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Foreword 

Submitted in partial fulfillment of the requirements of the BSc Psychology degree, 

Reykjavik University, this thesis is presented in the style of an article for submission to a peer-

reviewed journal. This thesis was completed in the spring of 2021 and may therefore have been 
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Abstract 

Post-traumatic stress disorder (PTSD) has been associated with cognitive deficits, with the most 

prominent effects on declarative memory, including short- and long-term semantic and episodic 

memory. Additionally, PTSD has been associated with both amplified and diminished 

cardiovascular reactivity, which in turn has been associated with inferior cognitive performance. 

The present study examined the effects of PTSD on memory and cardiovascular reactivity in 

response to cognitive tasks. In addition, the relationship between cardiovascular reactivity and 

memory was explored. Students at Reykjavík University completed the PTSD checklist for 

DSM-V (PCL-5) (n=44). Of those, 13 met the criteria for PTSD, and 31 did not. Participants 

completed the Logical Memory Scale, and cardiovascular reactivity was measured 

simultaneously. Valid cardiovascular measures were obtained from 31 participants. Individuals 

with PTSD displayed significant deficits specific to episodic memory and non-significantly 

diminished blood pressure (BP) responsivity compared to individuals without PTSD. BP 

reactivity correlated significantly with episodic memory performance. These results suggest that 

declarative memory deficits in PTSD are specific to episodic memory. Diminished BP responses 

in PTSD might account for episodic memory deficits. More research is needed with larger 

sample sizes to clarify the relationship between PTSD, cardiovascular reactivity, and memory. 

Keywords: Post-traumatic stress disorder (PTSD), cardiovascular reactivity, declarative 

memory, semantic Memory, episodic Memory 

 

Útdráttur 

Áfallastreituröskun hefur verið tengd við skerta hugræna getu, sérstaklega hvað varðar meðvitað 

minni, bæði skammtíma og langtíma þekkingar- og atburðarminni. Áfallastreituröskun hefur 

einnig verið tengd bæði aukinni og minnkaðri svörun í hjarta- og æðakerfi. Afbrigðileg svörun í 

hjarta- og æðakerfi hefur verið tengd verri hugrænni getu. Í þessari rannsókn voru áhrif 

áfallastreituröskunnar á meðvitað minni skoðuð og svörun í hjarta- og æðakerfi við hugrænum 

verkefnum. Að auki var skoðað samband milli svörunar í hjarta- og æðakerfi og minnis í 

áfallasktreituröskun. Þátttakendur voru nemendur úr sálfræðideild Háskóla Reykjavíkur (n=44) 

sem svöruðu skimunarlista fyrir áfallastreituröskun (PCL-5). Af þeim mættu 13 viðmiðum um 

áfallastreituröskun en 31 ekki. Þátttakendur svöruðu minnisprófi (Logical Memory Scale) og 

svörun í hjarta- og æðakerfi var mæld samhliða. Gildar mælingar á svörun í hjarta- og æðakerfi 

fengust frá 31 þátttakenda. Einstaklingar með áfallastreituröskun sýndu marktæka skerðingu á 

atburðarminni og minni svörun í blóðþrýstingi sem nálgaðist marktækt. Það var sterk fylgni milli 

svörunar í blóðþrýsting og atburðarminnis meðal einstaklinga með áfallastreituröskun. Minnkuð 

svörun í hjarta- og æðakerfi gæti skýrt skerðingu á atburðarminni. Frekari rannsóknir þarf til þess 

að skýra samband milli áfallastreituröskunnar, svörunar í hjarta- og æðakerfi og minnis.  

Lykilorð: Áfallastreituröskun, svörun í hjarta og æðakerfi, meðvitað minni, 

þekkingarminni, atburðarminni 
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Memory Impairments in Post-Traumatic Stress Disorder and Cardiovascular 

Reactivity 

Post-traumatic stress disorder (PTSD) is an anxiety disorder that can develop 

subsequently to direct or indirect exposure to a traumatic event. Common symptoms include 

flashbacks, intrusive memories, nightmares, alterations in affect, and hypervigilance (American 

Psychiatric Association, 2013). Exposure to trauma has been associated with cognitive 

deficiencies, but PTSD appears to affect cognition beyond the effects of trauma (Ono et al., 

2016; Qureshi et al., 2011), indicating a distinct effect of PTSD not explained by trauma. In 

addition to deficits in cognitive function, PTSD has been associated with both diminished and 

amplified cardiovascular reactivity (Lanius et al., 2010; Sack et al., 2012). Both amplified (Forte 

et al., 2019) and diminished (Carroll et al., 2017; Lovallo, 2013) cardiovascular reactivity have 

been associated with inferior performance on cognitive tasks. Therefore, altered cardiac 

reactivity might contribute to the cognitive deficits in PTSD.  

