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A B S T R A C T   

Since its development in 1993, the Trier Social Stress Test (TSST) has been used widely as a psychosocial stress 
paradigm to activate the sympathetic nervous system and hypothalamic-pituitary-adrenal axis (HPAA) stress 
systems, stimulating physiological functions (e.g. heart rate) and cortisol secretion. Several methodological 
variations introduced over the years have led the scientific community to question replication between studies. In 
this systematic review, we used the Preferred Reporting Items of Systematic Reviews and Meta-Analysis 
(PRISMA) to synthesize procedure-related data available about the TSST protocol to highlight commonalities 
and differences across studies. We noted significant discrepancies across studies in how researchers applied the 
TSST protocol. In particular, we highlight variations in testing procedures (e.g., number of judges, initial number 
in the arithmetic task, time of the collected saliva samples for cortisol) and discuss possible misinterpretation in 
comparing findings from studies failing to control for variables or using a modified version from the original 
protocol. Further, we recommend that researchers use a standardized background questionnaire when using the 
TSST to identify factors that may influence physiological measurements in tandem with a summary of this review 
as a protocol guide. More systematic implementation and detailed reporting of TSST methodology will promote 
study replication, optimize comparison of findings, and foster an informed understanding of factors affecting 
responses to social stressors in healthy people and those with pathological conditions.   

1. Introduction 

Prior to the development of the Trier Social Stress Test (TSST; 
Kirschbaum et al., 1993), researchers used diverse psychological 
stressors to assess the impact of stress on 
Hypothalamic-Pituitary-Adrenal axis (HPAA) activation (Berger et al., 
1987). Given major concerns that these different stressors were associ-
ated with important inter-individual variability in physiological re-
sponses and that effects were often too small to be measured reliably, 
Kirschbaum et al. (1993) developed the TSST to provide researchers 
with a standardized psychophysiological paradigm for assessing the 
impact of psychosocial stress. Since then, researchers worldwide have 
used the TSST as a robust experimental protocol proven to produce 
reliable physiological outcomes (Dickerson and Kemeny, 2004). Since 

its publication and up to 2007, the TSST was used in over 4000 studies, 
supporting its well-established status as a stress paradigm (Kudielka 
et al., 2007). TSST tasks (speech and arithmetic) are remarkably effi-
cacious in studying stress effects on performance (Dickerson and 
Kemeny, 2004). Physiological measures, including heart rate (HR) and 
salivary cortisol (CORT), have helped researchers understand human 
stress responses, with findings suggesting that people experience up to a 
70–80% increase in CORT secretion following TSST exposure (Kudielka 
et al., 2007). 

Dysregulation of HPAA activation is a hallmark feature of various 
pathological conditions; chronic HPAA activation contributes to car-
diovascular diseases (Brosschot et al., 2014), cognitive decline in aging 
populations (Scott et al., 2015), and exerts detrimental effects on 
physical and psychological well-being (Deak et al., 2016). Thus, it is 
vital that researchers use valid and reliable tools to better understand 
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the functional dynamics influencing HPAA activation and behavioral 
responses in humans (Rubinow et al., 2012). Since its development, 
researchers have introduced several TSST variants to study different 
populations, maximize efficiency, and limit inter-individual variability. 
These variants include the children’s version (Buske-Kirschbaum et al., 
1997), the virtual TSST (J€onsson et al., 2010), the TSST for groups (Von 
Dawans et al., 2011), and the friendly TSST (Wiemers et al., 2013). 

1.1. Objectives of the current review 

Over 25 years have passed since Kirschbaum et al. (1993) developed 
the TSST. Although the paradigm appears at first glance unchanged, 
several researchers have pointed to methodological variations in the 
TSST protocol, raising concerns about validity and reproducibility of the 
measurements (Labuschagne et al., 2019; Allen et al., 2014, 2017; 
Goodman et al., 2017). Although there have been some attempts to 
examine the effects of some modifications or failure to control variables 
that are known to affect the TSST (e.g. morning TSST vs. afternoon TSST; 
Kudielka et al., 2004), to our knowledge, these attempts have been 
limited in scope. 

Existing reviews (Labuschagne et al., 2019; Allen et al., 2014; Allen 
et al., 2017) addressing elements of the TSST paradigm have signifi-
cantly raised awareness of the important factors to consider in studying 
the human stress response. These critical reviews have proposed selec-
tive assessments, which deviate from the validated protocol used by 
narrative systematic review. Goodman et al.’s (2017) meta-analysis 
focused primarily on the impact of protocol variations on CORT 
collection, not reviewing other variations of the TSST methodology. 
Additionally, authors did not use a registered standardized protocol, like 
the PRISMA-P statement or provide a systematic methodology for the 
review process (i.e., single vs double reviewer, risk of bias assessment). 
In this context, Labuschagne et al. (2019) acknowledged limitations of a 
critical review in that it does not provide a comprehensive assessment of 
the key elements of the TSST and related variabilities. At present, there 
is an important need for systematic reviews using “explicit, systematic 
methods to minimize bias in the identification, selection, synthesis, and 
summary of studies” (Moher et al., 2015, p. 3). Our review contributes to 
such a goal, providing a complementary but distinctive approach from 
that adopted by other review articles. 

Considering the widespread and diverse use of the TSST, it is vital 
that we understand the ways in which methodological variations can 
affect outcomes. Indeed, such variations, if not considered, can account 
for divergent findings that researchers otherwise interpret as related to 
their study hypotheses. For example, hormonal fluctuations associated 
with menstrual cycles impact the HPAA (Kirschbaum et al., 1999). Maki 
et al. (2015) found that women in the luteal phase (high levels of 
estradiol and progesterone) compared to those in the follicular phase 
(low levels of estradiol and progesterone) performed better on a 
cognitive task and demonstrated significantly lower levels of cortisol 
following the TSST. Although the effects of menstrual cycle on HPAA 
have been documented for more than 20 years, researchers do not 

consistently consider menstrual cycle phase in their studies using the 
TSST (e.g., post-traumatic stress disorder research; Summer et al., 2017; 
cardiac arrest research; Agarwal et al., 2018); researchers may misin-
terpret their findings if they do not control for menstrual cycle. Taylor 
et al. (2010) found that participants exposed to an unsupportive vs. 
supportive audience showed elevated CORT secretion compared to 
participants in the no audience condition; the difference between the 
audience conditions approached significance (Taylor et al., 2010). 
However, because the researchers did not assess for women’s menstrual 
cycles, it is unclear whether any of the observed differences were 
attributable to sex or hormonal differences. Finally, the original TSST 
protocol contained only a brief description of its methodology (Kirsch-
baum et al., 1993). As such, it is not surprising that researchers inter-
ested in studying stress have introduced variations in the protocol over 
time, given increasing knowledge and innovation in the field of stress 
and psychoneuroendocrinology. A formal update of the protocol, 
therefore, is warranted. 

Thus, we aimed first to review various factors (e.g., exclusion 
criteria, sex/gender differences, menstrual cycle phase) that can impact 
stress induction and its associated outcomes. Second, we documented 
systematically the variations in how researchers have applied the TSST 
protocol since its development. Finally, we used our findings to generate 
guidelines for reporting TSST methodology, with the goal of fostering 
reliable comparisons between findings and maximizing replication ef-
forts. We added a theoretical framework section before the methods and 
the results sections to provide a background rationale for the proposed 
methodological decisions for our systematic review. 

2. Theoretical framework 

2.1. Administration of the TSST and stress-sensitive factors 

Before describing our findings in detail, we briefly review the various 
factors that are known to exert effects on the stress response and its 
associated effects on HPAA regulation (Hellhammer et al., 2009). 

2.1.1. Women participants and hormonal status 
The influence of hormonal status on women’s stress responses is well 

documented (see Fang et al., 2014; Kajantie and Phillips, 2006, for re-
views). For instance, women in the non-luteal phase show reduced 
CORT levels compared to women in the mid-luteal phase (Kirschbaum 
et al., 1999), and fluctuations of progesterone and estrogen levels can 
impact women’s emotional and cognitive responses to a stress-inducing 
task (Felmingahm et al., 2012). Among pre-menopausal and meno-
pausal women, researchers have shown a variability on CORT measures 
depending on when it is measured (e.g., morning vs. afternoon; Kudielka 
et al., 2004). Similarly, Rotermann et al. (2015) found that approxi-
mately 15% of Canadian women and girls between the ages of 15 and 49 
years reported using oral contraceptives in the previous month; oral 
contraceptive use is associated with reduced CORT secretion, and affects 
the diurnal neuroendocrine rhythm, particularly morning CORT levels 
(Roche et al., 2013). Notably, researchers have demonstrated elevated 
HPAA activation in men following a psychosocial stressor compared to 
women in the ovarian follicular phase (Stephens et al., 2016), high-
lighting the potential importance of considering this factor in data 
analysis and interpretation. 

Further, pregnant women experience higher anxiety levels, depres-
sive symptoms, and significantly elevated CORT levels compared to non- 
pregnant women (Mustonen et al., 2018). Relatedly, breastfeeding may 
be protective against stress responses. Johnston et al. (2017) found that 
women who breastfeed also demonstrate lower levels of CORT secretion, 
particularly in the moments following lactation. 

