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Abstract

In healthy participants, cortisol administration has been found to impair autobiographic memory
retrieval. We recently reported that administration of 10 mg of hydrocortisone had enhancing
effects on autobiographical memory retrieval, i.e. more specific memory retrieval, in patients with
posttraumatic stress disorder (PTSD), while in healthy controls the impairing effects were
replicated. We here report a re-analysis of these data with respect to cue-word valence and
retrieval time. In a placebo-controlled cross-over study, 43 patients with PTSD and 43 age- and
sex-matched healthy controls received either placebo or hydrocortisone orally before the
autobiographical memory test was performed. We found that the effects of cortisol on memory
retrieval depended on cue-word valence and group (significant interaction effects of drug by
group and drug by valence by group). The enhancing effect of cortisol on memory retrieval in
PTSD seemed to be relatively independent of cue-word valence, while in the control group the
impairing effects of cortisol were only seen in response to neutral cue-words. The second result of
the study was that in patients as well as in controls, cortisol administration led to faster memory
retrieval compared to placebo. This was seen in response to positive and (to lesser extend) to
neutral cue-words, but not in response to negative cue-words. Our findings illustrate that the
opposing effects of cortisol on autobiographical memory retrieval in PTSD patients and controls
are further modulated by the emotionality of the cue-words.
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Introduction

Alterations of the hypothalamus–pituitary–adrenal (HPA)

axis, e.g. reduced basal cortisol levels and enhanced feedback

sensitivity, are often reported in posttraumatic stress disorder

(PTSD) patients. These findings have been interpreted in the

context of enhanced glucocorticoid receptor (GR) sensitivity

(Rohleder et al., 2010; Yehuda, 2009). However, there are

also contradictory findings (Meewisse et al., 2007).

Glucocorticoids have substantial influence on cognition. In

healthy humans, most studies suggest impairing effects of

glucocorticoids on memory retrieval, especially hippocampus-

based declarative memory retrieval, while memory consolida-

tion seems to be improved by glucocorticoids (Wolf, 2009).

Relatively few studies have investigated the effects of cortisol

administration on memory in PTSD patients, and these have

yielded inconclusive results (Bremner et al., 2004; Grossman

et al., 2006; Yehuda et al., 2007, 2010). In a recent study, our

group found that cortisol has enhancing, rather than impairing

effects on memory retrieval in PTSD patients (Wingenfeld

et al., 2012). This effect was observed in a word list-learning

paradigm and in an autobiographical memory test (AMT).

Several studies indicate that PTSD patients have deficits in the

AMT, e.g. over-generalized autobiographical memory retrieval

(Williams et al., 2007). Patients with over-generalized memory

have difficulties in retrieving specific autobiographical events;

instead, they tend to reply with abstract or general memory

content (e.g. they summarize several different events).

There are two other studies documenting impaired memory

specificity after cortisol in healthy participants, but it is not

clear whether valence of word stimuli influences this effect

(Buss et al., 2004; Young et al., 2011). However, when using

word lists, the effect of cortisol on declarative memory

retrieval is stronger for emotional than neutral stimuli (Wolf,

2009). Thus, the valence of stimuli used in memory tasks

seems to have an important impact on the effects of

glucocorticoid on memory performance in healthy partici-

pants. In psychiatric patients, the interaction between cortisol

effect on memory and stimuli valence has not been sufficiently

addressed.
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In a previous study, we investigated the effects of

hydrocortisone on reaction times in a response inhibition

task. Healthy participants, but not patients with major

depressive disorder, have faster reaction times in an emotional

go/no-go task after hydrocortisone compared to placebo

(Schlosser et al., 2013). Interestingly, this effect was predom-

inantly seen when the participants had to respond to neutral

targets. Other studies reported similar (as well as contrary)

results (Oei et al., 2009; Scholz et al., 2009). In memory tasks,

time until memory retrieval has not been investigated in

detail. However, it is reported that hydrocortisone slows

response times for categorical memories in an AMT (Young

et al., 2011). The retardation in response time is only observed

using a relatively high dosage of hydrocortisone. Reaction

time for specific memories was not affected. Again, no study

investigated the effect of cortisol on time until memory

retrieval using an autobiographic memory test in patients

suffering from PTSD.

The aim of the current study was to reanalyze our data

concerning the effects of cortisol administration on autobio-

graphical memory retrieval in PTSD patients compared to

healthy controls (Wingenfeld et al., 2012) with respect to two

questions: (1) does the valence of the cue-words used in the

AMT affect the results? (2) Is the time the participants need to

retrieve an autobiographic memory affected by cortisol

administration?

