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Abstract  
 
Major Depressive Disorder (MDD) covers a wide spectrum of symptoms, including cognitive 
dysfunction, which can persist during remission. Both inflammatory states and psychosocial stress 
play a role in MDD pathogenesis. The effects of inflammatory (i.e. Salmonella typhi vaccine) and 
psychosocial stressor (i.e. Trier Social Stress Test), as well as their combination were investigated on 
cognition in women (aged 25-45 years, n = 21) with (partially remitted MDD) and healthy controls (n 
= 18) in a single-blind placebo-controlled study. In a crossover design, patients received on the first 
day one of the aforementioned interventions and on the other day a placebo, or vice versa, with a 
washout period of 7-14 days. Short-term and verbal memory, working memory, attention, verbal 
fluency, information processing speed, psychomotor function, and measures of attentional bias to 
emotions were measured. Exploratory analyses were performed to assess the effects of biomarkers of 
inflammation and the Hypothalamic-Pituitary-Adrenal axis on cognitive functioning. In patients, 
inflammatory stress decreased information processing and verbal memory, and increased working 
memory; after psychosocial stress, there was an increase in attention. There was also an increased 
negative attentional bias in patients after inflammatory stress. Neither stressor had any effect in 
controls. Patients were sensitive to the effects of inflammation and psychosocial stress on cognition, 
while controls were not.  
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Highlights 
•! Inflammatory stress decreases information processing speed and verbal memory in remitted 

MDD 
•! Inflammatory stress increased a negative attentional bias in remitted MDD 
•! Psychosocial stress increased attention in remitted MDD 
•! Patients are more sensitive to inflammatory and social stress, as no effects were found in 

controls 
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Main Text 

1. Introduction 

Major depressive disorder (MDD) is a complex and heterogeneous syndrome that covers a wide 

spectrum of symptoms, including cognitive dysfunction in two-thirds of depressed patients (Afridi et 

al., 2011). Cognitive deficits have typically been identified in the areas of executive functioning, 

visual learning and memory, attention, and psychomotor speed; and have been shown to influence 

psychosocial functioning (Rock et al., 2014). However, while during remission clinically relevant 

symptoms of low mood are absent, cognitive shortfall can persist in many patients who had cognitive 

impairments while being depressed (Reppermund et al., 2009; Rock et al., 2014). Moreover, each 

recurrent depressive episode induces an additional decline in global cognitive function (Kessing, 

1998) and importantly, some measures (such as psychomotor speed and cognitive inhibition) are 

possibly irreversibly declined (Ardal and Hammar, 2011; Halvorsen et al., 2012).   

 

In recent years, preclinical and clinical findings have emerged suggesting the involvement of the 

immune system in the pathophysiology of depression. In MDD patients, increased levels of peripheral 

inflammatory markers such as Interleukin-6 (IL-6) and Tumor Necrosis Factor-Alpha (TNF-α) have 

been found compared to healthy controls (Liu et al., 2017). Moreover, MDD is a common side effect 

of immune stimulating treatments such interferon-α (IFN-α), with up to 40% developing MDD 

(Schafer et al., 2007). Additionally, chronic inflammatory diseases (e.g., rheumatoid arthritis, 

inflammatory bowel disease, and others) have a high comorbidity of depression (Ambriz Murillo et 

al., 2015; D'Mello and Swain, 2017; Pryce and Fontana, 2017). Indeed, several studies suggest that 

induction of an inflammatory response can trigger depressive symptoms. As such, several intervention 

studies with healthy subjects demonstrated increases in depressive symptomatology upon 

administration of endotoxin (Brydon et al., 2009; DellaGioia and Hannestad, 2010; Eisenberger et al., 