Abbreviations 

CORT Cortisol 
CAR Cortisol awakening response 
HR Heart rate 
HPAA Hypothalamic–Pituitary–Adrenal Axis 
Min Minutes 
PRISMA Preferred Reporting Items of Systematic Reviews and 

Meta-Analysis 
SD Standard deviation 
TSST Trier Social Stress Test  
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2.1.2. Exclusion criteria 

2.1.2.1. Medication. Pharmacological treatments come with therapeu-
tic and side effects that can alter people’s behavioral and physiological 
responses (e.g., CORT secretion). Many drugs can influence (a) HPAA 
activation, (b) associated biochemical systems (e.g., regulate sympa-
thetic activation), or (c) participants’ subjective experiences (Granger 
et al., 2009). In a study using the TSST for groups, Houtepen et al. (2015) 
demonstrated that participants diagnosed with bipolar disorder and 
taking antipsychotic medication showed a blunted CORT response 
compared to their siblings who were also diagnosed with bipolar dis-
order, but not taking medication (Houtepen et al., 2015). Compiling 
drug prescriptions from the medical records of 142,377 American citi-
zens, Zhong et al. (2013) found that 68.1% of individuals received a 
prescription for at least one type of medication, while 51.6% and 21.2% 
received prescriptions for a minimum of two and five medication types, 
respectively (Zhong et al., 2013). 

2.1.2.2. Mental health status. Every year, 1 in 5 Canadians - Worldwide, 
1 in 4 individuals (WHO, 2001) - is affected by a psychological disorder, 
and half the Canadian population will have experienced a psychological 
disorder before the age of 40 years (Mental Health Commission of 
Canada, 2013). Even though people with psychological disorders also 
tend to show reduced research participation rates, there is likely psy-
chological health/disorder variability across samples (Loue and Saja-
tovic, 2008). Importantly, researchers have demonstrated that 
dysfunctional HPAA activation is associated with various mental health 
conditions (Wingenfeld and Wolf, 2010). For instance, researchers re-
ported that diagnoses of: (a) Major Depression with melancholic features 
(referred as melancholic depression in the article), panic disorder, 
obsessive-compulsive disorder, and schizophrenia could all exert a 
long-term impact on HPAA activation (Jacobson, 2014); (b) social 
anxiety disorder, autism spectrum disorder (Jacobson, 2014), 
post-traumatic-stress disorder and atypical depression (Wichmann et al., 
2017) can be associated with increased sensitivity to stress and/or lead 
to altered HPAA activation. As such, the decision to include/exclude 
individuals who are or have been affected by a mental disorder needs 
careful consideration, not only for ethical reasons, but also when the 
association of the particular condition with stress responses is not the 
primary objective of the study (Allen et al., 2014). 

2.1.2.3. Tobacco use. Assessments of the relationship between CORT 
secretion and tobacco smoking have generated mixed findings. In a 
sample of 4231 people (73% men/27% women), Badrick et al. (2007) 
evaluated smoking status and salivary CORT measures and they found 
that current smokers demonstrated increased salivary CORT secretion 
(also observed in Cohen et al., 2019) compared to ex-smokers or people 
who had never smoked or quit smoking. Such findings support delayed 
impact of smoking on CORT secretion and smoking a single cigarette is 
sufficient to induce CORT secretion and HPAA activation (i.e., increased 
HR; Rohleder and Kirschbaum, 2006). Despite the importance of 
smoking status, researchers define smoking status in various ways; there 
is no consensus on operational definitions of ‘regular’ or ‘past’ smokers 
(Ryan et al., 2012). 

2.1.2.4. Substance use. Substance use disorders and psychoactive sub-
stance consumption are known to show differentials effect on the 
neuroendocrine system. The central and peripheral nervous systems 
work in tandem to maintain homoeostasis, a crosstalk that may be 
compromised by drug intake. For example, researchers have observed 
immediate increases in CORT secretion (1–2 fold in magnitude) 
following 3,4-Methyl enedioxy methamphetamine (MDMA) consump-
tion; people who reported regular MDMA consumption for 3 months also 
demonstrated a 400% increase in cortisol secretion compared to people 
who did not consume MDMA (Parrot et al., 2014). Other 

psychostimulants, including amphetamines and cocaine, similarly in-
crease plasma CORT levels, and can affect mood and cardiovascular 
functions (Manetti et al., 2014). Findings are mixed among people who 
use cannabis, with some supporting both increased and decreased HPAA 
activation, as well as effects on basal and awakening CORT secretion 
profiles (Cservenka et al., 2018). Finally, one of the most common 
substances used is caffeine. The influence of caffeine on the HPAA is well 
documented. For example, Patz et al. (2006) found that although low to 
moderate doses did not modulate HPAA, they led to significant increases 
in corticosterone levels, which took 60 min to return to their initial 
levels. Higher doses impacted the HPAA for up to 120 min. Burke et al. 
(2016) found that caffeine consumption impacted the circadian cycle 
and suggested that it could impact the secretion of other hormones. 
Additionally, there has been an increase among youth and college stu-
dents in consumption of energy drinks, which not only contain higher 
doses of caffeine, but also contain other ingredients that are likely to 
have an impact on people’s health (Malinauskas et al., 2007; Ibrahim 
and Ifitkhar, 2014; Shah et al., 2019). 

2.1.2.5. Body weight. In North America, excluding Mexico, approxi-
mately two thirds of adults aged 20–64 years are overweight, and one in 
three people is considered obese (Flegal et al., 2012; Government of 
Canada, 2018). Worldwide about two in five people are overweight and 
one in ten are obese (WHO, 2016). At present, the impact of body weight 
on neuroendocrine system functioning remains uncertain (Incollingo 
Rodrigues et al., 2015); being overweight has been associated with 
hyper- (Odeniyo et al., 2015) and hypo- (Herhaus and Petrowski, 2018) 
responsiveness of HPAA. On the other end of the continuum, Schorr 
et al. (2015) found that participants with a low body mass index (BMI; 
Kg/m2) demonstrated increased CORT secretion compared with partic-
ipants with a BMI in the normal weight range. More specifically, Mon-
teleone et al. (2016) found an enhanced cortisol awakening response 
(CAR) in severely underweight participants with anorexia nervosa, but 
not in weight-restored participants; in other words, a dysregulation of 
CAR appears highly correlated with weight (Monteleone et al., 2016). 
Moreover, Pasquali et al. (2006) suggested that participants’ BMI re-
mains an important variable in understanding how diverse weight 
ranges may impact the stress response. 

2.1.2.6. Chronic diseases. Chronic diseases include diverse medical 
conditions that persist across time and cause impairments in daily living. 
Such diseases represent the leading cause of death and disability 
worldwide (WHO, 2019). Diabetes, coronary heart disease, cancer and 
chronic obstructive pulmonary disease (Dis-Chaves et al., 2016; Matura 
et al., 2018) have all been associated with increased CORT secretion. In 
North America, an estimated 25–33% of the adult population live with 
one or more chronic health conditions (Ward et al., 2012; Branchard 
et al., 2018), often associated with dysregulations of HPAA activation 
(Allen et al., 2014). Furthermore, in a recent Danish study (N ¼ 4,555, 
439), Hvidberg et al. (2020) reported that two-thirds of people aged 16 
years and older (65.6%) had at least one chronic disease. 

2.1.2.7. Working night shifts. Given that irregular shifts are a staple of a 
24/7 global economy, 15–30% of American and European adults report 
working night shifts, and an additional 19% report working regularly for 
periods extending over 2 h between 10 p.m. and 5 a.m (Boivin and 
Boudreau, 2014). Researchers have demonstrated that night shifts and 
irregular working schedules impact circadian cycles (Boivin and Bou-
dreau, 2014) and exert profound effects on physical and psychological 
health associated with dysregulation of HPAA and diurnal CORT 
secretion profiles (Charles et al., 2016; Gonnissen et al., 2013). There-
fore, more rigorous screening of work shifts is important to consider, 
especially if the sample of participants are undergraduate students. For 
example, in a longitudinal study, Lund et al. (2010) found that under-
graduate students reported chronically limited sleep, which appeared to 
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lead to other problems (e.g., more frequent consumption of alcohol and 
drugs). Thus, it is important to take this factor into consideration. 

2.1.3. Restriction of activities prior to participation 
When assessing CORT secretion using blood or saliva samples, 

environmental factors can interact with the collected measures (Garde 
et al., 2009). Various activities performed prior to a saliva sample have 
been shown to enhance endocrine measures (Kudielka et al., 2009), 
including: brushing or flossing teeth, receiving false results due to blood 
contamination (Kudielka et al., 2012; Stalder et al., 2016), physical 
exercise (Rahman et al., 2010), food consumption, (Stalder et al., 2016), 
caffeinated beverages (Patz et al., 2006), smoking (Rohleder and 
Kirschbaum, 2006) and any substance (Zhou et al., 2010) or alcohol 
(Badrick et al., 2008) use. Additionally, heavy alcohol consumption can 
negatively impact cognitive functions and performance on everyday 
tasks (Gunn et al., 2018) and therefore affect TSST performance (Badrick 
et al., 2008). 