Methods and materials

The data of 43 patients with PTSD and 43 age- and sex-

matched healthy controls were analyzed in this study. Mean

age was 31.24 (9.7) years ranged between 18 and 57. Six

participants in each group were male. Participants were

excluded if they had any current or previous severe medical

illnesses. Further exclusion criteria were pregnancy, cur-

rent anorexia, current or lifetime schizophrenia, alcohol or

drug dependence, bipolar disorder, schizoaffective disorder,

major depression with psychotic symptoms or cognitive

impairment. Intake of antidepressants did not lead to

exclusion.

Patients were recruited at the Department of Psychiatry

and Psychotherapy Bethel (Ev. Hospital Bielefeld, Germany),

and at the Department of Psychosomatic Medicine and

Psychotherapy, University Medical Center Hamburg-

Eppendorf & Schön Klinik Hamburg-Eilbek, Germany.

Written informed consent was obtained from all participants.

Healthy participants were recruited by local advertisement

and received financial remuneration for their efforts (100E).

The study was approved by the University of Muenster Ethics

Committee and the Ethics Committee of the Medical Council

of Hamburg.

To assess psychiatric diagnoses, participants were inter-

viewed using the Structured Clinical Interview for DSM-IV

axis I. PTSD symptoms (patients only) were also assessed

with the post-traumatic stress diagnostic scale (PDS).

Depressive mood state was measured in all participants

using the Beck Depression Inventory (BDI).

In a placebo-controlled, double-blind cross-over study,

each participant was tested twice with parallel versions of the

AMT (see below). The two versions of the tests were

counterbalanced across the two test conditions. Thirty min-

utes after administration of 10 mg hydrocortisone

(Jenapharm�, Jena, Germany) or placebo the AMT was

performed. The same procedure with the alternate test

condition was repeated after one week.

A modified version of the AMT (Buss et al., 2004) was

applied. After an initial practice on one cue-word, the

participants were instructed to write down a specific event

from their past in response to six adjectives which were

consecutively presented on cards. The AMT consists of

two neutral, positive and negative cue-words, respectively.

Participants were instructed to recall events that had

happened at least one day prior to testing, that had taken

place at a certain time and place and did not last any

longer than one day. They were also instructed to describe

individuals and specific activities involved in the event.

The specificity of the answers was evaluated by two

trained raters, separately. An answer was considered

specific when at least three of the following criteria

were met: description of the location, time and persons

involved and activities carried out. Each specific answer

was given a score of 1 and non-specific answers a score

of 0 (Wingenfeld et al., 2012). Thus, with six adjective

presented in this test, the maximum number of specific

events retrieved is six. The response time was recorded

with a stopwatch beginning when the cue word was

presented. The response time was defined as the latency to

the first written word of each response (Young et al.,

2011). Maximum time was 60 s to retrieve an autobio-

graphical event, i.e. after 60 s the next cue-word was

presented.

Statistical analysis

Statistical analyses were performed using SPSS Version 18.0

(SPSS Inc., Chicago, IL). Demographic data were analyzed

using Student’s t test for continuous data. Data from the AMT

were analyzed using ANOVA. In case of post hoc analyses,

Bonferroni’s correction procedure was used.

Results

Patients with PTSD and healthy controls were comparable in

age (tdf84¼�0.122, p¼ 0.79). As expected, PTSD patients

reported more depressive symptoms (BDI mean: PTSD 25.9

(8.7), controls 2.5 (3.3), tdf82¼ 16.271, p50.001). Mean PDS

score, measuring PTSD symptom severity, was 31.3 (8.7,

range 13–47) in the patients group, reflecting a moderate

to severe PTSD symptomatology. For a more detailed

description of the study group see also Wingenfeld et al.

(2012).

AMT: valence of word stimuli

A 2� 2� 3 ANOVA with repeated measures was conducted

with the main factors drug condition, group and cue-word

valence. There was a significant effect of the main effect of

group (F1,84¼ 6.441, p¼ 0.013), reflecting less specific

memory retrieval in the PTSD group. Furthermore, analyses

revealed a significant drug by group interaction effect

(F1,84¼ 10.013, p¼ 0.002), a non-significant valence effect
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(F2,168¼ 2.894, p¼ 0.058) and a significant three way drug

by group by valence interaction effect (F2,168¼ 4.442,

p¼ 0.013). The results are presented in Figure 1.

