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ORIGINAL RESEARCH REPORT

A laboratory medical anamnesis interview elicits psychological and
physiological arousal

Sarah C. Sturmbauera , Andreas R. Schwerdtfegerb , Simon Schmelzlea and Nicolas Rohledera

aDepartment of Psychology, Friedrich-Alexander University Erlangen-N€urnberg, Erlangen, Germany; bInstitute of Psychology, University of
Graz, Graz, Austria

ABSTRACT
Since medical communication can be perceived as stressful, the assessment of patients’ physiological
arousal and behavior during anamnesis interviews may lead to a better understanding of doctor-patient
interactions. Therefore, the aim of this study was to test physiological arousal and word use in a labora-
tory anamnesis interview. In total, sixty-five participants with a mean age of 25.0 years were randomly
assigned either to an experimental group (n¼ 35, 65.7% women) in which they underwent an anamnesis
interview or to a control group (n¼ 30, 73.3% women). Physiological arousal was assessed by salivary cor-
tisol, salivary alpha-amylase (sAA), heart rate (HR) and heart rate variability (HRV). Psychological arousal
was assessed using the Positive and Negative Affect Schedule (PANAS). Anamnesis interviews were ana-
lyzed using the Linguistic Inquiry and Word Count text analysis tool (LIWC). Participants of the experimen-
tal group showed an increase of sAA, HR and negative affect (p’s �.0.05). Moreover, higher cortisol area
under the curve with respect to ground (AUCg) was associated with lesser use of positive emotion words
during the interview and subsequent higher negative affect (p’s <.05). These results indicate that talking
about one’s own and family’s medical history in anamnesis interview induces physiological arousal. Our
findings suggest that anamnesis interviews could not only induce higher negative affect, but also induce
physiological arousal, underscoring the importance of good doctor-patient communication.
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1. Introduction

As medical settings come along with many uncertainties for
the patient (e.g. new interventions, hospitalization, upcoming
procedures), and often include loss of control, it is the health-
care providers’ responsibility to provide a setting that fosters
understandable communication and ensures good decision
making. Before starting a care plan or undergoing any pro-
cedure, patients are confronted with consultations, but our
knowledge on the experience of stress (and its consequen-
ces) during medical consultations is limited. Previous research
has shown that patient’s reactions to medical situations as
well as poor medical communication has negative conse-
quences for the adherence to a treatment plan leading to
less health literacy and poor compliance (Arbuthnott &
Sharpe, 2009; Esfandiari et al., 2020; Garc�ıa-Llana et al., 2014;
Karvinen et al., 2013; Miller, 2016). Emotional arousal induced
by breaking bad news for instance impaired the recall of rele-
vant medical information (e.g. van Osch et al., 2014).
Moreover, research on cancer patients has shown that poor
communication could severely impact psychological well-
being of patients, leading to social, emotional and high eco-
nomic costs (Lehmann et al., 2009; Thorne et al., 2005).

Taken together, patients in medical settings are con-
fronted with situations, in which the characteristics of these

situations can provoke feelings of stress (Blascovich &
Tomaka, 1996; Dickerson et al., 2004; Dickerson & Kemeny,
2004; Dienstbier, 1989; Henry & Grim, 1990; Mason, 1968;
Rose, 1980; Sapolsky, 1993; Sapolsky et al., 2000). Moreover,
the social self-preservation theory suggests that situations
which pose a threat to one’s social-self elicit physiological
reactions if the situation (1) contains a social evaluative
threat and (2) is interpreted as uncontrollable (Dickerson &
Kemeny, 2004). However, research in this field, with few
exceptions (e.g. van Stegeren et al., 2006), is lacking.

1.1. Present study

As medical communication plays a key role in many health
outcomes and research on patients’ physiological stress levels
during medical consultations is limited, a standardized
experimental approach could improve our knowledge of indi-
vidual responses during doctor-patient interactions. The goal
of the present study was to investigate psychophysiological
arousal in doctor-patient interactions under standardized cir-
cumstances. Therefore, participants were randomly assigned
to an experimental group (EG), in which they underwent an
audiotaped semi-structured anamnesis interview where they
were asked about their own and their family’s medical
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history, or to a control group (CG), in which they watched a
documentary. Salivary cortisol, salivary alpha-amylase (sAA),
heart rate (HR) and heart rate variability (HRV) were analyzed
to assess physiological arousal. Changes in participants’ affect
were assessed, and verbal behavior during the interview was
assessed via word analysis (Pennebaker et al., 2015; Tausczik
& Pennebaker, 2010; Weintraub, 1989).

