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Abstract

There is an ever-increasing interest in animal-assisted interventions, and while
its effects seem promising, little is known about the underlying mechanisms. The
literature on animal-assisted interventions generally assumes that the animal itself is
responsible for the effects of the interventions. However, evidence from placebo
research suggests that a significant portion of treatment effects can be explained by
contextual factors that are not specific to a treatment itself. Regarding animal-assisted
interventions, this would suggest that the effects are not due to the animal but to
contextual factors.

In order to better understand the role of the animal and contextual factors in
animal-assisted interventions, this thesis pursued two aims. First, it investigated to
what extent the effects of animal-assisted interventions on pain can be attributed to the
presence of an animal or to how the animal is embedded in the treatment rationale.
Second, it identified the hypotheses previous studies have pursued regarding the
underlying mechanisms of animal-assisted interventions and what factors have been
considered as specific and nonspecific. Two different approaches were applied to
address these two aims. For the first aim, we conducted two randomized controlled
trials with healthy participants in a heat-pain placebo paradigm (Study | and Study II).
For the second aim, a systematic review was conducted to assess factor hypotheses
that researchers have presented in previous studies on animal-assisted interventions
and to identify what specific and nonspecific factors have been considered in animal-
assisted interventions (Study lI).

In the two experimental heat-pain studies, we did not find any analgesic effects
in healthy participants compared to the control group when the dog was not part of the
treatment rationale (Study I). Instead, participants experienced heat-pain to be more
intense at the limit of their tolerance in the presence of the dog compared to the control
group (i.e., self-reported pain intensity at the limit of pain tolerance, p = 0.041). When
the dog was part of the treatment rationale (Study ll), it did have a positive effect on
pain perception in healthy participants compared to the control group (i.e., self-reported
ratings of pain unpleasantness at the limit of pain tolerance, p = 0.010). The systematic
review (Study lll) found that a majority of studies did not define specific hypotheses
regarding potential mechanisms of animal-assisted interventions. Further, most

studies controlled for the animal or the interaction with the animal as specific factors.



Based on the findings of this thesis, it is urgent to reconsider the explanatory
model for the effectiveness of animal-assisted interventions. More precisely, instead of
only focusing on the animal in animal-assisted interventions, researchers and
practitioners should start to include contextual factors in their explanatory models. A
better understanding of the relevant factors in animal-assisted interventions might also
reveal how important the animal is and whether these effects can be facilitated through

other factors.



1. Introduction

Animal-assisted interventions are currently gaining increased attention from the
public as well as from practitioners and researchers (Fine et al., 2019). For example,
animals are increasingly being incorporated in interventions in various healthcare
settings, such as in hospitals (Linder et al., 2017; Uglow, 2019), psychotherapeutic
settings (Templin et al., 2018; Wagner et al., 2019), rehabilitation clinics (Hediger et
al., 2021; Theis et al., 2020), emergency departments (Kline et al., 2019), and nursing
homes (Banks & Banks, 2002; Majic et al., 2013; Schuurmans et al., 2016; Wu et al.,
2002).

Further, while the research field of animal-assisted intervention is rather young,
there has been a rapid growth in studies in the past decades (Lépez-Cepero, 2020).
Although the results are mixed, the evidence suggests that animal-assisted
interventions are a promising way to treat a variety of health conditions (Babka et al.,
2021; Borgi et al., 2020; Chang et al., 2021; Cotoc et al., 2019; Klimova et al., 2019;
Nieforth et al., 2021; Park et al., 2020; Waite et al., 2018). Most relevant for a great
part of this thesis is evidence suggesting that animal-assisted interventions can be an
effective intervention for clinical pain management (Feng et al., 2021; Waite et al.,
2018; Zhang et al., 2021).

An animal-assisted intervention is defined as “a goal oriented and structured
intervention that intentionally includes or incorporates animals in health, education and
human services (e.g., social work) for the purpose of therapeutic gains in humans"
(cited from IAHAIO, 2018, p. 5). The term animal-assisted intervention is used as an
umbrella term that includes different types of interventions, such as animal-assisted
therapy (AAT), animal-assisted education (AAE), animal-assisted activity (AAA), and
animal-assisted coaching (AAC) (IAHAIO, 2018).

Although the effects of animal-assisted interventions seem promising, little is
known about their underlying mechanisms (Lopez-Cepero, 2020). The majority of
studies on animal-assisted interventions have been designed to examine if animal-
assisted interventions are effective, but they have neglected exploring how animal-
assisted interventions work. Despite this lack of understanding, the literature on
animal-assisted intervention consists of numerous anecdotes, theories, and
hypotheses that assume that the animal itself is responsible for the effects of animal-
assisted interventions (Marino, 2012). In other words, the animal is considered to be
the specific factor of animal-assisted interventions (Marino, 2012). As a result, the



effects of animal-assisted interventions are rarely attributed to other factors besides
the animal.

Evidence from intervention research, however, suggests that a large part of
treatment responses can be explained by contextual or nonspecific factors rather than
by specific factors of the intervention itself (Wager & Atlas, 2015). Much of what is
known about contextual factors comes from placebo research, since it is these
contextual factors that are responsible for the effectiveness of placebos (Ashar et al.,
2017; Miller et al., 2009; Price et al., 2008). With only a few exceptions, the possibility
that contextual factors also play an important role in animal-assisted interventions has
not been considered.

For this reason, the aim of this thesis is to explore the mechanisms of animal-
assisted interventions. More precisely, this thesis aims to implement knowledge from
placebo research in order to better understand how animal-assisted interventions
might work and whether the animal itself truly is a specific factor. To do so, the thesis
focuses on the effects of animal-assisted interventions on pain. This is motivated by
the fact that there already exists a considerable amount of placebo research on pain
(placebo analgesia) that has investigated the role of contextual factors. There has not
yet been investigation on whether the effects of animal-assisted interventions on pain
are due to the presence of the animal or to contextual factors.

Further, since contextual factors have not been widely acknowledged in the
literature on animal-assisted interventions, another part of this thesis aims to explore
what hypotheses previous authors have pursued regarding potential mechanisms and
how they have controlled for specific and nonspecific, hence contextual, factors in
previous studies on animal-assisted interventions.

Chapter 2 will provide a theoretical background including an overview of the
current evidence and research gaps with regard to animal-assisted interventions and
also present the most prominent theories about the mechanisms of animal-assisted
interventions. Additionally, an overview of the mechanisms from placebo research will
be presented. Chapter 3 will introduce the aims of this thesis and the research
questions. In chapter 4, an overview of the methods of each study will be presented,
and chapter 5 will summarize the results of each study. Since the article behind each
study can be found in the appendix, chapter 4 and 5 will only provide short summaries
of the studies. In chapter 6, the main findings of the thesis will be discussed and future

implications will be outlined.



2. Theoretical background
2.1 Animal-assisted interventions

2.1.1 Current evidence and research gaps

Numerous studies have suggested that animal-assisted interventions are
clinically effective (Hediger et al., 2019) and have demonstrated that they can be an
effective in treating behavioral, mental, and neurological disorders and in rehabilitating
from them (Babka et al., 2021; Bernabei et al., 2013; Borgi et al., 2020; Kamioka et al.,
2014; Lundqvist et al., 2017; Maujean et al., 2015; Nimer & Lundahl, 2007; O'Haire et
al., 2015; Souter & Miller, 2007). For example, there is evidence that animal-assisted
interventions can reduce depressive symptoms in different populations (Borgi et al.,
2020; Souter & Miller, 2007), positively affect psychological, cognitive and
psychosocial and behavioral aspects in older adults (Babka et al., 2021; Chang et al.,
2021; Klimova et al.,, 2019; Park et al., 2020), improve social interaction and
communication in patients with autism-spectrum disorders (Nieforth et al., 2021;
O'Haire, 2013), and be effective in treating trauma-related symptoms (Germain et al.,
2018; Hediger et al., 2021; O'Haire et al., 2015). Furthermore, and especially important
for this thesis, recent meta-analyses and systematic reviews have concluded that
animal-assisted interventions can be a promising complementary treatment approach
for clinical pain management in adult, child, and adolescent patients (Feng et al., 2021;
Waite et al., 2018; Zhang et al., 2021).

While these results are promising, contradictory findings and methodological
limitations make it difficult to determine the true effectiveness of animal-assisted
interventions. A number of studies and meta-analyses have not found any important
clinical effects of animal-assisted interventions with regard to depression (Feng et al.,
2021; Zafra-Tanaka et al., 2019), anxiety (Barker et al., 2015; Feng et al., 2021), stress
(Feng et al., 2021), or pain (Barker et al., 2015). Further, previous meta-analyses have
also noted that their findings are based on a very small sample of studies (Borgi et al.,
2020; Hediger et al., 2021; Hu et al., 2018; Waite et al., 2018; Zafra-Tanaka et al.,
2019), which are also often very heterogenous (Borgi et al., 2020; Zafra-Tanaka et al.,
2019). For example, Borgi et al. (2020) conducted a meta-analysis of ten studies and
reported a heterogeneity of 71% between the studies. While analyzing a small sample
of studies already limits the measurability of effectiveness (Feng et al., 2021), a high
heterogeneity between the studies makes their comparability questionable (Zafra-



Tanaka et al., 2019). Moreover, several meta-analyses have noted the low-quality
study design of the included studies (Charry-Sanchez et al., 2018; Diniz Pinto et al.,
2021; Hediger et al., 2021; Waite et al., 2018). Previous studies have also only had a
small sample size (Zafra-Tanaka et al., 2019), incorporated inadequate control
conditions (Waite et al., 2018), or provided insufficient information regarding the study
design and interventions (Hediger et al., 2021). A lack of good control groups seems
to be one of the biggest challenges in research on animal-assisted interventions and
represents a threat to the internal validity of the studies (L6pez-Cepero, 2020; Marino,
2012). Good control groups are necessary in order to disentangle specific effects from
nonspecific effects and to identify what makes animal-assisted interventions effective
(Marino, 2012).

In the light of these challenges the effectiveness of animal-assisted
interventions should be questioned (Serpell et al., 2017). In addition, there remains an
even greater lack of evidence regarding the mechanisms of animal-assisted
interventions, which | will discuss in the next section—to date it is still unclear how

animal-assisted interventions work.

2.2.1. Possible mechanisms

The field of animal-assisted interventions is currently lacking investigations on
the underlying mechanisms that explain the beneficial outcomes of animal-assisted
interventions (Kruger & Serpell, 2006; Lépez-Cepero, 2020). Even though little
empirical research has been conducted regarding the mechanisms of animal-assisted
interventions, the literature on animal-assisted interventions presents several theories
and hypotheses for the underlying mechanisms (Serpell et al., 2017). In the following,
the main theories and hypotheses will be summarized.