2010; Eisenberger et al., 2009; Reichenberg et al., 2001; Strike et al., 2004) or the Salmonella typhi 

vaccine (Wright et al., 2005). Interestingly, immune stimulating treatments are associated with 

cognitive decline as well, as reviewed in Wichers and Maes (2002). 
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It has been shown that, in addition to inflammatory stimuli, prolonged psychological stress can also 

result in depressive symptoms (Anisman and Merali, 2003; Kendler et al., 1999). Interestingly, the 

detrimental effects of psychological stress on mood are suggested to be at least partially mediated 

through immunologic alterations (Anisman and Merali, 2003; Glaser and Kiecolt-Glaser, 2005). One 

potential mechanism underlying this phenomenon is stress-induced modulation of the hypothalamic-

pituitary-adrenal (HPA) axis (Marques et al., 2009). Several components of this stress response 

pathway are known to enhance inflammatory stimuli (Sorrells et al., 2009). For instance, 

Corticotropin Releasing Hormone (CRH) stimulates the production of pro-inflammatory cytokines IL-

6 and TNF-α (Angioni et al., 1993; Kato et al., 2013) and exposure to glucocorticoids sensitizes the 

neuro-inflammatory response to endotoxins (Frank et al., 2010).  Lastly, peripheral blood 

mononuclear cells of patients with a depressive syndrome display reduced glucocorticoid receptor 

functioning in vitro (Pariante, 2004).  

 

However, how inflammatory mediators and psychological stress interact to develop depressive 

episodes and cognitive deficits is not well understood. Moreover, it remains to be elucidated which 

specific cognitive domains are most sensitive to the effects of these stressors in subjects vulnerable for 

depressive disorders. Therefore, we investigated how experimental inflammatory and psychological 

challenges alone and in combination affect cognitive performance and inflammatory-related markers 

in remitted MDD patients and healthy individuals.  
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2. Methods 

2.1 Participants 

Twenty-one women with (partially) remitted moderate to severe recurrent MDD and 18 female 

controls aged 25–45 years were recruited. Inclusion criteria for both groups were a score below 15 on 

the Montgomery-Åsberg Depression Rating Scale (MADRS) (Montgomery and Asberg, 1979); being 

medically stable based on vital signs, clinical examination, and clinical laboratory tests (blood and 

urine sample); and having a body mass index (BMI) between 18–30 kg/m2. Exclusion criteria were a  

current DSM-IV axis 1 diagnosis other than MDD, including substance abuse or dependence within 

the past 6 months (excluding nicotine and caffeine), treatment with more than one antidepressant or 

with drugs that compromise the immune system, acute suicidal behavior, a relevant medical history of 

disorders associated with increased inflammation, prior exposure to the psychosocial stress test, 

exposure to severe psychosocial stress within the past 6 months, and the administration of a typhoid 

vaccination within the last 5 years.  

 

2.2 Study design 

We conducted a two-way, randomized, single-blind, placebo-controlled crossover study to assess the 

effects of an inflammatory stressor, a psychosocial stressor, and their combination on cognition and 

their relationship with markers of the HPA-axis and inflammation. This study was part of a larger 

study design, the results of which can be found along a more detailed explanation of the study design 

in Niemegeers et al. (2016). 

 

The study consisted of an eligibility screening examination, a run-in visit, two single-blinded 

intervention periods separated by a wash-out of 7-14 days, and a follow-up phone call 7-14 days after 

the last intervention day. Before the first intervention period, the Childhood Trauma Questionnaire 

(CTQ), a retrospective questionnaire of childhood trauma, was administered (Bernstein and Fink, 

1997). On the run-in visit, the cognitive test battery was administered to obtain a baseline 

measurement. 
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The participants were randomized by the sponsor using a computer-generated randomization sequence 

to receive on an intervention (the inflammatory stressor, the psychosocial stressor, or the combination 

of both) or placebo. The Salmonella typhi vaccine was used as an inflammatory stressor and the Trier 

Social Stress Test (TSST) was used as a psychosocial stressor. The TSST was performed as described 

in Kirschbaum et al. (1993).  

 

At the start of each intervention period, an alcohol breath test, a urine drug and a pregnancy screening 

test were performed. In addition, the MADRS was administered by trained blinded staff. If applicable, 

the TSST was administered at 12:00h. At 12:20h, either the typhoid vaccine (0.5 mL containing 25 µg 

Salmonella typhi capsular polysaccharide; Typhim® Vi, Sanofi Pasteur MSD, Diegem, Belgium) or a 

placebo (0.5 mL NaCl 0.9%), both transferred to a similar looking syringe, were injected. Throughout 

the testing periods, vital signs were monitored regularly. The participant left the study center after the 

last post-dose measurements.  