We expected that a medical consultation would result in
higher physiological arousal as compared to a control condi-
tion. Specifically, we expected an increase of sAA, cortisol, HR
and negative affect due to the anamnesis interview, as well
as a decrease of HRV during the anamnesis interview and a
decrease of positive affect after the interview. Moreover, we
hypothesized that patients’ affective state would be associ-
ated with elevated physiologial arousal. Regarding word use,
we expected that emotional words as well as health-related
words would be associated with stress responses.

2. Method

2.1. Participants

Participants were recruited from the local community from
March to December 2017. Inclusion criteria were: (1) above
18 years of age, (2) not taking medications, (3) no major psy-
chiatric disorders, (4) not pregnant or breast feeding and (5)
no coronary heart disease, cardiovascular disease or acute
infectious disease. Nine participants did not meet the inclusion
criteria and were excluded from analysis. In total 16 women
reported intake of hormonal contraceptives. The study sample
consisted of 65 participants (69% female) which were ran-
domly assigned to two groups: Standardized anamnesis inter-
view (experimental group, EG; n¼ 35) or control group (CG;
n¼ 30). A sensitivity power analysis performed with G�Power
indicated 95% power to detect an effect size of f¼ 0.18 (4
time points for saliva samples) and an effect size of f¼ 0.17 (5
time points for HR/HRV time segments) in an rmANOVA with
A ¼ 0.05, two tailed (Faul et al., 2009). See description of the
study sample in Table 1. The study protocol was approved by
the local ethics committee (Friedrich-Alexander University
Erlangen-N€urnberg; 332_16 B) and carried out in accordance
with the declaration of Helsinki. Written informed consent was
obtained from all participants at study entry. Participants
received monetary compensation for participation.

2.2. Procedure

Participants were scheduled for their lab visit between 2 pm
and 7 pm to control for diurnal rhythms of cortisol and sAA
(Rohleder & Nater, 2009). Participants were instructed to
refrain from exercising 24 h before their scheduled appoint-
ment, and from eating or drinking anything except water
one hour before their visit. Upon arrival, participants were
escorted to equally furnished testing rooms and written
informed consent was obtained.

For HR recording, participants were fitted with a Polar
watch (Polar Electro) with a heart rate sensor around their
chest. Basic demographics and current affect were assessed
using an online survey tool (“Unipark”, Questback, Germany).

They were then randomly assigned either to the EG or to the
CG. Participants in the EG were informed that they will
undergo an anamnesis interview followed by a venipuncture,
while the remaining participants were informed that they
had been assigned to the CG. Afterwards, 45min after arrival,
all participants started watching a documentary (BBC one
Planet Earth program, Episode 2 “Mountains”), which was
presented on a tablet (Samsung) for five minutes without
audio. After four minutes of watching the documentary, the
first saliva sample was taken.

Participants in the CG continued watching for another
15minutes. This protocol for the CG is based on our experi-
ence with other acute stress studies, and optimized to not
elicit arousal and to not activate physiological stress systems.
Participants in the EG stopped watching the documentary
and were escorted into a separate room with one male and
one female study team member wearing white lab coats. As
a cover story, participants were told that the anamnesis inter-
view would take place to learn about their own and their
family’s medical history to then perform a venipuncture to
assess inflammation. For the next 15minutes, they underwent
an audiotaped semi-structured anamnesis interview. After the
interview, participants returned to their original testing room.
Affect was assessed shortly afterwards in both groups. Saliva
samples were taken 5, 15, and 20minutes after the interven-
tion. After that, participants’ height, weight and body com-
position were measured. Participants were explicitly
debriefed and informed about the cover-story.

2.2.1. Semi-structured anamnesis interview and word
use analysis
As a trained paramedic, one of the authors (S.Schm.) con-
ducted the semi-structured interviews, while another team

Table 1. Sociodemographic characteristics of participants.