Some have suggested that the bond or attachment between humans and
animals is what makes animal-assisted intervention effective (Fine & Beck, 2015;
O'Haire et al., 2015). For example, in one study, stroking and talking to dogs led to
lower blood pressure and increased dopamine levels (Odendaal & Meintjes, 2003).
Further, there is evidence that interacting and also simply having eye contact with an
animal can activate the oxytocin system in humans (Handlin et al., 2011; Nagasawa et
al., 2015; Odendaal, 2000; Odendaal & Meintjes, 2003). The release of oxytocin can
reduce stress, anxiety, and depression, increase pain tolerance (Beetz & Bales, 2016;
Moberg & Moberg, 2003), and foster social interactions and relationships (see Beetz



& Bales, 2016; Uvnas-Moberg, 2003). In addition, it has also often been assumed that
animals can provide humans with social support (Barker & Wolen, 2008).

Another well-known theory regarding the mechanisms of animal-assisted
interventions derives from Wilson (1984) biophilia hypothesis. This hypothesis
assumes that humans are attracted to nature and animals in order to survive.
Perceiving nature or an animal as calm allows a person to consider an environment
safe (Julius et al., 2012).

Finally, one of the most commonly proposed theories is that animals can
function as social mediators and increase interactions between humans (Kruger &
Serpell, 2010). For example, studies have shown that humans are more likely to
interact positively with a stranger in public when they are accompanied by a dog
compared to when they are unaccompanied (Guéguen & Ciccotti, 2008; Mader et al.,
1989; McNicholas & Collis, 2000; Wells, 2004). Some have speculated that animals
may increase the interaction between humans because they provide a neutral
conversation theme or because they help promote positive social qualities (Guéguen
& Ciccotti, 2008; Wells, 2004). Different kinds of evidence suggest that people are
perceived more positively when an animal is present compared to when no animal is
present. The evidence stems from studies in which people were asked to evaluate
others in photographs or videos in the presence or absence of animals (Creary, 2017;
Lockwood, 1983; Schneider & Harley, 2006; Wells & Perrine, 2001). People were
perceived as friendlier and less threatening when they were depicted with animals than
when the same people were depicted without animals (Lockwood, 1983; Wells &
Perrine, 2001). Furthermore, psychotherapists were perceived to be more attractive
(Creary, 2017; Schneider & Harley, 2006) and more trustworthy (Schneider & Harley,
2006) when they were pictured with an animal compared to when the animal was
absent. Similarly, participants were also more willing to disclose personal information
when a psychotherapist was accompanied by a dog (Schneider & Harley, 2006).
However, other studies found no evidence of such effects (Goldmann et al., 2015).
Nevertheless, the consensus seems to be that animals enhance the therapeutic
alliance by positively influencing our perception and relationship building (Creary,
2017; Kruger & Serpell, 2010; Schneider & Harley, 2006).

These theories support the idea that animals contribute to the effects of animal-
assisted interventions as the specific factor. Yet none of these theories have been
adequately empirically tested (Lépez-Cepero, 2020). Moreover, even though it has



been noted that “animal-assisted interventions are potentially vulnerable to placebo
effects” (cited from Marino, 2012, p. 142), the possibility that animal-assisted
interventions work through same mechanisms found in other interventions such as
placebos has not been widely acknowledged. For this reason, the next section will
present an overview of the mechanisms that placebo research has identified as they
could have important implications for examining the mechanisms of animal-assisted

interventions.

2.2, Context matters

It is assumed that the effects of a treatment can be summed up by natural,
specific, or contextual effects (Wampold, 2021). Natural effects are defined as the
change of the condition of the disease as a result of the natural progress of the disease.
This can either lead to improvements or to deterioration. The term specific effects
suggest that the effects are caused by a specific intervention (Wampold, 2021).
Besides natural and specific effects, contextual effects are also known to impact
treatment outcomes (Wampold, 2021). As a matter of fact, evidence suggests that a
large part of our treatment response can be explained by contextual effects rather than
by the specific effects of an intervention (Wager & Atlas, 2015). For this reason,
contextual effects will be discussed in more detail.

Contextual effects are composed of various factors commonly known as
contextual factors. Contextual factors provide the context that surrounds any health
intervention (Rossettini et al., 2018). These contextual factors are actively interpreted
by patients and can evoke a reaction that can influence the outcome of an intervention
(Wager & Atlas, 2015). This also highlights that an intervention is never administered
in a neutral setting (Rossettini et al., 2018). Contextual factors are thus important for
every type of treatment since they make up the context (Rossettini et al., 2018).

Much of what we know about contextual factors derives from placebo research,
as it is commonly thought that these factors are what make placebos effective
(Benedetti, 2021; Miller et al., 2009). We can distinguish between different kinds of
contextual factors. There are internal (i.e., the memories, emotions, expectations, and
psychological traits of patients, previous experiences, gender, age), relational (i.e.,
verbal communication, nonverbal communication, emotional resonance), and external
(i.e., physical aspects of the treatment, type of treatment, environment, carrier)
contextual factors (Rossettini et al., 2018; Wager & Atlas, 2015).



Of the various contextual factors that have already been studied and
substantiated in placebo research, expectation and conditioning are considered to be
the core mechanisms that evoke placebo effects (Colloca & Benedetti, 2006;
Elsenbruch, 2014; Kirsch, 1985; Murray & Stoessl, 2013). Especially in the area of
placebo analgesia, the influence of treatment expectations has been well studied and
demonstrated (Fields, 2018). For this reason, | will discuss treatment expectations in

more detail in the following section.

2.2.1. Treatment expectations

In recent decades, evidence from placebo research has demonstrated that
patients’ expectations toward a treatment are an important factor for the outcome of
the intervention. Especially in the field of placebo analgesia, the influence of treatment
expectations has been well studied (Fields, 2018). Placebo analgesia occurs when the
administration of an inert treatment leads to pain reduction (Case et al., 2019) and can
be demonstrated in healthy individuals (Lyby et al., 2010; Matre et al., 2006) and in
patients (Lee et al., 2012; Levine & Gordon, 1984). Several studies have found that
the expectation of pain relief can lead to placebo analgesia (Cormier et al., 2016; Price
et al., 2008; Vase et al., 2003), and treatment expectations are considered the main
contributor to placebo analgesia (Benedetti et al., 2016; De Tommaso et al., 2017,
Price et al., 1999). For example, Cormier et al. (2016) investigated the relation between
expectations and clinical outcomes in patients with chronic pain. The authors found
several significant relations between expectations and outcomes mediated by patients’
global impressions of change, such as changes in pain intensity (r = 0.46), changes in
pain interferences (r = 0.33), or changes in pain catastrophizing (r = 0.37), and
emphasized the importance of patients’ expectations in treating pain (Cormier,
Lavigne, Choiniére, & Rainville, 2016). These and other findings indicate that
interventions that evoke expectations of pain relief are likely to contribute to improving
the effectiveness of standard analgesic treatments in clinical practice (Peerdeman et
al., 2016).

Many different factors can influence expectations. But the most efficient way to
influence expectations is through verbal suggestions, such as treatment rationales
(Rossettini et al., 2020; Wampold, 2021). Treatment rationales will be elucidated in the

following section.



2.2.2. Treatment rationales

The impact of treatment rationales on treatment responses has been
demonstrated in diverse interventions, for example, in psychotherapy (Tondorf et al.,
2017), placebo treatments (Gaab et al., 2019), and open-label placebo treatments
(Carvalho et al., 2016; Hoenemeyer et al., 2018; Kaptchuk et al., 2010; Locher et al.,
2017).

Treatment rationales explain the effects and mechanisms of a particular
intervention (Kam-Hansen et al., 2014; Kaptchuk et al., 2010; Kelley et al., 2012).
These explanations can influence patients' belief that the intervention that she or he is
receiving has a therapeutic effect, which can also result that the intervention becomes
meaningful to that person (Liu, 2022). This also supports the meaning model where it
has been argued that we respond to the meaning given to the intervention (Moerman,
2006; Moerman & Jonas, 2002). Moerman and Jonas (2002) introduced the concept
of meaning response to replace the term placebo response. In their paper, they argued
that placebos are by definition inert and so cannot be the cause of anything, which
means that there is no placebo effect. Instead, they suggested that while a placebo
cannot cause anything, the meaning ascribed to an intervention can (Moerman &
Jonas, 2002). Based on the premise that even inactive interventions can be meaningful
and have effects, (Moerman, 2006) suggested that meaning response happens in
every intervention. The more persuasive the treatment rationale, the stronger the
meaning response may be (Trachsel & grosse Holtforth, 2019).

Further, depending on the meaning attributed to the intervention, the treatment
response may be different. For example, the administration of a pain intervention with
a positive meaning can induce positive expectations and lead to a positive analgesic
response, whereas the administration of a pain intervention with no meaning or a
negative meaning may induce no expectations or negative expectations, which can
lead to an exacerbation or perpetuation of the pain (Bingel et al., 2011).

Moreover, there is also evidence that in addition to the information and
explanations offered by the healthcare provider with the treatment rationale, how the
treatment rationale is provided can affect the treatment response and the outcome of
the intervention. This includes, for example, whether the healthcare provider is more
or less empathic (Annoni & Miller, 2016; Caspi & Bootzin, 2002; Gaab et al., 2019).

This is in line with psychotherapy research, which has shown that the
therapeutic relationship, also known as the therapeutic alliance between the therapist

10



and the patient is crucial to the effects of interventions. This relationship includes a
cognitive element, in which information is communicated, and an emotional element,
which includes empathy, warmth, caring, and understanding (Di Blasi et al., 2001;
Howe et al., 2019; Kelley et al., 2014). It is well-established that the therapeutic alliance
is a consistent predictor of outcomes in psychotherapy (Fllckiger et al., 2018; Horvath
et al., 2011). The importance of the therapeutic alliance has also been demonstrated
in placebo research. It is believed that a good therapeutic alliance between the
therapist and the patient can potentially enhance the patient’s expectations of receiving
an effective treatment (Howe et al., 2017; Price et al., 1999). While placebo effects can
also occur without a therapeutic alliance, evidence shows that placebo effects are
enhanced by the therapeutic alliance (Wampold, 2021). A meta-analysis showed that
a good relationship between the healthcare provider and the patient enhances placebo
analgesia (Vase et al., 2015).

