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Abstract  Post-traumatic stress disorder (PTSD) 
and depressive symptoms Have been linked to cog-
nitive functioning. However, the impact of PTSD 
and depression on cognitive functioning, especially 
among middle-aged urban adults, is not well under-
stood. Cross-sectional data were analyzed from 1434 
participants from the Healthy Aging in Neighbor-
hoods of Diversity across the Life Span study. We 
used multivariable adjusted linear regression and 

structural equation models (SM) to test the asso-
ciation between PTSD, CES-D, and cognitive test 
scores. We found PTSD to be strongly associated with 
depressive symptoms despite adjustment for potential 
confounders. SM  with cognitive test scores as final 
outcomes found Delayed Free Recall and List A imme-
diate recall inversely associated with PTSD score, with 
TEs of β ± SE − 0.08398 ± 0.02654, P = 0.002, and 
β ± SE − 0.10734 ± 0.02571, P < 0.001, respectively, 
and IEs of β ± SE − 0.06786 ± 0.02202, P = 0.002, and 
β ± SE − 0.07625 ± 0.02140, P < 0.001, indicating that 
depressive symptoms significantly mediated the poten-
tial association of PTSD with poorer verbal memory. 
Other cognitive test scores showed significant total or 
direct effects (p < 0.05), suggesting different pathways 
not including depressive symptoms as a mediator. At 
higher intima-media thickness (IMT) tertiles, PTSD 
score was strongly associated with total CES-D score. 
This study provides evidence of an association between 
PTSD and cognitive functioning among middle-aged 
urban adults, partially mediated through depressive 

Michael F. Georgescu and May A. Beydoun are the co-first 
authors.

Michael F. Georgescu and May A. Beydoun had full 
access to the data used in this manuscript and completed 
all the statistical analyses.

Michele K. Evans and Alan B. Zonderman are the co-
senior authors.

Supplementary Information  The online version 
contains supplementary material available at https://​doi.​
org/​10.​1007/​s11357-​025-​01825-0.

M. F. Georgescu · M. A. Beydoun (*) · 
N. Noren Hooten · M. K. Evans · A. B. Zonderman 
Laboratory of Epidemiology and Population Sciences, 
National Institute On Aging, Intramural Research Program, 
NIA/NIH/IRP, 251 Bayview Blvd., Suite 100, 04B118, 
Baltimore, MD 21224, USA
e-mail: baydounm@mail.nih.gov

R. H. Pietrzak 
Department of Psychiatry, Yale School of Medicine, 
New Haven, CT, USA

R. H. Pietrzak 
U.S. Department of Veterans Affairs National Center 
for Posttraumatic Stress Disorder, VA Connecticut 
Healthcare System, West Haven, CT, USA

R. H. Pietrzak 
Department of Social and Behavioral Sciences, Yale 
School of Public Health, New Haven, CT, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s11357-025-01825-0&domain=pdf
http://orcid.org/0000-0002-1050-4523
http://orcid.org/0000-0002-1683-3838
https://doi.org/10.1007/s11357-025-01825-0
https://doi.org/10.1007/s11357-025-01825-0


	 GeroScience

Vol:. (1234567890)

symptoms in verbal memory, with IMT enhancing the 
association between PTSD and depressive symptoms.
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Introduction

Post-traumatic stress disorder (PTSD) Has histori-
cally been of public health interest. In the USA alone, 
over 80% of the population has been exposed to some 
traumatic event in their life [1], and over 8% reach the 
threshold of developing PTSD [2]. Individuals who 
develop PTSD, which is defined as a consequence of 
exposure to a traumatic event physically and/or psy-
chologically that threatens one’s life [3–5], are often 
associated with poor concentration, hypervigilance, 
recurrent memories, flashbacks or nightmares, and 
being emotionally withdrawn [5]. The associations 
between PTSD and cognitive functioning have been 
well documented [6–8]. A recent systematic review 
reported mounting evidence of PTSD being a risk 
factor for dementia and imaging findings among those 
with PTSD-related dementia overlapping with Alz-
heimer’s disease patterns [9]. However, PTSD is clin-
ically a misdiagnosed condition due to the commonly 
coexisting mental health condition of depression.

Depressive symptom severity has been linked to 
poor cognitive functioning [10–13], and previous 
studies have linked depression with increased risk of 
cognitive decline and dementia [13]. In a systematic 
review and meta-analysis among those with diabetes, 
depression was associated with poor cognitive func-
tioning and increased risk of dementia [14]. Another 
systematic review and meta-analysis reported that 
both clinical and subthreshold depressive symp-
toms were related to poor cognitive function, espe-
cially among older ages [15]. Depressive symptoms 
have also been connected to PTSD in older adults 
in several studies [15–17] and were associated with 
greater intima-media thickness (IMT) in previous 
studies [18–21]. Carotid IMT is an indicator of sub-
clinical atherosclerosis; therefore, given that  studies 
have shown a significant association between subclin-
ical atherosclerosis and depression or  chronic stress 
[22, 23], measuring IMT and its connections to mood 
and stress-related symptoms is of clinical relevance.

Given the interdependence of PTSD, depressive 
symptoms, and cognitive function, the mediating paths 
between them, as well as potential interactions  with 
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health-related factors, become important research 
questions. Nonetheless, few studies have examined the 
mediating effect of depressive symptoms in the asso-
ciation between PTSD and cognitive function in an 
urban cohort of African American and White middle-
aged adults. The present study investigated the cross-
sectional associations of PTSD, depressive symptoms 
(total score and components), and cognitive function 
among urban middle-aged adults participating in the 
Healthy Aging in Neighborhoods of Diversity Across 
the Life Span study (HANDLS), while accounting for 
potential confounding factors (such as sociodemo-
graphic (e.g., age, sex, race/ethnicity), lifestyle (e.g., 
smoking status, drug use), and health related factors 
(e.g., body mass index (BMI) and comorbidities such 
as diabetes and myocardial infarction)).

We used multivariable-adjusted regression mod-
els to test three different pathways: PTSD to depres-
sive symptoms, PTSD to cognition, and depressive 
symptoms to cognition. Importantly, we used struc-
tural equation models to test the mediating pathway 
between PTSD and 13 cognitive test scores through 
depressive symptoms, overall and across IMT ter-
tiles, while accounting for potential confounding fac-
tors that may influence the associations (such as car-
diovascular conditions: myocardial infarction, angina, 
coronary artery disease, atrial fibrillation, and con-
gestive heart failure).