We re-ran all analyses with BDI scores as covariate, but

did not find a main effect of depression or BDI by valence or

BDI by drug interaction effect. Furthermore, when adding sex

as an additional factor in the analyses, neither a significant

main effect of sex nor any significant sex related interaction

effect was found.

To specify the interaction effects, we first conducted two

2� 3 ANOVAs for each group separately. In the PTSD group,

we found a significant drug effect (F1,42¼ 7.114, p¼ 0.01)

but no main effect of valence (p¼ 0.94) or drug by valence

interaction effect (p¼ 0.29). Thus, hydrocortisone positively

affects memory retrieval independent of word valence.

In the control group, there was a trend towards a main

effect of drug (F1,42¼ 3.558, p¼ 0.066), a significant main

effect of valence (F2,84¼ 5.007, p¼ 0.009) and a significant

drug by valence interaction effect (F2,84¼ 5.882, p¼ 0.004).

These results indicate that in the control group the effect of

hydrocortisone on memory specificity differs with respect to

cue-word valence. Post hoc paired sample t tests revealed that

the impairing effects of hydrocortisone on memory were only

seen in response to neutral cue-words (t42¼ 2.988, p¼ 0.005

(significance level p¼ 0.01 due to alpha error correction)) but

not to positive (p¼ 0.21) and negative (p¼ 0.22) cue-words,

respectively.

Furthermore, we conducted separate 2� 2 ANOVAs for

each valence. For neutral cue-words, we found a significant

drug by group interaction effect (F1,84¼ 13.993, p50.001),

but no main effect of group or drug condition. For positive

cue-words, there was a significant effect of drug condition

(F1,84¼ 3.940, p¼ 0.05) and a significant group effect

(F1,84¼ 12.065, p¼ 0.001). For negative cue-words no sig-

nificant effect could be shown.

AMT: time until memory retrieval

There were data concerning time until memory retrieval for

39 PTSD patients and 42 controls. When analyzing response

time (considering cue-word valence) in a 2� 2� 3 ANOVA,

we found a significant effect of drug (F1,75¼ 4.234,

p¼ 0.043). Furthermore, an effect of cue-word valence

(F2,150¼ 5.539, p50.005) and a drug by cue-word valence

interaction effect (F2,150¼ 3.934, p¼ 0.022) were revealed.

The drug by group interaction (p¼ 0.28) and the cue-word

valence by group (p¼ 0.44) interaction failed significance, as

well as the drug by cue-word valence by group interaction

(p¼ 0.16) and the main effect of group (p¼ 0.57). The results

are presented in Table 1.

Again, there was no significant main effect of sex or drug

by sex interaction effect. Depression scores (BDI as covariate)

did not influence the results.

To specify the source of the drug by valence interaction

effect, we performed paired sample t tests for each valence

(over both groups). The positive effect of hydrocortisone on

response time was seen in response to positive cue-words

(t78¼ 2.728, p¼ 0.008), but not in response to neutral cue-

words (note strong trend) (t78¼ 2.299, p¼ 0.024 (significance

level p¼ 0.01 due to alpha error correction)) or negative cue-

words (p¼ 0.34).

Furthermore, we analyzed the valence effect more detailed

again using paired sample t tests (over both groups and over

both drug conditions). We found a significant difference

between reaction time to neutral compared to negative cue

words (t80¼� 2.759, p¼ 0.007 (significance level p¼ 0.01

due to alpha error correction)). The comparison between

reaction times to neutral and positive (p¼ 0.57) as well as

between positive and negative cue-words (p¼ 0.43), respect-

ively, failed to reach statistical significance.

We also analyzed whether the response times differed

between specific and non-specific memories. The 2� 2

Figure 1. Memory specificity, i.e. number of
specific memories retrieved (out of six cue-
words, two of each valence) in response to
neutral, positive and negative cue-words after
placebo and hydrocortisone. There was a
significant group by drug condition inter-
action effect (p¼ 0.002) and a group by drug
condition by valence interaction effect. In the
PTSD group there was an effect of drug
condition (p¼ 0.01) but no valence effect,
while in the control group there was a drug by
valence interaction found, showing that the
impairing effect of hydrocortisone on
memory primarily affect responses to neutral
cue-words (further details on statistical ana-
lysis, see Results section).
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ANOVA (response time specific memory versus response

time non-specific memory� healthy controls versus PTSD

patients) revealed no significant main or interaction effect,

either for the placebo or the cortisol condition (all ps40.40).