While this is not a complete review of the research, one can say in summary
that the literature on animal-assisted interventions assumes that the animals are
responsible for the specific effects of animal-assisted interventions. The most common
hypothesis is that the animal can act as a social mediator through its presence, can
positively influence our social perception, and can thus facilitate the therapeutic
alliance. Intervention research indicates that contextual factors are responsible for a
significant portion of our treatment responses and that they play a greater role than the
specific treatment itself. Findings on placebo analgesia especially consider treatment
expectations evoked by verbal suggestions such as treatment rationales as a crucial
context factor for the outcome of an intervention. This supports the idea that the
meaning we ascribe to a treatment based on the treatment rationale may have an
influence on the effects of the treatment. In addition, the evidence suggests that the
therapeutic alliance may enhance these effects.

3. Aims of thesis
The main objective of this thesis was to explore the mechanisms of animal-
assisted interventions and, relatedly, to identify how important the animal itself is to the
effects of the intervention.
To that end, the thesis pursued two aims. One was to investigate to what extent
the effect of animal-assisted interventions on pain in healthy participants can be
attributed to the presence of an animal and to what extent it can be attribute to other

11



mechanisms. More specifically, this thesis wanted to distinguish whether the potential
analgesic effects of animal-assisted interventions are due to the presence of an animal
or whether they are due to how the animal is embedded in the treatment rationale in
such a way that the animal is imbued with a meaning that can evoke treatment
expectations. According to the literature on animal-assisted interventions, the animal
itself is considered to be the relevant factor for the effects. In contrast, placebo
research strongly supports the impact of contextual factors, such as treatment
expectations, on pain.

In light of the impact of contextual factors and the common assumption that
animals are the specific factor in animal-assisted interventions, the second aim of this
thesis was to investigate whether studies on animal-assisted interventions really
consider the animal to be the specific factor and which factors have been considered
specific and which have been considered nonspecific based on the experimental and
control conditions. The aim was to give an overview of the researchers’ assumptions
regarding the mechanisms of animal-assisted interventions and to draw implications
for future research.

Two different approaches were applied to address these two aims. For the first
aim, we conducted two randomized controlled trials with healthy participants. For the
second aim, a systematic review was conducted.

The three research projects described in this thesis were designed to provide
insight into the following primary questions:

1. Can the effects of animal-assisted interventions on pain be explained by the
animal itself or by contextual factors? (Two experimental studies)

Study I. The aim of study | was to examine if the mere presence of a dog leads
to pain relief by its presence or by enhancing the therapeutic alliance. This would
indicate that the analgesic effects of animal-assisted interventions can be attributed to
the animal.

Study Il. The aim of study Il was to investigate if embedding the presence of a
dog in the treatment rationale gives the animal a meaning that affects the treatment
response, for example, by leading to pain relief. This would suggest that the analgesic
effects of animal-assisted interventions can be attributed to contextual factors.
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2. Which factors are considered specific and which are considered nonspecific in

animal-assisted interventions? (Systematic review)

Study Ill. The aim of study Il was to identify factor hypotheses that researchers have
presented in previous studies on animal-assisted interventions and to identify which
factors have been considered specific and which have been considered nonspecific.
The goal was to provide an overview of which hypotheses are most common and which
factors are considered specific or nonspecific.

4. Methods

4.1 Sample and procedures

Study I. We conducted a randomized controlled trial with four experimental
conditions that employed a standardized experimental heat-pain placebo paradigm in
healthy participants. The study was conducted between April 2019 and July 2019. We
compared participants in four conditions who received either an animal-assisted
intervention or no animal-assisted intervention in a pain assessment or in a pain-
therapy context. First, baseline measurements of heat pain and self-reported ratings
of pain were collected. After that, the treatment phase was conducted. Participants in
the conditions with an animal-assisted intervention were introduced to the dog and
deceived by the real reason for the dog’s presence (to suppress possible expectation
effects). After this introduction, the study investigator applied an inert white cream on
the participants in all four conditions. After the treatment phase, posttreatment heat-
pain measurements and self-reported ratings of pain were recorded in an identical
manner to the baseline assessments. Participants had a mean age of 26.2 (SD = 8.3).
Eighty-eight were females, and 44 were males.

Study Il. We conducted a randomized controlled trial with four experimental
conditions that employed a standardized experimental heat-pain placebo paradigm in
healthy participants. The study was conducted between June 2020 and November
2020. We compared participants in the four conditions who received either an animal-
assisted intervention, a placebo, both, or no treatment. First, baseline measurements
of heat-pain and self-reported ratings of pain were collected. After that, the treatment
phase was conducted, and all the conditions, except for the no-treatment condition,
received a positive treatment rationale. After this treatment phase, posttreatment
measurements of heat-pain and self-reported ratings of pain were assessed identically
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to baseline. Participants had a mean age of 28.82 (SD = 10.78). Eighty-four
participants were female, and 44 were male.

Study Ill. We conducted a systematic literature search of the following
databases: PsychINFO, PSYNDEX, ERIC, MEDLINE, Embase, PubMed, Cochrane
Library, Web of Science, Scopus, CINAHL, PTSDpubs, and Dissertations & Theses.
The date of the last search was 13 January 2022. The systematic review included all
studies on animal-assisted interventions with an active control group. Our inclusion
criteria were met by 172 studies that were included in this systematic review. These
172 studies were published in 176 reports.

4.2. Measurements

Study |. Participants’ heat-pain tolerance, their perception of the
unpleasantness and intensity of pain at the limit of their heat-pain tolerance, and their
perception of the study investigator were collected. Heat-pain tolerance was
determined using a thermal sensory analyzer (Medoc, Ramatishai, Israel; TSA 2).
Participants were asked to stop the increasing heat stimulus at the moment they could
not stand the heat any longer. This procedure was repeated three times in a row. Heat-
pain tolerance was defined as the average of the three measurements (Hermann et
al., 2006). Self-reported ratings of unpleasantness and intensity at the limit of heat-
pain tolerance were measured with a visual analogue scale (VAS). The VAS ranged
from 1-10 (1 = “not intense at all” or “not unpleasant at all”; 10 = “the most intense pain
| have ever experienced” or “the most unpleasant pain | have ever experienced”).
Participants were asked to evaluate subjective pain intensity and unpleasantness after
each objective pain measurement. Participants’ perception of the study investigator
was assessed with the Counselor Rating Form—Short Version (CRF-S) (Corrigan &
Schmidt, 1983). The CRF-S is a 12-item questionnaire for measuring an individual's
perception of a therapist on the following three subscales: trustworthiness, expertness,
and attractiveness. The questionnaire contains items on a 7-point Likert scale, ranging
from 1 (not very) to 7 (very). For this study, only the subscale trustworthiness was
analyzed because it is most central to the therapeutic alliance.

Study Il. Heat-pain tolerance and the corresponding self-reported ratings of the
unpleasantness and intensity of pain at participants’ limits of heat-pain tolerance were
defined as primary outcomes. We assessed heat-pain tolerance and the self-reported
ratings of unpleasantness and intensity at their limit of heat-pain tolerance following
the design of study | (Wagner et al., 2021).
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Study Ill. Factor hypotheses and specific and nonspecific factors of each study
were extracted. Factor hypotheses were defined as the factors that authors mention in
the introduction regarding potential mechanisms of animal-assisted interventions.
Specific and nonspecific factors were identified by comparing the experimental and
control interventions. To extract the factor hypotheses and the specific and nonspecific
factors, we used structured content analysis following Mayring (2014).

4.3. Statistical analyses

Study I. The primary outcome (posttreatment heat-pain tolerance) was
analyzed using linear models (analysis of covariance, ANCOVA) with the
corresponding baseline outcome of heat-pain tolerance as a covariate. We wanted to
investigate how the dog affects pain perception in the two different contexts—pain
assessment and pain therapy—by comparing “pain” with “pain + dog” and “pain +
placebo” with “pain + placebo + dog.” For the corresponding self-reported ratings of
pain intensity and unpleasantness at participants’ limits of heat-pain tolerance, we also
conducted linear models (ANCOVAs) comparing “pain” with “pain + dog” and “pain +
placebo” with “pain + placebo + dog.” In each model, the respective corresponding
baseline outcomes were used as covariates. To analyze the subscale frustworthiness
of the CRF-S questionnaire, we conducted a linear model (analysis of covariance,
ANCOVA) to investigate whether the presence of the dog affected the perception of
the participants. The dog was used as an independent factor and the corresponding
baseline outcome of the subscale frustworthiness was used as a covariate.

Study Il. The primary outcomes (posttreatment heat-pain tolerance and the
corresponding self-reported ratings of pain unpleasantness and intensity at
participants’ limits of heat-pain tolerance) were analyzed using linear models (analysis
of covariance, ANCOVA) with the corresponding baseline outcomes as a covariate.
For each outcome, we calculated prespecified separate models to analyze the dog
effect, the placebo effect, and the interaction effect of the dog and the placebo. We
quantified the dog effect by comparing the dog-treatment condition with the no-
treatment condition. The placebo effect was quantified by comparing the placebo-
treatment condition with the no-treatment condition. The interaction effect of the dog
and the placebo was estimated in a model that included all four conditions and that

employed the placebo and the dog as between-subject factors.
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Study Ill. The frequencies of the categories for factor hypotheses, specific
factors, and nonspecific factors were analyzed. Descriptive analyses were carried out

using R for Mac, version 1.4.1103.

5. Summary of the results

Study I. The results of study | show that the dog had no effect on posttreatment
heat-pain tolerance or on the self-reported ratings of pain unpleasantness at
participants’ limits of heat-pain tolerance. However, regarding the self-reported ratings
of pain intensity at participants’ limits of heat-pain tolerance, there was a difference
between participants in the animal-assisted condition in the pain-assessment context
compared to participants with no animal-assisted intervention in the pain-assessment
context. Participants in the animal-assisted condition experienced higher pain intensity
at their limits of heat-pain tolerance with a mean of 7.57 compared to the mean of 6.83
in the condition “pain” (difference = 0.40, Cl = 0.02 to 0.79, p = 0.041). Participants
also did not perceive the study investigator to be more trustworthy in the presence of
the dog compared to when no dog was present.