Memory impairments in PTSD patients have been found to result in inferior therapy 

outcomes, reducing the capacity to engage in and respond to treatment (Wild & Gur, 2008). 

Further, the perception of cognitive problems has been shown to predict inferior quality of life 

among individuals with PTSD (Samuelson et al., 2017). Both diminished and amplified 

cardiovascular responses have been associated with aversive health outcomes (Phillips, 2011). 

Therefore, it is important to establish how memory and cardiovascular reactivity are affected in 

PTSD to develop effective interventions. If cognitive deficits in PTSD are associated with altered 

cardiac responses, it may have important implications for treatment. Most studies on memory 

and PTSD have sampled males with combat-related PTSD (Bremner et al., 2004; Qureshi et al., 

2011). More data is needed based on community samples with greater diversity.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3509425/#CIT0021
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Although the causal relationship between PTSD and cognition has been debated on 

(Gilbertson et al., 2006; Samuelson, 2011; Vasterling et al., 2002), longitudinal data indicates 

that inferior cognitive function serves both as a predictor and a consequence of PTSD (Vasterling 

et al., 2018). PTSD has been associated with cognitive impairments across various cognitive 

domains (Bomyea et al., 2012; Gillie & Thayer, 2014; Nejati et al., 2018; Ono et al., 2016; 

Vasterling et al., 2002). However, a meta-analysis of 60 studies involving 4,108 participants 

(Scott et al., 2015) suggested that the most prominent effects occurred for declarative memory. 

Deficiencies in declarative memory have been marked among individuals with PTSD resulting 

from combat exposure (Bremner et al., 1993), severe accidents (Jelinek et al., 2006), rape 

(Bremner et al., 2004), and early abuse (Bremner et al., 1995). These deficits in declarative 

memory have been reported for both immediate and delayed memory (Bremner et al., 1993; 

Jelinek et al., 2006). 

Declarative memory involves both episodic and semantic memory (Squire & Zola, 1998). 

The first refers to memories of events in context and the latter to the ability to recall facts or 

general knowledge. Individuals with PTSD have been reported to describe past and future events 

with more accuracy for semantic compared to episodic details (Brown et al., 2014). However, in 

a sample of Iraq militaries, Moradi et al. (2012) found that veterans with PTSD showed inferior 

memory for episodic and semantic details. In another study on refugees and cancer survivors, 

Moradi et al. (2008) found evidence for impairments in both episodic and semantic memory 

among PTSD patients.  

PTSD has commonly been associated with alternations in brain structures such as the 

amygdala, hippocampus, and prefrontal cortex (PFC) (Elzinga & Bremner, 2002; McEwen, 

2007). Alterations in the hippocampus (Elzinga & Bremner, 2002; Tatomir et al., 2014) and PFC 
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(Samuelson, 2011) have been associated with impaired declarative memory. According to the 

neurovisceral integration model, the brain structures that are implicated in self-regulation (e.g., 

the PFC) are also involved in regulation of cardiac activity (Thayer et al., 2012). Enhanced 

cardiac regulation is associated with enhanced cerebral blood flow to executive regions such as 

the PFC (Thayer et al., 2009), which allows for inhibition of subcortical structures, enabling 

adaptive responses to environmental demands. Interestingly, PTSD has been associated with 

decreased blood flow to the PFC in response to stressors (Bremner et al., 1999), possibly 

resulting in less regulation of subcortical structures and enhanced cardiovascular responsivity.  

Execution of cognitive tasks has been associated with increased cardiovascular activity 

(Vincent et al., 1996), in essence, a natural response to cognitive demands and adaptive if 

moderate (Duschek et al., 2009). However, amplified cardiac reactivity has been linked to 

inferior performance on cognitive tasks (Elliot et al., 2011; Forte et al., 2019; Gillie & Thayer, 

2014) and inferior immediate and delayed declarative memory recall (Frewen et al., 2013).  

PTSD has commonly been associated with amplified cardiovascular reactivity (Emdad et 

al., 2004; Lipov, 2013; Smith et al., 2020). However, about one-third of individuals with PTSD 

do not exhibit enhanced cardiovascular responses to stress-related materials (Orr et al., 2002). 