Material and methods

Database

The HANDLS study was initiated in 2004 by the 
Intramural Research Program (IRP) of the National 
Institute on Aging (NIA). The study is currently in 
progress and is a prospective cohort study aimed at 
examining health disparities in aging and age-related 
conditions. HANDLS is an interdisciplinary research 
study that examines a variety of domains in African 
American and White individuals living above and 
below poverty. It uses mobile medical research vehi-
cles (MVRs) and state-of-the-art research devices to 
improve retention and engagement among non-tra-
ditional research participants. The HANDLS project 
was approved by the Institutional Review Board of 
the National Institutes of Health, and research partici-
pants provided written informed consent [24–32].

Between 2004 and 2009, baseline HANDLS data 
were collected in two waves (Visit 1). During the 
initial phase, the participants completed question-
naires and in-home interviews on their health, usage 
of health services, psychosocial variables, diet, char-
acteristics of their area, and demographics. The sec-
ond phase involved measuring laboratory parameters 
(blood chemistries, hematology, biomarkers of oxida-
tive stress, biomaterials for genetic studies), psycho-
physiological assessments (heart rate variability, arte-
rial thickness, carotid ultrasonography, assessments 
of muscle strength, bone density), medical history, 
physical examination, dietary recall, and cognitive 
evaluation. All of these procedures were performed 
in MRVs. After that, HANDLS participants were 
seen every 5 years; visit 2 took place between 2009 
and 2013. HANDLS data segments may be found at 
https://​handls.​nih.​gov/​06Coll-​w00da​taDocR.​cgi for 
analysis.

Study measures

Cognitive function

At visit 1 of HANDLS, a variety of cognitive tests 
were employed to evaluate cognition, including the 
Mini-Mental State Examination (MMSE), the Cali-
fornia Verbal Learning Test (CVLT) Immediate (List 
A) and Delayed Free Recall (DFR), the Benton Vis-
ual Retention Test (BVRT, # of errors), the Brief Test 
of Attention (BTA), the Animal Fluency test (AF), 
the Digit Span Forward and Backwards tests (DS-F 
and DS-B), the Clock Drawing Test (CDT), and the 
Trail Making Test Parts A and B (TRAILS A and 
B, in seconds), Card Rotation Test (CRT), and the 
Identical Pictures (IDP). Each cognitive assessment 
is thoroughly explained on GitHub at https://​github.​
com/​baydo​unm/​COGNI​TIVE_​TESTS_​HANDLS 
and in previous studies (e.g., [33, 34]). The cogni-
tive domains that were addressed were global mental 
state, verbal memory, verbal fluency, attention, visual 
memory, visuospatial ability, and executive function, 
which included working memory. The whole MMSE 
was normalized using the methods that were previ-
ously discussed [35]. The TRAILS A and B scores 
(in seconds) were Ln converted to achieve pseudo-
normality. With the exception of the BVRT, TRAILS 
A and B, all cognitive test results pointed towards 
higher values, suggesting greater performance.

https://handls.nih.gov/06Coll-w00dataDocR.cgi
https://github.com/baydounm/COGNITIVE_TESTS_HANDLS
https://github.com/baydounm/COGNITIVE_TESTS_HANDLS
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PTSD

At visit 1 of HANDLS, an audio computer-assisted 
self-interviewing (ACASI) PTSD checklist scale was 
administered. Participants were asked 18 psychomet-
rically validated questions on PTSD symptoms and 
asked how strongly they endorse each question from 
“Not at all” to “Extremely.” As the main exposure 
variable of interest, we identified PTSD severity from 
the tertiles using the STATA command xtile; addi-
tionally, we used the STATA plugin (mi estimate) for 
each tertile of PTSD.

Depressive symptoms

Depressive symptoms were measured using the 
20-item Center for Epidemiologic Studies-Depression 
scale (CES-D), which is described in Supplemental 
Material 2. The CES-D assesses four sub-scales of 
depressive symptoms that are affective, interpersonal 
problems, somatic complaints, and positive affect. 
We used the STATA plugin (mi estimate) developed 
from a well-established SAS approach [36] for total 
depressive symptoms and each sub-scale of depres-
sive symptoms.

Intima‑media thickness

A high-resolution B-mode ultrasonography for 
examination of the left carotid artery was completed 
to measure IMT among participants in cm. A high-
resolution B-mode ultrasonography is a noninvasive, 
in vivo examination of the structure and function of 
carotid arteries. Additionally, if the study doctor dis-
covered any condition or problem, the information 
was provided to the participants immediately and 
their primary care physician, with their permission. 
If the participants did not have a primary care phy-
sician, efforts would be made to refer them for care. 
Participants were reimbursed for their time.

Covariates

The Healthy Eating Index for 2010 (HEI-2010) and 
health (body mass index (BMI) weight/height2 in 
kg.m−2, continuous), comorbidities, allostatic load, 
and self-rated health were included when analyzing 
the proposed association between PTSD, depressive 

symptoms, and cognitive performance. Confound-
ing factors included age, race (White, African Ameri-
can), poverty status (less than 125%, more than 
125%, ≥ 125%) [37], education (less than high school, 
high school, more than high school), literacy (Wide 
Range Achievement Test, third edition (WRAT-3) 
(Supplemental Material 1), lifestyle (current cigarette 
smoking, yes, no), current drug use, yes, no (using any 
of the opiates, cocaine, and marijuana)), and the 2010 
Healthy Eating Index (HEI-2010). Age was examined 
as a continuous variable. Poverty status was opera-
tionalized (37) using the Department of Health and 
Human Services poverty thresholds based on house-
hold income and total household size. The HEI-2010 
(38) uses food and macronutrient-related factors to 
evaluate the overall quality of an American’s diet. 
Energy intake was assessed through a 2-day recall and 
then combined to obtain the mean energy intake of 
each individual. Comorbidities included self-reported 
history of any number of cardiovascular conditions, 
such as myocardial infarction, angina, coronary artery 
disease, atrial fibrillation, and congestive heart failure 
(0 = no, 1 = yes). Comorbidities were further defined 
as follows: diabetes (0 = non-diabetic, 1 = pre-diabetic, 
and 2 = diabetic), dyslipidemia (or statin usage; 0 = no, 
1 = yes), and dyslipidemia. Classification for self-rated 
health was 0 for poor/average, 1 for good, and 2 for 
very good/excellent.