Study Il. Study | did not reveal any differences in the means of posttreatment
heat-pain tolerance between the conditions. Regarding the self-reported ratings of
pain, we found differences comparing the dog-treatment with the no-treatment
conditions. Participants in the dog-treatment condition experienced heat-pain
tolerance to be less unpleasant with a mean of 6.39 compared to participants in the
not-treatment condition, who had a mean of 7.75. Further, we found a significant
interaction of the dog and the placebo in the unpleasantness ratings, which were higher
in the combined dog and placebo-treatment than in the separate dog-treatment and
placebo-treatment (difference = 1.19, Cl = 0.33 to 2.05, p = 0.007). Finally, we found
a trend in the self-reported ratings of pain intensity at participants’ limits of heat-pain
tolerance at posttreatment. Participants in the dog-treatment condition rated pain
intensity to be less intense with a mean of 7.17 compared to a mean of 7.96 for the
ratings by participants in the no-treatment condition (difference = -0.44, Cl = -0.89 to
0.02, p = 0.060). There was a trend for an interaction of the dog and the placebo in the
intensity ratings, which were higher in the combined dog and placebo-treatment than
in the separate dog-treatment and placebo-treatment (difference = 0.71, Cl = -0.05 to
1.47, p = 0.077).
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Study lll. This systematic review identified eleven categories describing
hypotheses about factors, nine categories describing specific factors of animal-
assisted interventions, and 14 categories for nonspecific factors.

Factor hypotheses: 1) human—animal interaction (32.56%), 2) not specified (16.86%),
3) movement by the animal (13.95%), 4) social facilitator or catalyst (12.21%), 5)
relationship with an animal (9.3%), 6) other (8.72%), 7) presence of animal (6.98%), 8)
physical contact (5.81%), 9) social or emotional support (3.49%), 10) taking care of an
animal (2.91%), 11) physical activity (2.91%).

Specific factors: 1) animal (88,37%), 2) interaction with an animal (46.51%), 3)
movement by the animal (17.44%), 4) physical contact (12.79%), 5) taking care of an
animal (12.21%), 6) training an animal (6.39%), 7) other (6.39%), 8) social interaction
(5.81%), 9) relationship with an animal (2.32%).

Nonspecific factors: 1) therapeutic aspects (37.21%), 2) social interaction (33.14%),
3) physical activity (29.65%), 4) activity, distraction, or absorption (27.91%), 5)
education or training (15.17%), 6) plush or toy animal (11.63%), 7) animal (8.72%), 8)
environment (8.14%), 9) interaction with something like an animal (6.35%), 10)
movement or rhythm (5.81%), 11) relaxation (5.23%), 12) watching or seeing animal
(4.65%), 13) other (4.65%), and 14) novelty (1.74%).

6. Discussion

Although an increasing number of studies are investigating the effects of animal-
assisted interventions and showing promising results, the mechanisms potentially
responsible for these effects remain underexplored (Lépez-Cepero, 2020). The
literature on animal-assisted interventions assumes that the animal is the specific
factor that contributes to these effects (Marino, 2012). In contrast, evidence from
placebo research suggests that contextual rather than specific factors contribute to the
outcome to a larger extent (Wager & Atlas, 2015).

The three studies that make up this thesis explored the mechanisms of animal-
assisted interventions. The first aim of this thesis was to explore the mechanisms of
animal-assisted intervention on experimentally induced pain in healthy participants to
distinguish whether the analgesic effects are due to the presence of a dog (Study I) or
due how the dog is embedded into the treatment rationale (Study Il). The second aim
of this thesis was to explore which factors were named as possible mechanisms of
animal-assisted interventions in previous research and which factors were defined as

specific or nonspecific (Study Il1).
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The two aims of the thesis will be discussed separately in the following. The role
of the animal and contextual factors in animal-assisted interventions will be discussed
first. Then, based on the results of the systematic review, | will discuss which factors
were named as possible mechanisms of animal-assisted interventions in previous
research and which factors were defined as specific or nonspecific. Finally, | will
summarize the strengths and limitations, offer a conclusion and detail the implications

for future research.

6.1. Exploring the role of the animal in animal-assisted interventions for pain

The findings of study | show that the mere presence of a dog had no positive
analgesic effect on experimentally induced pain in healthy participants when the dog
was not part of the treatment rationale. Participants’ heat-pain tolerance did not
increase when a dog was present. Instead, self-reports show that participants
experienced pain to be more intense at the limits of heat-pain tolerance when the dog
was present compared to when no dog was present. Further, participants did not
perceive the study investigator to be more trustworthy when a dog was present
compared to when no dog was present.

Study Il found that when a positive treatment rationale was provided for the
presence of the dog, the dog had a positive effect on participants’ pain perception.
While no differences were found in posttreatment heat-pain tolerance between
participants receiving the dog treatment or no treatment, the results of the self-reported
ratings show that participants experienced pain to be significantly less unpleasant and
tendentially less intense at the limits of heat-pain tolerance in the presence of the dog
compared to participants in the no-treatment group.

The findings from Study | and Study Il contradict the assumption that the
analgesic effects of animal-assisted interventions are mediated by the animal’s
providing direct social support or strengthening the alliance between the participant
and the treatment provider. Instead, they suggest that the analgesic effects of animal-
assisted interventions are not due to the animal but rather due to how the animal is
embedded in the treatment rationale.

In the context of pain treatment, these findings contradict previous studies on
animal-assisted interventions suggesting that the animal is responsible for the
analgesic effects of animal-assisted interventions (Calcaterra et al., 2015; Harper et
al., 2015; Silva & Osorio, 2018; Zhang et al., 2021), but they are in line with evidence
from research on placebo analgesia showing that treatment rationales that evoke
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positive treatment expectations are crucial for pain management (Skyt et al., 2020;
Vase et al., 2003). Depending on the information provided in the treatment rationale,
the same pain treatment can lead to different analgesic outcomes (Bingel et al., 2011).
This has been demonstrated in open and hidden paradigms. It is well known that the
hidden administration (unexpected) of a treatment is less effective than open
administration (expected) in analgesic treatments. Several studies have shown that
the effects of analgesic treatments decrease when patients are not aware that they are
receiving a treatment (Amanzio et al., 2001; Benedetti, Maggi, et al., 2003; Benedetti,
Pollo, et al., 2003; Colloca et al., 2004; Levine & Gordon, 1984).

In a broader context, these findings underline that treatment rationales lead us
to attribute a meaning to interventions and that we respond to those meanings
(Moerman, 2006; Moerman & Jonas, 2002). In Study I, the dog was intentionally given
no meaning related to pain management. In Study Il, the dog was embedded in the
treatment rationale and given a meaning that suggested that the dog can lead to pain
reduction. By stating that the dog had nothing to do with the study, it is possible that
participants attributed no meaning or a negative meaning to the dog (e.g., that the dog
is disturbing). It is known that the administration of an analgesic intervention without
any expectations, with negative expectations (Bingel et al., 2011), or without verbal
suggestions (Babel et al., 2017) can result in a negative treatment response and
negative pain maintenance. This would also explain why the presence of the dog had
no analgesic effect or even a negative effect on pain perception in Study |. These
findings thus suggest that participants responded to the meaning given to the dog and
not to the dog per se.

This also gives us reason to assume that it is important to integrate animals into
treatment rationales in order to enhance the effects of interventions. This presents a
challenge, however, for animal-assisted interventions. It has been suggested that
effective treatment rationales should be understandable, credible, and compelling
(Trachsel, 2019). Further, treatment rationales have to be evidence-based and
conform to research findings (Beutler, 1998; Blease et al., 2016; Blease et al., 2018).
Given the lack of available evidence regarding the mechanisms of animal-assisted
interventions, it is impossible for practitioners to provide patients with evidence-based
treatment rationales in animal-assisted interventions.

In addition, the findings the studies presented here suggest that—like a
placebo—it might not be the animal per se that contributes to pain relief but rather the
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meaning given to the animal. Considering that meaning is relevant in every treatment
(Moerman, 2006), it seems likely that the meaning given to the animal might generally
be important for treatment response in animal-assisted interventions and not only for
pain management. While it has been acknowledged that animal-assisted interventions
might be susceptible to placebo effects (Marino, 2012), the possibility that animals
could function like placebos has not been considered. Studies of placebo effects have
demonstrated that psychosocial and contextual factors related to patients’ perceptions
of the intervention—such as information about the intervention, expectations, and the
context of the intervention—can contribute to the overall effect of intervention (Bingel
et al., 2011; Vase et al., 2002; Vase et al., 2003).

The possibility that an animal could share the same mechanisms as a placebo
would also contradict and question the general assumption in the field of animal-
assisted interventions that animals are responsible, as specific factors, for the effects
of animal-assisted interventions. However, this does not necessarily mean that other
factors related to the animal are not relevant, but there is currently a lack of evidence
for this. It therefore seems to be important to pursue this question specifically in order
to understand how animal-assisted interventions work and what role the animal plays
in them.

If the animal itself is not as important as generally believed in the field of animal-
assisted interventions, this would have implications for the design of these
interventions—especially when taking into account that animal-assisted interventions
can be stressful and challenging for the animals (Ng et al., 2021). If the meaning given
to the animal and not the animal itself is crucial for the effect, then it seems reasonable
to question to what extent it is justified to incorporate living animals in interventions.
Further research should address whether the animal can be substituted, for example,
by using robots. The reason for this suggestion comes from a study that showed that
both a living dog and a robot dog significantly decreased loneliness in elderly patients,
which suggests that a living animal is not necessary (Banks et al., 2008).

6.2. Specific and nonspecific factors in animal-assisted interventions

The results of the systematic review (Study Ill) showed that a substantial portion
(16%) of the analyzed studies did not specify factor hypotheses referring to the
concrete working mechanisms of animal-assisted interventions in their introduction or
methods. The maijority of the studies (84%) did, however, provide a hypothesis. The
most frequently mentioned factor hypothesis was that human—animal interaction (HAI)
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leads to the effects of animal-assisted interventions, followed by the movement of the
animals, animals as social facilitators or catalysts, and the presence of an animal.
Regarding the specific factors, we identified that “animal” and “interaction with animal”
were the most frequent categories when comparing the experimental and control
conditions of previously published studies on animal-assisted interventions. By using
different control conditions, the studies also controlled for specific factors such as
movement, physical contact, or the relationship with the animal. This finding confirms
that the majority of studies considered the animal as a specific factor of animal-assisted
interventions. The analysis of the nonspecific factors revealed that previous studies
already controlled for several nonspecific factors, such as therapeutic aspects and
social interactions. Some of the studies also controlled for specific elements of the
animal, for example, by defining the presence of the animal (Tepper et al., 2021) or
simply walking with a dog (Syzmanski et al., 2018) as nonspecific factors.