This could be explained in terms of the two subtypes of PTSD, the dissociative subtype, 

distinguished by depersonalizations and derealization, and the more common subtype 

characterized by hyperarousal and re-experiencing symptoms (Lanius et al., 2010). While failed 

inhibition characterizes the more common type, the dissociative subtype is characterized by 

extreme corticolimbic inhibition and decreased cardiovascular reactivity (Lanius et al., 2010; 

Zaba et al., 2015). Diminished cardiovascular reactivity has also been associated with inferior 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3509425/#CIT0027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3509425/#CIT0021


7 

 

cognitive abilities (Carroll et al., 2017; Lovallo, 2013). Accordingly, the dissociative subtype of 

PTSD has been associated with memory impairments (Ross et al., 2018). 

In a large cohort study, Ginty et al. (2012) found that lower heart rate, systolic, and 

diastolic blood pressure predicted inferior cognitive abilities even after controlling for 

demographic variables and possible covariates. Longitudinal studies have found that lower blood 

pressure reactivity is associated with inferior cognitive performance (Yano et al., 2016). Reduced 

heart rate reactivity has been associated with early life adversity and inferior cognitive 

performance (Lovallo, 2013). Therefore, both amplified and diminished cardiovascular 

responsivity can be maladaptive.  

The present study aims to examine immediate and delayed semantic and episodic 

memory among individuals with PTSD, possible alternations in cardiac reactivity, and the link 

between cardiovascular activity and cognitive performance. Still, only a few studies have 

focused on the interplay between cardiovascular reactivity and cognitive performance in PTSD 

patients. Consequently, the relationship between cardiovascular reactivity and cognitive 

performance in PTSD remains ambiguous. Based on prior studies (Bremner et al., 1993; Jelinek 

et al., 2006; Moradi et al., 2012), it was hypothesized that individuals with PTSD would exhibit 

inferior immediate and delayed recall on tasks assessing semantic and episodic memory 

compared to individuals without PTSD. Secondly, it was hypothesized that individuals with 

PTSD would show abnormal cardiovascular responses compared to healthy adults as PTSD has 

been associated with both diminished and amplified responses (Lanius et al., 2010). As altered 

cardiovascular reactivity has been found to result in inferior cognitive capacity (e.g., Forte et al., 

2019; Ginty et al., 2012), it was also hypothesized that cardiovascular reactivity would be 

associated with memory performance.  
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Method 

Participants 

Data were gathered from 45 university students. Of those, 44 (95.7%) had valid scores on 

the PTSD checklist for DSM-V (PCL-5). Based on a cut-off level of 31 on the PCL-5, 13 

(29.5%) of the participants met the criteria for PTSD, and 31 (70.5%) did not. The sample 

consisted of six males (13.3%) and 39 females (86.7%). Most participants were aged 21-25 years 

(n=30, 66.7%), seven (17.8%) were aged 18-20, six (13.3%) aged 26-30 and one (2.2%) was 

aged 31-35 years. Five males (83.3%) had valid PCL-5 scores, and none of them met the criteria 

for PTSD. All 39 females had valid PCL-5 scores, and 13 (33.3%) met the criteria for PTSD. 

Valid cardiovascular measures were obtained from 31 participants, six males (19.4%) and 25 

females (80.6%). Of those, nine (30.0%) met the criteria for PTSD, and 21 (70.0%) did not.  

Participants were students from the psychology department at Reykjavík University who 

received course credits for participation. Participants were sampled by convenience, e-mails 

were sent out inviting individuals to enroll in the study, and the study was introduced in classes. 

All participants signed an informed consent form and were free to withdraw their participation at 

any time. To be eligible for participation, individuals had to be over 18 years of age and native 

Icelandic speakers. Individuals with neurological disorders that could impact cognitive function 

were excluded from the study, and individuals with substantial visual impairments. Ethical 

approval was obtained from The National Bioethics Committee (NBC) in Iceland (VSN-20-026).  

Materials 

PTSD symptoms. The PCL-5 was used to assess current PTSD symptoms. PCL-5 is a self-

reported checklist containing 20 questions reported on a five-point scale (0 Never – 4 Very 

frequently). Questions as how much individuals were bothered by: “Repeated, disturbing, and 



9 

 

unwanted memories of the stressful experience” are evaluated over the past month (Weathers et 

al., 2013). Possible scores range from 0-80, and the cut-off value has been suggested to be 31-33 

for an accurate diagnosis of PTSD (Bovin et al., 2015). The PCL-5 has been revised to reflect 

changes in PTSD criteria in DSM-V and has been shown to have excellent psychometric 

properties (Blevins et al., 2015; Bovin et al., 2015). In this study, Cronbach’s alpha indicated 

excellent internal consistency for the PCL-5 (α = .95).  