Sample

As depicted in Fig.  1, HANDLS recruited an initial 
sample of 3720 participants (age range, 30–66 years; 
mean ± SD, 48.3 ± 9.4; women, 54.7%; African Ameri-
can, 59.1%; below poverty, 41.3%) at visit 1. We 
restricted the sample to include those with complete cog-
nitive test scores (N = 3032), PTSD scores (N = 2240), 
depressive symptom scores (N = 2203), and IMT scores, 
leading to a final sample of 1434. Of this sample, cog-
nitive test score-specific samples ranged from 1122 for 
CRT to a maximum of 1431 for the BVRT.

Statistical methods

STATA 18 was used for all analyses (StataCorp, 
College Station, TX). The first-visit study sample 
characteristics were reported in terms of PTSD load 
across lifestyle, health-related, and sociodemographic 
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factors. Differences in continuous, binary, and cat-
egorical multi-level covariates were examined using 
bivariate linear, logistic, and multinomial logit mod-
els, in addition to means and proportions. Second, a 
number of bivariate linear regression models were 
run in order to evaluate our major hypothesis. The 
primary exposure in these models was PTSD, and 
the outcome was cognitive function as evaluated by 
13 distinct test scores, with varying degrees of adjust-
ment made for potentially confounding factors.

It was anticipated that the confounders would 
bias our findings with respect to the associations of 
PTSD with depressive symptoms and cognitive per-
formance. PTSD score tertiles were compared for a 
range of categorical variables using bivariate linear 
and multinomial logistic regression models, with T1 
serving as the common referent for the primary ter-
tile predictor variable. In order to develop the lin-
ear regression models, possible confounders such as 

lifestyle, health, and sociodemographic characteris-
tics were sequentially examined. We used multiple 
imputations for variables to guarantee uniformity in 
sample size across models. This was achieved using 
chained Eqs.  (5 imputations, 10 iterations), where 
all continuous variables were centered on their aver-
ages and all covariates were employed simultaneously 
in the estimate procedure, as was the case in earlier 
research [38, 39].

Firstly, sociodemographic, lifestyle, and health fac-
tors, PTSD, depressive symptoms, and cognitive test 
scores were detailed before and after stratification 
according to PTSD tertiles, after eliminating HANDLS 
patients with missing MMSE data. Then, in order to 
construct a series of linear regression models for PTSD 
and depressive symptoms as predictors of cognitive 
test scores, several sets of variables were taken into 
account. When making covariate adjustments to model 
1, considerations such as age, sex, race, poverty status 

Fig. 1   Participant flowchart. Abbreviations: HANDLS, Healthy Aging in Neighborhoods of Diversity across the Life Span; IMT, 
intima-media thickness; PTSD, post-traumatic stress disorder; v1, visit 1
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were made, whereas model 2 further adjusted for edu-
cation and literacy. All the factors from model 2 were 
included in model 3, along with drug and smoking 
usage. Health-related variables including comorbidi-
ties, HEI, energy, self-rated health, allostatic load, and 
IMT were added in model 4, which also corrected for 
those in model 3.

Structural equation models (SM) were used to 
examine mediating pathways between PTSD and cog-
nitive test scores through depressive symptoms. Cog-
nitive test scores, the CES-D total score, and PTSD 
were all converted to standardized z-scores within 
the final selected sample. Exogenous factors in each 
of these models included the following: age, sex, 
race, poverty status, education, literacy, mean energy 
intake (kcal/day), HEI-2010, current smoking, cur-
rent illicit drug use, self-rated health, BMI, comor-
bidities, allostatic load, IMT mean. All three endog-
enous variables in the system were predicted by these 
exogenous covariates. The endogenous cognitive tests 
were MMSE (which was normalized), CVLT-List A, 
CVLT-DFR, BVRT, BTA, AF, DS-F, DS-B, CDT, 
Ln(TRAILS A), Ln(TRAILS B), Card Rotation, and 
Identical Picture total score. We subsequently used a 
similar analytic approach from the prior SM to con-
duct a second SM across IMT mean tertiles. For each 
SM, we used STATA command teffects to help esti-
mate potential outcome means [40–42]; but to test 
heterogeneity of various path coefficients across IMT 
tertiles in SM, we used group invariance test (estat 
ginvariant) to obtain Wald tests reflecting differences 
across groups for each path coefficient [43].

A two-stage Heckman selection procedure was uti-
lized to address sample selectivity, which may have 
contributed to missingness on exposure and outcome 
data in comparison to the originally recruited sample, 
in all models (linear and SM). Using a probit model, we 
first predicted a selection indicator based on sociodemo-
graphic variables. In this instance, those were poverty 
status, sex, age, and race. An inverse mills ratio (IMR), 
a function of the probability of selection contingent on 
certain sociodemographic parameters, was produced by 
this model. Using regression and SM models, we esti-
mated the main models evaluating the key hypotheses 
at the second stage. We also included the IMR as an 
adjustment covariate in all main models [44].

For the main effects and interactions, we prede-
termined the type I error rate to be 0.05 and 0.10 
respectively [45]. Heatmaps, which are pictorial 

representations of SM models, were also used to 
demonstrate the mediating path coefficients and vari-
ous effects  (INDIRECT, DIRECT AND TOTAL 
EFFECTS of PTSD on cognitive test scores through 
CES-D total score) and their heterogeneity across IMT 
tertiles, namely PTSD to CES-D path coefficient across 
various COGN and CES-D to COGN path coefficient.

Results

Study sample characteristics by PTSD tertile groups

Table  1 provides summary statistics for up to 1434 
study-eligible HANDLS participants, along with other 
key variables of interest, on their sociodemographic, 
lifestyle, and health-related traits, PTSD exposure, 
depressive symptom scores, and cognitive test scores, 
both overall and according to tertiles of PTSD. The 
average CES-D scores for all PTSD tertiles were 14.73 
(± 0.30). All depressive symptom scores showed differ-
ences; however, only CES-D and CES-WB remained 
statistically significant after adjusting for sociodemo-
graphic factors (i.e., age, sex, race, and poverty status). 
Additionally, participants with less education than high 
school, those living below poverty,  along with  current 
smokers and drug users were more likely to be in the 
uppermost PTSD tertile even after adjusting for sociode-
mographic factors  compared to their respective  coun-
terparts. The uppermost PTSD tertile was also charac-
terized by higher prevalence of cardiovascular disease, 
a larger number of co-morbid conditions, and poorer 
dietary quality compared to the lowest PTSD tertile.

