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Abstract

Background: The study of psychophysiological responses to disgust-evoking stimuli has
long been neglected in favour of other emotional stimuli, especially those evoking fear.
While the basic cascade of responses to a frightening stimulus is relatively well-understood,
psychophysiological responses to disgust-related threats, such as parasites or rotten food,
are scarcely studied. Methods: Here, we aimed to assess skin resistance (SR) change as
a measure of electrodermal response to visual cues that signal the presence of disgust-
relevant threats. To this aim, we recruited 123 participants and presented them with
one of the following varieties of disgust-relevant threats: disgust-evoking animals (e.g.,
parasites, worms), spoiled food, threat of pandemic, or pollution and toxicity. The latter two
represented modern threats to test whether also these modern stimuli can initiate immediate
automatic reaction. Results: We found significant differences between the categories:
Participants responded with the highest probability to disgust-evoking animals (38%) and
sneezing (52%), suggesting that only ancestral cues of pathogen disgust trigger automatic
physiological response. Moreover, we found significant inter-sexual differences: women
exhibited more SR change responses than men, and the amplitude of these responses
was overall larger. Finally, we report a weak effect of subjectively perceived disgust
intensity on reactivity to threat stimuli. Conclusions: We discuss heterogeneity of disgust-
relevant threats, their adequate behavioural responses, and subsequent heterogeneity of
respective SR responses. We conclude that large interindividual variability might eclipse
systematic differences between participants with high or low sensitivity to disgust, and
that subjectively perceived intensity of disgust is only a weak predictor of electrodermal
response to its elicitor.

Keywords: contamination; psychophysiological response; sex differences; skin conductance;
skin resistance

1. Introduction
In everyday life, people are confronted with a variety of situations. Some situations

may evoke different kinds of emotions that assist the cognitive categorization and facilitate
the appropriate behavioural response [1]. Moreover, these emotions are often part of
a more complex, specific pattern of physiological reactions controlled by the autonomic
nervous system (ANS), which also affects such parameters as pupil dilatation, heart rate and
blood pressure, or activity of sweat glands [2,3]. Such integrated response of many bodily
systems allows for coordinated behavioural reaction, potentially maximizing well-being
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and survival. The ANS is a part of the peripheral nervous system responsible for regulating
physiological processes, operating independently of conscious control. It is generally
divided into two functionally distinct branches: the sympathetic and the parasympathetic
nervous systems. The sympathetic division is primarily associated with the response
to stress or perceived threats, mediating the so-called “fight-or-flight” response, which
includes increased heart rate, dilated pupils, and increased electrodermal activity (EDA),
among other effects [4,5]. In contrast, the parasympathetic division predominates during
restful states, resulting in reduced cardiac output or decreased EDA [6]. Together, these
components enable the ANS to coordinate complex, adaptive responses to both internal
and external stimuli, ensuring physiological stability across varying conditions.

Most of the studies investigating the connection of emotions and the physiological
responses use as physiological parameters heart rate (HR) and electrodermal activity (EDA),
sometimes accompanied by facial electromyography (EMG) [3,7–12]. The connection
between emotional and automatic physiological response is reasonably well-understood:
Besides thermoregulation, sweating also plays a role in metabolism and has proved to be
excreted during emotional states [13]. It is regulated by both the central nervous system
and ANS. The thermoregulation centre is the hypothalamus, which is also influenced by
emotional stimuli. The emotional sweating arises independently of ambient temperature
and is mediated by cholinergic fibres of sympathetic system [14]. However, recent studies
have also found evidence of an association with the adrenergic system, suggesting that our
understanding of this pathway is not yet complete (reviewed in [15,16]).

While HR may be useful for measuring valence of the emotion during long-term physi-
ological states, EDA might be better to detect rapid, subtle, and stimulus-specific emotional
responses, since the delay of skin conductance response (SCR) is quite fast, often within
1–3 s [17]. Another advantage of EDA measurement is that it seems slightly less affected by
small body movements compared to heart rate, which can fluctuate due to posture changes,
breathing, or minor exertion [18]. This makes EDA more stable in controlled lab settings
where subtle emotional shifts are being monitored. Although EMG enables differentiation
of specific negative emotions by recording activity of individual facial muscles [19,20],
it is relatively intrusive, as electrodes must be placed directly on the face, and improper
placement can introduce substantial artefacts. In contrast, EDA is easier to administer, less
intrusive, and generally less vulnerable to movement artefacts. In this study, we were
interested in immediate automatic reactions to emotional visual stimuli; therefore, we chose
the measurements of skin resistance (SR) as the main physiological method. Skin resistance
is an EDA measurement, and it refers to how much the skin impedes the passage of electric
charge due to activity of sweat glands activated by ANS, which is widely considered a
biomarker of arousal [3,17]. It can be easily inversed into skin conductance, which is a pre-
dominantly used measurement of EDA in psychophysiological research studying emotions,
stress, or psychopathologies such as phobias (e.g., [21–24]). Additionally, different parame-
ters of the SCR, such as latency or magnitude, can be distinguished. For example, Grus and
Hromadko [25] measured SCR to pictures with different level of pathogen saliency, and
even though they found no significant effect on SCR magnitude, the latency period for high
pathogen-salient pictures was significantly shorter compared to low-salient pictures. This
suggests that, in addition to measuring reaction magnitude, SCR can also provide insight
into the temporal dynamics of emotional processing.