CG EG Full sample

Baseline characteristics n % n % n %

Gender
Female 22 73.3 23 65.7 45 69.2
Male 8 26.7 12 34.3 20 30.8

Marital status
Single 22 73.3 27 77.1 49 75.4
In a relationship 4 13.3 3 8.6 7 10.8
Married 4 13.3 4 11.4 8 12.3

Highest educational level
German “Abitur”a 19 63.3 19 54.3 38 58.5
Bachelor degree 4 13.3 8 22.9 12 18.5
Master degree 5 16.7 5 14.3 10 15.4
Other 2 6.7 2 5.7 4 6.2

Employment
Unemployed 2 6.7 2 5.7 4 6.2

Student 21 70.0 26 74.3 47 72.3
Employed 4 13.3 4 11.4 8 12.3
Other 3 10 2 5.7 2 3.1

Doctor visits in the last 6 months
None 13 43.3 11 31.4 24 36.9
1–2 Per month 14 46.7 21 60 35 35.8
3–4 Per month 2 6.7 0 0 2 3.1

Distress due to doctor visitsb 11 36.7 14 40.0 25 38.5
Diseasesb 6 20.0 10 28.6 16 24.6

N¼ 65 (CG: n¼ 30; EG: n¼ 35). Participants were on average 25.0 years old
(SD¼ 8.4) and body mass index (BMI) ranged from 17.7 to 40.5 kg/m2. Non-
responders are not displayed.

aEquivalent to high school diploma. bReflects the number and percentage of
participants answering “yes” to this question.
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member recorded the interview. The two interviewers were
instructed to behave neutrally toward participants. The test-
ing room was furnished with a desk and a treatment table to
simulate a doctor’s office. To accentuate the atmosphere of a
medical setting, a second table next to the treatment table
presented typical medical instruments for performing veni-
punctures (tourniquet, needles, tubes, swabs, band-aids). The
interview took between 8 and 18minutes (M¼ 14:06,
SD¼ 02:03). All interviews were audiotaped using dictation
devices (Philips and GLTECK) and covered the following
topics (tailored follow-up questions were asked individually, if
necessary). First, we asked for previous illnesses, surgeries as
well as physical or mental complaints in the last 6months.
Then, participants’ current drug intake as well as gender spe-
cific medication were assessed (men: intake of potency drugs;
women: intake of hormonal contraceptives), followed by sev-
eral questions to cover for common risk factors like smoking,
alcohol consumption and diseases prevalent in the family.
Further, participants’ willingness to attend preventive medical
checkups was recorded (e.g. cancer screening, colonoscopy)
or if they had attended one recently. Assessment of allergies,
intolerances and common vaccinations followed as well as
any negative experiences with doctors or medical treatments
in the past. To steer the conversation to the venipuncture,
participants were asked about previous reactions to veni-
punctures. Participants were then informed about risks (e.g.
swelling, bleeding, infection, artery puncture) to increase
threat perceptions. In order to perform the upcoming veni-
puncture, the interviewer told them, he would measure
blood pressure first. Blood pressure was measured using a
common oscillometric blood pressure monitor (boso medicus
X, BOSCHþ SOHN, Jungingen, Germany). The interviewer
then announced blood pressure levels and explained that he
had now gained enough information about the participants
health and that the venipuncture would not be performed.
Participants then returned to the original testing room and
were debriefed.

Audiotaped interviews were transcribed and analyzed
using the Linguistic Inquiry and Word Count (LIWC;
Pennebaker et al., 2001; Wolf et al., 2008) text analysis tool
(dictionary version 2015; Pennebaker et al., 2015). The tran-
scripts contained exclusively the speaking parts of the partici-
pants, in which colloquial language was translated into
standard German. Our targets were the following word cate-
gories and its subcategories: “Biological Processes” (e.g. eat,
blood, pain), with subcategories “Health” (e.g. clinic, flu, pill)
and “Body” (e.g. cheek, hands, spit). Furthermore, the word
category “Affective Processes” (e.g. happy, cried) with subca-
tegories “Positive Emotion” (e.g. love, nice, sweet) and
“Negative Emotion” (e.g. hurt, ugly, nasty) was considered.

2.3. Measures

2.3.1. Salivary cortisol and sAA
Saliva was collected via Salivettes (Sarstedt, N€umbrecht,
Germany) and stored at � 30 �C until cortisol concentrations
were assessed in duplicates using a chemiluminescence
immunoassay (CLIA, IBL International, Hamburg, Germany).

sAA was measured by a quantitative enzyme kinetic method
(Roche Diagnostics, Mannheim, Germany; Becker & Rohleder,
2020). Intra- and inter-assay coefficients of variation were
below 10%.