These findings are not surprising and reflect some of the current problems within
the research field of animal-assisted interventions. First, they show that with a few
exceptions, authors largely do not explain how animal-assisted interventions work.
Second, they reveal that studies simply assume that the animal or the interaction with
the animal is responsible for the specific effects—without specifying which components
of the animal or of the interaction possibly contribute to the outcome. The majority of
researchers thus still support the general concept that animals are the panacea of
animal-assisted interventions (Lopez-Cepero, 2020). This leads to a rather
exaggerated and probably unrealistic view, namely, that the animal itself is sufficient
to generate positive effects (Fine et al., 2019). This also neglects the fact that the
animal is a complex stimulus and that interaction with animals has many different
components (Marino, 2012). Because animals are complex, it seems reasonable to
require that researchers explicitly define which factors of the animal or the interaction
with the animal positively affect the intervention (Lopez-Cepero, 2020). By avoiding
determining specific factors, animals can be perceived as passive tools rather than as
active factors in the therapeutic process (Kruger & Serpell, 2010). It is worth mentioning
that some of the included studies in the systematic review controlled for specific
elements of the interaction with the animal or the animal itself as nonspecific factors,
for example, walking with a dog (e.g., Syzmanski et al., 2018) or the sound of the
animal (e.g.,Park et al., 2019). While this is promising, these studies currently
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represent the minority in the field of animal-assisted interventions. More studies are
needed that systematically control for specific factors.

Moreover, animal-assisted interventions take place in very complex settings.
While, strictly defined, there is no animal-assisted intervention without the animal
(Marino, 2012), such interventions do not only consist of the animal but also of the
handler, the patient, and the larger therapeutic setting itself (Menna et al., 2019). It is
evident that researchers should take all these factors into account when addressing
the question of how animal-assisted interventions work, rather than assuming that the
animal is central for the effects of animal-assisted interventions and ignoring all other
factors.

This also addresses the need to consider contextual factors. It is interesting that
while animal-assisted interventions are thought to be vulnerable to placebo effects
because the nature of the treatment is usually evident to the subjects (Marino, 2012),
we did not identify a single study that controlled for potential placebo effects.

Based on the results of study | and Il and evidence showing that contextual
factors explain a significant portion of the effects of interventions rather than the
specific intervention itself (Wager & Atlas, 2015), it seems likely that these factors also
explain a significant portion of the effects of animal-assisted interventions. For this
reason, it appears essential for the field of animal-assisted interventions to focus more

on the influence of contextual factors.

6.3. Strengths and limitations

There is an acknowledged need for animal-assisted interventions to increase
their internal validity (Lopez-Cepero, 2020), and there is a recognized lack of high-
quality studies on the effects of animal-assisted interventions on pain and the
mechanisms involved (Waite et al., 2018). In Study | and Study Il, we conducted a
randomized control trial with a highly standardized study procedure to systematically
control for confounding variables and increase the internal validity. The study design
of Study | and Il ensured internal validity, but the external validity is limited: only healthy
participants were included, so the results cannot be generalized to patients. While
experimentally induced pain in healthy participants is regarded as a good model for
clinical pain (Peerdeman et al., 2016), the results may not be generalizable to a clinical
population. However, research on placebo analgesia has found “that studies on
healthy individuals may underestimate the magnitude of the placebo analgesic effect
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in patients” (cited from Forsberg et al., 2017, p. 394), so our findings could also be
relevant for patients.

Furthermore, the standardized study procedure and the limited interaction
between participants and the dog might not represent a typical animal-assisted
intervention. However, the aim of Study | and Study Il was to investigate whether and
how the presence of a dog can have an analgesic effect. Furthermore, only one dog
was included in both studies, so the effects with other animals or dog species are
unclear. Moreover, another limitation is that we did not directly compare groups
receiving different treatment rationales for the presence of the dog. Instead, we
compared the results of one of our previous studies (Wagner et al., 2021) with the
findings of the current study. It is thus possible that other unknown factors—other than
including the dog in the treatment rationale or not—led to the differences between the
two studies.

Regarding Study lll, a strength of this systematic review was that we included
all animal-assisted intervention studies with an active control group. This allowed us to
analyze studies as broadly as possible. Further, we also included dissertations and
therefore counteracted publication bias. Nevertheless, the results of the third study
must also be interpreted with caution. We only included studies published in German
and English, so we did not include all studies. Further, the information about conditions
was often restricted, so it is possible that not all potential specific and nonspecific
factors were assessed in the review. Finally, studies without an active control group
were excluded, but it is possible that these studies defined factor hypotheses more
specifically, so the results of this systematic review are only applicable to studies that

used an active control group.

6.4. Conclusions and implications for future research

Despite limitations, this thesis has determined that analgesic effects in animal-
assisted interventions are likely caused by contextual factors, which makes the
relevance of the animal and animal-related factors uncertain. More specifically, the
evidence indicates that a treatment rationale that gave the dog a meaning led to an
analgesic effect. Based on evidence showing that contextual factors can explain a
significant portion of our treatment responses (Rossettini et al., 2020; Wager & Atlas,
2015), it can be assumed that contextual factors are important not only for the effects
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of animal-assisted interventions on pain but probably also for animal-assisted
interventions more generally.

This thesis has also shown that the majority of previous studies on animal-
assisted interventions have continued to assume that the animal or the interaction with
the animal are the specific factors of animal-assisted interventions and to account and
control for the effects of animal-assisted interventions accordingly.

Although the evidence from Study | and Study Il suggests that contextual factors
are relevant, this does not mean that other animal-specific factors, such as the animal
or the interaction with the animal, are not also relevant in animal-assisted interventions,
but there is a lack of evidence to establish if this is the case. It therefore seems
necessary that supporters of the idea that animal-specific factors are important in
animal-assisted interventions should provide this evidence.

Based on the findings of this thesis, it is urgent to reconsider the explanatory
model for the effectiveness of animal-assisted interventions. More precisely, instead of
only focusing on the animal in animal-assisted interventions, researchers and
practitioners should start to include contextual factors in their explanatory models.
Future research should thus pursue the following objectives: a) define and investigate
more explicitly which factors of the animal or the interaction with the animal contribute
to the beneficial effects of animal-assisted interventions, and b) investigate the
influence of contextual factors in animal-assisted interventions.

It is necessary to describe and investigate the mechanisms of animal-assisted
interventions explicitly, so studies should define exactly what about the animal or the
interaction with the animal lead to an improvement (Lopez-Cepero, 2020). A better
understanding of which factors about the animal or the interaction with the animal are
important might also be relevant in determining whether we should use animals at all
or whether we can facilitate these factors in some other way. For example, it could be
helpful if studies incorporate control conditions that specifically control for certain
factors of the animal or the interaction with the animal. To systematically control for
certain factors of the animal, animal-like objects (e.g., robots) could be an informative
approach. For the interaction, it could be helpful to compare different types of
interactions in different conditions and explicitly describe what was done in which
condition.

Further, researchers and practitioners should perceive the context as a potential
amplifier and as a key contributor to therapeutic outcomes (Di Blasi & Kleijnen, 2003).
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Systematically investigating the impact of contextual factors that are known to
influence patients’ perceptions of animal-assisted interventions can help us better
understood how important the animal is and also how to enhance the effects of animal-
assisted interventions. Based on the findings of this thesis, an open-and-hidden
experimental study design, for example, could be helpful to disentangle potential
expectation effects from the effects of the intervention (Zion & Crum, 2018). Studies
could compare the effects of different treatment rationales in which animals are given
different meanings (e.g., a positive meaning, a negative meaning, or no meaning).
Further, it would also be interesting to investigate if the manner in which the healthcare
provider supplies the treatment rationale also affects the outcome of the intervention
(Annoni & Miller, 2016; Caspi & Bootzin, 2002; Gaab et al., 2019). This could help us
better understand the role of the animal and also the role of contextual factors in
animal-assisted interventions.

Portraying animals as a panacea only reinforces the fantasized image of animal-
assisted interventions (Lopez-Cepero, 2020) and prevents animal-assisted
interventions from being considered an evidence-based intervention (Kruger & Serpell,
2010; Lopez-Cepero, 2020) and the field from moving forward. Because the current
evidence does not support the conclusion that animals are a panacea, researchers
and practitioners must be more realistic in their explanations of the efficacy of animal-
assisted interventions (Fine et al., 2019) and more transparent about the fact that it
remains unclear how important the animal truly is in animal-assisted interventions
(Marino, 2012).
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Animal-assisted interventions (AAls) have been shown to be effective in the treatment
of pain. Studies suggest that relationships with animals can have comparable qualities
to relationships with humans and that this enables animals to provide social support.
Further, the presence of an animal can strengthen the therapeutic alliance between
patients and treatment providers. This suggests that the analgesic effects of AAl might
be mediated by social support from an animal or by strengthening the alliance between
the patient and the treatment provider. To test these assumptions, we examined the
effects of the presence of a dog on experimentally induced pain in a pain assessment
and a pain therapy context. Hundred thirty-two healthy participants were randomly
assigned to the conditions “pain,” “pain + dog,” “pain + placebo,” or “pain + placebo
+ dog.” We collected baseline and posttreatment measurements of heat-pain tolerance
and the heat-pain threshold and of the corresponding subjective ratings of heat-pain
intensity and unpleasantness as well as of participants’ perceptions of the study
investigator. The primary outcome was heat-pain tolerance. The presence of the dog
did not influence the primary outcome (“pain” vs. “pain + dog”: difference = 0.04,
Cl = —0.66 to 0.74, p = 0.905; “pain + placebo” vs. “pain + placebo + dog™:
difference = 0.43, Cl = —0.02 to 0.88, p = 0.059). Participants did also not perceive
the study investigator to be more trustworthy in the presence of the dog (“pain” vs.
“pain + dog”: difference = 0.10, CI = —0.67 to 0.87, p = 0.796; “pain + placebo”
vs. “pain + placebo + dog”: difference = 0.11, Cl = —0.43 to 0.64, p = 0.695). The
results indicate that the mere presence of a dog does not contribute to pain reduction
and that the analgesic effects of AAI that previous studies have found is not replicated
in our study as AAI did not increase perceived social support and had no effect on
the alliance between the participant and the treatment provider. We assume that the
animal most likely needs to be an integrated and plausible part of the treatment rationale
so that participants are able to form a treatment-response expectation toward AAl.
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www.clinicaltrials.gov (Identifier: NCT0389814).
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INTRODUCTION of an animal can also positively influence how we perceive others

Animal-assisted interventions (AAIs) are “goal-oriented and
structured interventions that intentionally incorporate animals
in health, education and human service for the purpose of
therapeutic gains in humans” (1). AAIs have a wide range
of clinically relevant effects, such as lowering symptoms in
patients with depressive and anxiety disorders (2-7), improving
neurohormone levels in adult patients diagnosed with advanced
heart failure (8), and reducing cortisol levels in adult healthcare
professionals as well as in children with insecure attachment
(9, 10). Moreover, a recent meta-analysis has suggested that
AAI can be an effective therapy for relieving pain in patients
across all age groups (7). For example, children exhibited a
significant reduction in pain perception and experience after
an AAI compared to a control intervention without an animal
present both in an acute pediatric setting (11) and after surgery
(12). Similar effects have been reported in AAI studies on
pain syndromes in adults. Patients who had 15-min visits
with a therapy dog before receiving standard postoperative
treatment had significantly lower perceptions of pain after total
joint arthroplasty than patients who only received standard
postoperative treatment (13). Adult patients with chronic pain
perceived significantly less pain when they spent their waiting
time with a therapy dog compared to patients in a waiting room
without a dog present (14). Further, patients with fibromyalgia
showed a greater decrease in pain when they were in a group
that received a 20-min session with a therapy dog and its handler
compared to a group that received the session with only the
handler (15). However, not all studies found that AAI leads
to pain reduction (16, 17). Further, previous studies differed
with regard to the study design and also showed methodological
weakness, such as lack of no randomization or insufficient control
groups (7). Thus, the evidence base for the effects of AAI on pain
is still weak, and high-quality studies are warranted to investigate
the effects and the mechanisms by which AAT leads to pain
reduction (7).