1.1. Psychophysiology of Disgust

Traditionally, the emotion of disgust has been linked to increased parasympathetic
activity, particularly in the cardiac system [2,26,27]. Nevertheless, results of studies focusing
on responses of autonomic nervous system to disgust-evoking stimulation are not always
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consistent. For example, Ekman et al. [2] reported decreased HR and SC (resp. increase SR);
Lang et al. [3] found decreased HR but increased SC compared to other emotions, while
Levenson et al. [28] reported increases in both HR and SC. Although different methods
of disgust elicitation were used in some of those mentioned studies, taken together, these
results support a more complex activation of the autonomic nervous system [11].

Bradley et al. [7] proposed that an initial orientation of attention toward a potential
threat causes co-activation of the sympathetic and parasympathetic systems, which then
switches to only sympathetic activation after the threat is recognized as relevant. The
suggestion that sympathetic activity is indeed part of the response to disgust-eliciting
threat is also supported by increased skin conductance during the viewing of disgusting
pictures [3]. In several other studies [12,29–31], authors also found evidence for sympathetic
activation being part of the disgust response. For example, Stark et al. [12] used disgusting
pictures selected from the IAPS database based on their disgust rating to create three
categories of low, middle, and high disgust-inducing pictures. They found decreasing HR
but increasing SC response with the increasing disgust ratings of the stimuli. Interestingly,
only a part of the participants showed high enough changes in SC to be included in the
analysis, which suggests that individual variability also plays a significant role.

The pattern of physiological response may also differ according to a different category
of disgust. Rohrmann & Hopp [31] compared physiological reactions to video clips of
amputation and vomiting and found higher HR for mutilation disgust compared to disease-
and food-related disgust, even though the EDA response did not differ among the disgust-
evoking clips. Similarly, a video clip of vomiting was used to evoke disgust in de Jong
et al. [30]. The authors measured the activation of sympathetic and parasympathetic
activity via high-frequency heart rate variability, T-wave amplitude, electromyography,
and skin conductance level. The results indicated increased parasympathetic activity in
both cardiac and digestive components, together with increased sympathetic activation in
the cardiac system for the disgust-evoking video compared to the neutral one. Comtesse &
Stemmler [29] also investigated the role of the pattern of ANS activation in disease- and
food-related disgust by measuring several cardiovascular parameters (HR, pre-ejection
period = PEP, respiratory sinus arrhythmia = RSA, blood pressure). Their findings showed a
co-activation of the sympathetic and parasympathetic systems, indicated by increased PEP
shortening (sympathetic activation) alongside increased RSA (parasympathetic activation),
rather than a purely parasympathetic pattern. This co-activation was interpreted as the
simultaneous mobilization of defensive behaviour and engagement of orienting/ingestive-
related processes.

Since people are primarily visually orienting species, visual stimulation is the most
often used type of stimulation in studies concerned with psychophysiological responses
and emotional states. Nonetheless, there also seems to be a difference in the physiological
responses during disgust stimulation for different types of nature of the stimuli (visual,
olfactory, tactile, auditory) [9]. Their results showed that although all sensory channels
could elicit disgust, the visual and tactile stimuli tended to evoke stronger subjective
disgust ratings, while olfactory and tactile stimuli produced more pronounced physiological
responses (HR and respiration). Skin conductance responses were generally elevated for
disgust stimuli compared to controls, but the extent also depended on the sensory channel.

The psychophysiological response to disgust, therefore, seems to involve a unique
interplay between the sympathetic and parasympathetic activity, which also depends on
the context, for example, various authors differentiate between various types of disgust:
oral, core, animal-reminder, contamination, pathogen, and more [29,31–33]. The skin
conductance response seems to better capture the arousal rather than valence, but for
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the purpose of comparing different categories of stimuli with the same primarily evoked
emotion, one could measure purely the intensity of elicited emotion.

1.2. Categorization of Disgust and of Disgust-Evoking Threats

Disgust is one of the basic human emotions, considered universal across cultures [34–37].
It likely evolved as a protective mechanism to help organisms avoid harmful substances
and potential sources of infection, e.g., spoiled food, bodily products, or parasites [38–40].
A key challenge in disgust research is the categorization of its diverse elicitors. There
are several established theoretical frameworks that can be used for the classification. For
instance, the three-domain model differentiates between pathogen, sexual, and moral
disgust based on their distinct evolutionary functions [33]. Another common approach
distinguishes between core, animal reminder, and contamination-based disgust [41]. The
core disgust, typically linked to rotting food, waste products, and small animals, is based on
a sense of “offensiveness”. Animal reminder disgust is associated with death and violation
of the body envelope. Finally, contamination-based disgust reflects perceived threat of
transmission of contagions [41]. An alternative approach is based on the co-evolutionary
history of humans and the potential threat, dividing the threats to ontogenetic (modern)
and evolutionary (ancestral) threats. Even though this concept is usually used for catego-
rization of threats evoking fear [42], its application on disgust-eliciting threats might also
prove fruitful [43,44].

Ancestral threats refer to dangers that have been present for millions of years of
hominin evolution, exerting consistent selective pressure [36,45]. Elicitors like spoiled food
and parasites are classic examples. They trigger a cognitive and affective response consistent
with behavioural immune system (BIS)—a preventive mechanism evolved to reduce the
chance of getting into contact with harmful substances [39,46]. The emotion of disgust
takes the central role in BIS, being the key motivator behind the ultimate behavioural
response—avoidance of disgusting stimuli [47,48]. Importantly, evidence suggests that
mere visual cues displaying symptoms like skin lesions or sneezing can activate not only
avoidance tendencies but also physiological preparedness, reflected in a more aggressive
immune response [49]. In contrast, modern threats are evolutionarily recent, having
emerged within the last few centuries or even decades. These might include dangers
like industrial pollution, chemical toxicity, and radioactivity, which often lack the salient
sensory signals (cues) of the ancestral ones. Therefore, recognizing the danger of these
modern threats might require the assessment of cues from the environment, for which
abstract knowledge and cognitive mediation is needed. Besides disgust, they may also
evoke other emotions, including moral outrage and anger related to the violation of social
norms [43,50,51].