Neurocognitive tasks. The Logical Memory subscale of the Wechsler Memory Scale (WMS-IV) 

was used to measure immediate and delayed recall of semantic and episodic memory. The task 

involves recall of a story passage immediately after hearing the story and again after a delay of 

30 minutes (Holdnack & Drozdick, 2010). The short story contains 25 items that resemble 

semantic memory. A second form of grading is applied by scoring recall of thematic units, 

resembling episodic memory. The maximum score for semantic memory is 25 and seven for 

episodic memory. According to Dunn et al. (2002), this is a valid and sensitive way of scoring 

the WMS-IV. The Logical Memory Subscale has been shown to have good reliability (Lo et al., 

2012), and in this sample, reliability was good for both theme (α = .87) and items (α = .93). 

Cardiovascular reactivity. Heart rate (HR), systolic blood pressure (SBP), and diastolic blood 

pressure (DBP) were measured at baseline and while participants conducted the task utilizing a 

caretaker medical wireless wrist monitor. The monitor is a non-invasive measurement that allows 

continuous measurements of beat-by-beat blood pressure (BP) and pulse simultaneously utilizing 

a finger sensor (Caretaker, 2020).  

Procedure 
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First, participants were presented with an introductory letter containing information about 

the study’s objectives and administration of tasks. Written informed consent was obtained from 

all subjects beforehand, and questions about the study were answered.  

 Before administration of the cognitive tasks, the caretaker wireless wrist monitor was 

applied, and baseline measures were recorded for cardiovascular activity. Prior to the Logical 

Memory Scale task, participants were informed that a story would be read and instructed to try to 

remember it accurately. After the story was read, participants were immediately instructed to 

recall the story in detail. Meanwhile, the administrator recorded their response. After 

approximately 30 minutes, participants were again asked to recall the story with the same 

instructions, while their responses were recorded. This study was a part of a more inclusive study 

where several neurocognitive tasks were administered between immediate and delayed recall on 

the Logical Memory Scale. After the implementation of cognitive tasks, participants answered a 

short questionnaire assessing age, sex, and education. Finally, participants completed the PCL-5 

self-report checklist on written form along with further assessments not included in this study.  

All participants were tested in a standardized manner and given the same tests and 

instructions. One individual was tested each time in a similar setting, in a quiet environment with 

minimal disturbance at Reykjavík University. All data was gathered under participants ID 

number, so personal information was untraceable. The COVID pandemic impacted data 

collection as all data gathering was discontinued due to the risk of contamination.  

Research Design and Data Analysis 

This study was a preliminary quantitative study with a quasi-experimental research 

design and repeated between-groups comparisons. The study involved one independent variable 

with two levels; PTSD or without PTSD. The dependent variables were immediate- and delayed 
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episodic and semantic memory measured on interval scales and cardiac reactivity measured on a 

continuous scale.  

The cardiovascular measurements were averaged into ten variables, a three-minute 

baseline measurement, and nine variables that covered the whole task performance period. The 

data were analyzed in the statistical program SPSS. A new variable was computed where 

individuals scoring above 31 on the PLC-5 were categorized as meeting PTSD diagnosis and 

those scoring less than 31 as without PTSD. Independent sample t-tests were used to assess the 

mean difference between the two groups on scores on the Logical Memory Scale. Cohens’ d was 

calculated as d = (M2 – M1)/SDpooled. Cardiovascular reactivity was analyzed with a mixed design 

2x9 analysis of covariance (ANCOVA), with group (PTSD vs. not) as the between-subject 

variable and nine time points for cardiovascular reactivity during task, controlling for baseline 

measures. The nine average variables covering cardiovascular activity during task performance 

were averaged into one mean score resembling total reactivity. Pearson’s correlations were 

calculated between total cardiovascular reactivity and memory scores for individuals with PTSD 

in a separate data set. 

Results 

 All significance values are reported according to two-tailed hypothesis testing. As these 

results are preliminary results based on a small sample, significance levels below 0.1 are reported 

as marginally significant. Significance levels approaching 0.1 are interpreted as non-significant 

trends (Guadagno, 2010; Pritschet et al., 2016). The average score on the PCL-5 list was 18.98 

(SD = 17.53), with scores ranging from 0-59. On average, males scored lower (M = 9.60, SD = 

11.85) than females (M = 20.18, SD = 17.89) on the PCL-5. However, independent sample t-test 



12 

 

showed that this difference was not statistically significant t(42) = -1.28, p = .208. Figure 1 

shows the distribution of scores on the PCL-5. 