Discussion

In this study, we aimed to analyze whether cue-word valence

influences the effects of cortisol on autobiographic memory

retrieval in patients with PTSD and healthy controls. We

found that hydrocortisone enhanced memory retrieval in

PTSD relatively independent of word-cue valence. In the

control group, memory retrieval was less specific after

hydrocortisone compared to placebo, but this was seen

predominantly in response to neutral cue-words.

Both groups showed faster retrieval responses for autobio-

graphic events after hydrocortisone compared to placebo.

However, these effects were only seen to positive cue-words

and to a lesser extent for neutral cue-words. Effects on

reaction time occurred regardless of whether a retrieved

memory was specific or not.

Effects of hydrocortisone on memory retrieval – the
impact of valence

Prior studies found that the effects of cortisol on memory are

most pronounced for emotional stimuli (Wolf, 2008).

Relatively few studies have tested effects of cortisol on

autobiographical memory. One study in healthy participants

found that the impairing effects of cortisol administration on

memory were strongest in response to neutral cue-words

(Buss et al., 2004). This is in line with our current findings,

but contrasts with findings in other declarative memory tests.

Furthermore, the cortisol increase after psychosocial stress is

related to less specific autobiographic memory retrieval

elicited by neutral but not negative cue-words (Tollenaar

et al., 2009), which fits to our data as well. However, other

studies do not find significant influence of stimuli valence on

performance (Young et al., 2011). In sum, there is some

evidence for stronger impairing cortisol effect on autobio-

graphical memory retrieval when neutral stimuli are used,

while the effect seems to be less pronounced to negative

stimuli. Possibly, the consolidation of autobiographic events

with emotional impact is stronger and thus less susceptible to

the impairing effects of cortisol on retrieval. It is of note that

the effects of cortisol on autobiographic memory retrieval

appear to differ with respect to the influence of valence/

arousal compared with studies of declarative (words, pictures,

etc.) retrieval.

Effects of hydrocortisone on memory retrieval –
response time

Only one prior study has investigated time until memory

retrieval in an AMT. Contrary to our results, it was shown that

hydrocortisone slowed response times for categorical mem-

ories (Young et al., 2011), but only when using a relatively

high dosage of hydrocortisone (i.e. 0.45 mg/kg). Reaction

time for specific memories was not influenced. Speed is

typically not an outcome measure in declarative memory

tasks, so relatively little data on modulation by cortisol is

available. It might be helpful to look at other neuropsycho-

logical domains. In one of our studies, we investigated the

effects of hydrocortisone on reaction times in a response

inhibition task. Healthy participants, but not patients with

major depressive disorder, showed faster reaction times in an

emotional go/no-go task after hydrocortisone compared to

placebo (Schlosser et al., 2013). Interestingly, this effect was

predominantly seen when the participants had to respond to

neutral targets. Other studies reported similar results con-

cerning cortisol and stress effects on reaction time or task

speed mostly using working memory tests, but there also

contrary results (Oei et al., 2009; Otte et al., 2007; Scholz

et al., 2009; Wingenfeld et al., 2011).

An integrated interpretation of the observations made in

our healthy control group has to address the issue that cortisol

impaired autobiographic memory retrieval specificity (espe-

cially for neutral cue words) while at the same time increasing

retrieval speed. In line with human neuroimaging evidence,

we suggest that the reduced autobiographic memory specifi-

city reflects impairing effects of hydrocortisone on hippo-

campal based recollection processes (de Quervain et al., 2003;

Oei et al., 2007). As a compensatory mechanism, retrieval

might rely more on perirhinal and parahippocampal based

familiarity processes (Aggleton & Brown, 2006). These are

known to be faster but less specific (Koen & Yonelinas,

2011). However, these interpretations are somewhat specula-

tive and require empirical testing.

Effects of hydrocortisone on memory retrieval –
differences between PTSD patients and healthy
controls

The effects of cortisol on memory retrieval differed in PTSD

patients and controls. Overall, in PTSD cortisol enhanced the

specificity of the autobiographical episodes. As we discussed,

this in our former paper (Wingenfeld et al., 2012), we will

only briefly rely comment on this finding.

There is considerable evidence for structural and func-

tional abnormalities in the hippocampus in PTSD patients

(Karl et al., 2006). This might underlie their reduced

autobiographic memory specificity (Williams et al., 2007).