In this context, the threat of a pandemic occupies a uniquely complex position. While
the underlying danger of infectious disease is deeply ancestral, the nature of a pandemic,
i.e., a widespread threat of airborne illness and death, is most likely a more recent evo-
lutionary pressure, tied to the higher population densities that arose after the Neolithic
revolution [52–54]. Furthermore, the stimulus cues indicating the presence of such a threat
seem to be heterogeneous [36]; some cues are visceral and ancient (e.g., a person sneezing),
while many others are modern and abstract (e.g., face masks, hospital environments, public
health warnings). This makes the pandemic threat an ideal test case for exploring whether
our ancestral disgust mechanisms are effectively recruited to evaluate contemporary health
risks that blend both ancient dangers and modern cues.
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1.3. Aims

The present study aims to investigate whether individuals react to visual cues that
signal the presence of potential threats and to assess the intensity of their skin resistance
responses to such cues. Specifically, we want to examine both the likelihood of eliciting a
reaction (probability of skin resistance response) and the magnitude of the elicited responses
(response amplitude) in relation to various threat-related stimuli.

Specifically, we aim to explore whether differences in threat perception and reactivity
are better explained by the evolutionary classification of threats, i.e., ancestral vs. modern
threats, or by the specific nature of the depicted stimuli, irrespective of their evolutionary
categorization. The specific investigated categories were “disgusting” animals and spoiled
food, as representatives of evolutionary threats, and pandemics, toxicity, and pollution,
as representatives of modern threats. An additional focus was placed on the category of
visual cues associated with the pandemic of an airborne disease. Previous findings suggest
that pandemic-related cues may not form a homogeneous category but rather consist of
distinct subtypes—sneezing, hospital environment, and preventive behaviours (e.g., mask
wearing)—that elicit threat-related responses of varying intensity [36]. Presumably, this
is due to the discrepancy between the pandemic threat as a whole (a modern threat) and
various pandemic cues (of both ontogenetic and evolutionary nature). Therefore, this study
also aims to investigate whether these subcategories evoke distinct physiological response
patterns, therefore, testing the assumption of categorical heterogeneity within airborne
disease cues from a psychophysiological perspective (Figure 1).

Figure 1. Examples of control and experimental stimuli and their categorization.

Furthermore, we aim to investigate whether subjectively perceived intensity of disgust
evoked by the threat stimuli affects skin resistance response.

Finally, we aim to inspect whether the participants’ characteristics affect their gen-
eral electrodermal reactivity or their reactivity to specific visual threat stimuli. The in-
vestigated characteristics were the participants’ sex, sensitiveness to disgust, and their
general anxiousness.

2. Results
2.1. Effect of Threat Category on Probability of SR Response

Firstly, we constructed three alternative generalized mixed-effect models (GLME)
to test whether differences in reactivity towards the stimuli are better explained by the
evolutionary classification of depicted threats or by finer categorization based on the specific
nature of the depicted stimuli. In all of these models, the presence of a skin resistance
(SR) change was used as a binary response (logit scale link), with stimulus category and
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participant sex as fixed factors, and participant ID as a random factor. In the first model,
the finest categorization into seven groups was used: “disgusting” animals, spoiled food,
toxicity and pollution, hospital environment, preventive behaviours, sneezing, and control.
The second and third models used just three categories—ancestral threats, modern threats,
and controls—and differed in categorization of sneezing: in model 2, it was among ancestral
threats, and in model 3, among modern threats. Subsequently, these models were compared
against each other and against the null model using Akaike information criterion (AIC)
and ANOVA function. The first model using the finest categorization proved the best as it
was the only one significantly different from the null model: AIC0 = 5301, AIC1 = 5294,
AIC2 = 5302, and AIC3 = 5304. Null model vs. model 1: χ2 = 19.04, p = 0.004; null model vs.
model 2: χ2 = 3.22, p = 0.200; null model vs. model 3: χ2 = 0.94, p = 0.626. Moreover, the
effect of sex did not prove significant (χ2 = 0.81, p = 0.369). The estimated effect size was
0.006 and 0.429 for marginal and conditional R2, respectively.

Nonetheless, detailed examination of the model showed that only two types of stimuli
significantly differed from the control—“disgusting” animals and sneezing. Contrary,
participants reacted to the rest of the stimuli with statistically the same probability as to the
control pictures of leaves (Table 1, Figure 2).

Table 1. Probability of SR change as a response to different stimulus categories. Values on transformed
(logit) scale are the direct output of the GLME model, and the values on the original scale are the
estimated means and 95% confidence intervals (CI) converted to probability. Z-values and p-values
refer to the test of statistically significant (non-zero) difference between control stimuli and respective
categories’ p-values < 0.05 are in bold.