2.3.2. HR and HRV
To analyze HR and HRV, five segments of 5minutes each
were selected and processed using Kubios HRV (Kubios Ltd.)
premium version 3.0.2 (Tarvainen et al., 2014). HR and HRV
Data was visually checked for artifacts and corrected if neces-
sary. As detrending method the “Smooth N priors algorithm”
was used. FFT was calculated via Welch’s periodogram using
256 s window with 50% overlap. Due to one outlier regarding
artifacts as well as some missing data, HR and HRV results
below are reported on a sample size of N¼ 60. First segment:
5-minute documentary prior to the anamnesis interview.
Interviews were split into three 5-minute segments, followed
by one recovery segment (similarly timed segments in CG).
We refer to the aforementioned segments as phases (1–5).
Time-domain measures included HR and Root Mean Squared
of Successive Differences (RMSSD), as well as proportion of
successive normal-to-normal interbeat-intervals that differed
by more than 50ms divided by the total number of NN inter-
vals (pNN50). Frequency domain parameters were high fre-
quency power (HF; 0.15–0.4 Hz) and the ratio of low
frequency to HF power (LF/HF). RMSSD, pNN50 as well as HF-
HRV represent the vagal tone, whereas LF-HRV represents a
mix of both sympathetic and vagal activity and baroreflex
activity (Laborde et al., 2017).

2.3.3. Positive and negative affect
To assess mood changes, the 20-item German version of the
Positive and Negative Affect Schedule (Krohne et al., 1996;
Watson et al., 1988) was completed before and after the
anamnesis interview. Positive affect (PA) was further subdi-
vided into joy, interest and activation (Egloff et al., 2003).
Internal consistency of both time points was very good for
PA, a¼ 0.81 and a¼ 0.88 and acceptable for negative affect
(NA), a¼ 0.62 and a¼ 0.77.

2.4. Data analysis

All analysis were conducted in R (R Core Team, 2020) 3.6.3,
RStudio 1.4.1103 and IBM SPSS Statistics 28. Normal distribu-
tions of variables were calculated with the Shapiro-Wilk test
and we did not find outliers. For cortisol and sAA increase
we computed the second sample minus first sample, as well
as cortisol AUCg (Pruessner et al., 2003). HRV variables were
log-transformed due to skewed distributions. For HR increase
we computed the average HR of phase 2 (first phase of inter-
vention) minus phase 1 (baseline). For HR and HRV compari-
sons between the intervention phase and the baseline we
computed the average of phases 2–4 minus phase 1.
Analyses of variances included the between-subjects factor
group, the within subjects factor time (2 levels for affect, 4
levels for saliva samples and 5 levels for HR/HRV) as well as
the following covariates: BMI, disease of the hepatobiliary
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system and metabolic disorders. All analyses regarding
physiological parameters were calculated both including and
excluding covariates to test for robustness and are reported
using Greenhouse-Geisser correction. The level of significance
for all analyses was a� 0.05. Results reported below are con-
trolled for covariates. Of note, the pattern of main findings
was similar when covariates were not included, exceptions
are noted. Moreover, we refer to effect sizes of partial Eta-
squared g2

p ¼ 0.02 as small; g2
p ¼ 0.08 as medium; and g2

p ¼

0.16 as large (Cohen, 1977).

3. Results

3.1. Salivary cortisol and sAA

Salivary cortisol levels showed significant differences over
time (4 levels) between the EG and CG (FTime�group(1.61,80.45)
¼ 4.22, p ¼ .025, g2

p ¼ 0.08; Figure 1). This significant differ-
ence was based on a significantly stronger decrease in the
CG as compared to the EG (i.e. significantly lower increase;
Fgroup(1,51) ¼ 7.06, p ¼ .011, g2

p ¼ 0.12). However, groups
did not significantly differ regarding total cortisol output,
assessed by AUCg (Fgroup(1,55) ¼ 0.23, p ¼ .632, g2

p ¼ 0.005),
suggesting that overall cortisol levels did not differ between

the two groups. sAA levels showed a significant difference
over time (4 levels) between the EG and CG
(FTime�group(2.65,153.65) ¼ 6.65, p < .001, g2

p ¼ 0.10). sAA
increases after the intervention were significantly higher in
the EG vs. CG (Fgroup(1,58) ¼ 15.476, p < .001, g2

p ¼ 0.21).
However, CG showed significantly higher baseline sAA levels
than EG (see Figure 1; Fgroup(1,58) ¼ 8.62, p ¼ .005, g2

p

¼ 0.13).