2.2. TSST protocol application 

2.2.1. Selected resting period 
Researchers typically include a rest period before the TSST to ac-

count for multiple factors involved when participants take part in a 
laboratory session, including the participants’ means of transportation 
being possibly associated with stress or increased sympathetic activa-
tion, general stress related to participating in a study, or anxiety asso-
ciated with the performance task or with interacting with unknown 
people including the researcher (Kudielka et al., 2007). Additionally, 
Rahman et al. (2010) found that it takes the body up to 60 min to return 
to a homoeostatic state after vigorous physical activity. Indeed, letting 
participants acclimatize to the research environment ensures that they 
have the lowest physiological activation possible before the TSST to 
assess the real impact on CORT secretion. 

2.2.2. Period of the day 
The circadian rhythm of CORT is the gold standard measure to 

establish an optimal starting time in neuroendocrine studies (Liu et al., 
2017). CORT levels are lower in the afternoon than in the morning 
(Matsuda et al., 2012). Specifically, 30–45 min following awakening, 
people’s CORT levels increase by 50 to 156% before declining 
throughout the day (Stalder et al., 2016). Recent research demonstrated 
that morning CORT measures tend to be more accurate and represen-
tative, and less affected by external factors (e.g., caffeine intake; Mat-
suda et al., 2012). Women’s and older individuals’ CORT levels tend to 
differ from normalized values (e.g., women demonstrate a greater and 
prolonged response than men); researchers suggest paying close atten-
tion to these differences (Stalder et al., 2016). Finally, because the body 
will naturally tend to re-establish homeostasis after a certain period, the 
duration of the TSST session may impact the TSST outcome measures. 

2.2.3. Self-report anxiety/stress questionnaires 
Researchers frequently use self-report questionnaires to assess par-

ticipants’ subjective experience of anxiety and its relation to their 
observed behavioral and physiological responses. There is some evi-
dence that individual differences across a variety of factors can influence 
under- or over-reporting of subjective anxiety. For example, Karlson 
et al. (2011) found that women who reported higher job stress demon-
strated higher CAR, whereas men who reported lower job stress 
demonstrated higher CAR. In other words, both sex and perceived work 
stress impacted upon HPAA activation (Karlson et al., 2011). 

Measuring subjective anxiety may be important not only for under-
standing its effect on psychophysiological functioning, but also for un-
derstanding the role of psychophysiological functioning on real-life 
distress or impairment. Indeed, there are multiple examples in the 
literature demonstrating a lack of relationship between subjective and 
objective measurement of anxiety (e.g., Campbell-Sills et al., 2006;De 

Los Reyes et al., 2012; Puigcerver et al., 1989; Wilhelm and Roth, 2001). 
Some of these discrepancies are likely related to how people interpret 
their own physiological symptoms (i.e., as dangerous or not), and to the 
type of subjective anxiety that researchers measure (i.e., specific or 
general; De Los Reyes et al., 2012). Thus, it is possible that variations in 
subjective measurement result in different patterns of findings across 
studies using the TSST. 

2.2.4. Panel of judges and video recording 
Notwithstanding the gender of a participant, Allen et al. (2014) 

concluded in their critical review that a same gender across the panel of 
judges significantly influenced responses on a threat evaluating situa-
tion, especially when testing young men or women. Additionally, men 
and women demonstrate different HPAA responses to stressors (Dick-
erson and Kemeny, 2004; Kudielka et al., 2007). Specifically, men tend 
to exhibit higher CORT levels than women, whose responses vary 
depending on menstrual cycle or hormonal contraceptive use. 
Duschesne et al. (2012) demonstrated that both men and women 
exhibited increased CORT secretion only when performing in front of 
judges of the opposite gender. However, this effect was present only in 
women in the follicular phase (Duschesne et al., 2012). Moreover, many 
researchers videorecord participants’ performance, which is associated 
with amplified feelings of threat and elevated stress response (Biondi 
and Picardi, 1999). Thus, whether or not a TSST protocol includes vid-
eorecording may impact upon TSST outcomes. 

2.2.5. Speech and arithmetic tasks 
In a review article addressing the effects of public speaking on fear 

and anxiety and its impact on people’s physiology and perception, 
Garcia-Leal et al. (2014) found that 30–50% of people reported a fear of 
public speaking with approximately 40% of those reporting anxiety 
about being negatively evaluated by others (Stein et al., 2010). Speech 
tasks are common across different research areas given their ability to 
create a social-evaluative threat (Dickerson and Kemeny, 2004). 
Buchanan et al. (2014) demonstrated that people who engaged in the 
TSST demonstrated reduced speech fluency and increased physiological 
reactivity compared to those in a non-stressful condition. Participants in 
the TSST condition showed higher word productivity (i.e. the ratio of 
productive words to total words) and paused more often during their 
speech than those in the non-stressful condition. This effect was pro-
nounced in participants who evidenced higher cortisol and heart rate 
responses to the TSST, highlighting that speech tasks effectively induce 
stress and cause physiological changes in participants (Buchanan et al., 
2014). 

Similarly, close to 20% of the general population experiences some 
level of anxiety related to performing mathematical tasks (Dowker et al., 
2016). Indeed, in a review performed by Caviola et al. (2017), they 
found that participants who performed an arithmetic task under timed 
conditions tended to show a weaker performance than participants 
under untimed conditions, a phenomenon related to the interference of 
different task-associated cognitive domains, including working memory 
(Caviola et al., 2017). 

2.2.6. Recovery period 
A recovery period following the TSST enables researchers to measure 

CORT variation until its return to baseline levels, when the effects of the 
TSST are attenuated. Physiological stress persists after stress exposure, 
but the duration of the effects is still unclear (Brosschot et al., 2014). 
Therefore, researchers have included a recovery period following the 
TSST (Kirschbaum et al., 1993) to quantify these differences subsequent 
to a stressor. 

2.3. Physiological measures 

2.3.1. Heart rate 
HR measures represent a sensitive tool enabling researchers to 
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determine sympathetic nervous system activation in an experimental 
context. The Task Force of the European Society of Cardiology (1996) 
recommends taking HR measures every 5 min (cluster) for a short 
clinical study like the TSST. HR is a valid physiological measure to assess 
stress levels. Hellhammer and Schuber (2012) found that HR measures 
were significantly higher before and during the TSST and significantly 
lower during the recovery period, indicating a peak in physiological 
stress during the TSST. 

2.3.2. Cortisol collection 
Assessing salivary cortisol is a reliable, quick, and non-invasive way 

to determine changes in CORT levels (Hellhammer et al., 2009), making 
this method the most popular in human studies (Liu et al., 2017). 
Following a short-term stressor like the TSST, participants show 
increased salivary cortisol levels, reaching peak levels 15–20 min after 
the stressor (Kudielka et al., 2009; Kirschbaum et al., 1993). Recom-
mendations according to Kirschbaum et al. (1993) and a meta-analysis 
conducted by Liu et al. (2017) are that baseline cortisol measures be 
taken 30 min before the TSST, with time intervals between 10 and 25 
min and the last measure occurring between 30 and 70 min following 
the start of the TSST. Juster et al. (2012) and Dickerson and Kemeny 
(2004) validated that cortisol reaches peak levels after the 20 min 
following the beginning of the TSST. 

2.3.3. Blood collection 
Blood collection can help characterize endogenous biochemical 

changes (e.g., neurotransmitter and/or hormones) to address specific 
objectives. To standardize and facilitate study replication, recom-
mended time intervals for blood collection mirror those of cortisol. 
However, researchers who collect blood samples should minimize 
participant discomfort to avoid additional unwanted stress (Birkett, 
2011) given its invasiveness. 

3. Method 

3.1. Protocol and registration 

Prior to beginning our review, we registered our protocol in accor-
dance with the PRISMA-P checklist (Moher et al., 2015) with PROSPERO 
(CRD42017069908). The protocol was registered on June 21, 2017 and 
was last updated on April 15, 2019. There were three updates to clarify 
the wording and update the status of the systematic review; no changes 
to the protocol were made. 

3.2. Literature search strategy 

We focused our review on studies wherein researchers used the 
original version of the TSST (Kirschbaum et al., 1993) with adult pop-
ulations (18 years and older). A social sciences research librarian (P.R. 
L.) with expertise in knowledge syntheses assisted in drafting, devel-
oping, and implementing a search strategy that would retrieve relevant 
results from the following databases: APA PsycInfo (Ovid), Medline 
(Ovid), Web of Science, and Scopus. We developed a keyword search 
across multiple fields specific to the concepts of the TSST, psychosocial 
stressors, and speech tasks (See Appendix D for the complete search 
strategy). Database limits were not used at this stage of the review. The 
search was initially conducted in December 2017 (T1) and updated in 
July 2019 (T2). Articles collected at those time points were reviewed 
using the same criteria. We used Zotero (Roy Rosenzweig Center for 
History and New Media) and Covidence (Veritas Health Innovation) to 
manage references and complete the research for T1 and T2, respectively 
(see Fig. 1). 