Figure 1 

Distribution of scores on the PCL-5 for the total sample 

 

According to independent sample t-tests the two groups (PTSD vs. not) did not differ 

significantly in regard to age t(42) = 0.37, p = .716. All participants had completed the same 

level of education, a high school degree.  

Table 1 displays the means and standard deviations on immediate and delayed semantic 

and episodic memory tests for the whole sample. None of the participants reached a full score for 

semantic memory, although the full range was recorded for episodic memory.  
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Table 1  

Means, Standard deviations, lowest and highest scores on immediate and delayed semantic and 

episodic memory recall for the total sample 

 Mean SD Min. Max. 

Semantic memory 8.69 3.34 2 17 

Episodic memory  2.20 1.82 0 7 

Semantic memory delayed 7.68 3.42 1 16 

Episodic memory delayed  2.18 1.81 0 6 

Levene’s test indicated unequal variances for delayed episodic memory (F = 7.59, p = 

.009). Thus, degrees of freedom were adjusted from 41 to 38. Table 2 shows that participants 

with PTSD scored lower on average across all memory tasks. However, one-way independent 

sample t-test indicated that the only significant difference between groups was for delayed 

episodic memory Md = 1.26, 95% CI [-2.44, -0.08], where participants with PTSD had 

significantly lower scores.  

Table 2 

Means, standard deviations, and independent sample t-tests for participants with and without 

PTSD across memory tasks  

 PTSD Without PTSD Independent sample  

t-test 

 Mean SD Mean SD t df p d 

Semantic memory 8.07 2.90 8.97 3.53 -0.94 42 .345 0.32 

Episodic Memory 1.57 1.34 2.48 1.95 -1.46 42 .153 0.52 

Delayed semantic memory 7.21 2.72 7.90 3.73 -0.65 41 .532 0.23 

Delayed episodic memory 1.36 1.08 2.57 1.96 -2.16 38 .011 0.79 
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All cardiovascular reactivity measures were analyzed with a mixed ANCOVA controlling 

for baseline measures. Table 3 shows that mean SBP levels were lower for individuals with 

PTSD across all time points. 

Table 3 

Means and standard deviations for SBP over time for participants with and without PTSD 

 PTSD Without PTSD 

 Mean SBP SD Mean SBP SD 

Time 1 124.37 12.80 128.68 19.11 

Time 2 122.47 12.14 129.65 20.47 

Time 3 122.19 12.30 129.85 20.66 

Time 4 118.35 16.34 130.00 20.55 

Time 5 118.93 16.00 129.59 21.38 

Time 6 122.86 13.36 131.58 21.38 

Time 7 124.57 14.65 131.40 18.96 

Time 8 123.98 15.21 130.29 20.80 

Time 9 122.51 15.70 129.47 21.21 

Since Mauchly’s test indicated that the assumption of sphericity had been violated ꭓ2(35) 

= 121.94, p < .001 for SBP, the degrees of freedom were adjusted using a Greenhouse-Geisser 

correction (ε = .40). The main effect of time was not significant, F(3.20, 86.49) = 0.93, p = .436, 

indicating that SBP remained stable over time. However, pairwise comparisons suggested a 

significant difference between time 7 and 9 (p < 0.05). The interaction between the groups and 

time for SBP reactivity did not reach significance F(3.20, 86.49) = 1.82, p = .145, although 

trending towards significance. This indicates that SBP reactivity was not significantly different 

depending on whether participants met the PTSD criteria or not. The main effect of group was 

not significant F(1, 26) = 2.14, p = .155. However, there was a non-significant trend for 

diminished SBP reactivity  PTSD compared to those without PTSD, as shown in Figure 2.  
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Figure 2 

Changes in SBP over time for participants with and without PTSD 

 

Table 4 shows that individuals who met the criteria for PTSD had, on average, lower 

DBP across all time points. 

Table 4 

Means and standard deviations for DBP over time for participants with and without PTSD 

 PTSD Without PTSD 

 Mean DBP SD Mean DBP SD 

Time 1 74.98 13.52 78.13 15.29 

Time 2 73.93 12.61 78.60 15.02 

Time 3 73.83 11.74 78.70 15.82 

Time 4 71.85 11.55 78.78 15.19 

Time 5 72.17 12.23 78.57 15.48 

Time 6 74.17 13.17 79.57 15.60 
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Time 9 73.99 12.91 78.50 15.94 
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Mauchly’s test for DBP and PTSD groups showed that the assumption of sphericity had 

been violated ꭓ2(35) = 110.91, p < .001. Therefore, the degrees of freedom were adjusted using a 

Greenhouse-Geisser correction (ε = .44). There was not a significant main effect of time on DBP 

F(3.48, 94.02) = 1.09, p = .364, indicating that there were no significant changes in DBP over 

time for the entire sample. There was a marginally significant interaction between groups and 

time for DBP F(3.48, 94.02) = 2.33, p = .070. This suggests that changes in DPB were 

marginally different for the two groups depending on whether PTSD criteria was met or not, 

where individuals with PTSD displayed blunted responsivity compared to those without PTSD. 

