups: 30% were performed on 20–39-year-old 
participants, 36% on 40–59-years-old, and 34% aged 
60 years and older (three studies did not report the 
age in their sample). When broken down by cognitive 
domain, the majority of studies examined a diagnosis 
of NCD (30%) and general cognitive function (23%).

2.2. Primary meta-analysis of PTSD and 
cognitive impairment

Fifty-three studies were included in the meta-analyses 
with a pooled sample size of 5,709,547 participants 
across all the studies and an overall of 376 analyses 

examining the association between PTSD and cognitive 
impairment. The three-level model provided a signifi
cantly better fit than a two-level model, as indicated 
by lower Akaike Information Criterion (AIC) and 
Bayesian Information Criterion (BIC) values, and a sig
nificant likelihood ratio test (χ2 =  108.66, p < .0001). In 
the three-level model, the pooled effect size across the 
studies was g = 0.30, p < .0001, 95% CI (0.23–0.37), 
indicating a small to medium effect (Table 2). The 
finding suggests greater cognitive impairment among 
individuals with PTSD compared to controls.

2.3. Moderator analyses

All coefficients for the moderator analyses are dis
played in Table 2. None of the moderators (i.e. study 
design, study population, age group, gender, neuro
cognitive outcome, depression, TBI, type of PTSD 
assessment, or substance use) significantly moderated 
the association between PTSD and cognitive impair
ment. However, significant effects were found within 
all subgroups, with effect sizes of small to medium 
magnitudes (see Table 2).

Figure 1. PRISMA flow diagram of the review process and study selection.
Note. PTSD = Posttraumatic Stress Disorder. Correlational studies were excluded based on our inclusion criteria requiring studies to compare groups with 
and without PTSD.
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2.4. Publication bias

The Egger’s test, which was used to assess publication 
bias in the main analysis for the association between 
PTSD and cognitive impairment, was significant, indi
cating a publication bias (t[374] = 3.08, p = .002). 
Therefore, Duval and Tweedie’s trim-and-fill pro
cedure was employed to estimate the actual effect 
size. The initial pooled effect across the studies was 
g = 0.30, but after accounting for publication bias, it 
was g = 0.13, p < .0001, 95% CI (0.10–0.17), indicating 
a small effect size. The robustness of the association 
between PTSD and cognitive impairment was sup
ported by Rosenthal’s fail-safe N, which indicated 
that 9,531,366 null findings would be needed to nullify 
the effect, suggesting negligible risk of bias (Rosenthal, 
1991; Shi et al., 2021).

3. Discussion

This is the first meta-analysis, to our knowledge, to 
comprehensively investigate the association between 
PTSD and a broad spectrum of cognitive impairment, 
including the risk of developing NCD later in life. 
Additionally, this is the first meta-analysis to explore 
this topic employing a multilevel meta-analytic 
approach, which is less susceptible to bias than tra
ditional meta-analytic methods (Cheung, 2019). The 
objectives of the current meta-analysis were firstly, 
to elucidate the relationship between PTSD and cogni
tive impairment, and secondly, to identify moderating 
factors for cognitive impairment among individuals 
with PTSD.

In line with previous findings (Qureshi et al., 2011; 
Schuitevoerder et al., 2013; Scott et al., 2015), we 

Table 2. Meta-analysis and moderator analyses of the association between PTSD and cognitive impairment.

Analysis
Number of studies  
(analyses included) Effect sizes (95% CI) Heterogeneity Q, I2

Main analysis 53 (376) 30 (0.23–37) 1998.24***, 86.6%
Study design 

F(df1 = 1, df2 = 375) = 0.46, p = .50
1491.50***, 86.8%

Cross-sectional [index] 36 (346) 0.28 (0.21–0.36)
Longitudinal 17 (30) 0.35 (0.27–0.43)

Neurocognitive outcomes 
F(df1 = 6, df2 = 369) = 0.72, p = .63

1258.12***, 87.1%

Diagnosis [index] 16 (26) 0.34 (0.21–0.47)
Attention & processing speed 6 (63) 0.29 (0.17–0.42)
Executive function 5 (84) 0.26 (0.13–0.38)
General cognitive function 12 (42) 0.29 (0.17–0.42)
Memory 7 (116) 0.31 (0.19–0.44)
Visuospatial & perceptual ability 2 (9) 0.30 (0.17–0.42)
Working memory 5 (36) 0.24 (0.11–0.37)