3.3. Procedure 

A group of undergraduate and graduate students were trained to 

screen references. First, two independent reviewers screened the titles 
and abstracts to assess their relevance. In case of doubt or uncertainty, 
N.F.N.L. reviewed the title and abstract. If an article did not include an 
abstract, N.F.N.L. attempted to locate it online using Google Scholar, 
Pubmed, journal Web sites, and other databases. If unsuccessful, the 
study was categorized as not found and excluded. Studies with a brief or 
vague summary were triaged by N.F.N.L. to review and classify. During 
the second phase, all references that remained were screened by two 
independent reviewers according to the study eligibility criteria, section 
3.4. The third phase consisted of a second full-text screening by two 
independent reviewers in conformity with study selection, section 3.5. 

For clarification purposes, note that T1 and T2 refer to the dates when 
the literature searches were conducted. Only for T1, the principal au-
thors (N.F.N.L. & V.C.) added an extra step to increase efficiency during 
data extraction by removing articles that did not provide adequate in-
formation about their use of the TSST, making data extraction and 
interpretation impossible. Specifically, while doing full-text screening 
for the first time (section 3.4), studies that reported using the TSST but 
provided limited or no procedural details (e.g., failed to report infor-
mation concerning the speech or arithmetic tasks, only referred to the 
original article) were removed. 

3.4. Exclusion criteria 

During the title/abstract and full-text screening phases we used the 
following criteria to exclude ineligible studies. Studies were excluded if 
one of the following characteristics applied: (a) inclusion of participants 
17 years old or younger, mixed sample of adults and children, or lon-
gitudinal studies with participants under 17 years or younger; (b) pre-
sented as a conference publication (given methodological information is 
summarized and not detailed) or erratum study (c) book chapter or 
graduate thesis (not peer-reviewed); (d) not published in English; (e) did 
not use the original TSST, for example: group TSST, virtual TSST, Toxic 
Shock Syndrome, animal studies, meta-analysis or systematic reviews, 
research on stress not using the TSST, research on psychosocial factors, 
program evaluations, Tubien Scotopic Threshold Test, and adaptations 
of the TSST (i.e, using a single task, or completely modifying all tasks 
from the original TSST version). 

3.5. Study eligibility criteria 

To be included, articles had to report on several specific methodo-
logical aspects. We assessed inclusion using sequential steps in order of 
importance from a to e: (a) testing time window; (b) number of judges 
(we also noted if there was a mention of judges giving positive or 
negative feedback at any point during the TSST); (c) nature of speech 
and arithmetic tasks; (d) collection of cortisol and at least one type of 
self-report measure (e.g., anxiety questionnaires); and (e) HR or blood 
collection. Specifically, articles failing to provide information about the 
testing time window were eliminated. Then, articles failing to indicate 
information about the judges were eliminated. Then, criteria related to 
reporting about the speech or arithmetic task (e.g., speech’s type and 
duration, initial number for the arithmetic task), cortisol measures, 
anxiety questionnaires, HR or blood collection measurements were 
screened. 

3.6. Data extraction 

The following information was extracted from retained studies: (a) 
title of the article, authors’ name, and year of publication; (b) number of 
participants for each sex2 (men, women, or the combination of both), 

2 We use the term ‘sex’ to refer to biological sex at birth. We use the term 
‘gender’ to refer to an individual’s socially-constructed gender role and gender 
expression. 
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mean age and standard deviation for each sex, menstrual cycle stage for 
women if provided and any exclusion or inclusion criteria related to 
menstrual cycle; (c) exclusion criteria; (d) self-report measures and 
associated administration time; (e) number and gender of judges; (f) 
presence of recording equipment; (g) modifications to the TSST proto-
col; (h) TSST administration time; (i) resting period duration from 
arrival to TSST initiation; (j) controlled or prohibited activities (e.g., 
drinking or smoking); and required abstinence period prior testing; (k) 
instructions for participants’ speech preparation and delivery, and 
feedback received from judges; (l) characteristics of the arithmetic task, 
i.e., initial number used, number to be subtracted, and task duration; 
(m) resting period duration following TSST; (n) physiological measures 
(e.g., sampling frequencies and intervals). 

3.7. Risk of bias 

Given our goal of extracting methodological information rather than 
specific outcomes or effect sizes, we did not conduct a typical risk of bias 
assessment. In addition, we did two full text-screens to ensure accuracy. 

4. Results 

The database search (section 3.2) yielded a total (TT) of 17,309 
studies (T1 ¼ 14,349; T2 ¼ 2960). After eliminating duplicates, 6856 (T1 
¼ 6001; T2 ¼ 855) studies remained in the database. Following title and 
abstract screening, 5757 (T1 ¼ 5079; T2 ¼ 678) studies were excluded. 
The remaining 1099 (T1 ¼ 922; T2 ¼ 177) studies proceeded to the full- 

Fig. 1. Flow Diagram of the selection of the studies included in the systematic review (Moher et al., 2015). T1 and T2 refer to the dates when the literature searches 
were conducted. 

N.F. Narvaez Linares et al.                                                                                                                                                                                                                   



Neurobiology of Stress 13 (2020) 100235

7

text examination portion of the procedure (section 3.5). As reported in 
the procedural section 3.3, following an initial review of studies, we 
added one supplementary exclusion criterion related to poor reporting 
of TSST details for T1. This step eliminated 757 articles, leaving 165 
articles for T1. For T2, we applied these criteria during the study eligi-
bility phase (section 3.4). Finally, we retained 39 articles (Tt) following 
the study selection phase (section 3.5). The first authors excluded an 
additional four studies because the described methodology appeared 
inconsistent with the findings reported in the figures or in the result 
section. For example, the times at which cortisol measures were taken 
did not match what was reported in the methodology section and/or the 
figures. Therefore, 35 articles were ultimately included in this review. 
We provided a summary table of the study characteristics in appendix C 
and an excerpt in Table 1. In the reference list, articles included in the 
review are identified by an *. 

As explained in section 3.5, articles were excluded in sequential 
steps. However, we remained interested in the number of articles 
excluded based on the distinctive criteria. Overall, of the 165 articles 
examined in T1, insufficient details were found concerning the: testing 
time window (100 articles - 60.6%); speech or arithmetic tasks (13 ar-
ticles - 9.7%); number of judges (23 articles - 13.9%); or self-report 
(13.9%), blood (93 articles - 56.4%) or HR (132 articles - 80%) mea-
sures. We excluded 12 articles (7.3%) because the judges provided 
positive or negative feedback during the speech or arithmetic task. 
Several articles fell into more than one of the exclusion criterion cate-
gories, thus demonstrating a general lack in systematic reporting of 
methodological details. 

4.1. Administration of the TSST and stress-sensitive factors 

Please consult Appendix C for complete characteristics of all the 
screened studies. 

4.1.1. Women participants and hormonal status 
Twenty-three studies included women participants. Among these 

studies, seven omitted mention of the menstrual cycle while 16 
controlled for estrous cycle phases. Specifically, five included women in 
the luteal phase only, four included women in the follicular phase only, 
and three included women in either phase. Among the three studies 
wherein researchers did not control for either phase, only Maki et al. 
(2015)) found a significant difference in stress responses between 
women in the follicular and luteal phase, average age in both groups 
25.60 (5.39 SD) and 28.05 (5.83 SD), respectively. Twelve of the 23 
studies (52%) controlled for oral contraceptive use and 10 controlled for 
pregnancy, lactation, or breastfeeding. Finally, two studies controlled 
for post-menopausal status while the other studies excluded women who 
were post-menopausal, ovulating, in the follicular phase, or had irreg-
ular estrous cycles. 

4.1.2. Exclusion criteria 
In total, 26 different exclusion criteria were reported in the 35 arti-

cles. A total of 303 exclusion criteria were screened in the complete 
sample; studies used approximately nine exclusion criteria (mean ¼
8.66 � 3.11 SD), some of the most susceptible to impact results being 
detailed here. 

4.1.2.1. Medication. Thirty-two studies reported excluding participants 
taking prescribed drugs (i.e., psychoactive medication, all medication, 
or any medication consumed on a regular basis). 

4.1.2.2. Mental health status. Twenty-seven studies reported excluding 
individuals with mental illness, psychiatric disorder and/or DSM-IV Axis 
1 disorders. 

4.1.2.3. Tobacco use. Twenty-two studies reported excluding 

participants based on nicotine/tobacco consumption. Specifically, seven 
controlled for no smokers, five excluded people who reported smoking 
more than five cigarettes per day, three excluded “regular smokers”, two 
excluded “current smokers” and one excluded people with “low levels” 
of smoking. For the last three categories, the studies did not report the 
specific criteria used to define each state. Finally, four studies did not 
provide information about nicotine/tobacco consumption. 

4.1.2.4. Substance use. Nineteen studies reported excluding partici-
pants based on (problematic) substance use or a substance use disorder. 

4.1.2.5. Body weight. Twelve studies reported excluding participants 
based on their BMI; seven of these excluded participants who did not 
meet a minimum BMI threshold, while ten excluded participants for 
exceeding a specific BMI value. Generally, the BMI of the study partic-
ipants ranged between a minimum of 18–20 kg/m2 and a maximum of 
26–35 kg/m2. 

4.1.2.6. Chronic diseases. Ten studies reported excluding participants if 
they had a chronic disease, but provided no additional detail. 