3.2. HR and HRV

3.2.1. Time domain analyses
HR showed significant differences over time (5 levels)
between the EG and CG (FTime�group(3.00,161.51) ¼ 17.18, p <
.001, g2

p ¼ 0.24). In detail, differences emerged between
phase 1 (baseline) and phase 2 (first phase of intervention),
as well as between phase 4 (last phase of intervention) and
phase 5 (recovery). On average, participants of the EG
showed a significant increase in HR (Figure 2; Table 2) of
M¼ 6.35 bpm (SD¼ 6.39) at the beginning of the interven-
tion (Fgroup(1,54) ¼ 13.97, p < .001, g2

p ¼ 0.21) and a signifi-
cant decrease after the intervention as compared to the CG
(Fgroup(1,54) ¼ 41.58, p < .001, g2

p ¼ 0.44). pNN50, showed
significant differences over time (5 levels) between EG and

Figure 1. Time course of salivary cortisol and sAA. Participants in the control group (CG) showed a significantly lower increase of cortisol after the intervention than
the experimental group (EG) (A and B). Moreover, participants in the EG showed a significant increase of sAA levels after the interview (C and D).
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CG (FTime�group(2.79,150.59) ¼ 5.21, p ¼ .002, g2
p ¼ 0.10). In

detail, differences emerged between phase 2 and phase 3
and between phase 4 and 5. On average, participants of the
EG showed a significant decrease at the beginning of the
intervention (Fgroup(1,54) ¼ 5.62, p ¼ .021, g2

p ¼ 0.10) and a
significant increase after the intervention as compared to the
CG (Fgroup(1,54) ¼ 8.36, p ¼ .006, g2

p ¼ 0.14). Regarding
RMSSD, we did not find any group differences over time (p’s
>.05) (Table 3).

3.2.2. Frequency domain analyses
HF-power did not differ significantly over time between both
groups (p > .05). However, the ratio of LF/HF showed signifi-
cant differences over time (5 levels) between both groups as
became evident by an interaction of time by group
(FTime�group(3.5,191.59) ¼ 7.11, p < .001, g2

p ¼ 0.12). More
precisely, the ratio during the intervention (phases 2–4) was
statistically higher in the EG (M¼ 2.20, SD¼ 1.24) than in the
CG (M¼ 0.53, SD¼ 1.61) (Fgroup(1,54) ¼ 15.71, p < .001, g2

p ¼

Figure 2. Average HR assessed over time. The experimental group (EG) exhibited a significantly higher HR during the intervention as compared to the control group
(A). HR of the EG increased by M¼ 6.35 bpm at the beginning of the intervention relative to baseline (B).

Table 2. Average salivary cortisol and salivary alpha-amylase (sAA) through study protocol.

Baseline After the intervention

Sample 1 Sample 2 Sample 3 Sample 4

CG EG CG EG CG EG CG EG
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Salivary measure
Cortisol (nmol/L) 3.26 (2.36) 3.01 (2.00) 2.57 (1.55) 2.83 (1.75) 2.31 (1.47) 2.81 (1.72) 2.34 (1.43) 2.76 (1.89)
sAA (U/mL) 95.26 (68.13) 54.44 (42.44) 88.44 (70.72) 83.10 (64.12) 91.07 (76.11) 57.24 (38.79) 83.12 (82.17) 56.80 (48.98)

Saliva sample 1 was taken one minute prior to the intervention. After the intervention, saliva samples 2–4 were taken after 5, 15 and 20 minutes.

Table 3. Average HR and HRV parameters through study protocol.

Baseline Intervention Recovery

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

CG EG CG EG CG EG CG EG CG EG
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Time domain
HR (bpm) 73.70 (11.71) 72.37 (9.62) 74.08 (11.70) 78.72 (12.66) 73.46 (12.18) 79.46 (12.10) 73.60 (11.16) 78.49 (12.82) 73.35 (11.20) 71.56 (11.12)
pNN50 28.59 (20.88) 28.21 (21.42) 29.98 (20.59) 23.56 (16.23) 29.40 (21.78) 21.44 (15.96) 29.98 (18.97) 22.62 (14.83) 28.05 (18.58) 30.41 (20.93)
RMSSD 3.90 (.63) 3.83 (.61) 3.93 (.61) 3.78 (.60) 3.91 (.60) 3.70 (.56) 3.92 (.60) 3.77 (.57) 3.86 (.56) 3.91 (.65)