Although these results are promising, the mechanisms by
which AAI leads to pain relief are yet to be fully understood,
since it is still unclear how animals contribute to pain relief (7).
Research on social support can suggest possible explanations.
The mere presence of another person has been shown to lead
to a reduction of perceived pain (18). This effect on pain can
be found in both active (19, 20) and passive forms of social
support (18), and it does not seem to depend on the degree
of the relationship, that is, on whether the person is a partner,
friend, or stranger (18, 21). Previous research has highlighted
that relationships with animals can have comparable qualities
to relationship with humans (22, 23) and that pets can provide
social support for their owners (24). Furthermore, the presence

and strengthen the therapeutic alliance between the patient and
the treatment provider (25-27). This is of relevance since the
therapeutic alliance is an important determinant of treatment
outcomes in medical interventions (28), psychotherapy (29), and
placebo interventions (30, 31).

The analgesic effects of AAI could thus be mediated by
providing direct social support for the patient or by strengthening
the alliance between the patient and the treatment provider. To
test these assumptions, we examined the effects of AAI with
a dog on experimentally induced pain in healthy participants,
mimicking two different clinical settings: pain assessment and
pain therapy. We hypothesized that participants would show
increased heat-pain tolerance in both settings when a dog is
present based on the assumption that the mere presence of
a dog can act as direct social support. We also hypothesized
that participants would show increased heat-pain threshold and
decreased subjective ratings of pain intensity and unpleasantness
of heat-pain tolerance and threshold in both settings where a dog
is present. Moreover, we also hypothesized that the presence of
a dog would strengthen the alliance between participant and the
treatment provider. To examine possible effects of the presence
of an animal on the therapeutic alliance, we assessed participants’
perception of the study investigator in all pain assessments.

METHODS
Design

We conducted a randomized controlled trial with four
experimental conditions and healthy participants. In the
pain assessment context, experimental pain was induced and
assessed with a standardized experimental heat-pain paradigm,
simulating a setting in which persons experience pain without
treatment. In the pain therapy context, experimental pain
was induced, assessed with a standardized experimental heat-
pain paradigm, and, in addition, we employed an established
expectation-induced placebo paradigm. In this context,
we introduced placebo as therapeutic intervention for the
experimentally induced pain to simulate a setting in which
persons experience pain and get a treatment. A positive verbal
suggestion was administered to induce expectation in relation
to the placebo intervention. No positive verbal suggestion
was administered in relation to the dog’s presence to suppress
possible expectation effects. Participants were randomly assigned
to pain assessment (“pain”), pain assessment in the presence of a
dog (“pain + dog”), pain assessment and a placebo intervention
only (“pain + placebo”), or pain assessment and a placebo
intervention in the presence of a dog (“pain + placebo + dog”).
The study protocol ensured the dog’s welfare at any time.
We conducted all dog sessions according to the guidelines of
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the International Association for Human-Animal Interaction
Organizations (1).

The study was conducted between April 2019 and July 2019.
The study protocols and the informed consent of the study were
approved by the Ethics Committee of the Faculty of Psychology
at the University of Basel, Switzerland.

Participants

Through online advertisements, 284 participants were recruited
for a study on pain perception at the University of Basel. The
online advertisement did not contain any information about the
possible presence of a dog to prevent attracting participants with
an affinity for dogs. The online advertisement contained a link
to a short questionnaire. Participants interested in participating
had to complete this questionnaire first to check for eligibility
and inclusion and exclusion criteria. Participants had to be (a)
right-handed (32) and (b) 18 years or older to be included
in the study. Exclusion criteria were (a) any acute or chronic
disease as well as skin pathologies, (b) current medications or
current psychological or psychiatric treatment, (c) pregnancy,
(d) nursing, (e) current or regular drug consumption, (f)
insufficient German language skills, (g) a fear of dogs, (h) dog-
hair allergies, and (i) previous participation in studies using a
heat-pain paradigm.

Of the total 284 screened participants, 201 met the inclusion
criteria. All eligible participants received the study information,
which contained the whole study procedure, aims, participants’
rights, notification of the possible presence of a dog, and a
selection of study appointments. After receiving all information
about the study, a total of 159 participants were willing to
participate in the study (a detailed overview of the enrollment can
be found in the Supplementary Material, F1). Participants who
were still willing to participate were asked to sign in for a study
appointment. As soon as the scheduled N = 132 participants
confirmed their study appointments, the remaining people were
informed that there were no further appointments available.
Participants attended one appointment that took about 70 min.
The study compensation was CHF 80. Psychology students had
the opportunity to obtain credit points for study.

Participants were blinded regarding the aims of our study and
the placebo intervention. At the end of the study, all participants
provided delayed informed consent, which debriefed them about
the aims of the study. Participants were able to withdraw data
from the study if they did not consent to participate anymore.

Randomization

We used an adaptive randomization to apportion male
participants over all four conditions because we expected more
women than men to participate in the study. This approach
automatically considered the previous gender allocation in the
four conditions and influenced the probability of the next gender
allocation. This ensured that gender was equally represented in all
four conditions (“pain,” “pain + dog,” “pain + placebo,” “pain +
placebo + dog,” each N = 33). The randomization was conducted
with Microsoft® Excel for Mac, version 16.16.17. The first author
entered participant’s code and gender into the Excelfile which
then automatically allocated participants to one of the four

study conditions. Participants did not know in which condition
they were until the treatment phase. The study investigators,
however, were not blinded as they knew in which condition the
participant was.

Procedure

After guiding a participant into the room, the study investigator
explained the study procedure to the participant and asked them
to fill in the sociodemographic questionnaire, which took about
10 min. Then baseline measurements of heat-pain tolerance and
threshold as well as subjective pain ratings were collected for each
participant. This baseline procedure lasted 20 min.

After these baseline measurements, the treatment phase was
conducted; it took a total of 15min. Participants in the AAI
conditions were introduced to the dog. They were deceived
about the real reason for the dog’s presence (to investigate the
effect of the mere presence of a dog) so as to suppress possible
expectation effects. Participants were informed that the dog had
to be acquainted with the study procedure to be able to participate
in a future study. They were told that the dog would rest quietly
on a blanket and would not disturb the study procedure. To
standardize the interaction between the participants and the dog,
all participants were asked to greet and pet the dog as soon as it
entered the room. We explained that it would be easier for the
dog to relax on a blanket when allowed to greet the new person in
the room. The duration of the interaction between the participant
and the dog was kept to minimum, that is, under 1 min. During
the greeting phase the study investigator also interacted with the
dog, if the dog approached the investigator. After this greeting
phase, the dog was asked to lie on its blanket, which was always
next to the participant so that participants could still see the dog.
Participants did not touch the dog during the further procedure.
The study investigator also did not interact with the dog during
the further procedure. The dog was a one-and-a-half-year-old
female Golden Retriever used interacting with unfamiliar people.
All conditions without a dog were carried out by three other
female study investigators. All dog conditions were performed
by the same female study investigator, who was the dog’s owner.
The reason for this was to ensure that the dog is not stressed.
Leaving the dog in a setting with unfamiliar individuals without
the dog’s owner would have been inappropriate from an ethical
standpoint. All study investigators were instructed to follow a
study manual describing all the procedures and the instructions
of the participants.

After this introduction, the study investigator applied an inert
white cream on the participants in all four conditions. However,
the rationale differed in the four conditions. Participants in the
two placebo conditions (“pain + placebo” and “pain + placebo +
dog”) were told: “You will receive a generic analgesic cream with
the active ingredient lidocaine. Lidocaine is the main ingredient
of the analgesic cream Stilex (a local anesthetic commonly
used in Switzerland). The cream prevents and treats itchy and
painful skin problems, such as light burns, sunburns, or insect
bites. The efficacy of lidocaine has been evidenced in several
high-quality studies.” Participants in the two pain-assessment
conditions (“pain” and “pain + dog”) were told: “You will receive
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acream (hand cream) to moisturize the skin. This allows accurate
pain measurements.”