 

2.3 Assessments 

2.3.1 Cognition 

The cognitive test battery was directed at the following cognitive domains: short-term and working 

memory, verbal fluency, verbal memory, sustained attention, psychomotor function, cognitive 

processing, and emotional interference on cognitive processing. The cognitive test battery consisted of 

two blocks, administered 3 and 4 h after the study drug administration, respectively.  

 

2.4.2.1 Block 1 

The Digit Span Forward and Backward are tests of short-term and working memory, respectively 

(Wechsler, 1997). The subject is asked to repeat an increasing sequence of numbers either forward or 

backward. The outcome measure is the number of correctly repeated sequences.  
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In the Controlled Oral Word Association Test (COWAT), the participant is asked to sum up as many 

words of a certain category (two trials) or with the same starting letter (three trials) in one minute. The 

outcome measure was the sum of the scores on the five trials (Lezak et al., 2004). 

 

The Continuous Performance Test (CPT) is a measure of sustained attention, where stimuli (either 

numbers or shapes) were shown on a screen. When two identical stimuli were presented in a row, the 

subject had to respond. The main outcome measure of the CPT is dprime (d’), a measure of attentional 

capacity (Cornblatt et al., 1988; Niemegeers et al., 2014). A secondary outcome measure is the 

reaction time to hits, which can be interpreted as a measure processing speed (Morrens et al., 2007). 

 

2.4.2.2 Block 2 

The Hopkins Verbal Learning Test (HVLT) is a test of verbal memory, consisting of a list of 12 words 

that should be memorized. Twenty minutes after three consecutive learning trials, the participant was 

asked to repeat the list. The number of correctly remembered words is the main outcome measure 

(Brandt and Benedict, 2001). 

 

The Symbol Digit Substitution Test (SDST) is a measure of information-processing speed 

(Niemegeers et al., 2014; Wechsler, 1981). In this test, performed on a digitizing tablet, a series of 

symbols should be decoded as fast as possible, within a 90-s time limit, using a list of corresponding 

digit-symbol pairs (Morrens et al., 2006). Outcome measures are the number of correctly substituted 

digits, the matching time (i.e., time to find the corresponding digit) and the mean writing time (i.e., 

time to write the digit).  

 

In the Line Copying Test (LCT), a straight line should be copied as quickly as possible from a 

computer screen to a form, which is placed on a digitizing tablet (Docx et al., 2012; Morrens et al., 

2008; Niemegeers et al., 2014). The outcome measures are initiation time (i.e., the time to initiate the 

drawing) and movement time (i.e., the time to draw the line). 
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In the Emotional Stroop, the subject should name the color of the ink with which certain words are 

written as quickly as possible. Contrasting to the standard Stroop task, the words are either positive, 

neutral, or negative words. It has been well reported that depressed individuals show a negative bias 

towards negative stimuli (Clark et al., 2009; Roiser et al., 2012). The Emotional Stroop has been 

previously used to measure attentional bias (Dresler et al., 2009; Peckham et al., 2010). Ten negative, 

neutral and positive words were selected using a procedure based on Dresler et al. (2009). In a pilot 

study, 10 healthy volunteers were asked to rate the valence of a list of 300 words on a seven-point 

scale. The ten most negative words were selected, to which the ten most neutral and ten most positive 

words were matched taking word’s frequency, function, length, and number of syllables into account, 

using data from the SUBTLEX-NL database (Keuleers et al., 2010). Ten rows of 10 words in the 

colors red, yellow, blue or green were printed on white paper. As such, there were 3 cards (a neutral, 

negative, and positive one). A practice card with only colors was administered first. The cards were 

presented in a randomized order and the subject had to name the colors as quickly as possible. The 

outcome measure is the time needed to read the whole card. 