Frequency domain
HF 6.89 (1.10) 6.82 (1.19) 6.93 (.93) 6.75 (1.29) 6.75 (.90) 6.56 (1.16) 6.85 (.99) 6.68 (1.17) 6.70 (1.05) 6.96 (1.29)
LF/HF .14 (1.03) .40 (.94) .26 (.91) .87 (.57) .15 (.96) .99 (.69) .26 (.86) .78 (.80) .47 (.80) .28 (.83)

Phases relate to the analyzed five segments of 5 minutes each. HF: high frequency power; HR: heart rate in beats per minute; LF/HF: ratio low frequency to high
frequency power; pNN50: proportion of successive normal-to-normal interbeat-intervals that differ by more than 50 ms divided by the total number of NN inter-
vals; RMSSD: root mean square of successive differences.
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0.23). Moreover, the EG showed a higher decrease after the
intervention than the CG (Fgroup(1,59) ¼ 10.34, p ¼ .001, g2

p

¼ 0.16).

3.3. PA and NA

At baseline both groups reported similar NA (Fgroup(1,63) ¼
0.0, p ¼ .971, g2

p ¼ 0.0) and PA (overall PA: Fgroup(1,63) ¼
0.50, p ¼ .481, g2

p ¼ 0.008; joy: Fgroup(1,63) ¼ 1.41, p ¼ .240,
g2
p ¼ 0.02; activation: Fgroup(1,63) ¼ 0.25, p ¼ .619, g2

p ¼

0.004; interest: Fgroup(1,63) ¼ 1.36, p ¼ .248, g2
p ¼ 0.02). After

the anamnesis interview, participants of the EG reported sig-
nificantly higher NA than controls (FTime�group(1,63) ¼ 8.23, p
¼ .006, g2

p ¼ 0.12). Further, PA as well as the subscales of PA
were significantly higher in the EG after the anamnesis inter-
view as compared to the CG (overall PA: FTime�group(1,63) ¼
21.54, p < .001, g2

p ¼ 0.26; joy: Fgroup(1,63) ¼ 4.51, p ¼ .038,
g2
p ¼ 0.07; activation: Fgroup(1,63) ¼ 19.29, p < .001, g2

p ¼

0.23; interest: Fgroup(1,63) ¼ 10.0, p ¼ .002, g2
p ¼ 0.14).

Change scores of PA and NA are visualized in Figure 3.
Higher NA after the interview was associated with higher

cortisol AUCg (r¼ 0.51, p ¼ .004), whereas higher PA after
the interview was associated with a higher ratio of LF/HF
(r¼ 0.26, p ¼ .042) during the interview. Other associations
were not significant (p’s >.05).

3.4. Word use analyses

In total, thirty-three of thirty-five interviews could be tran-
scribed with an average duration of 14:06minutes
(SD¼ 2:03). The words used by participants ranged between
219 and 1,144 words (M¼ 734, SD¼ 232). Our target word
categories showed the following associations: Higher cortisol
output was associated with less use of Positive Emotion words
(r ¼ –0.51, p ¼ .005). NA assessed with the PANAS before the
interview, was associated with Biological Processes (r ¼ –0.37,
p ¼ .035), more precisely with the subcategory Health (r ¼
–0.37; p ¼ .036). Apart from these associations, we found
that total word count was associated with the word category
Biological Processes (r¼ 0.37, p ¼ .033) and the subcategory
Body (r¼ 0.42, p ¼ .014). The use of informal language (e.g.

swear words, filler words) was associated with Affective
Processes (r¼ 0.68; p < .001), more precisely with Negative
Emotion (r¼ 0.76; p < .001).

4. Discussion

This study aimed to investigate psychophysiological indica-
tors of stress during laboratory anamnesis interviews in a
sample of young adults. With regard to physiological arousal,
we found a significant increase of HR and sAA in the EG as
compared to the CG. We further found a higher ratio of
LF/HF power during the intervention within the EG compared
to the CG. However, we did not find any group differences in
the remaining HRV parameters. Moreover, cortisol AUCg did
not differ between groups. Looking at psychological changes,
participants in the EG showed both increases in NA as well
as PA after the interview. Finally, word analyses showed that
lesser use of positive emotion words was associated with
higher overall cortisol.