4.1.2.7. Working night shifts. Only four studies reported excluding 
participants if they worked night shifts. 

4.1.3. Restriction of activities prior to participation 
In order for participants to be eligible for the TSST studies, absti-

nence from certain behaviors was required. Although restrictions varied, 
some were recurrent. Researchers asked participants to refrain from: 
eating (24 studies), drinking anything other than water (16 studies), 
engaging in physical exercise (16 studies), drinking coffee (14 studies), 
drinking alcohol (nine studies), using drugs (six studies), smoking (six 
studies), and brushing or flossing their teeth (two studies). Given the 
samples for each activity are either relatively small or the difference in 
time is large, it was difficult to assess an average time to refrain from 
each activity. Overall, the restriction period varied widely for the 
different behaviors extending between 60, 90, 120, 240, 270, 720, 1440, 
2880, and 4320 min prior to participation, a consideration that will be 
addressed in relation to the specific activities in the discussion section. 

4.2. Differences in the TSST protocol application among the sampled 
studies 

4.2.1. Selected resting period 
Nine studies reported having modified certain aspects of the TSST 

from the original protocol. Across reviewed studies, 12 different resting/ 
habituation periods prior to TSST exposure were used, many substan-
tially extending the initially proposed habituation time. In the original 
article, participants rested 30 min following a catheter placement or 10 
min when no blood samples were collected (Kirschbaum et al., 1993). 
On average, participants waited 55 � 7.42 min. However, no consensus 
emerged between studies; the resting periods were: 5 min (one study), 
10 min (three studies), 20 min (two studies), 30 min (13 studies), 40 min 
(one study), 45 min (two studies), 60 min (six studies), 70 min (one 
study), 90 min (three studies), 180 min (one study), 210 min (one 
study), and 240 min (one study). 

4.2.2. Period of the day 
Eleven studies reported initiating daily testing at the same time for 

every participant. Researchers often provided a time window for par-
ticipants to be tested, rather than one specific time. For example, “Par-
ticipants reported to the laboratory between 1200 and 1600" (Buchanan 
et al., 2014, section 2.4), “the TSST experimental sessions were run 
between the hours of 1100 and 1600" (Drake et al., 2017, TSST protocol 
section), or “TSSTs were administered in the afternoon between 2 p.m. 
and 5 p.m.” (Het et al., 2015, Procedure section). 
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Table 1 
Speech Task, Arithmetic Task and Judges and videotape - Example of information provided in Appendix C.  

Study Speech task Arithmetic Task Judges and videotape 

Preparation 
period (min) 

Time to 
deliver 
speech 
(min) 

Type of speech Digit 
number 
used 

Digit number 
used for 
subtraction 

Time to 
complete 
the task 
(min) 

Number of 
judges 
used for 
the panel 

Number of 
judges that 
were men 

Number of 
judges that 
were 
women 

Mentioned it 
was 
videotaped 

Abelson et al. 
(2014) 

3 5 Job interview 1022 13 5 2 1 1 Yes 

Bae et al. 
(2019) 

5 5 Job interview 2043 17 5 2 – – Yes 

B€obel et al. 
(2018) 

3 5 Job interview 3079 17 5 2 – – Yes 

Buchanan 
et al. 
(2014) 

5 5 Accusation defense 1022 13 5 1 – – No 

Drake et al. 
(2017) 

10 5 Job interview 1022 13 5 3 Both males 
and females 

– Yes 

Erickson et al. 
(2017) 

3 5 Job interview 1022 13 5 2 – – Yes 

Elzinga & 
Roelofs 
(2005) 

5 5 Job interview 1587 13 5 3 – – Yes 

Fries et al. 
(2006) 

3 5 Job interview 2083 17 5 3 2 1 Yes 

Giles et al. 
(2014) 

10 5 Job interview 1223 17 5 3 – – Yes 

Gr€opel et al. 
(2018) 

5 5 Job interview 2010 13 5 2 – – Yes 

Het et al. 
(2015) 

5 5 Job interview 2043 17 5 2 – – No 

Inagaki & 
Eisenberger 
(2016) 

5 5 Administrative 
assistant position 

2083 13 5 2 1 1 Yes 

Jiang et al. 
(2017) 

5 5 Accusation defense 1022 13 5 3 – – Yes 

Kern et al. 
(2008) 

3 5 Job interview 2043 17 5 2 – – Yes 

Klatzkin et al. 
(2018a) 

5 5 Job as a campaign 
manager for a local 
politician 

1022 13 5 3 – – Yes 

Klatzkin et al. 
(2018b) 

5 5 Job interview 2000 7 5 3 – – Yes 

Klatzkin et al. 
(2019) 

5 5 Job interview 2000 7 5 3 – – Yes 

Li et al. 
(2015) 

5 5 Job interview 2043 17 5 2 1 1 Yes 

Lupis et al. 
(2014) 

5 5 Job interview 2043 17 5 2 – – Yes 

Maki et al. 
(2015) 

10 5 Job interview 1687 13 5 3 – – Yes 

McInnis et al. 
(2014) 

3 5 Job interview 2043 17 5 2 – – Yes 

McInnis et al. 
(2015) 

3 5 Job interview 2043 17 5 2 – – Yes 

Oswald et al. 
(2004) 

10 5 Describe 
qualifications for 
hospital 
administrator 

2322 13 5 3 – – Yes 

Polheber & 
Matchock 
(2014) 

3 5 Job interview 2023 17 5 3 *mix- 
gendered* 

– Yes 

Reinelt et al. 
(2019) 

5 5 Job interview 2043 17 5 2 1 1 Yes 

Shalev et al. 
(2011) 

5 5 Job interview 1687 13 5 2 – 2 Yes 

Smith et al. 
(2016) 

10 5 Job interview 1022 13 5 3 – – Yes 

Souza et al. 
(2015) 

10 5 Good candidate for 
a future 
peacekeeping 
mission (army) 

910 7 5 2 2 – Yes 

Thomas et al. 
(2011) 

5 5 Job interview 1022 13 5 3 –  No 

Veer et al. 
(2011) 

10 5 one’s positive and 
negative 
characteristics 

1033 13 5 3 – – No 

(continued on next page) 
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On the one hand, providing time windows (rather than specific 
times) to participants allows researchers to accommodate different 
participant needs and increase study feasibility. On the other hand, time 
windows likely increase the variability of the stress response data, given 
that physiological measures are not taken at the exact same time of the 
day. Researchers reported sixteen times for participants to begin the 
study, varying from 08:30 to 18:30, with a window of 3.16 � 1.77 h in 
average. Forty-six ending times were reported, varying from 10:30 to 
21:40. For example, if participants arrive between 14:00 and 17:00 (3-h 
interval) and the experiment lasts ~70 min, the study end time will vary 
between 15:10 and 18:10. As shown in Table 2, providing such flexi-
bility to participants increases the variability between studies given that 
both the initiation times for each study and the duration of each study (i. 
e., resting period, duration of TSST, and recovery period) vary. This 
variation in time may be an important reason explaining why systematic 
reviews/meta-analyses report conflicting results. We found that in half 
of the studies we reviewed, researchers asked participants to stay for an 
additional 60.29 ( �7.64) min following the TSST, enabling them to 
evaluate the delayed impact of the test on physiological measures. 

4.2.3. Self-report anxiety/stress questionnaires 
Researchers used 18 different questionnaires to assess participants’ 

subjective state anxiety. On average, studies measured subjective state 
anxiety using more than a single questionnaire (2.23 � 1.24). All studies 
used at least one measure, 20 used at least two measures, 15 used three 
measures, and eight used four measures. The State-Trait Anxiety In-
ventory (Spielberger et al., 1983), the Positive and Negative Affect 
Schedule (Watson et al., 1988), and Visual Analogue Scales (e.g., Heller, 
et al., 2016) were the most popular questionnaires; they were used in 18, 
14 and 11 studies, respectively. Other scales included the Perceived 
Stress Scale (nine studies; Cohen et al., 1983) and the Beck Anxiety In-
ventory (nine studies; Steer and Beck, 1997); the remaining question-
naires were used in fewer than two studies and some of them seem to 
have been used as screening tools. Seventeen different questionnaire 
combinations were listed, although no consensus for a particular com-
bination of questionnaires was observed. The majority of studies used 
questionnaires before and after TSST completion allowing researchers to 
determine changes in subjective state anxiety due to the stressors. 

4.2.4. Judges’ number, gender and video recorded sessions 
In most studies (31 out of 35), researchers told participants that the 

TSST session would be videorecorded for further analysis. Only one 
study used a single judge, whereas the other studies reported using two 
(17 studies) or three (17 studies) judges. As for the judges’ gender, 10 
studies used both men and women on the panel, one study used only 
women, one study used only men, and twenty-four studies failed to 
report the genders of the judges. 

4.2.5. Speech task 
For the speech task, we noted three preparation times. Eight, eigh-

teen, and nine studies allotted 3, 5, and 10 min of preparation time, 
respectively. All studies reported a speech duration period of 5 min. 
Seven types of speeches were reported. The majority (24 studies) used a 
specific job interview task (asking participants what makes them the 
best candidate for their dream job), five used an accusation defense task, 
two asked participants to describe personal qualifications in an admin-
istrative job at a hospital, one asked participants to comment on their 
qualifications for a future peacekeeping mission, one asked participants 
to present positive and negative personal characteristics, one asked 
participants to present their qualifications as a future administrative 
assistant, and one asked participants to describe their qualifications as a 
campaign manager for a local politician. We identified nine combina-
tions of preparation times and speech types. The preparation times for 
studies using a job interview were three (8 studies), five (11 studies), 
and 10 min (5 studies). Five studies used an accusation defense speech 
and provided 5 min of preparation time and two studies provided 10 min 
preparation time for participants to describe qualifications as a hospital 
administrator. The remaining studies used either 5 min (i.e., adminis-
trative assistant or campaign manager for a local politician) or 10 min of 
preparation time (i.e., qualifications for future peacekeeping mission, 
personal positive and negative characteristics). 