Study population 
F(df1 = 1, df2 = 374) = 0.00, p = .99

1360.23***, 86.9%

General population [index] 24 (186) 0.30 (0.20–0.40)
War exposure (including veterans) 29 (190) 0.30 (0.06–0.54)

Age group 
F(df1 = 2, df2 = 343) = 0.31, p = .74

1043.19***, 86.6%

20–39 [index] 15 (191) 0.32 (0.20–0.44)
40–59 18 (83) 0.27 (−0.03 to 0.56)
60+ 17 (72) 0.33 (0.04–0.62)

Traumatic Brain Injury 
F(df1 = 1, df2 = 374) = 1.17, p = .28

1698.88***, 86.7%

Without TBI [index] 45 (349) 0.32 (0.24–0.39)
With TBI 8 (27) 0.22 (0.02–0.41)

Depression 
F(df1 = 1, df2 = 374) = 0.06, p = .81

1760.61***, 98.1%

Depression absent [index] 42 (352) 0.30 (0.22–0.37)
Depression present 11 (24) 0.32 (0.07–0.56)

Proportion of women 
F(df1 = 1, df2 = 374) = 0.01, p = .93

1457.63***, 86.9%

<50% women [index] 30 (202) 0.30 (0.21–0.39)
≥50% women 23 (174) 0.30 (0.14–0.47)

Type of PTSD measure 
F(df1 = 1, df2 = 374) = 0.19, p = .66

1297.28***, 86.8%

Self-report diagnosis [index] 15 (75) 0.27 (0.14–0.41)
Clinical diagnosis 38 (301) 0.31 (0.02–0.59)

Substance use 
F(df1 = 1, df2 = 374) = 0.03, p = .87

1712.29***, 86.9%

Absent [index] 43 (345) 0.30 (0.22–0.37)
Present 10 (31) 0.31 (0.06–0.56)

Study quality 
F(df1 = 1, df2 = 374) = 0.00, p = .98

1697.25***, 86.9%

Low quality (<6) [index] 38 (243) 0.30 (0.22–0.38)
High quality (≥6) 15 (133) 0.30 (0.22–0.38)

Note. PTSD = Posttraumatic Stress Disorder; TBI = Traumatic Brain Injury. 
*** p < .0001.
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found that PTSD was associated with a higher risk of 
cognitive impairment. This finding remained robust 
regardless of the moderators explored, i.e. individuals 
with PTSD were at an increased risk of cognitive 
impairment compared to controls across all neurocog
nitive outcomes, ages, genders, study designs, study 
populations, study qualities, types of PTSD measure
ments, and presence of comorbidities such as 
depression, substance use, and TBI. This means we 
did not achieve our aim of identifying moderating fac
tors for cognitive impairment among individuals with 
PTSD. However, we were able to elucidate the 
relationship between PTSD and cognitive function 
further, demonstrating a consistent link to cognitive 
impairment that persisted across all explored modera
tors. The findings suggest that PTSD is associated with 
a higher risk of developing NCD later in life, which is 
consistent with a previous meta-analysis on the topic 
(Günak et al., 2020). There is also a possibility that 
individuals with pre-existing neurocognitive vulner
abilities – such as limited cognitive ability, low edu
cational levels, and hippocampal atrophy – may be 
likelier to develop PTSD. These factors, which also 
predispose individuals to NCD, might heighten the 
risk of subsequent cognitive impairment (Elias et al., 
2021; Günak et al., 2020).

Consistently, earlier meta-analyses have also found 
that PTSD is associated with a higher risk of impair
ments in specific cognitive domains such as attention, 
processing speed, working memory and executive 
functioning (Qureshi et al., 2011; Schuitevoerder 
et al., 2013; Scott et al., 2015). The inclusion of NCD 
in our study (not explored in previous studies (Qure
shi et al., 2011; Schuitevoerder et al., 2013; Scott et al., 
2015)) may have contributed to the smaller effect sizes 
observed in our meta-analysis compared to those 
reported by e.g. Scott and colleagues, whose meta- 
analysis is the most similar to ours in terms of study 
diversity and total number of included studies (Scott 
et al., 2015). This inclusion could potentially have 
diluted the specific neurocognitive effects of PTSD, 
as cognitive impairment may arise from both con
ditions. Another reason for the smaller effect sizes in 
our study compared to theirs might be differences in 
search criteria. Scott et al. searched for cognitive 
domain-specific keywords (e.g. memory, attention) 
and traumatic stress in addition to PTSD. Meanwhile, 
we excluded studies examining traumatic stress and 
did not search for cognitive domain-specific key
words. Our keywords were more targeted toward 
PTSD and more broadly defined cognitive function, 
cognitive impairment and NCD.