 

2.3.2  Biological markers 

Pro-inflammatory markers (i.e., interferon-γ [IFN-γ], TNF-α, and IL-6) and markers of the HPA-axis 

(i.e., adrenocorticotropic hormone [ACTH] and cortisol) were measured before each testing block 

(i.e., at 3h and 4h post-intervention). Cortisol and ACTH were analyzed using a Siemens® 

IMMULITE 2000 Immunoassay System at PRA International, Zuidlaren, the Netherlands, with 

following detection ranges: ACTH, 1.1 to 278 pmol/L; and cortisol, 28 to 1380 nmol/L. Inflammatory 

markers were analyzed at Janssen Biobank, Beerse, Belgium, using quantitative 

electrochemiluminescence immunoassays, namely the Meso Scale Discovery® V-PLEX 

Proinflammatory Panel 1 (human) kits, with following detection ranges: IFN-γ, 0.2-0.9 to 1060-1320 

ng/L; TNF-α, 0.06-0.3 to 320-352 ng/L; and IL-6, 0.07-0.3 to 743-833 ng/L. 

 

 

 



Niemegeers et al. - 11/25 

2.4 Statistics 

Differences in demographics and baseline (i.e., cognitive performance on the run-in visit) between 

patients and controls were examined with an unpaired Student’s t-test or the Wilcoxon-Mann-Whitney-

test for non-normal data. The chi-square test was used for non-continuous variables.  

 

The effect of the intervention was estimated using a linear mixed model. Both cohorts were analyzed 

separately. Dropouts were included in the analysis. The mixed model included as fixed effects 

administration of the typhoid vaccine (yes or no), TSST (yes or no), and the vaccine × TSST 

interaction. Baseline score of the run-in visit, treatment period, study center, body mass index, age, 

CTQ, pre-dose MADRS score, antidepressant use, and the number of education years were also 

included as fixed effects; subject was included as a random effect. A secondary analysis was 

performed to test any difference between groups. The same procedure was used in this secondary 

analysis, except that group (control or patient group) was also added as fixed effect with all the 

appropriate interactions. When a significant interaction was found, between-group comparisons were 

performed (e.g., between placebo and the three different treatments) using Bonferroni-correction. The 

estimated difference (β) between placebo and the intervention is reported with the 95% confidence 

interval (CI). 

 

Exploratory analyses were performed to assess whether the effects of biomarker levels on cognitive 

performance were significantly different between the two groups. The Area Under the Curve (AUC) 

was calculated from the start of the measurements (pre-dose) until the time of the test (3h or 4h post-

intervention). A linear mixed model was performed with the biomarker × group interaction as fixed 

effect, as well as biomarker, group, pre-dose biomarker concentration, baseline score of the run-in 

visit, treatment period, study center, body mass index, age, CTQ, pre-dose MADRS score, 

antidepressant use, and the number of education years. Subject was again included as a random effect. 

Only the biomarker × group interaction was examined. The estimated coefficient (β) is reported with 

the standard error and a t-test is done to examine if it significantly differs from zero. 
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3. Results 

The baseline demographic characteristics and the results of the cognitive tests on baseline are 

summarized in Table 1.  

 

3.1 Effect of the interventions 

The effects of the interventions on cognition are summarized in Table 2. In controls, none of the 

interventions had any significant effect. 

 

No effects were observed on short-term memory (measured in the Digit Span Forward). After the 

vaccine, an improvement of working memory (Digit Span Backward) was observed. The group × 

vaccine interaction was significant (p = 0.046). 

 

While there was no effect on main outcome measure of the attention task (i.e., the Continuous 

Performance Task) in patients after vaccine, their reaction time worsened after the vaccine. 

Conversely, after the TSST, both attention and reaction time improved in patients. There were no 

significant group × intervention interactions. 

 

There was a vaccine × TSST interaction on Verbal Fluency (measured in the Controlled Oral Word 

Association Task), with a non-significant lowering after both the vaccine (β ± 95% CI = -1.90 ± 9.06) 

and the TSST (β ± 95% CI = -9.26 ± 9.47), and a non-significant increase after the combination 

intervention (β ± 95% CI = 10.30 ± 10.18). While the group × vaccine × TSST interaction did not 

reach significance (p = 0.078), there was a significant group × TSST interaction (p = 0.039). 