Linear regression model findings for PTSD and 
depressive symptom associations in overall sample

Results from linear regression models examining 
the relationships between 13 cognitive test scores 
and PTSD and depressive symptoms are shown 
in Table  2. In model 1, there were significant asso-
ciations between PTSD and all cognitive test scores, 
PTSD and all depressive symptom scores includ-
ing depression sub-scores, and all depressive symp-
toms sub-scores across each cognitive test score. For 
the majority of the cognitive tests in models 2, 3, 
and 4, associations were markedly attenuated. How-
ever, the relationship between PTSD and depressive 
symptoms consistently remained significant across 
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Table 1   Study sample characteristics: overall and by PTSD tertile groups, HANDLS 2004–2009a,b

Overall T1 T2 T3 Tertile differ-
ences P-value

Adjusted tertile 
differences 
P-valuec

Mean ± SE or % Mean ± SE or % Mean ± SE or % Mean ± SE or %
N = 1434 N = 480 N = 509 N = 445

Sociodemographic
Sex
Male 43.4 44.6 43.0 42.5 0.018 0.314
Female 56.6 55.4 57.0 57.5 – –
Age (years)
Mean ± SE 47.38 ± 24.04 47.85 ± 40.99 47.99 ± 42.02 46.17 ± 41.21  < 0.001  < 0.001
Race/ethnicity
White 47.5 43.5 51.5 47.2 0.005 0.002
Black 52.5 56.5 48.5 52.8 – –
Poverty status
Above 58.4 64.8 62.9 46.3 – –
Below 41.6 35.2 37.1 53.7  < 0.001 0.001
Education
 < High school graduate 5.9 7.3 7.4 7.7  < 0.001  < 0.001
High school graduate 58.0 51.3 54.4 64.2
 ≥ High school graduate 36.1 41.4 38.2 28.1  < 0.001  < 0.001
Lifestyle
Smoking status
Never/past smoker 50.6 55.2 53.4 42.4 – –
Current smoker 49.4 44.8 46.6 57.6 0.027  < 0.001
Current drug use
Never/former 80.0 85.8 80.7 72.9 – –
Current 20.0 14.3 19.3 27.2  < 0.001  < 0.001
Health related
Self-rated health
Excellent/very good/good 24.5 12.9 23.0 38.7  < 0.001  < 0.001
Fair/poor 37.1 47.5 35.4 27.9 0.274  < 0.001
Body mass index (kg/m2)
Mean ± SE 29.35 ± 19.95 29.02 ± 31.75 30.32 ± 35.19 28.60 ± 36.17  < 0.001  < 0.001
Healthy Eating Index total 

score
Mean ± SE 42.52 ± 37.12 43.78 ± 66.53 42.72 ± 56.51 40.93 ± 52.06  < 0.001  < 0.001
Comorbid conditionsd

Mean ± SE 4.24 ± 3.58 4.14 ± 5.96 4.34 ± 6.19 4.23 ± 6.41  < 0.001  < 0.001
Hypertension
No 59.6 60.5 58.2 60.0 – –
Yes 40.5 39.5 41.8 40.0  < 0.001  < 0.001
Diabetes status
None 70.0 72.1 65.4 72.8 _ _
Prediabetes 16.4 15.3 19.1 14.7  < 0.001  < 0.001
Diabetes 13.6 12.6 15.5 12.5  < 0.001  < 0.001
Dyslipidemia
No 76.3 78.4 74.7 75.8 – –
Yes 23.7 21.6 25.3 24.2  < 0.001  < 0.001
Cardiovascular diseasese

No 84.0 87.8 83.2 80.6 – –
Yes 16.0 12.2 16.8 19.4  < 0.001  < 0.001
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Abbreviations: AF, Animal Fluency; BTA,Brief Test of Attention; BVRrot, Benton Visual Retention Test; CDT, Clock Drawing Test; 
CRT​, Card Rotation Test; CES-D, Center for Epidemiologic Studies-Depression; CES_DA, depressive affect; CES_IP, interpersonal 
problems; CES_SC, somatic complaints; CES_WB, positive affect; CVLT-List A, California Verbal Learning Test-List A; CVLT-DFR, 
California Verbal Learning Test-Delay Free Recall; DS-F, Digit Span Forward; DS-B, Digit Span Backward; HANDLS, Healthy Aging 
in Neighborhoods of Diversity Across the Life Span; IDP, Identical Pictures; MMSE, mini-mental total score; T1, First Tertile; T2, 
Second Tertile; T3, Third Tertile; TRIALS A, Trail Making Test Part A; TRIALS B, Trail Making Test Part B; SE, standard error; 
WRAT​, Wide Range Achievement Test
a Values are means ± SE or column percentages for sample characteristics, overall and across PTSD tertiles
b Based on linear or multinomial logit models using PTSD tertile as the main predictor for both continuous and categorical variables, 
respectively
c Adjusted tertile differences included age, sex, race, and poverty status in the model
d Comorbid conditions include hypertension, diabetes, dyslipidemia, and cardiovascular diseases
e Cardiovascular disease includes atrial fibrillation, angina, coronary artery disease, congestive heart failure, and myocardial infarction

Table 1   (continued)

Overall T1 T2 T3 Tertile differ-
ences P-value

Adjusted tertile 
differences 
P-valuec

Lipid-lowering drugs
No 88.3 89.5 86.8 88.7 – –
Yes 11.7 10.5 13.2 11.3  < 0.001  < 0.001
Allostatic load
Mean ± SE 1.81 ± 3.67 1.68 ± 0.5.71 1.89 ± 5.82 1.84 ± 6.85  < 0.001 0.172
Energy mean
Mean ± SE 2043.65 ± 28.46 2086.67 ± 48.12 1988.66 ± 47.79 2060.15 ± 49.15  < 0.001  < 0.001
WRAT total score
Mean ± SE 42.81 ± 20.95 43.87 ± 34.65 43.46 ± 35.13 40.92 ± 37.91  < 0.001  < 0.001
Depressive symptom scores 