Consistent with the findings of Scott et al. (2015), 
neither age, type of PTSD measurement, depression, 
TBI, or substance use, significantly moderated the 
association between PTSD and cognitive impairment. 
The observation that PTSD was associated with 

cognitive impairment in both veterans and among 
the general population was also in line with previous 
results (Günak et al., 2020; Scott et al., 2015). Regard
ing gender differences, our findings diverge from those 
of Scott et al. (2015), who found that studies with a lar
ger portion of men exhibited greater cognitive impair
ment. Conversely, Günak et al. (2020) found an 
increased risk of developing NCD among women 
with PTSD. The inclusion of both cognitive impair
ment and NCD in our study may have contributed 
to the absence of significant gender differences in 
our results.

While previous meta-analyses (that we know of) 
have not examined study design as a potential mod
erator of the relationship between PTSD and cognitive 
impairment, our observation that this association 
remains robust regardless of study design, provides 
new insights. This indicates that individuals with 
PTSD consistently exhibit cognitive impairments, 
regardless of whether a study collects data at a single 
timepoint or over a long period of time. This obser
vation highlights the importance of early intervention 
and ongoing support for individuals with PTSD to 
mitigate potential development of cognitive impair
ment and NCD over time. To minimize patient bur
den, the cognitive function of individuals with PTSD 
could be monitored via self-report, since studies 
have found that self-reported memory complaints 
may predict NCD in later-life (Mitchell et al., 2014; 
Rönnlund et al., 2015). However, to our knowledge, 
this has not been studied yet among individuals with 
PTSD. Clinically, these findings underscore the 
importance of addressing the risk of cognitive impair
ment in individuals with PTSD. To mitigate this risk, 
it is essential to implement regular monitoring of cog
nitive function as part of standard care for PTSD 
patients. Additionally, targeted interventions should 
focus on promoting healthy sleep hygiene and 
encouraging engagement in regular physical and 
social activities (Livingston et al., 2017; Miller, 2015). 
These approaches address common challenges faced 
by individuals with PTSD, such as disrupted sleep 
and social isolation, which are also recognized risk fac
tors for cognitive impairment (Beidel et al., 2019; Han 
et al., 2021). By integrating these strategies into clinical 
practice, healthcare providers can better support the 
long-term cognitive and mental health of individuals 
with PTSD. Our findings also highlight the impor
tance of future research focusing on identifying 
modifiable risk factors for cognitive impairment and 
NCD among individuals with PTSD, as well as poten
tial treatment targets.

The strengths of the current study lie in its use of 
the three-level meta-analytic approach, and its 
inclusion of a large number of analyses and a broad 
range of studies examining a wide spectrum of cogni
tive impairment. Additionally, we only included 
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studies that employed validated methods to clinically 
diagnose PTSD or established cutoffs shown to be 
indicative of a probable diagnosis. Furthermore, the 
current research encompasses all age groups and 
maintains a balanced representation of veterans and 
the general population in its analyses. This inclusive 
approach enhances the generalizability of the findings 
to the broader population compared to some previous 
meta-analyses (Qureshi et al., 2011; Schuitevoerder 
et al., 2013). When meta-analyses in this field consist 
primarily of veterans, they tend to overrepresent 
men (with comorbidities individually increasing the 
risk of cognitive impairment and NCD, such as TBI) 
and represent a different type of trauma occurring 
under special circumstances, which could potentially 
affect the study results (Scott et al., 2015).