Examination of the separate groups showed a significant increase in score in patients after the TSST 

(β ± 95% CI = 8.44 ± 7.32, p = 0.050) and a non-significant decrease in controls (β ± 95% CI = -2.57 

± 7.41). While this is a seemingly conflicting result, the increase after TSST in this analysis can be 

explained by the increase after the combination treatment in patients. 
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After the vaccine, a decrease in verbal memory was observed in patients, but not in controls. Patients 

reacted significantly different on the vaccine than controls (p = 0.045). The TSST had no effect. 

 

Information processing (the number correct answers on the SDST) decreased in patients after the 

vaccination, though this effect was not seen in the matching time. The TSST had no effects and 

patients did not react significantly different on the intervention compared to controls. Neither the 

vaccine or the TSST had any effect on psychomotor function (namely the LCT and the writing time of 

the SDST). 

 

After the vaccine, there was an increase in time to read the colors of negative words in the Emotional 

Stroop, suggesting an increased interference of negative words after inflammatory stress. The group × 

vaccine interaction did not reach significance though (p = 0.089). No significant effects were seen in 

the neutral and positive words. While no significant reaction of the TSST were seen in both groups, 

there was a significant group × TSST interaction (p = 0.026) in the time to read the colors of negative 

words, reflecting a non-significant decrease in time in patients and a non-significant increase in 

controls. 

  

3.2 Effect of biomarker levels on cognition 

There were no significant biomarker × group interactions for Digit Span (forward and backward), 

CPT, COWAT, and HVLT. 

 

There was a ACTH AUC × group interaction (p = 0.009) for the matching time of the SDST, with a 

significant relation between ACTH AUC in patients (β ± SE = 0.28 ± 0.09, p = 0.005) but not in 

controls (β ± SE = 0.28 ± 0.09, p = not significant [n.s.]). There were no significant interactions for 

the other biomarkers and the matching time. No biomarker × group interactions were observed in the 

other outcome variables of the SDST (number correct and writing time). 
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Although there was an ACTH AUC × group interaction for the initiation time of the LCT (p = 0.046), 

the estimated coefficients did not differ significantly from zero (patients, β ± SE = 0.06 ± 0.05, p = 

n.s.; controls, β ± SE = -0.12 ± 0.09, p = n.s.). A similar pattern is seen for the TNF-α × group 

interaction (p = 0.041), with none of the estimated coefficients significantly differing from zero 

(patients, β ± SE = 0.00 ± 0.28, p = n.s.; controls, β ± SE = -0.34 ± 0.29, p = n.s.). No interactions 

were observed for the other three biomarkers, neither was an interaction between any biomarker and 

the movement time of the LCT observed. 

 

The interaction between IL-6 AUC and group was significant for the reading time of the negative 

words of the Emotional Stroop (p = 0.047). While the estimated coefficient was not significant in 

controls (β ± SE = -0.005 ± 0.005, p = n.s.), it was for patients (β ± SE = 0.007 ± 0.003, p = 0.013), 

suggesting and increased reading time with increasing IL-6 AUC. No interactions were found for the 

other biomarkers. No interaction between group and any biomarker was found for the reading time of 

the positive and neutral words. 
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4. Discussion 

Numerous preclinical and clinical studies point towards the involvement of inflammatory mechanisms 

in the pathophysiology of depression (Liu et al., 2017). Besides affective symptoms, chronic 

inflammation is also associated with cognitive symptoms such as impaired memory, decreased 

motivation and confusion (Dantzer, 2009). This is in line with the findings of the current study, which 

shows a decrease in information processing and verbal memory following the administration of the 

typhoid vaccine, in remitted patients but not in healthy controls. Conversely, an increase in working 

memory was also observed in the patient group after the vaccine. As remitted patients had comparable 

cognitive scores compared to controls, these results suggest that an induced pro-inflammatory state 

affects cognitive functions in patients that had previously suffered a depressive episode, but not in 

their healthy peers. 