(mean ± SE)
CES 14.73 ± 0.30 7.23 ± 0.30 13.10 ± 0.37 24.69 ± 0.53  < 0.001 0.011
CES_DA 4.55 ± 0.13 1.61 ± 0.12 3.77 ± 0.17 8.62 ± 0.25  < 0.001 0.065
CES_IP 1.01 ± 0.04 0.45 ± 0.04 0.88 ± 0.05 1.76 ± 0.07  < 0.001 0.818
CES_SC 6.70 ± 0.12 3.82 ± 0.15 6.46 ± 0.16 10.09 ± 0.19  < 0.001 0.094
CES_WB 9.53 ± 0.07 10.66 ± 0.09 10.01 ± 0.10 7.78 ± 0.14  < 0.001  < 0.001
Cognitive test scores 

(mean ± SE)
Normalized MMSE 76.81 ± 0.42 78.60 ± 0.70 77.46 ± 0.71 74.15 ± 0.76  < 0.001  < 0.001
CVLT-List A 24.60 ± 0.20 25.50 ± 0.32 25.08 ± 0.32 23.15 ± 0.37  < 0.001  < 0.001
CVLT-DFR 7.33 ± 0.09 7.63 ± 0.15 7.58 ± 0.15 6.74 ± 0.17  < 0.001  < 0.001
BVRrot 0.80 ± 0.03 0.79 ± 0.04 0.78 ± 0.04 0.85 ± 0.05  < 0.001 0.008
BTA 6.72 ± 0.06 6.91 ± 0.10 6.72 ± 0.11 6.52 ± 0.11  < 0.001  < 0.001
AF 19.12 ± 0.15 19.32 ± 0.25 19.68 ± 0.25 18.27 ± 0.25  < 0.001  < 0.001
DS-F 7.42 ± 0.06 7.71 ± 0.10 7.58 ± 0.10 6.93 ± 0.11  < 0.001  < 0.001
DS-B 5.70 ± 0.06 5.88 ± 0.10 5.88 ± 0.10 5.29 ± 0.10  < 0.001  < 0.001
CDT 8.81 ± 0.03 8.89 ± 0.05 8.89 ± 0.05 8.65 ± 0.06  < 0.001  < 0.001
Ln(TRAILS A) 3.47 ± 0.01 3.44 ± 0.02 3.46 ± 0.02 3.52 ± 0.02  < 0.001  < 0.001
Ln(TRAILS B) 4.63 ± 0.02 4.54 ± 0.03 4.59 ± 0.03 4.77 ± 0.04  < 0.001  < 0.001
CRT​ 35.86 ± 0.55 36.75 ± 0.96 36.62 ± 0.90 33.95 ± 1.02  < 0.001  < 0.001
IDP 23.80 ± 0.19 24.63 ± 0.33 23.99 ± 0.33 22.71 ± 0.33  < 0.001  < 0.001
Intima-media thickness, cm
Mean ± SE 0.06904+/-0.00034 0.0693+/- 0.0006 0.06880 +/- 0.0006 0.06906 +/- 0.0006  < 0.001  < 0.001
PTSD score
Mean ± SE 12.46 ± 0.33 1.70 ± 0.07 8.90 ± 0.13 28.13 ± 0.52  < 0.001  < 0.001
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all models, including fully adjusted model 4, which 
included additional health factors, such as comorbid 
conditions, HEI-2010, mean energy intake, self-rated 
health, allostatic load, and IMT mean, in addition to 
sociodemographic factors. The findings including 
these covariates confirm the hypothesized relation-
ship between depressive symptoms and PTSD.

Structural equation model findings: PTSD vs. 
cognitive test scores through CES‑D total score 

The findings of the SM, which tested the direct effect 
(DE) and indirect effect (IE) of PTSD on cogni-
tive function using CES-D  as a potential mediator, 
are shown in Table  3. Upon concentrating on mod-
els possessing significant total effects (TE), it was 
shown that the IE was notably significant just for the 
key mediating variables in the whole sample such as 
CVLT-DFR (IE = − 0.06786 ± 0.02202, P < 0.05; 
TE = − 0.08398 ± 0.02654, P < 0.05) and CVLT-
List A (IE = − 0.07625 ± 0.02140, P < 0.05; TE = 
− 0.10734 ± 0.02571). The majority of other models 
(e.g., BVRT, DS-F, CDT, Ln(TRAILS B), CRT, and 
IDP) that showed a substantial TE or DE of PTSD on 
cognitive function suggested the involvement of a dif-
ferent mechanism that did not include CES-D.

Results from a SM testing CES-D  as a possible 
mediator between PTSD and cognitive function are 
displayed in Fig. 2A. According to our findings, there 
was an inverse association between the TE of PTSD 
on cognitive function in the total sample. In the TE, 
DE, and IE groups, BVRT, Ln(TRAILS A), and 
Ln(TRAILS B) were all consistently larger than 0.

Figure 2B and C displays the findings from a SM 
that we used to examine, across IMT mean tertiles, 
the pathway from PTSD to CES-D and between 
CES-D and COGN, within the mediating pathway 
(PTSD  to  CES-D  to  COGN). There was significant 
heterogeneity across IMT tertiles  (Groups 1, 2 and 
3) in the PTSD  to  CES-D path coefficients, which 
was consistent for all cognitive test scores, based on 
group invariance analysis. More specifically, the asso-
ciation between PTSD and CES-D was stronger at 
higher IMT tertiles. Detailed numerical findings for 
Fig.  2(A–C) are presented as a supplementary data-
sheets 1–7. All outputs, including results datasets 
used to generate heatmaps, along with Stata and R 
scripts are stored on GitHub: baydounm/HANDLS_
PTSD_CESD_COGN (github.com).

Discussion

The present study aimed to understand the associa-
tions between PTSD, depressive symptoms, and cogni-
tive functioning in a nationally representative sample 
of urban adults. Linear regression models found that 
PTSD was strongly related to depressive symptoms, at 
various levels of adjustment for potential confounders 
(sociodemographic, lifestyle, and health related factors). 
Among cognitive test scores in SM, only CVLT-DFR 
and CVLT-List A were inversely associated with PTSD 
score, with a TE and IE, indicating that depressive 
symptoms significantly mediated the potential associa-
tion of PTSD with poorer verbal memory. Most other 
cognitive test scores showed a substantial TE or DE of 
PTSD on cognitive function, suggesting the involve-
ment of a different mechanism that did not include 
CES-D. At higher IMT tertiles, PTSD score was more 
strongly associated with the total CES-D score.