The main effect of group was not significant F(1, 27) = 2.36, p = .136, indicating that the groups 

did not differ in overall DBP responsivity. However, there was a non-significant trend towards 

diminished cardiovascular reactivity among those with PTSD, as shown in Figure 3. 

Figure 3 

Changes in DBP for participants with and without PTSD over time  

 

As shown in Table 5, individuals who met the criteria for PTSD displayed amplified HR 

on average across most time points compared to individuals without PTSD. 
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Table 5 

Means and standard deviations for HR over time for participants with and without PTSD  

 PTSD Without PTSD 

 Mean HR SD Mean HR SD 

Time 1 89.12 7.90 86.85 12.45 

Time 2 87.94 8.69 86.96 11.60 

Time 3 84.89 7.50 85.87 12.54 

Time 4 92.86 18.17 84.54 12.47 

Time 5 92.88 13.68 85.90 12.10 

Time 6 87.14 7.74 86.39 9.32 

Time 7 90.20 10.24 86.41 9.68 

Time 8 88.71 7.71 84.27 9.29 

Time 9 87.26 9.21 87.90 13.92 

For HR, Mauchly’s test indicated a violation of the assumption of sphericity ꭓ2(35) = 

122.04, p < .001, and the degrees of freedom were adjusted using a Greenhouse-Geisser 

correction (ε = .45). There was a significant main effect of time for HR F(3.62, 86.89) = 2.82, p 

= .035, reflecting significant changes in HR over time for the whole sample. There was not a 

significant interaction between PTSD criteria and time for HR, although trending towards 

significance F(3.62, 86.89) = 1.57, p = .195. Indicating that changes in HR were not dependent 

on PTSD criteria significance. The main effect of group was not significant F(1, 24) = 1.39, p = 

.250, indicating that the two groups did not differ significantly in HR responsivity.  

Pearson’s correlation showed large positive associations between total DBP reactivity 

and episodic memory among individuals with PTSD (n=9), as shown in Table 6.  
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Table 6 

Pearson’s correlation between on-task cardiovascular reactivity and memory performance 

among individuals with PTSD  

DBP .608      

HR .210 .502     

SM .144 .024 .237    

EM .334 .786* .590 -.306   

SM Delayed .282 -.044 -.012 .885** -.347  

EM Delayed .268 .788* .550 -354 .985** -.406 

 SBP DBP HR SM EM SM Delayed 

*p >.05 **p > .01 

Note. Episodic memory = EM, Semantic memory = SM, Heart rate = HR, Systolic blood 

pressure = SBP, Diastolic blood pressure = DBP 

Discussion 

The purpose of the present study was to obtain improved understanding of memory 

deficits and cardiovascular reactivity among individuals with PTSD. This study presents the first 

effort to address this issue among Icelandic university students. A high prevalence of PTSD was 

found among Icelandic university students (29.5%). A surprising finding considering that the 

prevalence of PTSD in European countries has been estimated at around 1% (American 

Psychiatric Association, 2013). Still, these results may not resemble an accurate diagnosis of 

PTSD as this study utilized a self-report measurement, and no clinical diagnosis of PTSD was 

made. Further, the sampling method might have produced bias. Possibly trauma-exposed 

individuals or individuals with PTSD were more interested in participating in the study.  

The results of this cross-sectional study partially supported the hypothesis that 

individuals with PTSD would exhibit inferior immediate and delayed episodic and semantic 
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memory. Although individuals with PTSD scored lower across all forms of memory recall, the 

only significant difference between groups was on delayed episodic memory with a relatively 

large effect size (d = 0.79). This questions prior findings which have found memory impairments 

in PTSD for both immediate and delayed recall (Bremner et al., 1993; Jelinek et al., 2006). 

However, the difference between the two groups approached significance for immediate episodic 

memory with a medium effect size (d = 0.52). This could indicate that PTSD is associated with 

more severe deficits in delayed rather than immediate recall. It is also possible that a small 

sample size hindered the possibility of finding a statistically significant difference between the 

groups on immediate episodic memory.  