 

Previous studies suggest that healthy subjects who received a therapeutic dose of pro-inflammatory 

cytokines such as IFN-α or TNFα, reported neuropsychiatric side effects including impaired thought 

processing next to depressed mood (Licinio et al., 1998). Cancer and Hepatitis C patients receiving 

IFN-α therapy develop not only depression as a side effect but also cognitive dysfunction (Capuron 

and Miller, 2004; Scheibel et al., 2004). Although we did not find these cognitive alterations in our 

control sample, they were clearly observable in subjects who previously suffered a depressive episode 

currently in remission. The changes in verbal memory, attention and information speed in the remitted 

patients in our study are in line with the findings in healthy controls of Krabbe et al. (2005) and 

Bollen et al. (2017) although these alterations were not always found (Bollen et al., 2017).  

 

A possible mechanism through which inflammatory stress alters cognition is through the kynurenine-

pathway. Tryptophan is metabolized to serotonin and kynurenine (KYN). KYN is further metabolized 

through two different pathways to quinolinic acid (QUIN) and kynurenic acid (KYNA). QUIN shows 

neurotoxic effects by increasing oxidative stress (through its metabolite 3-hydroxykynurenine) and by 

being an NMDA-receptor-agonist. KYNA, on the other hand, is an antagonist of both the NMDA-
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receptor and the α-7 nicotinic acetylcholine receptor (α7nAchR), both known to play an important 

role in the regulation of cognitive functioning. Pro-inflammatory cytokines, such as IFN-γ, stimulate a 

shift of tryptophan towards this pathway, with increased concentration of QUIN and KYNA, and 

decreased concentrations of serotonin. For a thorough review of the interaction between 

inflammation, the kynurenine-pathway, and cognition, we refer to Allison and Ditor (2014). 

 

The finding that working memory was increased is of unclear significance. This effect was also 

observed by Cohen et al. (2003) and (Ofek et al., 2007). These authors suggest that a subgroup of 

patients react on inflammatory stress with reductions of the acetylcholine degrading enzyme 

Acetylcholine Esterase (AchE), reflecting an increase in acetylcholine associated with increased 

condition. At the other hand, a subgroup also had increased concentration of AchE, with reduced 

cognition. As such, this suggest that there are different types of response to inflammation, reflecting 

also different responses on several subdomains of cognition.  

 

The inflammatory stressor leads to an increase in reading time of the colors of negative words in the 

Emotional Stroop test. This effect was not observed in the neutral and positive words. This suggests 

that there is an increased negative attentional bias in patients following inflammatory stress. While the 

response was not significantly different from controls, there was a trend. Moreover, there was a 

correlation between IL-6 and the time to read, only in patients, in which the patients did differ 

significantly from controls. This is in line with a previous study, which saw a correlation between 

inflammation and negative emotional bias in breast cancer survivors (Boyle et al., 2017). It should be 

noted that the analyses of biomarkers and cognition were mainly exploratory, and replication is 

necessary. Previous studies showed effects of inflammation on social/emotional processing (namely: 

reduced perception of emotions, increased avoidance of punishment/loss experiences, and increased 

social disconnectedness) (Bollen et al., 2017). As depression is associated with negative emotional 

bias (Baert et al., 2010), which is reversible by antidepressants (Godlewska et al., 2016), the observed 

effect of inflammation on negative attentional bias further confirms inflammatory processes play a 

significant part in the pathogenesis of MDD. 
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In our study, the TSST was associated with increased attention in patients, but not in controls. In 

previous studies on healthy controls, the effects of psychosocial stress on cognition are contradictory, 

with some studies (Nater et al., 2007; Smeets et al., 2006), but not all (Kuhlmann et al., 2005; Oei et 

al., 2006), reporting increased performance. In previous studies cortisol responses to the TSST (and as 

such, increased HPA axis activation) have indeed been associated with improvements in cognition 

(Nater et al., 2007; Plieger et al., 2017). In the study of Plieger et al. (2017) it is suggested that acute 

stress enhances selective attention as cognitive resources are limited and used optimally in stress 

situation. Indeed, acute psychosocial stress increased the attention in our sample. Interestingly, ACTH 

was negatively correlated to information processing, a more complex cognitive task, which may be in 

line with the notion of stress optimizing limited cognitive resources. 