PTSD and cognitive function

PTSD was associated with worse verbal learning and 
memory, and this association was mediated by greater 
severity of depressive symptoms. This finding aligns 
with prior work showing that PTSD is associated with 
cognitive dysfunction, particularly in verbal learning 
and memory [6, 8, 46]. It is also consistent with results 
of neuroimaging studies, which have revealed that 
memory-relevant brain regions such as the hippocam-
pus are implicated in cognitive impairments in PTSD 
[9]. Putative mechanisms linking PTSD to decrements 
in verbal learning and memory include reduced hip-
pocampal volume, hyperarousal symptoms, cognitive 
interference, and fragmented memory organization 
[46]. The finding that greater severity of depressive 
symptoms mediated the association between PTSD 
symptoms and verbal learning and memory extends 
prior work demonstrating associations between depres-
sion severity and cognitive decline [10, 11]. It is further 
consistent with results of the Survey of Health, Age-
ing, and Retirement in Europe, which found that greater 
severity of PTSD symptoms was associated with 
greater severity of depressive symptoms, which was in 
turn linked to cognitive decline [47]. Taken together, 
these results suggest that PTSD may have a particu-
larly deleterious effect on verbal learning and memory 
among middle-aged adults, and that greater severity of 
depressive symptoms may mediate this association.
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PTSD and depressive symptoms

PTSD is a mental health condition that predominantly 
affects people in all age groups across the lifespan, with 
onset age being young and middle adulthood. Research 
also has shown that PTSD has an impact on mood and 
affect; hence, it is connected to depressive symptoms 
[16, 17]. In addition, other researchers have found that 
there is a clear connection between mood disorders, 
such as depression and PTSD, and cognitive dysfunc-
tion. In a systematic review of ten articles, researchers 
found that those individuals with PTSD and depression 
are more likely to relate to low motivation, symptoms 
of major depressive disorder, and poor health behaviors 
among older adults engaging in exercise programs [17]. 
Additionally, in a meta-analysis of 61 articles, research-
ers found that there is a small, albeit significant, asso-
ciation between emotional symptoms and cognitive test 
performance [48]. Researchers also found that cognitive 
dysfunction was not only associated with depression 
but also was associated with PTSD among those indi-
viduals who experienced traumatic brain injury.

Depressive symptoms and cognitive function

A systematic review found that individuals with diabe-
tes and depression experience greater cognitive decline 
and higher dementia risk, with the potential impact 
of antidepressant treatment remaining unclear [14]. 
Another meta-analysis of 16,806 participants found 
clinical depression and subthreshold depressive symp-
toms linked to cognitive control deficits, highlighting 
the need for clinician screening in depression patients 
[15]. A recent study specifically examined the correla-
tion between social activity, depressive symptoms, and 
cognitive function among older adults, using data from 
the Korean Longitudinal Study of Aging. Results show 
social activity negatively impacts depressive symptoms, 
while depressive symptoms affect cognitive function 
[49]. Liang and colleagues detected a bidirectional rela-
tionship between post-stroke depressive symptoms and 
cognitive impairment in 610 ischemic stroke patients, 
suggesting interventions to improve cognitive function 
may improve cognition and mood [50]. Another study 
conducted among older adults in India also concluded 

Table 3   Association of PTSD with each of 13 cognitive test scores, through CES-D total score, across 5 imputations, based on 
structural equations models (SM): HANDLS 2004–2009a,b

a Values are TE, DE, and IE from SM, with the final outcome being each of the 13 cognitive test scores, the main exposure being 
PTSD, and the potential mediator being CES-D total score. All are standardized z-scores
b SM models adjusted for all exogenous variables listed in model 3 of Table  2, namely age, race, sex, poverty status, education, 
WRAT total, smoking and drug use, comorbid, HEI-2010, mean energy intake, self-rated health, allostatic load, IMT, and the IMR
AF, Animal Fluency; BTA, Brief Test of Attention; BVRrot, Benton Visual Retention Test; CDT, Clock Drawing Test; CES-D, Center 
for Epidemiologic Studies-Depression; CRT​, Card Rotation Test; CVLT-List A, California Verbal Learning Test-List A; CVLT-DFR, 
California Verbal Learning Test-Delay Free Recall; DE, direct effect; DS-F, Digit Span Forward; DS-B, Digit Span Backward; HAN‑
DLS, Healthy Aging in Neighborhoods of Diversity Across the Life Span; IDP, Identical Picture; IE, indirect effect; IMR, inverse 
mills ratio; IMT, intima-media thickness; MMSE, mini-mental total score; SE, standard error; TE, total effect; TRIALS A, Trail Mak-
ing Test Part A; TRIALS B, Trail Making Test Part B

Cognitive tests TE ± SE PTE DE ± SE PDE IE ± SE PIE

Normalized MMSE  − 0.03726 ± 0.02220 0.093  − 0.02544 ± 0.02861 0.374  − 0.01182 ± 0.01797 0.511
CVLT-List A  − 0.10734 ± 0.02571  < 0.001  − 0.03109 ± 0.03324 0.350  − 0.07625 ± 0.02140  < 0.001
CVLT-DFR  − 0.08398 ± 0.02654 0.002  − 0.01612 ± 0.03432 0.639  − 0.06786 ± 0.02202 0.002
BVRT 0.09707 ± 0.02540  < 0.001 0.06567 ± 0.03274 0.045 0.03141 ± 0.02071 0.129
BTA  − 0.01167 ± 0.02674 0.663 0.01861 ± 0.03463 0.591  − 0.03028 ± 0.02071 0.170
AF  − 0.04769 ± 0.02674 0.062  − 0.00436 ± 0.03287 0.894  − 0.04333 ± 0.02071 0.037
DS-F  − 0.10055 ± 0.02471  < 0.001  − 0.09200 ± 0.03186 0.004  − 0.00855 ± 0.02011 0.671
DS-B  − 0.02797 ± 0.02384 0.241  − 0.01395 ± 0.03076 0.650  − 0.01402 ± 0.01946 0.471
CDT  − 0.08284 ± 0.02705 0.002  − 0.04770 ± 0.03481 0.171  − 0.03515 ± 0.02197 0.110
Ln(TRAILS A) 0.03783 ± 0.02504 0.131 0.02792 ± 0.03237 0.388 0.00991 ± 0.02052 0.629
Ln(TRAILS B) 0.06983 ± 0.02296 0.002 0.03940 ± 0.02966 0.184 0.03043 ± 0.01882 0.106
CRT​  − 0.05995 ± 0.02750 0.029  − 0.05256 ± 0.03602 0.144  − 0.00739 ± 0.02326 0.751
IDP  − 0.06772 ± 0.02331 0.004  − 0.05374 ± 0.03036 0.077  − 0.01398 ± 0.01946 0.473
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that depressed older adults had higher odds of cognitive 
impairment, particularly in rural areas [13]. The study 
suggests diagnosing and treating LLD in later life may 
have significant health implications [13]. Treatment is 
recommended under a cognitive neurologist or geriat-
ric psychiatrist [13]. These findings were corroborated 
by another study carried out in Mexico, which found 
that depression was linked to lower performance in sev-
eral cognitive domains [51]. It also found that despite 
improvements in symptoms, formerly depressed indi-
viduals still perform worse on cognitive tasks, suggest-
ing researchers should consider depression history [51]. 
The adverse association between depressive symptoms 
and cognition was also found in two other large studies 
in China and Korea [52, 53].