Category Mean, 95% CI
(Logit Scale)

Mean, 95% CI
(Probability Scale) z-Value p-Value

Control −0.814 (−1.123, −0.504) 0.31 (0.24, 0.38) – –

“Disgusting” animals −0.504 (−0.881, −0.126) 0.38 (0.29, 0.47) 2.39 0.017

Spoiled food −1.062 (−1.459, −0.664) 0.26 (0.19, 0.34) −1.69 0.092

Hospital environment −0.638 (−1.071, −0.204) 0.35 (0.26, 0.45) 1.04 0.299

Preventive behaviours −0.920 (−1.376, −0.464) 0.29 (0.20, 0.39) −0.58 0.565

Sneezing 0.070 (−0.700, 0.840) 0.52 (0.33, 0.70) 2.41 0.016

Toxicity and pollution −1.040 (−1.421, −0.660) 0.26 (0.19, 0.34) −1.72 0.085

2.2. Effect of Threat Category on Amplitude of SR Response

Since only the finest categorization of stimuli proved to significantly affect the proba-
bility of SR change, we tested whether this categorization also affects the amplitude of SR
change in cases the response was observed. Additionally, we also investigated the effect
of the participants’ sex. For this, we constructed a GLME model for a gamma-distributed
response and a log link. Interestingly, the effect of the category did not prove significant by
itself (χ2 = 9.35, p = 0.155), but the effect of sex did: χ2 = 5.45, p = 0.020, marginal R2 = 0.020,
conditional R2 = 0.419. Thus, we concluded that when the SR change was observed, the
mean amplitude was 9.35 kΩ (95% CI: 7.96–10.96 kΩ) for women and 6.15 kΩ (95% CI:
4.52–8.37 kΩ) for men, no matter the stimulus category.

2.3. Effect of General Anxiousness, Sensitivity to Disgust, and Participant Sex on Their Reactivity

To assess the effect of the participants’ characteristics on their reactivity, for each par-
ticipant, we summed the number of valid trials with observed responses for either all trials
(max = 56) or just for trials with threat stimuli (max = 28). These variables represented the
participants’ general reactivity and reactivity to the specific threat, respectively. Descriptive
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statistics of the number of responses to all stimuli: mean = 14.5, median = 14, min = 0,
max = 47; and the number of responses to threat stimuli: mean = 7.4, median = 6, min = 0,
max = 26.

Figure 2. Mean and 95% confidence intervals of probability of SR change as a response to different
stimuli categories; the pictograms from left to right represent the following stimulus categories:
control, “disgusting” animals, spoiled food, hospital environment, preventive behaviours (masks),
sneezing, and toxicity and pollution. Significant differences between control and threat categories are
inscribed with p-values.

Next, we checked the reliabilities of each assessed questionnaire subscale. Since these
were, overall, good (STAI-X2: Cronbach’s α = 0.30, McDonald’s ω = 0.91; TDDS pathogen
subscale: α = 0.75, ω = 0.81; TDDS moral subscale: α = 0.91, ω = 0.94), we constructed GLM
models (Poisson distribution, natural logarithm link) with these parameters as response
and STAI-X2 questionnaire score (measuring participant’s general anxiousness), TDDS
questionnaire score (measuring individual disgust sensitivity, pathogen and moral subscale
scores combined), and the participants’ sex as explanatory variables. The effect of STAI-X2
score did not prove significant for either all stimuli (df = 1, χ2 < 0.01, p = 0.966), or for just
the threat stimuli (df = 1, χ2 = 0.31, p = 0.575). Similarly, we also did not find a statistically
significant effect of the TDDS score on either reactivity to all stimuli (df = 1, χ2 = 0.78,
p = 0.377) or reactivity to threat stimuli (df = 1, χ2= 0.86, p = 0.354).

The effect of sex, however, was highly significant for both the number of responses
to all stimuli (df = 1, χ2 = 18.42, p < 0.001, residual df = 111, Nagelkerke’s R2 = 0.100)
and the number of responses to just the threat stimuli (df = 1, χ2 = 16.49, p < 0.001,
residual df = 111, Nagelkerke’s R2 = 0.103). Model estimated means for women were 15.15
(95% CI = 14.39–15.94) reactions in total, with 7.86 (95% CI = 7.31–8.43) observed in threat
trials. For men, both estimated means were significantly lower: 12.19 (95% CI = 10.90–13.58)
reactions in total, with 5.73 (95% CI = 4.86–6.70) observed in threat trials (Figure 3).

2.4. Effect of Subjective Disgust Saliency on Electrodermal Responses

Finally, to test the effect of threat stimuli subjective saliency, we once again constructed
a GLME model. In the model, the presence of an SR change was used as a binary response,
the 7-point Likert scale rating according to elicited disgust as an explanatory variable, and
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the participants’ ID as a random factor. Thus, this model tested for a direct link between
objectively measured electrodermal response and intensity of subjective emotion. Nonethe-
less, the intensity of elicited disgust did not prove statistically significant: AIC0 = 2716,
AIC1 = 2716, χ2 = 2.19, p = 0.139.

Figure 3. Effect of participants’ sex on their reactivity (the number of observed SR responses):
estimated means and 95% confidence intervals, significant differences inscribed with p-values.

In the next step, we focused on the participants’ reactivity. In the GLM model, the
number of observed SR responses for trials with threat stimuli was used as response and
mean subjective disgust ratings of all threats as explanatory variable. Therefore, this model
tested for a general link between electrodermal reactivity to a specific threat type and,
overall, subjectively perceived disgust evoked by that type of threat. The effect of the
mean disgust rating proved statistically significant (χ2 = 3.90, p = 0.048), but the amount of
explained deviance was very low (Nagelkerke’s R2 = 0.032; Figure 4).