 

It should also be noted that the acute psychosocial stressor reduces pro-inflammatory cytokines in this 

study (Niemegeers et al., 2016). As such, this improvement may be due to a reduction of 

inflammation. The effects of psychosocial stress can also be interpreted as an arousal effect, leading to 

increased vigor and thus increasing performance on cognitive tasks. Indeed, the TSST increased 

wakefulness in another study (Kudielka et al., 2004), though this effect was not seen in the present 

study (Niemegeers et al., 2016).  

 

As mentioned before, it has been shown that psychological stress results in negative mood symptoms 

in depressed patients (Hammen et al., 2009) as well as in healthy humans (Steptoe et al., 2007). 

Interestingly however, psychological stress exacerbated the deterioration of mood following 

administration of typhoid vaccine in healthy subjects, which suggests that inflammatory stress and 

psychological stress may have an accumulating effect on mood and possibly cognitive symptoms 

(Wright et al., 2005). In line with these findings, we investigated whether the combination of 

psychological and inflammatory stressors may have an accumulating effect on cognitive functioning. 

Although we demonstrated some mild effect of the combination of both stressors on verbal learning 

and memory which was not seen by either stressor alone, none of the other cognitive domains seemed 
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to be affected by the combined stressors. Our findings thus partly argue against the hypothesis of 

accumulating effects of both stressors on cognitive functions in remitted subjects. 

 

Our study has several limitations. The main limitation is the relatively small sample size. Although 

some of the mentioned effects are in line with previous observations in a healthy population in the 

literature, we observed them only in the patient group. This may reflect that the study is possibly 

underpowered to find small effects in the control population, but it does suggest that the patient group 

is more sensitive to the effects of inflammatory and psychosocial stress, compared to controls. 

Another confounding factor is that the majority of the patients took antidepressants, which are known 

to normalize pro-inflammatory states and reduce negative attentional bias (Godlewska et al., 2016; 

Kenis and Maes, 2002). Additionally, the effects of the interventions were only examined in a short 

time frame (6 hours), potentially masking other and stronger effects later in time. Although a 

correlation between biomarkers and cognitive measures was found, it does not provide conclusive 

evidence that these biomarkers mediate direct changes in cognition. As expression levels of cytokine 

are highly correlated, it remains to be determined what their specific roles are.  

 

In conclusion, patients were sensitive to the effect of both inflammatory and psychosocial stress. 

Inflammatory stress reduced information processing speed and verbal memory, but increased working 

memory. It increased a negative attentional bias. Psychosocial stress increased on the other hand 

attention. Controls were not sensitive to the effects of both stressors. 
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Table 1: Baseline demographic and clinical characteristics 
  

 Mean (SD), unless specified otherwise    

Measure 
Patients  
(n = 21) 

Controls  
(n = 18) p-value 

Demographics    
     Age 33.9 (7.02) 32.7 (6.65) n.s. 
     BMI 24.0 (2.80) 22.4 (3.18) n.s. 
     Education years 15.2 (2.40) 15.7 (2.97) n.s. 
     Right-handedness (%) 85.0% 82.4% n.s. 
     Antidepressant use (%) 66.7% 0.0% < .001 
     Ethnicity (%):   n.s. 
          European descent 95.2% 88.9%  
          Maghrebi descent 0.0% 11.1%  
          African descent 4.8% 0.0%  
Clinical characteristics    
     MADRS 6.38 (5.29) 0.64 (1.07) < .001 
Cognitive measures    
     Digit Span:    
          Forward 8.83 (1.948) 9.10 (2.189) n.s. 
          Backward 6.72 (1.527) 6.76 (1.700) n.s. 
     CPT:    
          dprime 2.04 (0.862) 2.21 (0.794) n.s. 
          Reaction Time (ms) 662 (85.3) 658 (78.4) n.s. 
     COWAT    
     HVLT 10.18 (1.704) 10.14 (1.493) n.s. 
     SDST:    
          Nr. Correct 63.53 (10.625) 61.81 (7.467) n.s. 
          Matching Time (ms) 914 (216.1) 965 (171.6) n.s. 
          Writing Time (ms) 471 (113.8) 491 (117.7) n.s. 
     LCT:    
          Initiation Time (ms) 712 (134.1) 746 (131.5) n.s. 
          Movement Time (ms) 268 (73.3) 297 (164.7) n.s. 
     Emotional Stroop:    
          Neutral Words (s) 69.5 (10.26) 69.0 (14.53) n.s. 
          Negative Words (s) 68.6 (10.82) 70.3 (14.66)  n.s. 
          Positive Words (s) 73.3 (11.49) 71.4 (16.92) n.s. 
 