Whereas prior findings have found memory impairments among individuals with PTSD 

for both semantic and episodic memory (Moradi et al., 2008; Moradi et al., 2012), the present 

study found memory impairments in PTSD to be exclusive to episodic memory. However, 

Bremner et al.’s (1993) and Moradi et al.’s (2012) results were based on a military sample, and 

Jelinek et al.’s (2006) results were partially based on former veterans. This may indicate that 

more severe trauma or symptoms in combat-related PTSD result in more extensive memory 

deficits.  

The second hypothesis that individuals with PTSD would show altered cardiac reactivity 

compared to those without PTSD gained vague support. SBP and DBP were relatively stable 

while there were significant changes in HR over time for the whole sample. This might indicate 

that HR is more sensitive to cognitive demands. Another possibility is that changes in HR occur 

more rapidly than changes in BP. Although not significant, these results do not rule out that 

PTSD is associated with altered cardiac reactivity as prior research has implied (e.g., Elliot et al., 

2011; Forte et al., 2019; Ginty et al., 2012; Yano et al., 2016).  
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The results of the current study indicated non-significantly lower SBP responsivity for 

individuals with PTSD compared to those without PTSD. The largest group difference emerged 

for DBP, where individuals with PTSD displayed marginally significantly lower reactivity 

compared to those without PTSD. The between-group differences were not as evident for HR. 

The interaction effect between time and PTSD criteria for HR barely approached significance, 

where individuals with PTSD had higher HR reactivity compared to those without PTSD. These 

results could indicate that PTSD is associated with diminished BP reactivity and amplified HR 

reactivity in response to cognitive demands. However, this interpretation should be viewed 

cautiously as the differences in cardiovascular responsivity were not significant.  

 One explanation for this finding that participants with PTSD displayed elevated HR 

reactivity but diminished SBP and DBP reactivity compared to those without PTSD is the 

negative relationship between HR and central BP (Reule & Drawz, 2012). There is a complex 

interplay between HR and BP, where the cardiovascular system functions in a dynamic feedback 

circuit to maintain homeostasis. Different hormones are involved in the regulation of HR and BP 

(Gordan et al., 2015). Therefore, it is possible that HR increased to accommodate to a drop in BP 

among participants with PTSD or vice versa. This indicates that amplified or diminished 

reactivity could depend on the type of measurement (i.e., HR or BP). There is a lack of 

consensus in the literature about what constitutes as amplified or diminished reactivity (e.g., 

Elliot et al., 2011; Ginty et al., 2012; Yano et al., 2016). Researchers must gain a mutual 

understanding of whether the focus of research is on HR, BP, or both. Possibly, enhanced HR 

reactivity could be traced to diminished regulation from the PFC on subcortical structures, as 

suggested by Thayer et al. (2009), accompanied with an adaptive drop in BP (Gordan et al., 

2015). 
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These findings question research that has associated PTSD purely with amplified 

cardiovascular reactivity (Emdad et al., 2004; Lipov, 2013; Smith et al., 2020). Further, these 

findings highlight the importance of distinguishing between BP and HR reactivity. It is possible 

that in this sample, the severity of PTSD was lesser than in other studies that have found 

significant alterations in cardiovascular reactivity (e.g., Emdad et al., 2004; Smith et al., 2020). 

Therefore, altered cardiovascular reactivity could be related to the severity of symptoms. It is 

possible that the two subgroups of PTSD (Lanius et al., 2010) are distinguished by distinct types 

of symptoms or different levels of severity. Although these findings rather point towards the 

dissociative subtype of PTSD (Lanius et al., 2010; Ross et al., 2018), no measurements of 

dissociative symptoms were included. Therefore, it was not possible to associate diminished BP 

reactivity with dissociative symptoms.  

The present findings provided ambiguous support for the hypothesis that cardiovascular 

activity would be associated with memory performance. In line with Ginty et al.’s (2012) and 

Yano et al.’s (2016) results, these findings support that lower cardiovascular activity is 

associated with inferior cognitive performance. Among those with PTSD, enhanced DBP 

cardiovascular reactivity was significantly associated with episodic memory, but not semantic 

memory. Possibly this indicates a distinct association between cardiovascular activity and 

episodic memory rather than semantic memory. All associations between BP and memory were 

positive, indicating that as increases in BP might facilitate memory. The strongest relationship 

was between DBP and episodic memory, suggesting that DBP may be more closely related to 

memory performance than SBP or HR. Therefore, it is possible that diminished BP responsivity 

contributes to memory problems observed in PTSD. However, this finding should be interpreted 

carefully due to an extremely small sample size (n=9). Possibly these findings occurred merely 
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by chance. Further, the impact of covariates such as fitness levels or medication cannot be ruled 

out for this relationship. Therefore, these results should not be considered strong evidence for a 

relationship between cardiovascular activity and episodic memory in PTSD.  