Our results indicate that the anamnesis interview might
have been appraised as a threat and therefore activated a
generalized stress response of the SNS and the HPA axis. As
mentioned earlier, patients in real medical settings are con-
fronted with situations, in which the characteristics of these
situations can provoke feelings of stress: The stressors may
occur in a novel context (Rose, 1980), the situation itself may
seem uncontrollable (Dickerson & Kemeny, 2004; Henry &
Grim, 1990; Sapolsky, 1993) and may hold a threat to the
physical self and thereby have the potential for physical
harm (Blascovich & Tomaka, 1996; Dickerson et al., 2004;
Dienstbier, 1989; Sapolsky et al., 2000), and the outcome of
the situation is likely to be unpredictable (Mason, 1968).
Therefore, experience of stress activates central and periph-
eral systems, when a stressor has specific aforementioned
characteristics and exceeds the individual threshold
(Chrousos & Gold, 1992, 1998; Dickerson & Kemeny, 2004;
Lazarus & Folkman, 1984). Moreover, Dickerson and Kemeny
(2004) suggest that a threat either to the physical or the
social self does induce activation of stress systems. In this
study, the cover story of the announced venipuncture follow-
ing the anamnesis interview could have contributed to the

Figure 3. Positive and negative affect before and after the intervention. Participants of the experimental group reported both increases of positive affect as well as
negative affect after the intervention compared to the control group.
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perception of physical threat. Moreover, in the anamnesis
interview, participants talked about their own and their fam-
ily’s medical history in front of two individuals and were
audio-taped while telling private and delicate details about
their personal life. The situation itself and the content of the
interview could have been experienced as uncomfortable or
shameful and therefore, be perceived as a threat to the social
self.

Although most of our results are in accordance with the
literature, we did not find the expected decrease of HRV dur-
ing the intervention. Specifically, HRV, assessed by RMSSD
and HF power did not show any significant differences
between the two groups. However, the ratio of LF/HF power
was higher during the interview within the EG as compared
to the CG. Of note, the interpretation of the LF/HF-ratio as an
indicator of autonomic balance has been criticized recently
as the contribution of sympathetic efference to LF-HRV has
been questioned (e.g. Reyes del Paso et al., 2013; Shaffer
et al., 2014). Of note, some authors suggest that sympathetic
and parasympathetic influences of LF-HRV could be attrib-
uted to the lower (0.06–0.1 Hz) and upper frequency band
(0.1 � 0.14Hz), respectively (Schwerdtfeger et al., 2020).
Unless more research accumulates on the autonomic origin
of the LF-band, the current results should be interpreted
with caution. It should further be noted that HRV was not
controlled for breathing and participants of the EG were
speaking during the entire intervention, while participants of
the CG remained quietly seated to ensure the resting state.
Breathing and speaking patterns could alter HRV, thus com-
promising interpretation of the data (e.g. Laborde et al.,
2017; Lehrer & Gevirtz, 2014; Schwerdtfeger et al., 2020).
Taken together, our results indicate that the intervention did
probably not lead to parasympathetic withdrawal. In accord-
ance with the aforementioned self-preservation theory, espe-
cially the beginning of the anamnesis interview seemed to
be perceived as a stressor due to the novel setting and thus,
could have primarily affected the SNS.

Additionally, participants in the EG showed both increases
in NA as well as PA after undergoing the interview. Our find-
ings regarding increases of NA are in line with current litera-
ture regarding laboratory stress settings (e.g. Het et al., 2012;
Minkley et al., 2014), however, to the best of our knowledge
not fully investigated in this setting yet (e.g. Krohne, 2017;
Krohne et al., 1996), whereas the increase of PA might be
unexpected at the first glance. However, PA does not only
imply feelings of joy – it rather considers states such as feel-
ing alert or attentive (Egloff et al., 2003). Therefore, it seems
reasonable to assume that undergoing an anamnesis inter-
view also increases activated PA. Certain questions during
the interview may have provoked certain feelings like shame
or nervousness, whereas other questions may have increased
one’s alertness and kept participants actively involved in the
interaction. Therefore, the anamnesis interview enhanced
both affective domains simultaneously.

Furthermore, we found that affect after the interview was
associated with some of the physiological variables. In par-
ticular, NA assessed after the interview was associated with
higher cortisol AUCg, while PA was associated with a higher
ratio of LF/HF-power assessed during the interview. As

mentioned earlier, LF/HF ratio represents a mix of sympa-
thetic and vagal activity (Laborde et al., 2017). Therefore,
higher PA might have indicated a more activated emotional
state (e.g. alertness, attentiveness), which could have been
associated with a higher sympathetic than parasympa-
thetic activation.