IMT in relation to PTSD, depressive symptoms, and 
cognitive function

IMT has previously been associated with PTSD and 
depressive symptoms. In a recent study of middle-
aged women (n = 274; mean age = 59.03), higher 
PTSD scores were associated with larger IMT [18]. 
Furthermore, in women who were APO4 carriers, 
PTSD symptoms were associated with lower cogni-
tive performance specifically for attention and work-
ing memory, semantic fluency, perceptual speed, and 
processing speed [18]. PTSD was associated with 
IMT in Vietnam War-era veterans [21]. IMT was 
associated with depressive symptoms in a commu-
nity cohort of older adults in China [19] and police 

Fig. 2   Mediating pathway between PTSD and COGN through 
CES-D test score and heterogeneity through IMT (Groups 1, 2 
and 3, representing each IMT tertile): HANDLS 2004–2009. 
Abbreviations: ATTEN=Brief Test of Attention; BVR=Benton 
Visual Retention Test; CDT, Clock Drawing Test;  CES-D, 
Center for Epidemiologic Studies-Depression; DIRECT, Direct 
Effect, COGN, cognitive performance test score;  CR, Card 
Rotation; CVLTCA, California Verbal Learning Test, Part A; 

CVLTFRL, California Verbal Learning Test, Free Recall Long; 
DSB=Digits Span Backward Test; DSF, Digits Span Forward 
Test; FW, Animal Fluency Test; HANDLS, Healthy Aging in 
Neighborhoods of Diversity across the Life Span;  IDP, Iden-
tical Pictures; IMT, intima-media thickness; INDIRECT, Indi-
rect Effect;  MMSE, Mini-Mental State Exam; PTSD, post-
traumatic stress disorder; TATS, Trails A Test, seconds; TBTS, 
Trails B Test, seconds; TOTAL, Total Effect; v1, visit 1
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officers; but this effect was mediated by hypertension 
[20]. A recent meta-analysis that included 13 differ-
ent studies of individuals with depression and control 
individuals (4466 and 21,635, respectively) reported 
that individuals with depression had significantly 
larger IMT [54].

For IMT and cognition, a recent meta-analysis 
of 19 cross-sectional and 15 longitudinal stud-
ies with a total of 50,779 individuals reported a 
small but significant negative association between 
IMT and cognitive function in cross-sectional stud-
ies [55]. This relationship was not observed in lon-
gitudinal analyses after adjusting for covariates in 
cross-sectional studies [56\. In another meta-anal-
ysis, larger IMT was associated with risk for mild 
cognitive impairment, but this analysis did show 

considerable between study heterogeneity [56]. In 
a racially diverse cohort from the Bogalusa Heart 
Study, participants with IMT in the > 50 percentile 
had lower global cognitive scores, which was inde-
pendent of cardiovascular risk factors but was buff-
ered through education [57]. In the ELSA-Brazil 
study, higher IMT was associated with lower cog-
nitive function, and this association was stronger 
in Whites versus Black participants [58]. Another 
recent study reported that IMT was associated with 
depression and cognition in postmenopausal women 
[59]. Collectively, these studies indicate relation-
ships between IMT and PTSD, depressive symptoms 
and cognition, but study heterogeneity suggests the 
importance of examining these relationships in addi-
tional studies, especially in diverse populations.

Fig. 2   (continued)
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Strengths and limitations

Our study has several notable strengths. It is one of the 
largest studies of racially and socio-economically diverse 
urban adults examining associations between PTSD, 
depressive symptoms, and cognition in a comprehensive 
manner, while testing moderation by IMT. The study 
also included a large battery of cognitive test scores 
spanning a comprehensive set of domains. A widely 
recognized measure of depressive symptoms (CES-D) 
was used, and advanced multivariable techniques were 
utilized, including SM, which allowed testing media-
tion by depressive symptoms in the association between 
PTSD and cognition. Heterogeneity across IMT was 
tested while adjusting for potential confounders as well 
as potential sample selectivity. Nevertheless, our study 
was limited in several ways. First, the cross-sectional 

design precluded ascertainment of temporality, which 
highlights that future studies should also include repeat 
measurement of the cognitive performance tests, among 
others, to assess the association of PTSD on cognitive 
decline through depressive symptoms at one point as 
well as trajectories in depressive symptoms. Second, 
even though major potentially confounding variables 
were adjusted for, including socio-demographic, socio-
economic, lifestyle, and health-related factors, residual 
confounding cannot be ruled out.

Conclusions

In summary, this study provides some evidence that 
there is an association between PTSD and cognitive 

Fig. 2   (continued)
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functioning among middle-aged urban adults, 
which was partially mediated through depressive 
symptoms in the domain of verbal memory, with 
IMT enhancing the association between PTSD and 
depressive symptoms. These findings may suggest 
that, pending interventions including randomized 
controlled trials, reducing depressive symptoms 
may alleviate the adverse effect of PTSD on verbal 
memory and that reducing IMT may attenuate the 
effect of PTSD on depressive symptoms. Neverthe-
less, our findings require replication in other cross-
sectional and longitudinal studies of comparable 
populations before interventions are recommended.
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Supplemental Materials 

 

 

Supplemental Material 1 – Cognitive Tests: 

Mini-Mental State Examination (MMSE)  

The MMSE (Folstein et al., 1975) is a cognitive screening tool utilized to assess global cognitive 

performance, focusing on orientation, concentration, language, immediate and short-term 

memory, and constructional praxis. The highest score is 30. Higher numbers indicate improved 

or superior cognitive performance.  