Figure 4. Effect of disgust saliency on the number of SR responses to the threat stimuli. The red line
represents the mean relationship as computed with the GLM model.
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3. Discussion
The present study demonstrated that electrodermal responses to visual threat cues

were best explained by the finest categorization of the stimuli into seven groups, with
sneezing and disgusting animals eliciting the strongest reactions. Moreover, sex differences
emerged significant, with women showing higher response amplitudes and frequencies
than men. Finally, the subjective disgust ratings were not strongly associated with physio-
logical reactivity at the trial level, though a weak overall relationship was found between
average disgust rating of a stimulus type and the number of responses it elicited.

3.1. Differences Between Stimulus Categories

In this study, we examined whether the probability of an electrodermal response
depends on the type of the visual threat cue. To address this, we compared different
approaches to stimulus categorization: a broad distinction between ancestral and mod-
ern threats, and a more fine-grained classification that distinguished between spoiled
food, “disgusting” animals, pollution, hospital environments, and preventive behaviours
such as masks and sneezing. The results indicated that the most detailed categorization
provided the best model fit, although only two categories—sneezing and “disgusting”
animals—elicited significantly more responses than neutral controls. This finding is note-
worthy, as both sneezing and parasites/worms are typical examples of contamination
or pathogen-related disgust cues [26,33], just as masks and hospital environments are.
However, sneezing represents a more ancestral cue, directly linked to disease transmission,
whereas masks and hospitals are evolutionarily novel and likely require greater cognitive
mediation. This pattern suggests a possible bias toward stronger autonomic reactivity to
ancestral pathogen cues, yet it is complicated by the unexpectedly low response probability
to spoiled food, which was also classified among ancestral threats.

Spoiled food, a prototypical core disgust stimulus [55,56], elicited the lowest probabil-
ity of electrodermal responses in our study. This finding suggests that spoiled food may
represent a somewhat distinct category of disgust cue. Unlike “disgusting” animals, which
require active avoidance to prevent direct contact, spoiled food poses no immediate danger
as long as it is not consumed. This interpretation is further supported by recent findings [57]
showing that the proximity of a stimulus to the mouth strongly increases perceived disgust,
especially for inedible (non-food) stimuli. From an adaptive perspective, it may have been
advantageous not to expend energy on avoidance responses to food stimuli that could
simply be ignored in contrast to the more urgent threat of involuntary oral contamination
posed by invertebrates near the mouth. This highlights that the disgust system is sensitive
to contextual cues. Nevertheless, spoiled food still elicited some reactions, which may
reflect the evolutionary ambiguity of such cues. While completely rotten food is clearly
hazardous, partially spoiled food may historically have been worth closer exploration if
nutritional resources were scarce, thereby attractive for further evaluation [58]. Interest-
ingly, it has been previously shown that spoiled food items are not visually avoided but
rather gazed upon, unlike other highly disgust-evoking stimuli [59,60], and that nutritional
value of depicted food items does not affect visual attention or skin conductance responses
to these items [61]. In our study, however, the stimuli depicted strongly aversive, clearly
spoiled food, which left little room for such ambiguity and may explain the overall low
probability of responses. This pattern is consistent with the hypothesis that spoiled food
does not signal an active, immediate threat.

On the other hand, “disgusting” animals proved to be particularly effective in eliciting
electrodermal responses. A straightforward interpretation is that cues involving visible
parasites or worms constitute highly salient pathogen threats, thereby recruiting stronger
automatic defensive responses. However, previous studies have shown that small inverte-
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brates can evoke both disgust and fear [62–65], which complicates this interpretation. This
category of stimuli may therefore elicit not only a need for immediate active avoidance, in
contrast to spoiled food, but also engage elements of a “fight-or-flight” response, albeit on
a small scale, resulting in more pronounced sympathetic activation. Such an explanation
might seem less applicable to endoparasites, since visual contact would be unlikely to
trigger an evolved fear response, however, subjectively these animals showed high rating
of fear [66] as well as disgust [63]. Also, the ectoparasites included in this category have
been reported to elicit non-zero fear ratings [66], suggesting that a partial fear component
may contribute to their strong physiological impact.

Beyond biological sources of pathogen threat such as animals and spoiled food, we
also examined more modern disgust cues linked to pollution and chemical toxicity. These
stimuli elicited relatively few electrodermal responses compared to other categories. Pre-
vious research on fear-evoking threats has shown that even evolutionarily novel stimuli
can elicit strong subjective fear [43,44], trigger rapid direction of attention [67], and evoke
automatic physiological reaction [68], suggesting that fear is flexible and readily extends
to ontogenetically novel dangers ([49,69,70]; but see also [71,72]). Disgust, however, ap-
pears to have evolved along a different trajectory. Originating as an adaptation to protect
against harmful ingestion (core or pathogen disgust) [40], it later broadened to encompass
symbolic, social, and moral domains [73]. In line with this, statements related to pollution
and toxicity threats were often rated as evoking fear and anger accompanied by moral
disgust [43]. Yet, the lack of frequent skin resistance responses indicates that these cues
did not trigger the strong autonomic arousal typically associated with anger. Instead, we
speculate that modern contamination cues such as pollution may not immediately activate
the evolved automatic defence system but rather rely on conscious appraisal and deliberate
cognitive processing.