4.2.6. Arithmetic task 
Researchers used 13 different initiation and subtraction numbers in 

the arithmetic task across 14 different number combinations. The two 
number sets predominantly selected (initial and subtraction numbers) 
were 1022 and 13 (12 studies) and 2043 and 17 (8 studies). For the 
remaining studies, 1687/13, 2322/13, 2000/7 were used in two studies 
each, respectively; and 910/7, 1033/13, 1223/17, 1787/13, 2010/13, 
2023/17, 2083/13 were used in one study each, respectively. All 
arithmetic tasks lasted 5 min. 

4.2.7. Recovery period following TSST 
We observed a wide range of resting periods across studies. Sixteen 

studies used recovery periods that were shorter than 1 h (from 10 to 55 
min); seven used over 1-h post testing recovery, and seven used recovery 
periods lasting over 90 min. On average, recovery periods lasted 60.29 
� 7.76 min. 

4.3. Physiological measures 

Collection times are preceded by minus ‘-’ or plus ‘þ’ signs to indi-
cate whether the physiological measures were collected prior or after 
TSST exposure, respectively, 0 min corresponding to TSST initiation. 
Given that studies used multiple collection intervals for the physiolog-
ical measures, we decided to round up the stated collection times when 

Table 1 (continued ) 

Study Speech task Arithmetic Task Judges and videotape 

Preparation 
period (min) 

Time to 
deliver 
speech 
(min) 

Type of speech Digit 
number 
used 

Digit number 
used for 
subtraction 

Time to 
complete 
the task 
(min) 

Number of 
judges 
used for 
the panel 

Number of 
judges that 
were men 

Number of 
judges that 
were 
women 

Mentioned it 
was 
videotaped 

Wand et al. 
(2007) 

10 5 Describe 
qualifications for 
hospital 
administrator 

2322 13 5 2 – – Yes 

Wiegand et al. 
(2018) 

10 5 Job interview 1022 13 5 2 – – Yes 

Xin et al. 
(2017) 

5 5 Accusation defense 1022 13 5 3 1 2 Yes 

Yao et al. 
(2016) 

5 5 Accusation defense 1022 13 5 3 1 2 Yes 

Zhang et al. 
(2019) 

5 5 Accusation defense 1022 13 5 3 1 2 Yes  
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needed. For instance, 18 min and 31 min were rounded up to the most 
proximal number, 20 min and 30 min, respectively. 

4.3.1. Heart rate 
Twenty-seven studies measured HR and thirty-four different time 

intervals were reported for recording initiation. On average, researchers 

collected nine HR measures (9.42 � 5.14). The time interval for HR 
collection varied greatly, HR sampling ranging from an initial collection 
at � 70 min and a final measure at þ 105 min post initiation of the TSST. 
Five studies recorded HR throughout the study but did not specify time 
(i.e., baseline, pre-TSST, TSST, post-TSST). 

Table 2 
Procedural timeline- Example of information provided in Appendix C.  

Study Initiation time for each Duration of each study Termination time for each study 

Initiation 
time 

End of provided 
time window 

Window 
(width) 

Rest Period 
before TSST 

Recovery 
period 
(duration) 

TSST 
Duration 

Experiment 
(Total duration) 

Termination 
time 

End of provided 
time window 

Time 1 
(24h) 

Time 2 (24h) In hours Min Min Min Min Time 1 (24h) Time 2 (24h) 

Abelson et al. 
(2014) 

13 – – 60 75 13 148 15.47 – 

Bae et al. (2019) 12 – – 210 130 15 355 17.92 – 
B€obel et al. 

(2018) 
13 – – 60 120 15 195 16.25 – 

Buchanan et al. 
(2014) 

12 16 4 30 40 15 85 13.42 17.42 

Drake et al. 
(2017) 

11 16 5 45 40 20 105 12.75 17.75 

Erickson et al. 
(2017) 

13.5 – – 60 60 13 133 15.72 – 

Elzinga & Roelofs 
(2005) 

9 – – 45 50 15 110 10.83 – 

Fries et al. (2006) 15 17.5 2.5 180 60 13 253 19.22 21.72 
Giles et al. (2014) 13 15 2 5 20 20 45 13.75 15.75 
Gr€opel et al. 

(2018) 
13 16 3 30 60 15 105 14.75 17.75 

Het et al. (2015) 14 17 3 30 25 15 70 15.17 18.17 
Inagaki & 

Eisenberger 
(2016) 

13.5 16.5 3 90 75 15 180 16.50 19.5 

Jiang et al. (2017) 13.5 18.5 5 30 30 15 75 14.75 19.75 
Kern et al. (2008) 12 16.5 4.5 60 90 13 163 14.72 19.22 
Klatzkin et al. 

(2018a) 
14 17 3 10 45 15 70 15.17 18.17 

Klatzkin et al. 
(2018b) 

16 17 1 10 80 15 105 17.75 18.75 

Klatzkin et al. 
(2019) 

14 16 2 10 30 15 55 14.92 16.92 

Li et al. (2015) 9 12 3 70 40 15 125 11.08 14.08 
Lupis et al. (2014) 14 17 3 30 45 15 90 15.50 18.50 
Maki et al. (2015) 13 17 4 60 10 20 90 14.50 18.50 
McInnis et al. 

(2014) 
13.5 18.5 5 30 120 13 163 16.22 21.22 

McInnis et al. 
(2015) 

13.5 18.5 5 30 120 13 163 16.22 21.22 

Oswald et al. 
(2004) 

12 – – 90 55 20 165 14.75 – 

Polheber & 
Matchock 
(2014) 

15 16 1 40 30 13 83 16.38 17.38 

Reinelt et al. 
(2019) 

11.75 – – 240 115 15 370 17.92 – 

Shalev et al. 
(2011) 

15 18 3 20 60 15 95 16.58 19.58 

Smith et al. 
(2016) 

15 16 1 30 30 20 80 16.33 17.33 

Souza et al. 
(2015) 

13 17 4 20 20 20 60 14.00 18 

Thomas et al. 
(2011) 

16 –  60 90 15 165 18.75 – 

Veer et al. (2011) 8.5 10.5 2 30 70 20 120 10.50 12.5 
Wand et al. 

(2007) 
12 – – 90 65 20 175 14.92 – 

Wiegand et al. 
(2018) 

15 – – 30 60 20 110 16.83 – 

Xin et al. (2017) 13.5 – – 30 60 15 105 15.25 – 
Yao et al. (2016) 14 17 3 30 30 15 75 15.25 18.25 
Zhang et al. 

(2019) 
14 17 3 30 60 15 105 15.75 18.75  
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4.3.2. Cortisol collection 
Researchers reported 38 different CORT collection times. On 

average, studies collected 6 CORT samples (6.29 � 3.06) over the 
experimental procedure. However, we found inconsistencies in CORT 
time sampling procedures across the 35 studies. No consensus emerged 
on when the initial salivary sample was collected (i.e., initial measure-
ment), the number of collected measures, or the interval between col-
lections. As an illustration, two studies collected the ‘initial’ CORT level 
at � 280 min, one study at � 180 min, one study at � 70 min, one study at 
� 50 min, two studies at � 45 min, one study at � 40 min, six studies at 
� 30 min, four studies at � 20 min, two studies at � 15, four studies at 
� 10 min, four studies at � 5 min, one study at � 1 min, and 6 studies at 0 
min (immediately preceding TSST initiation - noted as 0 min sample). 

4.3.3. Blood collection 
Twelve studies collected blood samples and thirty-three collection 

times were identified. On average, researchers collected seven samples 
(7.67 � 3.52). Similar to salivary cortisol sampling, blood collection 
showed a wide range of intervals, with no consensus as to a validated 
sampling procedure. For example, only five studies collected a blood 
sample at the initiation of the TSST at 0 min, two collected at þ5 min, 
two collected at þ10 min, six collected at þ15 min, two collected at þ20 
min, seven collected at þ25 min, two collected at þ30 min, five 
collected at þ35 min, two collected at þ40 min, seven collected at þ45 
min, three collected at þ50 min, one collected at þ55, five at þ60 min, 
two collected at þ65 min, two collected at þ70 min, three collected at 
þ75 min, and 15 collected blood samples between þ80 min and þ133 
min. As for the method of collection, seven studies reported collecting 
blood samples using an intravenous catheter, three studies used an 
indwelling catheter, and two studies used a peripheral venous catheter. 
In all cases, the technique involved introducing a catheter to collect 
venous blood samples while minimizing the discomfort and stress effect 
associated with repeated venepuncture. 