Finally, our multimodal approach of investigating physio-
logical and psychological arousal during anamnesis inter-
views was further supported through word content analyses
of the performed interviews. We found that lesser use of
positive emotion words was associated with higher cortisol
output (AUCg), supporting the aforementioned finding of the
association of NA, assessed by the PANAS, with corti-
sol AUCg.

4.1. Limitations

Of course, our study has some limitations. First, our study
sample predominantly represents healthy young adults and
due to limited access to our lab the sample size is smaller
than a priori determined. Therefore, our results should not be
generalized to an older sample seeking primary care.
However, the chosen study population was necessary in this
first study to decrease confounding variables due to age and
health issues. Second, the control condition used in this
study does not closely mirror the procedures in the experi-
mental condition. However, we decided for this approach in
this first study addressing this topic in order to compare
responses to the interview with a complete resting state. In
future studies, we intend to better understand these differen-
ces by including further control conditions. Third, although
our results indicate that talking about one’s own medical his-
tory may elicit physiological and psychological arousal, given
our study design, we cannot for certain disentangle which
specific aspect of our laboratory anamnesis interviews caused
the arousal. We strongly assume that the topic of the anam-
nesis interview in combination with the medical setup and
the recording of the interview lead to the increase of arousal.
However, we cannot rule out the mere fact that talking to a
“doctor” (e.g. white coat effect) caused arousal.

4.2. Practice implications and future directions

Taken together, transactions with medical settings can be
perceived as stressful, induce uncertainties and may evoke
physiological stress reactions (Del Piccolo et al., 2019;
Dickerson & Kemeny, 2004, Han et al., 2019). Previous
research has shown that patient’s reactions to medical situa-
tions as well as poor medical communication has negative
consequences for the adherence to a treatment plan leading
to less health literacy and poor compliance as well as
impaired recall of relevant medical information (Arbuthnott &
Sharpe, 2009; Esfandiari et al., 2020; Garc�ıa-Llana et al., 2014;
Karvinen et al., 2013; Miller, 2016; van Osch et al., 2014).
Future research should therefore investigate how stress
impacts patient’s attention to and comprehension of medical
information during doctor-patient-interactions. In this study,
mainly healthy young adults participated and provided
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information about their medical history. The physiological
and psychological reactions observed here could therefore
be quite strong when actual patients with specific health
complaints undergo anamnesis interviews. Upcoming studies
should consider the assessment of real patients during anam-
nesis interviews and provide more details about the narration
of patients during these interviews, for instance, provide
video-recordings to assess behavior changes not only via
word analyses, but rather speaking patterns in general.
Furthermore, future studies for instance could either compare
an anamnesis interview to a neutral interview topic or com-
pare two communication styles used in anamnesis interviews
to focus more on the doctor-patient interaction (e.g. patient-
centered communication; Hashim, 2017; King & Hoppe,
2013). Moreover, future study designs could elaborate inter-
and intrapersonal differences when all participants prior to
the intervention run through a waiting phase in which they
occupy themselves as they would in a real doctor-patient set-
ting when waiting for their appointment (e.g. reading, send-
ing text messages, listening to music) and afterwards they
undergo an interview condition. This addition would allow a
deeper intrapersonal comparison between resting state, cop-
ing mechanisms and possible arousal during the interven-
tion phase.

4.3. Conclusion

Previous research indicates that many medical procedures
carry uncertainty and anxiety, which in turn could evoke feel-
ings of fear (e.g. loss of control), despair and also worry (Del
Piccolo et al., 2019; Han et al., 2019). Transactions with med-
ical settings could therefore be perceived both as physical
threat and threat to the social-self and may thus trigger
physiological stress reactions (Dickerson & Kemeny, 2004).
Our novel multimodal approach in this laboratory study sig-
nificantly adds to our understanding of psychological experi-
ences and physiological responses during a medical
anamnesis interview, showing that such an interview can
induce psychological and physiological stress responses.
These results underscore the importance of managing and
reducing patients’ stress experiences during medical proce-
dures. For this research field, it is important to gain further
information from experimental and longitudinal studies
about patients psychological and physiological adaptation to
the medical setting and assess generalized stress responses
of the HPA and SNS to optimize current standard of proce-
dures and medical communication training.
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