A similar interpretation can be applied to the low frequency of responses observed
for the category of masks (preventive behaviours) and hospital environments. Pandemic-
related visual cues are inherently more abstract than direct cues such as sneezing and,
therefore, may require conscious processing rather than triggering immediate autonomic
reactions. In a related study, these also evoked less salient disgust evaluation compared
to visible cues of infection, i.e., sneezing [36]. This may help explain why these stimuli
elicited only weak electrodermal responses in our study. Moreover, some stimuli might
potentially elicit contempt. This hostile emotion is directed at a human target, stems
from a sense of superiority and a negative evaluation of the target’s character, can lead to
feelings of detachment, and is often tied to violations of social or communal norms [74].
However, we believe that airborne disease cues are more likely to elicit disgust rather than
contempt, because disgust is primarily an emotion related to the physical body and the risk
of contamination, whereas contempt is a social emotion directed at a person’s character. It
is also possible that stronger reactions would occur if participants had been recently primed
by an ongoing pandemic context. As our experiment was conducted 2–3 years after the
COVID-19 pandemic, such contextual priming was probably already absent, which may
have further reduced the salience of these cues.

We also examined the effect of reaction amplitude; however, this parameter did not
differ between the categories. Therefore, the probability of reaction seems to contain
the main portion of information on the participants’ responses towards various types of
threats. It is worth mentioning that the amplitude distribution was substantially skewed
right (skewness = 4.04), meaning that the majority of responses was rather small in their
amplitude; however, a few responses were also very large. Thus, the amplitude appears to
be affected more by external factors and individual setting of each participant.
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Taken together, these findings suggest that the ancestral threats are rather a heteroge-
nous category, with high avoidant reaction toward sneezing, avoidant and fearful reaction
to “disgusting” animals, and disinterest for food. Ancestral pathogen cues present in
stimuli evoking pathogen disgust (sneezing and parasites) thus seem to elicit electrodermal
response. Spoiled food, on the other hand, evokes core or oral disgust [55,56,75], and
electrodermal responses to this disgust subcategory is not so effective. Contrary, mod-
ern threats appear to work in a more homogenous way by recruiting complex cognitive
processing resulting in lesser immediate responses.

3.2. Subjective Disgust Rating and Reactivity

Surprisingly, even though the categories of disgust-evoking threats differ from each
other, detailed analysis of the level of disgust showed no statistically significant influence
on the probability of SR response. We tested this relationship using two approaches: the
first one linking the presence or absence of individual skin resistance responses to subjective
ratings of the respective stimulus, and the second one comparing the participants’ overall
reactivity to the average disgust rating of the entire threat category. While the latter model
revealed a statistical effect, its size was negligible and unlikely to reflect a meaningful
biological relationship.

The weak correspondence between subjective ratings of elicited disgust and phys-
iological measures echoes a long-standing debate in emotion research. Early theories
such as the James–Lange theory (reviewed in [76]) proposed that physiological changes
actually precede and shape our emotional feelings. In this view, our emotions are, in part,
an interpretation of these peripheral bodily changes. The opposing point of view is that
the emotion is the first response of the thalamus after perceiving the stimulus, and the
physiological reactions are rather separate response to prepare body for proper behavioural
action [77]. Contemporary research indicates that the relationship might be more complex.
For example, Taschereau-Dumouchel et al. [78] demonstrated that while subjective fear
ratings and physiological responses were correlated, they were characterized by activity of
distinct neural substrates: defensive circuits such as the amygdala and insula predicted
autonomic reactivity, whereas higher-order prefrontal regions predicted subjective reports.
This dissociation could explain our result, suggesting that subjective disgust evaluations
may depend on conscious appraisal processes, whereas skin resistance responses primarily
capture automatic sympathetic activation.

3.3. Participants Characteristics and Reactivity

In this study, we were also interested in the link between subjective experience of
disgust and the evoked physiological response, as well as whether sensitivity to disgust
(TDDS questionnaire) or anxiousness, i.e., trait anxiety (STAI-X2 questionnaire) influenced
the participants’ reactions. Our results showed that general sensitivity to disgust did not
significantly affect the probability of response to the stimuli. This finding diverges from
previous work such as Rohrmann et al. [79], who reported that individuals with higher self-
reported disgust sensitivity showed stronger physiological reactions to disgusting videos,
suggesting a link between disgust sensitivity and bodily responses. A likely explanation
for this discrepancy is the type of stimuli employed. Rohrmann et al. [79] used highly
intense film clips of mutilation and burn treatment, which evoke particularly strong forms
of disgust. By contrast, our study used static visual images, which typically elicit weaker
and more variable responses, as also noted by [29,30]. In line with this, Croy et al. [9]
demonstrated that the sensory modality of stimulus presentation can significantly alter
both subjective and physiological responses, with the olfactory modality especially evoking



Physiologia 2025, 5, 41 12 of 20

stronger reactions compared to other modalities of stimuli. Meanwhile, subjective ratings
of disgust were the highest for visual stimuli.