In those patients, a cortisol induced shift towards non-hippo-

campal based memory retrieval processes might rescue

performance, at least in part. Similar compensatory shifts

Table 1. Time (mean seconds/SD) until memory retrieval in the AMT in
patients with PTSD and healthy controls.

Time until memory retrieval (s) Placebo Hydrocortisone

PTSD
Neutral cue-word* 15.7 (14.0) 12.9 (11.1)
Positive cue-word* 18.2 (12.9) 16.0 (9.6)
Negative cue-word 18.0 (13.3) 16.7 (11.7)

Controls
Neutral cue-word* 14.0 (10.9) 11.8 (9.7)
Positive cue-word* 16.2 (11.6) 12.9 (10.6)
Negative cue-word 16.2 (11.9) 19.6 (13.5)

Main effect of drug condition: p¼ 0.043, main effect of valence:
p¼ 0.005, drug by valence interaction effect: p¼ 0.022; post hoc t tests
over both groups: neutral cue words p¼ 0.024*, positive cue-words
p¼ 0.008*, negative cue-words p¼ 0.34.
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between multiple memory systems have been observed in

rodents and humans (Schwabe & Wolf, 2012). Interestingly,

patients and controls differ substantially in autobiographic

memory performance under placebo conditions, possibly

reflecting differences in hippocampal integrity. In contrast,

after hydrocortisone administration, the difference between

the two groups disappeared, which could reflect a similar

functioning of the perirhinal/parahippocampal familiarity

system in both groups.

In terms of PTSD psychopathology, i.e. involuntary

memory retrieval (intrusions, flashbacks), one might specu-

late that hydrocortisone reduces these kind of autobiographic

memory retrieval, as suggested by some studies (de Quervain,

2006), providing resources for ‘‘normal’’ cognitive functions.

Another prominent symptom in PSTD is chronic hyperar-

ousal. In this context exogenous cortisol might dampen HPA

axis activity by inhibiting central CRH release (as discussed

by Yehuda et al., 2007), thus improving cognitive function.

However, alternative explanations cannot be ruled out.

These could consist of a cortisol-induced enhancement of

hippocampal functioning in PTSD patients (Wingenfeld et al.,

2012). This interpretation would be in line with a recent

neuroimaging study (Yehuda et al., 2010), as well as with a

recent rodent study investigating the impact of early life stress

on hippocampal plasticity in adulthood (Champagne et al.,

2008).

Functional imaging studies performed in PTSD patients

typically investigate the neural correlates of traumatic

memories, which represent a specific form of autobiographical

memory. The data suggest that PTSD memory impairments are

associated with decreased cerebral blood flow and a failure of

activation in the medial prefrontal cortex, hippocampus and

anterior cingulate cortex, along with increased blood flow in

the amygdala (Bremner, 2007). Interestingly, a correlation

between increased amygdala activation and decreased activa-

tion in prefrontal areas during traumatic memories has been

reported (Shin et al., 2004). Overall, an enhanced responsive-

ness of the amygdala during stress, i.e. symptom provocation

or remembering traumatic experiences, in concert with

disturbances of hippocampal and prefrontal areas (hypofunc-

tion), seem to be consistent findings in PTSD (Shin et al.,

2006). Of note, the hippocampus and prefrontal cortex are

essential for memory processes. In accordance with the studies

of Yehuda et al. (2010), Champagne et al. (2008) and our own

data, one might suggest that a low dose of hydrocortisone helps

re-connect this neural network, resulting in enhanced memory

retrieval. Possibly, the hippocampal feedback on the stress

regulatory systems is strengthened or mimicked through

cortisol promoting the capacity for cognitive functions.

Enhanced memory specificity in PTSD patients may also be

interpreted in terms of altered GR functioning (Rohleder et al.,

2010; Yehuda, 2009), possibly as a result of early adverse

experiences (McGowan et al., 2009). However, the neural

underpinnings of ‘‘ordinary’’ autobiographic memories as

well as the effects of stress or cortisol on autobiographic

memories have not been investigated sufficiently in PTSD

patients. In this context, more imaging studies are needed.

In conclusion, the current results indicate that the cortisol-

induced effects on autobiographical memory retrieval are

influenced by the valence of the stimuli used. The opposing

effects of cortisol on memory specificity in PTSD patients

compared to healthy controls are predominantly seen to

neutral cue-words. Furthermore, we provided evidence for an

effect of cortisol administration on retrieval time of autobio-

graphical memories that is dependent on valence. These

results need to be replicated and the underlying neuronal

correlates should be investigated using functional imaging

techniques.
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