California Verbal Learning Test (CVLT)  

The California Verbal Learning Test (CVLT), developed by Delis et al. in 1988, has a 16-item 

word list (Delis et al., 1988). A modified version of the CVLT was employed for three learning 

trials rather than five. Cued recall was not utilized at all. The CVLT outcome variables employed 

to evaluate verbal learning and memory were the total correct score for List A (learning) and the 

long-delay free recall score for List A (memory). For learning and memory, there existed two 

scoring ranges: 0 to 48 and 0 to 16. Elevated scores indicate superior language acquisition and 

memory retention. A comprehensive description of CVLT is available in other sources (Delis et 

al., 1988).  

Benton Visual Retention Test (BVRT)  

Nonverbal memory and visuoconstructional abilities were assessed using the BVRT (Benton, 

1974). Administration A employed form D. According to the BVRT criteria, two experienced 

examiners reconciled scoring discrepancies; nevertheless, if they could not reach a consensus, a 

research psychologist assigned the score. The examiners endeavored to resolve any 

inconsistencies in scoring. The outcome variable was the total number of mistakes; increased 
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values negatively impacted visual memory scores.  

The Digit Span Forward and Backward (DS-F and DS-B) evaluates working memory and 

attention, which are the primary components of executive function, as part of the Wechsler Adult 

Intelligence Scale, Revised (Wechsler, 1981). The tests were administered in accordance with 

the handbook's guidelines. The dependent variable was the overall score, representing the total 

number of right responses for each examination.  

Category Fluency  

In the fluency test category (Morris et al., 1989; Morris et al., 1988), participants are allotted 60 

seconds to generate as many distinct animals as possible, serving as an assessment of semantic 

verbal fluency. Elevated scores indicate superior category fluency. The outcome variable was the 

total count of correctly created words, excluding incursions and preservations.  

Brief Test of Attention (BTA)  

The examiner can administer a maximum of 10 trials consisting of letters and numerals (4-18 

items) in the BTA, a test assessing divided auditory attention, with each trial progressively 

increasing in duration (Schretlen et al., 1996). Only one examination was administered, 

consisting of a numerical component. Participants were to record the quantity of repeated values, 

while the count of letters read during each trial was to be ignored. To prevent counting figures, 

they were additionally instructed to maintain their hands in clenched fists. The dependent 

variable was the total count of correct trials.  

Trail Making Tests A and B (TRAILS A and B)  

The Trial Making Tests A and B (Reitan, 1992) largely assess attention and executive 

functioning, respectively. TRIALS B largely encompasses two subcategories of executive 

function: set-shifting and cognitive control. Both trials encompass assessments of visuomotor 
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scanning and processing velocity. Participants were directed to swiftly draw a line between 

letters and numbers (TRIALS B) and between consecutive numbers (TRIALS A). They were 

apprised that time was of the essence. Following the examiner's identification of errors, the 

participant rectified them. Errors were documented with increased duration. Higher scores 

indicate lower performance, with completion times reflecting the scores of TRIALS A and B.  

Card Rotation Test  

The Card Rotations test (Ekstrom et al., 1976) assesses visuo-spatial abilities by requiring 

participants to mentally rotate and compare two-dimensional images to ascertain their similarity 

or dissimilarity. Only part one of this trial was administered, adhering to conventional 

administration instructions. The total score was calculated by subtracting the number of 

erroneous questions from the number of correct responses, permitting negative totals.  

Identical Pictures Test 

The Identical Pictures test (Ekstrom et al., 1976) assesses psychomotor speed by requiring 

participants to compare a test object with a set of five comparable objects and select the one that 

is identical to the test object. Only part one of this trial was conducted, adhering to the 

conventional administration instructions. The total score was calculated by subtracting the 

number of erroneous questions from the number of correct responses, which permitted negative 

totals.  

Clock Drawing Test – Command-Based Clock (CDT)  

The Clock Drawing Test (Rouleau et al., 1992) assessed executive function, memory, and 

visuospatial skills. Participants are directed to illustrate a clock, include all numerals, and 

position the hands to eleven minutes past midnight. Performance is contingent upon precise 

representations of the hands (0-4), numerals (0-4), and clock face (0-2). Superior performance 
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was evidenced by elevated ratings. The potential ratings ranged from 0 to 10. Moreover, 

individuals who performed poorly on the command component of the examination were required 

to replicate a clock displaying the time as 10 minutes past eleven.  

Wide Range Achievement Test - Third Edition: Word and Letter Reading Subtest (WRAT)  

The WRAT Word and Letter Reading Subtest (Wilkinson, 1993) is frequently utilized as an 

indicator of literacy and educational quality. The participants were assigned the job of accurately 

reading a list of fifty progressively challenging words. Letter reading was employed if the initial 

five words were spoken inaccurately. The standard protocols were followed for the tan form. The 

outcome variable utilized was the total count of accurately articulated words. 

Supplemental Material 2 – Depressive Symptoms Questionnaire: 

Center for Epidemiological Studies Depression Scale (CES-D) 

The 20-item CES-D is an assessment of depressed symptomatology (Nguyen et al., 

2004). Participants are requested to document the frequency and severity of their symptoms 

throughout the past week. The scoring range ranged from 0 to 60. ratings exceeding 16 showed 

substantial depression symptoms, whereas ratings more than 20 signified clinically significant 

levels of depressive symptoms. 

Other sources: (Beydoun et al., 2023a; Beydoun et al., 2024; Beydoun et al., 2016; Beydoun et 

al., 2020a; Beydoun et al., 2018a; Beydoun et al., 2015; Beydoun et al., 2020b; Beydoun et al., 

2018b; Beydoun et al., 2021a; Beydoun et al., 2023b; Beydoun et al., 2020c; Beydoun et al., 

2017; Beydoun et al., 2019a; Beydoun et al., 2021b; Beydoun et al., 2019b; Fanelli Kuczmarski 

et al., 2024; Hossain et al., 2019; Hossain et al., 2020) 
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