5. Discussion 

We conducted a systematic review to examine the degree to which 
researchers report various methodological details when using the TSST. 
We aimed to document reporting practices, identify differences in pro-
tocols that may be limiting comparison across studies—and 
thus—replication efforts, and make recommendations to increase stan-
dardization in future research using the TSST. Overall, we found that 
most researchers: 1) did not provide sufficient details to enable repli-
cation, 2) ignored a variety of discrete variables that could influence 
their findings (e.g., alcohol use, number of judges), and 3) when testing 
women, often failed to consider menstrual cycle phases, peri- and 
menopausal periods, and oral contraceptive use. For example, the results 
in section 4.3.2., Cortisol collection, provide support that researchers 
have introduced several changes to the initial protocol over time, 
resulting in a lack of standardization of the actual testing procedure. 
Initial CORT levels are important because they establish the baseline to 
which future levels are compared, to determine whether the TSST pro-
duces an increase or decrease of HPAA. Therefore, if initial CORT levels 
are measured at different times and different rates, it is difficult—if not 
impossible—to compare HPAA responses across time. This comparison 
difficulty increases if we also take into consideration the variation in 
testing windows (section 4.2.2). Consequently, in the following sections, 
we provide a set of guidelines based on the literature and on our findings 
with the ultimate goal of facilitating strong replication practices by 
reducing the impact of known confounding variables in HPAA responses 
to stress. 

5.1. Researchers should control stress-sensitive factors when using the 
TSST 

5.1.1. Women participants and hormonal status 
Guideline 1. Knowing that hormonal fluctuations in women can 

strongly influence responses to a stressor, researchers should assess and 
report women’s menstrual cycle phase or menopausal state. Moreover, they 
should include these variables in their statistical analyses (e.g., by 
creating separate groups or specifying a covariate; Gaffey et al., 2014). 
Ignoring or failing to report these variables can reduce sound study 
replication. If groups are too small to control for hormonal status in data 
analyses, researchers should—at a minimum—report frequencies for 
this variable so that the information is available for future knowledge 
synthesis efforts. Researchers could alternatively determine inclusion or 
exclusion criteria based on menstrual cycle, contraceptive use, preg-
nancy, or breastfeeding status. 

5.1.2. Exclusion criteria 
Guideline 2. Researchers using the TSST should assess and report: (a) 

medication use (type/duration of treatment), (b) mental or psychiatric 
disorders, (c) history of substance use, nicotine/tobacco and alcohol 
intake, (d) Body Mass Index range, (e) chronic diseases, (f) poor health/ 
physically unhealthy, (g) cardiovascular diseases, and (h) working night 
shifts. Reporting decisions about whether to include participants, 
exclude participants, or implement statistical controls based on these 
factors will enable clearer interpretation of the effects of any indepen-
dent variables on HPAA, and will also enhance the validity and repli-
cation of studies (Lilienfeld, 2017). Moreover, researchers should clearly 
indicate how they are measuring each of these factors. For example, how 
did they assess for current psychological disorders? What chronic dis-
eases were considered? 

In 1946, the WHO defined health in their constitution as “the state of 
complete physical, mental, and social well-being and not merely the 
absence of disease and infirmity” (WHO, 1946, p. 1). As such, health is 
often assessed via participant self-report (e.g. any medical conditions, 
medication, mental health symptoms, etc.). For research with human 
participants, it is up to the experimenters to decide a priori how they will 
define the health status of participants and, based on their definition, 
determine eligibility criteria for the study. Again, depending on the 
specific research goals, inclusion and exclusion criteria may vary. 
Regardless of how researchers define health for a given study, it is 
crucial to clearly report the definition in the methodology section, which 
was not the case for most of the studies reported in this systematic re-
view. In the conclusion (section 6.0), we offer some ideas for how re-
searchers can account for different confounding variables when 
interpreting their findings, using a guidance document we created. Ac-
cording to participants’ responses, researchers can operationalize their 
own definition of poor health/physically unhealthy and exclude par-
ticipants from participation or analysis accordingly. 

5.1.3. Restriction of activities prior to participation 
Guideline 3. Brushing or flossing teeth, smoking, using substances, 

drinking alcohol or caffeinated beverages, engaging in physical exercise, 
and eating are all behaviors that, to some extent, have an impact on 
HPAA. However, we found that researchers do not apply consistent 
standards for accounting for these behaviors. Therefore, we recommend 
that researchers systematically ask participants to report engagement in these 
behaviors prior to participating in the TSST (Stalder et al., 2016). More-
over, researchers should ask all participants to abstain from engaging in 
these behaviors at least 60 min prior to arriving at the laboratory. For 
alcohol and substance consumption, this period should be extended to 
24 h. Thus, including the rest period prior to beginning the TSST, 
90–120 min should elapse before researchers collect physiological 
measures to assess the impact of the TSST. That time frame will provide 
sufficient time for CORT secretion to stabilize prior to engaging in the 
TSST. 
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Additionally, caffeine withdrawal occurs when abstinence from 
caffeine leads to primary onset of symptoms 12–24 h after the last 
consumption, with the peak between 20 and 51 h, and a duration of 2–9 
days (Juliano et al., 2004). Therefore, researchers should carefully plan 
their TSST with consideration of how to restrict caffeine consumption 
while avoiding a withdrawal state for participants. 

5.2. Differences in the TSST protocol 

5.2.1. TSST protocol alterations and selected resting period 
Guideline 4. Considering our guideline to restrict the above- 

mentioned activities for 60 min prior to testing, we recommend that 
researchers implement at least 30 min resting time for participants upon 
arriving at the lab and prior to initiating the TSST to allow the individual’s 
physiological responses to stabilize. When participants initially arrive, 
their physiological activity may vary because of different personal, 
situational, and environmental factors (e.g., walking to the lab, anxiety 
about being in a strange environment or participating in research). 
During this period, researchers can greet participants, complete the 
consent process, and/or administer preliminary ques-
tionnaires—especially those that measure the various factors for which 
researchers should control (e.g., oral contraceptive use, medical his-
tory). We believe the acclimatization period is very important and we 
recommend a minimum of 30 min be implemented for every study. 

5.2.2. Period of the day 
Guideline 5. Researchers should choose a specific time of day at which 

participants can begin the study. We suggest avoiding wide time intervals 
as starting points, given that collected measures might not be compa-
rable, and people’s circadian rhythms can influence CORT values. The 
variability in time windows that we observed may explain some in-
consistencies found in the current research. Additionally, researchers 
should review the literature related to CORT circadian rhythms relevant 
to their target population (i.e., age and sex) prior to setting a starting 
point. Finally, researchers should carefully analyze and interpret mea-
sures taken beyond 90 min post-TSST to confirm that these values are 
associated with the experimental conditions and not to extraneous 
factors. 

Lastly, to our knowledge, there are no studies on the impact of 
waking time and cortisol levels during the day on TSST outcomes. 
However, in one study, Williams et al. (2005) measured CAR in 32 men 
and women over 6 days across three conditions: 2 early shift days, 2 
day-shift days, and 2 control (leisure) days. They found that waking time 
had no effect on CAR even when controlling for stress and sleep dis-
turbances. Future studies are warranted to investigate the impact of 
awakening time on diurnal cortisol levels. At present, researchers may 
ask participants to wake up at a specific time or within a defined 
morning time window to minimize influence of this possible con-
founding variable. However, at this time, no scientific research is 
available to sustain this claim. 

5.2.3. Self-report anxiety/stress questionnaires 
Guideline 6. Researchers should use a minimum of two different self- 

report questionnaires to assess participants’ subjective anxiety or stress 
state to ensure accurate estimates of anxiety experiences. Researchers 
should administer the questionnaires before and after the TSST to 
measure the impact of the TSST on participants’ subjective state anxiety 
(i.e., change in anxiety due to TSST). Given the large volume and variety 
of self-report state anxiety measures, researchers should carefully 
consider their research goals to select the measure(s) that best measures 
their target variables. For assessing in-the-moment state anxiety, we 
recommend the State-Trait Anxiety Inventory (STAI), the Positive or 
Negative Affect Schedule (PANAS), or the Visual Analogue Scale (VAS) 
because there is evidence that they are sensitive to change, some are 
available for free, and available in several languages (e.g, STAI in French 
[Gauthier and Bouchard, 1993]; STAI in Spanish [Virella et al., 1994]). 

Furthermore, given evidence that subjective and physiological anxiety 
measurements often diverge, researchers can better understand the 
impact of the TSST on different components of anxiety experiences 
across time by using these questionnaires at multiple timepoints and 
comparing subjective and physiological responses. 

5.2.4. Judges’ number, gender, and video recorded sessions 
Guideline 7. The original TSST included a panel of 3 judges. How-

ever, researchers have deviated considerably from this suggestion, using 
a smaller panel of 2 judges, primarily due to study feasibility. To our 
knowledge, there are no research findings suggesting significant effects 
of this procedural difference. However, given the large number of 
studies that have used two judges and the real need to facilitate study 
feasibility, adopting a standard of two judges would promote reliable effects 
that could easily be compared. We suggest using one man and one woman, 
rather than two same-gendered judges given findings that a mixed panel 
more effectively induces optimal HPAA activation (Allen et al., 2014; 
Duschesne et al., 2012). Because videorecording is effective in 
enhancing perceived stress and HPAA activation (Kudielka et al., 2007), 
we recommend telling participants that their performance will be 
recorded and judges will evaluate their non-verbal communication. 