Despite constraints there are several strengths of the current study that should be noted. 

By controlling for baseline cardiac reactivity, the effect of covariates such as fitness levels, 

medication use, and other demographic variables was minimized on cardiovascular reactivity. 

This study contributes to the literature by providing a community-based sample including mostly 

female participants, as most research has sampled males with combat-related PTSD (Bremner et 

al., 2004; Qureshi et al., 2011). Further, because no significant differences were observed for age 

or education level, these factors are not likely to have contributed to the memory deficits 

observed. Another strength of this study was the standardization of administration of tasks and 

instructions, minimizing contamination of other factors. 

Limitations 

The primary limitation was a small sample size, possibly limiting statistical power to find 

statistically significant differences. The COVID-19 pandemic caused data collection to be 

discontinued, diminishing the possibility of gathering more data. Further, the sample was self-

selected and recruited by convenience. Participants were all undergraduate students from the 

psychology department at Reykjavík University. Therefore, the sample may not necessarily 

reflect the population. Because no males met the criteria for PTSD, these results only apply to 

females. Further, because of the cross-sectional nature of this study, preliminary memory deficits 

cannot be ruled out. Although controlling for baseline cardiovascular activity minimized the 

effect of confounding variables on cardiac reactivity, other variables might have influenced 

memory performance and the correlation between total cardiovascular reactivity and memory. 
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For instance, higher fitness levels have been associated with lower cardiac reactivity and 

enhanced cognitive performance (Hansen et al., 2004; Luque-Casado et al., 2013). The effect of 

anxiety and depression cannot be excluded, but these disorders have been associated with 

blunted cardiovascular responses as well as inferior cognitive performance (Yuenyongchaiwat et 

al., 2017). Other confounding variables include factors such as smoking, obesity, sleep problems, 

and alcohol dependence that cannot be ruled out (Dennis et al., 2014).  

Implications 

 Despite these limitations, this study might pave the way for future studies that could have 

practical implications for intervention. For example, blunted reactivity has been associated with 

depression and obesity and amplified reactivity with cardiovascular disease (Phillips, 2011). 

Treatment of cardiovascular reactivity may relieve symptoms of negative affect and prevent 

adverse health outcomes. If cardiovascular responses are associated with memory, treatment of 

autonomic dysfunction might also relieve memory deficits observed in PTSD. This could 

possibly improve treatment outcomes (Wild & Gur, 2008), and quality of life among individuals 

with PTSD (Samuelson et al., 2017).  

 More research remains to be done to gain a better understanding of cognitive 

impairments and cardiovascular reactivity in PTSD. More studies with larger sample sizes are 

needed to clarify this ambiguous difference in cardiovascular reactivity and possible associations 

with memory in PTSD. If diminished cardiovascular reactions are associated with memory 

deficits in PTSD, then there is a need for further research that explores treatment of 

cardiovascular activity and possible effects on memory. It might be beneficial to examine 

whether enhanced symptom severity would be related to more prominent alterations in 

cardiovascular reactivity and memory deficits. In terms of future research, it would be helpful to 
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extend the current findings by examining more cognitive domains. Future studies should also 

aim to include measurements of dissociative symptoms to clarify if they are exclusively related 

to diminished reactivity. Further, studies should aim to control for demographic variables, such 

as age and education, clinical variables, such as fitness level or cardiovascular disease, and 

behavioral variables, such as medication use (Forte et al., 2019; Dennis et al., 2014). If 

diminished responses in BP can lead to amplified HR activity, subsequent studies should aim to 

include a full range of measurements of cardiovascular reactivity.  

Conclusions  

In summary, the generality of the current results must be determined by future research. 

Despite limitations, this study can be viewed as a step towards understanding cardiovascular 

reactivity and cognitive deficits among individuals with PTSD. Taken together, the current 

findings indicate that in a community-based sample, episodic memory is affected rather than 

semantic memory in PTSD. Further, these results may indicate that altered cardiovascular 

responses contribute to cognitive deficiencies in PTSD. However, this finding must be viewed 

with caution due to the limitations of the current study. If, as these results suggest, cardiovascular 

reactivity is associated with episodic memory recall, autonomic dysfunction may be the 

mechanism underlying memory deficits in PTSD. More research is needed to validate these 

findings.  
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