After the phase, posttreatment heat-pain
measurements and subjective ratings of pain intensity and
unpleasantness were performed in an identical manner to the
baseline assessments and lasted 20 min. At the end of the study,
all participants provided delayed informed consent (see Figure 1
for the timeline of the study procedure).

treatment

MEASURES
Pain Ratings

We assessed heat-pain tolerance and heat-pain threshold
following the design of previous trials (33-35). We defined
posttreatment heat-pain tolerance as the primary outcome.
Heat-pain tolerance is related to affective and motivational
aspects (33, 36) and implies experiencing maximum discomfort,
which results in greater subjective stress (33). In addition,
it has been associated with pathological pain, as there is an
inverse relationship between ischemic pain tolerance and the
perceived severity of clinical pain (37). Posttreatment heat-pain
threshold was defined as a secondary outcome. Both, the heat-
pain threshold and heat-pain tolerance were determined using
the Thermal Sensory Analyser (Medoc, Ramatishai, Israel; TSA
2). The heat-pain threshold was measured prior to heat-pain
tolerance in order to minimize interference between the two
outcomes (34, 35). The TSA 2 is a pain management system for
qualitative assessment of pain and measures sensory thresholds
such as heat-induced pain. The employed heat stimuli did not
entail any significant danger and have already been used in
previous studies in our lab (30, 34, 35, 38, 39). Participants were
able stop the stimuli at any time during each experimental run.
The study investigator administered the heat stimuli to the
right volar forearm of the participant using a 30 x 30 mm Peltier
device (Medoc, Ramatishai, Israel; TSA 2). The thermode of the
TSA 2 was fixed at two different locations (locations Y and X,
determined using a positioning device). Location Y was placed
one-third away from the elbow, while location X was placed
two-thirds away from the elbow. Half of the participants were
randomly assigned to start with location Y for the baseline heat-
pain measurement and to switch then to location X for the
posttreatment heat-pain measurement. The other half of the
participants started with the opposite location, location X first
for the baseline heat-pain measurement followed by location Y
for the posttreatment measurement. The reason for moving the
thermode was to avoid effects of sensitization or habituation (40).
Before starting with the actual heat-pain measurement,
participants performed a practice round to experience how the
heat stimuli work and how to handle the device including how to
stop the heat stimuli. After this practice round, we started with
the baseline measurements. We first assessed heat-pain threshold
which was determined by the method of limits. Participants were
instructed to press the button to determine the turning point
from perceiving warmth to perceiving pain. The temperature
was increased from the baseline (32°C) at a rate of 0.5°C/s.
When participants indicated that the pain threshold had been
reached, the device resumed from its baseline (32°C) with a rise

of 0.5°C/s. This procedure was repeated three times in a row
(35). The heat-pain threshold was defined as the average of the
three measurements.

Afterward, heat-pain tolerance was determined using the
method of limits. Participants were asked to stop the increasing
heat stimulus at the moment they could not stand the heat any
longer. The temperature increased from the baseline (32°C) at
a rate of 0.5°C/s. As soon as participants indicated that their
pain tolerance had been reached, the device resumed from its
baseline (32°C) with a rise of 0.5°C/s. Again, this procedure was
repeated three times in a row (35). To avoid physical injury, the
pain tolerance measurement stopped at a temperature of 52°C
(41). Heat-pain tolerance was defined as the average of the three
measurements (42).

The secondary outcomes were the subjective pain-intensity
rating of heat-pain tolerance, the subjective pain-intensity rating
of the heat-pain threshold, the subjective unpleasantness rating
of heat-pain tolerance, the subjective unpleasantness rating of the
heat-pain threshold, and pain expectation.

Subjective pain-intensity and unpleasantness ratings of heat-
pain tolerance and of the heat-pain threshold were measured
with a visual analogue scale (VAS). The VAS ranged from 1 to
10 (1 = “not intense at all” or “not unpleasant at all”; 10 =
“the most intense pain I have ever experienced” or “the most
unpleasant pain I have ever experienced”). Participants were
asked to evaluate subjective pain intensity and unpleasantness
after each objective pain measurement. Subjective pain intensity
and unpleasantness are assessed pain parameters in heat pain
paradigm studies (43). Intensity refers to cognitive dimensions
of pain, whereas unpleasantness refers to the affective dimension
of pain (44).

After the treatment phase and before conducting the
posttreatment heat-pain measurements, participants were asked
to indicate on a VAS how intense they expect pain to be after
the treatment phase. These expectation ratings were made on
the same VAS (ranging from 1 to 10) as those for pain intensity
and pain unpleasantness (35). Pain expectation was assessed
to control if the expectation-induced placebo intervention
was successful.

Participants’ Perception of the Study
Investigator

Participants’ perception of the study investigator was assessed
with the Counselor Rating Form-Short Version (CREF-S) (45).
The CRF-S is a 12-item questionnaire for measuring an
individual’s perception of the therapist on the following three
subscales: trustworthiness, expertness, and attractiveness. The
questionnaire contains items on a 7-point Likert scale, ranging
from 1 (not very) to 7 (very). For this study, only the subscale
trustworthiness was analyzed because it is most central to the
therapeutic alliance. Studies indicate that patient trust in the
physician is of particular importance in clinical practice (46—
48). The subscale trustworthiness included the following four
items: honest, reliable, sincere and trustworthy. The CRF-S was
used twice in the study: first after the baseline assessments
and second after the posttreatment assessments. Due to an
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FIGURE 1 | Timeline of the study procedure.

online survey programming error the item honest of the
subscale trustworthiness has not been collected within the
first 31 participants. As the other tree items of the subscale
trustworthiness were completed, this has been defined as item-
level missingness (49). To treat these missing items, the mean
across available items was taken, as recommended by Roth et al.
(50).

Demographic Variables

Before the study start, we assessed demographic variables (i.e.,
age, sex, nationality, family status, educational level, employment
situation, and income) with the sociodemographic questionnaire.

Dog Related Variables

The study investigator quantified the intensity of the contact
between participant and dog during the greeting phase with a 5-
stage Likert scale. The Likert scale ranged from 1 = “no contact
atall” to 5 = “very high intensity of contact.” Further, we assessed
the participants affinity for dogs at the end of the study with
a short self-developed questionnaire. We used a 5-stage Likert
scale, with 1 indicating that participants like dogs “not at all” and
5 indicating “very much.”

Data Analysis
We estimated that a sample size of N = 128 with a power of
0.8, an alpha error of 5% and a beta error of 20% would be
necessary to detect a medium size effect of f = 0.25 between
the four conditions, as well as interaction between them (7). We
decided to add N = 4 (one person in each condition) in case of
dropouts during the study or data loss due to technical problems.
We therefore included 132 participants.

The primary outcome (posttreatment heat-pain tolerance)
was analyzed using linear models (analysis of covariance,

ANCOVA) with the corresponding baseline outcome of heat
pain tolerance as a covariate. We wanted to investigate how the
dog affects pain perception in the two different contexts—pain
assessment and pain therapy—by comparing “pain” with “pain
+ dog” and “pain + placebo” with “pain + placebo + dog.” We
also run both models for the primary outcome twice, including
gender and once including age (not pre-specified).

For the secondary outcomes (the posttreatment heat-pain
threshold and the corresponding subjective pain-intensity and
unpleasantness ratings of heat-pain tolerance and of the heat-
pain threshold), we also conducted linear models (ANCOVAs)
comparing “pain” with “pain 4 dog” and “pain 4+ placebo”
with “pain + placebo + dog.” In each model, the respective
corresponding baseline outcomes were used as covariates.

With regard to the subjective expectation ratings, we
conducted a linear model (analysis of variance, ANOVA) using
the four treatment conditions (“pain,” “pain + dog, “pain +
placebo,” and “pain + placebo + dog”) as an independent
between-subject factor.

To analyze the subscale trustworthiness of the CRF-S
questionnaire, we conducted a linear model (analysis of
covariance, ANCOVA) to investigate whether the presence
of the dog affected the perception of the participants. Dog
was used as an independent factor and the corresponding
baseline outcome of the subscale trustworthiness was used as
a covariate. In a second step, the same model was run with
the four study investigators as a covariate. To control whether
there was a difference between the four study investigators,
another model was calculated including the study investigator as
a factor.

The requirements for the analyses were tested using Levene’s
test to determine the variance homogeneity of the four
conditions, the homogeneity of the regression slopes, and the
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TABLE 1 | Sociodemographic characteristics of participants.

Condition N Age mean (SD) N (%) female Family status N Highest ed | level Employ it level N (%)
N (%)

Pain 33 26.58 (10.03) 23 (69.69%) Single: 32 Primary school: 0 Full time: 3 (9.09%)
Married: O Secondary school: 1 Part time: 8 (24.24%)
Registered (3.08%) None or
partnership: 0 High school: 19 (57.57 %) student: 22 (66.66%)
Divorced: 0 University: 13 (39.39%)
Other: 1

Pain + Dog 33 26 (6.13) 22 (66.66%) Single: 31 Primary school: O Full time: 5 (15.15%)
Married: 1 Secondary school: 0 Part time: 14 (42.42%)
Registered High school: 17 (51.52%) None or
Partnership: O University: 16 (48.48%) student: 14 (42.42%)
Divorced:0
Other: 1

Pain + Placebo 33 24.64 (7.06) 283 (69.69%) Single: 31 Primary school: 0 Full time: 2 (6.06%)
Married: 2 Secondary school: 3 Part time: 8 (24.24%)
Registered (9.09%) None or
partnership: 0 High school: 18 (54.55%) student: 23 (69.70%)
Divorced:0 University: 12 (36.36%)
Other: 0

Pain + Placebo + Dog 33 27.39 (9.38) 20 (60.60% Single: 29 Primary school: 0 Full time: 8 (24.24%)
Married: 3 Secondary school: 1 Part time: 6 (18.18%)
Registered (3.03%) None or
partnership: O High school: 20 (60.60%) student: 19 (57.58%)
Divorced: 0 University: 12 (36.36%)
Other: 1

SD, standard deviation.

normal distribution of the variables were tested using Shapiro-
Wilk’s test and quantile-quantile plot (Q-Q plot). All variables
were normally distributed and all requirements were met.
The prerequisites of ANCOVA were also met. There were no
significant differences in baseline pain scores and in the CRF-
S questionnaire between the four conditions. Further, there was
a linear relationship between each covariate, in our case the
corresponding baseline value, and the dependent variable, in our
case the corresponding posttreatment value. We reported our
outcomes according to the Consolidated Standards of Reporting
Trials (CONSORT) guidelines that suggest using the estimate
with the confidence interval. The mean difference (estimate) was
used as effect size, the confidence interval was defined at 95% and
the significance level was set at 0.05. All statistical analyses were
carried out using R for Mac, version 1.4.1103.

RESULTS
Sample Characteristics

All 132 participants were included in the analysis. Participants
had a mean age of 26.2 (SD = 8.3). Eighty-eight participants were
females, and 44 were males. Participants in the four conditions
did not differ regarding age (pain: mean age = 26.58, SD = 10.03;
pain + dog: mean age = 26, SD = 6.13; pain + placebo: mean
age = 24.62, SD = 7.06; pain + placebo + dog: mean age =
27.39, SD = 9.38), gender, family status, educational level, or
employment level (see Table 1). In addition, we also analyzed if
there were differences between the conditions “pain” and “pain
+ dog” and the condition “pain 4+ placebo” and “pain + placebo
+ dog” separately. No differences were found; detailed outcomes

can be found in the (Supplementary Materials 1, 2). Moreover,
we also analyzed potential differences between the conditions
“pain + dog” and “pain + placebo + dog” regarding the intensity
of interaction between the participants and the dog or regarding
the participants’ dog affinity. No differences were found; detailed
results can be found in the (Supplementary Material 3).