Limitations of this study include that studies 
assessing cognitive function may exclude participants 
with TBI, potentially leading to a selection bias that 
could affect the generalizability of our findings 
regarding the moderating role of TBI. Furthermore, 
we could not control for anxiety, a common comor
bidity of PTSD that may also elevate the risk of cog
nitive impairment, since only two of the included 
studies controlled for anxiety. One meta-analysis 
found an increased risk of NCD among individuals 
with depression and anxiety but not among individ
uals with PTSD (Kuring et al., 2020). In the current 
study, we found that even when controlling for 
depression, PTSD was associated with cognitive 
impairment. This contrasts the previous study (Kur
ing et al., 2020), which only included four studies on 
the association between PTSD and NCD, possibly 
limiting its ability to fully capture the impact of 
PTSD on cognitive function due to its narrow 
scope and small sample size. Moving forward, it is 
important that future studies control for both anxiety 
and depression and explore their potential roles in 
the association between PTSD and cognitive func
tion. This approach would provide a clearer under
standing of the mechanisms at play, which could 
inform therapeutic targets, and enhance the general
izability and applicability of the findings. Another 
limitation is that only two studies controlled for 
pre-morbid intelligence and one for attention- 
deficit hyperactivity disorder, which Scott et al. 
(2015) found affected their effect sizes. Additionally, 
we did not control for antipsychotic use. One study 
(Roughead et al., 2017) found that veterans who 
were administered antipsychotics had a higher 
NCD diagnosis rate irrespective of PTSD status, but 
this could not be explored further due to lack of 
information on medication status in the studies.

Moreover, our findings exhibited considerable het
erogeneity, the origins of which remain unclear. This 
heterogeneity persisted despite conducting sensitivity 
analyses, an issue also noted in previous meta-analyses 

in the field (Günak et al., 2020; Scott et al., 2015). To 
address this, the development of consensus guidelines 
on key methodological aspects – such as diagnostic 
criteria, control of confounders, and the inclusion of 
large, non-biased samples – is recommended to 
enhance the quality and consistency of findings across 
studies. As previously mentioned, only 11% of the 
included studies in this meta-analysis were categorized 
as having a low risk of bias (NOS score ≥ 7) (Lo et al., 
2014). Additionally, the presence of a publication bias 
in this meta-analysis underscores the importance of 
pre-registering studies and publishing all results, 
including those with negative or null findings, to pro
vide a more balanced view of the evidence.

Lastly, like many neuropsychological studies, ours 
contends with the limitation that neuropsychological 
tests often assess multiple cognitive domains simul
taneously, complicating precise categorization into 
single domains. For example, impairments in execu
tive function can adversely affect performance 
across various other domains (Harvey, 2019). To 
apply a structured approach to classifying the wide 
array of tests, we used the Compendium of Neurop
sychological Tests (Sherman & Spreen, 2006) as a 
guide.

Our findings indicate that future meta-analyses on 
the association between PTSD and cognitive impair
ment might consider including NCD diagnoses, and 
a diverse range of studies in terms of populations, 
age groups and types of trauma. Such inclusions 
could expand upon our findings and provide deeper 
insights into the long-term effects of PTSD on cogni
tive function. The field would benefit from recruiting 
more women to enhance gender diversity and imple
menting performance validity tests to ensure that neu
ropsychological assessments accurately reflects 
participants’ true cognitive function, rather than 
their effort (Tierney et al., 2023; Wisdom et al., 
2014). Future meta-analyses should stratify the results 
by gender, and account for the potential confounding 
variables mentioned above. It is also important to 
match the control group to the participants with 
PTSD on age, given the increased risk of cognitive 
impairment with age (Morovic et al., 2019). 
Additionally, they could include the age at which 
participants were exposed to the traumatic experi
ence as well as their subsequent PTSD duration 
since trauma could have more profound and lasting 
effects on the developing brain (Nilaweera et al., 
2020; Scott et al., 2015). Furthermore, future longi
tudinal research should explore whether self- 
reported cognitive complaints can predict NCD 
later in life among individuals with PTSD. Lastly, 
conducting longitudinal intervention studies is 
essential to determine whether the risk of cognitive 
impairment or NCD later in life can be mitigated 
among individuals with PTSD.
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4. Conclusions

The results indicate that individuals with PTSD are at 
an increased risk of cognitive impairment, including 
the development of NCD later in life, compared to 
controls. This association remained robust regardless 
of the explored moderators, as it was consistently 
observed across all neurocognitive outcomes, age 
groups, genders, study designs, study populations, 
study qualities, types of PTSD measurements, and 
the presence of comorbidities such as TBI, depression 
and substance use.
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