5.2.5. Speech and arithmetic tasks 
Guideline 8. As shown in Table 1, we found considerable variability 

in the TSST speech task administration. In a meta-analysis, Goodman 
et al. (2017) found few differences between preparation times, but did 
not assess speech length or type. Therefore, in the interest of increasing 
consistency between studies, researchers should implement the following 
standard speech task process: 5 min preparation using a piece of paper and 
pencil to organize their thoughts, 5 min speech (without their notes) 
about why the participant considers themselves the best candidate for 
the job of their dreams. 

Guideline 9. We observed a wide variety of number combinations. To 
ensure researchers induce similar stress levels across participants and 
across studies, we recommend that researchers adopt a standard initial 
number and subtraction variable. We suggest maintaining the initial 
arithmetic combination described by Kirschbaum et al. (1993), asking 
participants to repeatedly subtract 13 from an initial number of 1022. 
Some systematic reviews/meta-analysis have tried to determine 
whether variation in the arithmetic task impacts CORT measures, but 
have not yielded significant findings (see Goodman et al. (2017) for an 
example), and one could not ascertain whether observed differences 
were accounted by the selection of the initial number, the subtracting 
number or the combination/interaction of both. Furthermore, given the 
variability observed across several variables (e.g., window time, men-
strual cycle, exclusion criteria), current knowledge synthesis efforts may 
not accurately estimate differences based on a single variable because of 
these multiple confounds. 

5.2.6. Recovery period 
Guideline 10. We must remain cautious about the possible lasting 

impact of the TSST on HPAA activation in certain populations, especially 
when there is so much variation across variables (e.g., menstrual cycle, 
age, time windows). Nonetheless, researchers should analyze and interpret 
with caution any physiological measures taken more than 90 min 
following TSST completion. To our knowledge, no researchers have 
demonstrated HPAA activation related to TSST exposure above this time 
interval. In other words, researchers investigating HPAA dysfunction, 
which is not typically observed at delayed intervals should do so through 
re-exposure to a second TSST session or to another acute stressor. 
Finally, researchers should include a post-test recovery period lasting at 
least 60 min to enable them to collect additional physiological measures 
and examine optimal recovery intervals in diverse populations. 
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5.3. Physiological measures 

5.3.1. Heart rate 
Guideline 11. HR measures are a practical, non-invasive method to 

quantify physiological activation of HPAA and a way to supplement 
salivary and/or blood measures (Liew et al., 2016). Based on the 
reviewed research and considering that HR can be taken continuously 
throughout the session without disturbing the TSST administration, we 
suggest that researchers collect HR measures at time intervals of � 30 min, 
– 5 min, 0 min, þ5 min, þ10 min, þ15 min, þ20 min, þ30 min, þ40 
min, þ50 min and þ60 min. Collecting HR measurements at sufficient 
time intervals will help better appreciate rapidly occurring changes in 
participants’ physiological arousal. 

5.3.2. Cortisol collection 
Guideline 12. We recommend that researchers take 6 CORT samples at 

� 30 min, 0 min, þ15 min, þ25 min, þ35 min and þ45 min. The pro-
posed time intervals have proven effective in the reviewed studies and 
appear optimal with protocols involving repeated blood or saliva sam-
pling. As researchers know, theory and practice do not always map onto 
one another. Thus, instead of taking a sample at þ10 min, which would 
occur between the end of the speech task and the beginning of the 
arithmetic task, we recommend taking it at þ15 min. By shifting the 
interval collection by 5 min, we may not be able to separate contribution 
of the speech and arithmetic task to cortisol secretion, but this strategy 
will enable the TSST to be completed without interruption. Indeed, some 
participants experience difficulty giving a saliva sample (i.e., partici-
pants taking medication or older adults; see Dickerson and Kemeny, 
2004; Juster et al., 2012). Considering the results in this review and the 
time profile of endocrine secretions following various moderate psy-
chogenic stressors, including the TSST, the proposed collection enables 
to cover an appropriate secretion time range and is aligned with results 
from previous findings (section 2.3.2). 

5.3.3. Blood collection 
Guideline 13. To our knowledge, no specific recommendations have 

been proposed for blood collection aimed at CORT measures during the 
TSST. Therefore, based on CORT secretion profile and numerous studies 
using TSST induced cortisol detection in saliva samples, we recommend 
blood sample collection be perfomed using the same intervals as for salivary 
CORT detection. Given that blood collection remains an invasive pro-
cedure, researchers should ensure it is completed by a team member 
with the appropriate qualifications (e.g., a registered nurse). Re-
searchers should consider whether this additional burden on research 
feasibility is on par with the desired outcome. 

Moreover, they should choose a blood sampling method (e.g., 
repeated venepuncture, indwelling line) taking into consideration the 
additional activities in which participants will be involved during the 
study. For example, if participants undergo a neuropsychological 
assessment, the presence of a needle inserted on the top of the hand 
could interfere with full arm dexterity and exert unanticipated effects on 
any neuropsychological task requiring a manipulation of objects. 
Therefore, researchers should carefully select the proper method to take 
blood samples based on the study paradigm. In this context, consulting 
the WHO guide is a good start (WHO, 2010). 

Although we focused primarily on the main physiological measures 
assessed during the TSST (i.e., CORT), it is worth mentioning that saliva 
and/or blood samples allow researchers to measure several other 
endocrine responses. For example, researchers could assess the influence 
of the main sex hormones in women (i.e., estradiol and progesterone) on 
study outcomes while other researchers study the impact of the TSST 
exposure on immune parameters (e.g., cytokines) using collected saliva 
and/or blood samples (for a review see Allen et al., 2014). These ana-
lyses need to be carefully planned in advance for two main reasons: 1) 
analysis of different endocrine parameters can be very costly, and 2) the 
amount of saliva and/or blood can differ depending on the number 

and/or nature of the endocrine/immune responses assessed. Re-
searchers interested in collecting and analyzing endogenous biomarkers 
should develop a detailed plan before beginning data collection. 

6. Conclusion 

The TSST has been a true asset in investigating the impact of social 
stress exposure on various functional outcomes. Nonetheless, in 
reviewing these individual studies, we noted no systematic processes 
among researchers across a number of variables and factors. First, there 
is considerable variability across studies in exclusion criteria, which 
makes it difficult to replicate or compare studies. Second, we found 
substantial variability in time intervals implemented in all phases of the 
TSST, with a notable lack of similarity across articles, and in whether or 
not researchers considered hormonal status among women. These two 
major factors may play a primary role in the wide variety of findings in 
this research area. We found no standardization across studies of 
optimal times for collection of various physiological measures, compli-
cating future researchers’ ability to select time intervals when designing 
a study. We acknowledge the cost associated with collecting multiple, 
repeated physiological measures. However, selecting consistent in-
tervals, even if it is not feasible to use all measures at a high frequency, 
whether due to costs or participants not being suited for repeated 
sampling, still represents a minimum standard, and an improvement 
over the current situation. We strongly believe that establishing key time 
collection intervals can set the stage for improved knowledge synthesis 
and transfer. 

Throughout the years, researchers have implemented many changes 
to the original protocol. Several studies reported divergent findings, 
which may be partly attributable to methodological differences. In this 
review, we noted that only 20% of the articles eligible for this review (i. 
e., because they reported a sufficient amount of methodological detail) 
were published before 2014. Thus, the scientific field may be becoming 
more aware of this methodological variability, and prioritizing high 
reporting standards to facilitate research replication (Lilienfeld, 2017). 

Given that our findings are similar to those reported in past reviews 
(Labuschagne et al., 2019; Allen et al., 2014, 2017; Goodman et al., 
2017), our work provides additional support to past criticisms of TSST 
variations using best practices for knowledge syntheses. Using a sys-
tematic approach, our review validates the recommendations from 
previous work, and through rigorous assessment of the controlled fac-
tors across studies, enabled us to provide informed guidelines to be used 
in future research. 

Since the inception of our review, we realized that researchers 
devoted to studying stress have made significant gains to increase our 
understanding of the consequences and influence of stress in our daily 
lives. Nevertheless, even one of the most rigorous paradigms like the 
TSST is not immune to methodological drift following new discoveries. 
As such, we used this systematic review to develop a TSST researcher’s 
guide—a shortlist of elements researchers should consider prior to using 
the TSST. Our ultimate goal is to facilitate standardization of the 
research protocol via a detailed methodology, including a proposed 
timeline for the collected physiological measures (appendix A) and a 
background questionnaire (appendix B) to guide researchers in consid-
ering several factors that could influence findings. Specifically, we aim 
to raise awareness of the different variables that can influence TSST 
outcomes. However, specific research objectives and resource limita-
tions will undoubtedly require adaptations in applying the proposed 
recommendations. Rather than a strict set of implementation rules, we 
conceptualize Appendix B as a flexible guide to aid in controlling 
potentially influential or confounding variables by taking these factors 
into account when designing the study, collecting a large amount of 
data, analyzing data, and interpreting their findings. To our knowledge, 
there are no comparable documents available in the literature. We hope 
that researchers will use these resources to facilitate data collection, 
research replication, data analysis, and eventually improve study 
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comparisons and knowledge synthesis (Stark, 2018). 
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