Stark et al. [12] emphasized that there are substantial interindividual differences in
how subjective ratings of disgust translate into physiological reactivity, and that these
relationships may be inconsistent across disgust domains and measures. This issue of
interindividual variability in physiological responsiveness is well-documented in fear-
conditioning research, where participants are frequently excluded from analyses due
to insufficient electrodermal changes (reviewed in [22]). Moreover, Tuvblad et al. [80]
suggested that the association between electrodermal activity and psychological processes
may have a hereditary component. Thus, not only the intensity of the emotional experience
is relevant, but also, because electrodermal responsiveness depends on multiple factors,
interindividual variability in responsiveness is inevitable. One might nonetheless expect
disgust sensitivity to translate into stronger bodily reactivity if the stimuli is more closely
tied to the personal or clinical relevance of the participant. For instance, individuals with
spider phobia display heightened electrodermal responses alongside elevated subjective
fear when confronted with phobic stimuli [81,82]. Moreover, these measures tend to covary
more strongly in ophiophobic than in non-phobic populations [83]. However, that does
not necessarily seem to be the case for other disorders. Research on obsessive–compulsive
disorder (OCD) shows that OCD patients consistently report elevated disgust sensitivity,
but physiological measures such as skin conductance or heart rate often show weak or
inconsistent correlations with these self-reports [84,85]. A recent review similarly concluded
that individuals with OCD may experience strong subjective disgust without corresponding
autonomic activation, reflecting a partial disconnection between conscious experience and
physiological responses [86]. Taken together, these findings suggest that the absence of a
robust relationship between TDDS scores and physiological reactivity in our study may not
be an anomaly, but rather consistent with the broader literature indicating that subjective
disposition and autonomic response do not always align.

General trait anxiety, as measured by the STAI-X2, did not significantly influence the
participants’ responses. This is consistent with our earlier findings, where trait anxiety also
failed to correlate with physiological reactivity [87]. Given that the STAI-X2 captures stable
dispositional anxiety rather than momentary fluctuations, future studies might benefit
from including measures of state anxiety (e.g., STAI-X1), which may be more sensitive to
capturing context-dependent effects on autonomic responses.

Our results also revealed a robust effect of sex on electrodermal reactivity. Women
were not only more reactive to both all and specifically just threat stimuli but also displayed
higher average amplitudes of skin resistance changes compared to men. In this regard,
existing studies are mixed. Kopacz & Smith and Rohrmann et al. [88,89] found similar ten-
dency of women having more pronounced electrodermal responses compared to men, and
even though [90] found the same trend, it did not prove significant. Several studies [91,92]
did not find gender differences in the skin conductance response.

4. Materials and Methods
4.1. Participants

One hundred and twenty-three healthy participants predominantly from the Czech
Republic, Slovakia, and other countries of Central Europe aged 18 to 74 (median = 22,
mean = 25.29, SD = 9.67) were recruited for this experiment through poster flyers, social
networks, or direct contacts established during previous projects. Since studies have shown
women to have higher disgust sensitivity than men [93,94], we primarily recruited women
(97, i.e., 78.86%) but did not exclude men (26, i.e., 21.14%) either. To further characterize the
respondents, we asked them to fill in two questionnaires: the State-Trait Anxiety Inventory-
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X2 (STAI-X2; [95,96]) to assess their trait anxiety, and the Three Domains of Disgust Scale
(TDDS; [33,97]), excluding the sexual disgust subscale, to measure their sensitivity to
pathogen and moral disgust.

4.2. Stimuli

To investigate physiological responses to evolutionarily relevant and modern threats,
a set of visual stimuli was assembled. The images were drawn from established affective
picture databases, namely DIRTI [98], OASIS [99], IAPS [100], and SMID [101], and were
supplemented by images obtained through web search (Pixabay, Wikimedia Commons, and
Flickr) or taken by the authors of this paper (Supplementary Table S1). These stimuli were
categorized based on their subject matter into four disgust-eliciting categories: “disgusting”
animals (parasites and worm-like animals), spoiled food, pandemic, and toxicity and
pollution. The former two represented evolutionarily relevant threats, while toxicity and
pollution represented modern, ontogenetic threats. The threat of pandemic was initially
categorized into modern threats, although some cues were ancestral (see Introduction). For
each category, 28 coloured images were selected. The emotionally neutral stimuli (control)
were photographs of leaves with uniform 20% grey background (Figure 1).

In the category of “disgusting” animals, photographs of ecto- and endoparasites
(e.g., ticks, tape worms) were selected, and also potentially disease spreading animals
like cockroaches and slimy worm-like animals (e.g., flatworms) were chosen to represent
this category. Pictures of spiders were avoided. The category of spoiled food included
photographs of rotten fruits and mouldy cooked meals. The category of toxicity and
pollution depicted images related to radiation or environmental contamination such as
garbage, water pollution, or oil spill. In some cases, the photos contained humans or
animals. The category evoking the threat of pandemic consisted of scenes suggesting direct
transmission risk (e.g., an individual sneezing near another, hospitalized patients with
overt respiratory illness) as well as indirect risk cues (e.g., groups of people with and
without masks in enclosed public spaces such as waiting rooms or pharmacies). The images
were not modified, only resized to 1772 × 1181 pixels if needed.

4.3. Procedure

Each participant was tested individually in a controlled, quiet laboratory environ-
ment. Upon arrival, the participants received a detailed explanation of the experimental
procedure, offered the opportunity to ask questions, and provided an informed consent
with the procedure. Next, they were seated approximately 60 cm from the display screen
(26”, Quad HD resolution 2560 × 1440 pixels, full-screen presentation), and the experi-
menter proceeded to attach sensors used for recording physiological responses. Continuous
physiological monitoring was conducted using the VLV3 multifunctional biotelemetric
system [102]; the skin resistance was measured via two dry Ag/AgCl sensors affixed to the
distal phalanges of the index and middle fingers of the participant’s non-dominant hand.

The participants viewed a sequence of 28 experimental stimuli from one randomly
assigned category, interchanged with neutral control images. There was always a black
screen for at least 5 s between each stimulus. This presentation paradigm was adapted from
previously validated methodologies [103]. To mitigate potential order effects [104], three
distinct randomized presentation sequences were generated for each stimulus category,
and the participants were randomly allocated to one of these versions. The total duration of
the stimulus presentation block was approximately 15 min. We presented the experimental
sequence with “disgusting” animals to 31 participants, spoiled food to 32 participants,
pandemic to 29 participants, and toxicity and pollution to 31 participants.