BMI: body mass index; COWAT: Controlled Oral Word Association Test; CPT: Continuous 
Performance Test; HVLT: Hopkins Verbal Learning Test; LCT: Line Copying Test; MADRS: 
Montgomery-Åsberg Depression Rating Scale; n.s.: not significant; SDST: Symbol Digit Substitution 
Test. 
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Table 2: Results of the interventions 
 
 Patiënt Control 
 Vaccine TSST Vaccine 

× TSST 
Vaccine TSST Vaccine × 

TSST 
Measure β ± CI p β ± CI p p β ± CI p β ± CI p p 
Digit Span           
     Forward -0.39 ± 0.90 n.s. 0.69 ± 0.90 n.s. n.s. 0.60 ± 1.42 n.s. 0.69 ± 1.45 n.s. n.s. 
     Backward 1.21 ± 0.96 0.016 -0.88 ± 0.95 0.069 n.s. -0.40 ± 1.22 n.s. 0.65 ± 1.25 n.s. n.s. 
CPT           
     dprime  -0.04 ± 0.41 n.s. 0.41 ± 0.41 0.049 n.s. 0.03 ± 0.46 n.s. 0.04 ± 0.48 n.s. n.s. 
     reaction time 25.3 ± 21.8 0.026 -22.0 ± 10.2 0.049 n.s. 22.1 ± 34.0 n.s. 7.3 ± 34.5 n.s. n.s. 
COWAT * * * * 0.015 2.84 ± 8.01 n.s. -4.15 ± 8.35 n.s. n.s. 
HVLT -0.77 ± 0.77 0.049 0.08 ± 0.77 n.s. n.s. 0.62 ± 1.18 n.s. 0.41 ± 1.23 n.s. n.s. 
SDST           
     Nr. Correct -3.02 ± 2.90 0.042 1.13 ± 2.87 n.s. n.s. 0.50 ± 5.05 n.s. -0.87 ± 5.07 n.s. n.s. 
     Matching Time (ms) 53.8 ± 90.5 n.s. 17.4 ± 89.7 n.s. n.s. -28.3 ± 112.6 n.s. -13.4 ± 

119.0 
n.s. n.s. 

     Writing Time (ms) 22.3 ± 30.6 n.s. -11.8 ± 30.9 n.s. n.s. -6.0 ± 49.5 n.s. 0.6 ± 51.1 n.s. n.s. 
LCT           
     Initiation Time (ms) 15.9 ± 45.8 n.s. -5.9 ± 46.0 n.s. n.s. 13.7 ± 43.4 n.s. -7.2 ± 44.8 n.s. n.s. 
     Movement Time (ms) -7.9 ± 40.4 n.s. 5.7 ± 40.9 n.s. n.s. -4.5 ± 39.5 n.s. -8.4 ± 42.1 n.s. n.s. 
Emotional Stroop           
     Neutral (s) 3.23 ± 5.52 n.s. -2.82 ± 5.52 n.s. n.s. 0.71 ± 3.84 n.s. -3.01 ± 3.98 n.s. n.s. 
     Negative (s) 5.51 ± 4.71 0.025 -3.47 ± 4.67 n.s. n.s. -0.32 ± 3.71 n.s. 3.56 ± 3.81 n.s. n.s. 
     Positive (s) 0.01 ± 6.95 n.s. -0.4 ± 6.93 n.s. n.s. -0.04 ± 5.73 n.s. 1.10 ± 5.91 n.s. n.s. 
*: if the vaccine × TSST interaction is significant, results of the single treatment groups have to be analyzed separately and are reported in the results section 
of the article 
COWAT: Controlled Oral Word Association Test; CPT: Continuous Performance Test; HVLT: Hopkins Verbal Learning Test; LCT: Line Copying Test; n.s.: 
not significant; SDST: Symbol Digit Substitution Test. 
 