Physiologia 2025, 5, 41 14 of 20

Following the physiological recording session, participants were asked to provide
basic demographic information (sex, age, field and level of education, email). They then
completed subjective ratings for each experimental stimulus they had viewed during the
session. These ratings were provided on a 7-point Likert scale, quantifying the intensity
of disgust evoked by each image, where 1 indicated “no elicited disgust” and 7 indicated
“very strong disgust.” Furthermore, the participants completed the above-mentioned two
questionnaires, STAI-X2 and TDDS.

4.4. Data Curation

The final dataset was processed using the vlv3_prohlizec software (version 1.1) [102]
(also used in Landová et al. [93]) and is available in Supplementary Tables S2 and S3.
Consistent with the established psychophysiological literature [17], an immediate emo-
tional skin resistance response was operationally defined as a discernible change in skin
conductance initiated within 4 s of stimulus onset. However, for the current study, this
temporal window was extended to 5 s for the potentially greater cognitive processing
demands associated with the complex visual stimuli. Responses initiated beyond this 5 s
window were not considered an automatic response to the stimulus since they are less likely
to reflect an immediate, direct emotional reaction and more likely to involve subsequent
cognitive elaboration [17]. These responses were, therefore, not recorded.

In the further step of data curation, we excluded trials during which participants
considerably moved, casting doubt on whether the observed response was a result of
the movement or an emotional reaction to the stimulus. For this reason, we excluded
962 out of the total of 6888 trials (13.97%). There was a considerable inter-individual
variability between the participants in this regard (min = 34, max = 56, median = 49,
mean = 48.18, SD = 5.69), but no substantial differences were found between different
presentation categories (85, 88, 86, and 86% of valid trials for respective stimulus categories).

Finally, we excluded non-reactive participants, i.e., participants with 0 valid responses
to at least one stimulus (control or threat). A total of 13 participants was excluded for this
reason: 3 men and 10 women, 3 presented with “disgusting” animal experimental sequence,
2 with spoiled food, 4 with pandemics, and 2 with toxicity and pollution experimental
sequences. Non-reactive participants are sometimes excluded in similar studies since they
occur quit often (e.g., [12]). Nonetheless, we employed a very conservative cut-off line to
make sure that the exclusion would not obscure the investigated effects.

4.5. Statistical Analysis

All statistical analyses were performed using RStudio (Version 4.3.1) [105], with gen-
eralized linear models (GLM) and generalized linear mixed-effect models (GLMM) im-
plemented via the lme4 package [106]. Further, package performance [107] was used to
compute effect sizes. With GLMM models, we successively determined effects of stimulus
category, participant’s sex, and of subjective disgust rating of the stimulus, on the probabil-
ity or amplitude of skin resistance (SR) change. In models for the probability of SR change,
binomial distribution with logit link was used, while Gamma distribution with natural
logarithm link was used in models investigating amplitude of SR change. In all models,
participants’ ID was included as a random factor. The best model was chosen on the basis
of the Akaike information criterion (AIC) and tested against the null model (i.e., models
with no fixed factors).

To investigate the effect of participants’ characteristics on their SR responses, we
summed the number of valid trials with observed SR response for each participant sepa-
rately, which represented the participant’s general electrodermal reactivity. In a similar
manner, we summed the number of trials with threat stimuli and observed SR response
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which in turn represented their reactivity to the specific threat. With GLM models (Poisson
distribution, natural logarithm link), we assessed the effects of the STAI-X2 score, TDDS
score, and participant’s sex, and, additionally, in separate models, the effect of mean threat
disgust rating on these parameters. The best model was chosen by backward selection.

4.6. Ethical Note

All procedures performed in this study were carried out in accordance with the ethical
standards of the appropriate institutional research committee, the Ethical Committees of
Charles University, Faculty of Science (approval no. 2021/02, granted on 14 April 2021), the
National Institute of Mental Health (no. 91/21, granted 31 March 2021), and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards. Written
informed consent was obtained from all participants included in the study. Additionally,
written informed consent for the publication of identifying images was obtained from
volunteers posing for stimuli photos.

5. Conclusions
In this study, we aimed to investigate whether various types of disgust-related threats,

including typical (ancestral) as well as modern stimuli, evoke automatic physiological
response measured as skin resistance change. We found that stimulus categories substan-
tially differed in this respect. None of the modern cues—hospital environment, pandemic
preventive behaviour, or pollution and toxicity—was associated with higher probability
of SR response than the control. We concluded that these types of threats probably rely
on complex cognitive processing resulting in lesser chance of observing an immediate
response. Contrary, two out of three ancestral cues proved potent since we observed SR
change associated with presentation of these stimuli quite frequently. Specifically, these
were the pathogen-related stimuli, or, in other words, stimuli representing acute risk of
contamination—pictures of people sneezing, including the aerosol droplets, and of disgust-
evoking animals, including ecto- and endoparasites, cockroaches, and worms. Ancestral
disgust-related threat of rotten or spoiled food deviate from this pattern; we speculate that
spoiled food evoked slightly different type of disgust (oral or core disgust), does not repre-
sent acute threat, and hence does not trigger immediate automatic physiological response.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/physiologia5040041/s1, Table S1: Sources of experimental stimuli
photos; Table S2: Data associated with this study—respondents’ characteristics; Table S3: Data
associated with this study—measured skin resistance responses.
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