Primary Outcome: Heat-Pain Tolerance

We observed a mean posttreatment heat-pain tolerance of
47.64 in the “pain” condition which did not differ significantly
from 48.02 in the “pain + dog” condition (difference = 0.04,
CI = —0.66 to 0.74, p = 0.905). The posttreatment heat-
pain tolerance mean value in the “pain + placebo” condition
was 48.01 and did also not significantly differ from 48.38 in
the “pain + placebo + dog” condition (difference = 0.43,
CI = —0.02 to 0.88, p = 0.059) (see Table2; Figure 2).
Baseline heat-pain tolerance was associated with p < 0.001 in
both models.

When including age in the model comparing the conditions
“pain” and “pain + dog,” age has no effect on posttreatment
heat-pain tolerance (difference = 0.58, CI = —0.03 to
0.05, p = 0.701) and the conditions “pain” and “pain
+ dog” did not differ regarding posttreatment heat-pain
tolerance (difference = 0.05, CI = —0.66 to 0.75, p =
0.891). In the comparison “pain + placebo” with “pain
+ placebo 4 dog” there was an age effect (difference =
—0.04, CI = —0.07 to 0.01, p = 0.002) and the conditions
“pain + placebo” and “pain + placebo + dog” significantly
differed (difference= 0.54, CI = 0.12-0.97, p = 0.013).
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TABLE 2 | Heat-pain tolerance and corresponding subjective intensity and unpleasantness ratings [mean, standard deviation (SD)].

Condition
Pain Pain + Dog Pain + Placebo Pain + Placebo + Dog
(N =33) (N =33) (N =33) (N =33)
Baseline Heat-pain tolerance 48.06 (2.12) 48.41 (1.51) 48.29 (1.22) 48.22 (1.70)
(mean, SD)
Subjective heat-pain intensity 6.83(1.52) 7.24 (1.45) 7.06 (1.43) 6.96 (1.45)
(mean, SD)
Subjective heat-pain unpleasantness 6.72 (1.73) 7.07 (1.30) 6.73 (1.85) 6.53 (1.79)
(mean, SD)
Posttreatment Heat-pain tolerance 47.64 (2.63) 48.02 (1.84) 48.01 (1.58) 48.38 (1.69)
(mean, SD)
Subjective heat-pain intensity 6.83 (1.49) 7.57 (1.36) 7.04 (1.75) 7.01(1.66)
(mean, SD)
Subjective heat-pain unpleasantness 6.89 (1.87) 7.14 (1.41) 6.64 (2.12) 6.63 (1.91)
(mean, SD)
. Secondary Outcomes
p— The Heat-Pain Threshold, Subjective Pain Intensity
2 48.02 48.38 and Unpleasantness of Heat-Pain Tolerance,
42,01 Subjective Pain Intensity and Unpleasantness of the
g o Heat-Pain Threshold
ga There was no significant effect of the dog on the posttreatment
;E 48 heat-pain threshold; detailed outcomes can be found in the
i lz (Supplementary Material 4, T1).
& é 47 With regard to the subjective intensity rating of heat-
& pain tolerance the “pain” had a mean value of 6.83 which
546 was significantly lower than 7.57 in the “pain + dog”
e condition. This indicates that participants in the “pain +
45 dog” condition experienced higher pain intensity of heat-pain
tolerance compared to participants in the condition “pain”
44 (difference = 0.40, CI = 0.02-0.79, p = 0.041) (see Table 2;
®Pain  Pain+Dog Pain+Placebo Pain + Placebo + Dog Figure 3). Further, “pain + placebo” had a mean value of 7.04
which did not significantly differ from 7.01 in “pain + placebo +
FIGURE 2 | Posttreatment mean scores of heat-pain tolerance. For each dog” condition (diﬁ"erence =0.07,CI = —0.38 to 0~52>P — 0‘754)
condition, the respective mean and standard deviation are displayed. (see Table 2). Baseline subjective ratings of pain intensity of

Baseline heat-pain tolerance was associated with p < 0.001 in
both models.

When including gender into the model no changes to
the original model were found. Gender had no effect on
posttreatment heat-pain comparing the
conditions “pain” and “pain + dog” (difference = —0.10, CI
= —0.87 to 0.66, p = 0.785). There was no difference between
“pain” and “pain + dog” in posttreatment heat-pain tolerance
(difference = 0.04, CI = —0.66 to 0.75, p = 0.902). When
comparing the conditions “pain + placebo” and “pain +
placebo 4 dog,” we found no effect of gender (difference = 0.20,
CI = —0.28 to 0.67, p = 0.407) and no group differences in
posttreatment heat-pain tolerance (difference= 0.41, CI = —0.04
to 0.86, p = 0.073). Baseline heat-pain tolerance was associated
with p < 0.001 in both models.

tolerance when

heat-pain tolerance was associated with p < 0.001 in both models.

With regard to the subjective unpleasantness rating of heat-
pain tolerance, the dog had no effect. There was no significant
difference between mean value of 6.89 in the “pain” condition
compared to the mean value of 7.14 in “pain + dog” condition
(difference = —0.03, C = —0.59 to 0.53, p = 0.913) or between
the mean value of 6.64 in the “pain + placebo” condition and
the mean value of 6.63 in the “pain + placebo + dog” condition
(difference = 0.19, CI = —0.29 to 0.67 p = 0.44). Baseline
subjective ratings of pain unpleasantness of heat-pain tolerance
was associated with p < 0.001 in both models.

With regard to the subjective intensity and unpleasantness
rating of the heat-pain threshold there were no differences
among the conditions; detailed outcomes can be found in the
(Supplementary Material 5, T1).

Expectation of Pain Reduction
We found no differences between the four conditions regarding
their expectation of pain reduction after treatment (difference
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TABLE 3 | Counselor Rating Short Form Questionnaire (CRF-S): Subscale Trustworthiness [mean, standard deviation (SD)].

Condition
Pain Pain + Dog Pain + Placebo Pain + Placebo + Dog
(N =33 (N = 33) (N =33) (N =33)
Trustworthiness Baseline (mean, SD) 25.42 (3.25) 26.58 (2.18) 25.70 (3.10) 26.58 (2.19)
Posttreatment (mean, SD) 25.94 (2.90) 26.76 (2.28) 2552 (3.26) 26.48 (2.36)
. CI = —1.46 to 1.35, p = 0.936) or between the conditions
10 — “pain + placebo” and “pain + placebo + dog” (difference =
g 757 0.26, CI = —0.74 to 1.27, p = 0.601). Baseline trustworthiness
ol 9 7.04 7.01 ) i . . . .
g L5 : ratings of the study investigators was associated with p < 0.001 in
z s both models.
E The results of the subscales attractiveness and expertness can
il
% g 7 be found in the (Supplementary Materials 6).
& 58
T3
& 6
5
]
: DISCUSSION
Z
5
= 4 AATs have been shown to be effective in the treatment of pain, but
& the mechanisms of this analgesia have not yet been elucidated.
3 This study investigated whether the analgesic effects of AAI
®Pain  Pain+Dog = Pain+Placebo  Pain+Placebo +Dog could be mediated by providing direct social support through the
presence of a dog or by strengthening the alliance between the
FIGURE 3 | Posttreatment scores of subjective intensity ratings for heat-pain patient and the treatment provider. We tested these hypotheses
tolerance. For each condition, the respective mean and standard deviation are " . . . .
delaved, *oevilue <0105 with established paradigms for pain assessment and pain therapy,
. 5] < U .
paved. P ie., expectancy-induced placebo analgesia.

= —0.17, CI = —0.45 to 0.11, p = 0.241). Separate analysis
of the conditions also showed no difference regarding pain
expectation between the conditions “pain” with a mean value
of 541 and the mean value of 5.36 in the “pain + dog”
condition (difference = 0.04, CI = —0.88 to 0.97, p = 0.927)
or the conditions “pain 4 placebo” with a mean value of
4.81 and the mean value of 5.03 in the “pain + placebo
+ dog” condition (difference = —0.22, CI = —1.09 to 0.66,
p = 0.620).

Perception of the Study Investigator

There was no significant effect of the dog on the trustworthiness
of the study investigators (see Table3). The ratings of
trustworthiness of the study investigators in the condition
“pain” with a mean value of 25.94 did not differ from the
mean value of 26.76 in the condition “pain + dog” (difference
= 0.10, CI = —0.67 to 0.87, p = 0.796). The ratings of
trustworthiness of the study investigators in the condition “pain
+ placebo” with 25.52 did not differ from 26.48 in the condition
“pain + placebo + dog” (difference = 0.11, CI = —0.43 to
0.64, p = 0.695). Baseline trustworthiness ratings of the study
investigators was associated with p < 0.001 in both models.
When we controlled for study investigator, there was still no
significant difference in the subscale trustworthiness of the study
investigators between the four different investigators comparing
the conditions “pain” with “pain + dog” (difference = —0.06,

The results of our randomized controlled trial show that
participants heat-pain tolerance did not increase in both pain
assessment and pain therapy when a dog was present. Instead,
subjective measures show that participants experienced heat-pain
tolerance to be more intense when the dog was present compared
to when no dog was present in the pain assessment condition
where no treatment was offered. Further, participants did not
perceive the study investigator to be more trustworthy when a
dog was present compared to when no dog was not present.
These results contradict our assumption that the analgesic effects
of AAI could be mediated by providing direct social support or
by strengthening the alliance between the participant and the
treatment provider.

These findings also contradict previous observations of
analgesia in the presence of a dog in a clinical setting (11-14, 51)
but are in line with studies that found no effect of AAI in pain
(16, 17). Moreover, we did not only find no analgesic effect of the
dog but instead a negative effect in the subjective pain intensity
of heat-pain tolerance. To our knowledge, this is the first study
that found a negative effect of AAI on pain. There are several
possible explanations for this discrepancy between our findings
and previous studies.

These contradict results could be a consequence of differences
in the study setting as we employed an experimentally induced
acute pain paradigm in healthy participants, whereas previous
studies reported pain reduction in patients in the presence of
a dog compared to patients without a dog present in a clinical
setting (11-14, 51).
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Further, it is possible that for AAI to be effective, the animal
(in our case, a dog) needs to be actively involved in giving social
support to modulate pain, for example, through direct physical
contact or a clear attentional focus of the animal toward the
human. This would be in line with a previous meta-analysis on
the analgesic effects of human social support suggesting that the
mere presence of another person is not sufficient to affect pain
perception and experience and that social support needs to be
expressed clearly in order to reduce pain, for example, through
verbal communication or holding hands (19). It is therefore
possible that a dog also needs to be actively involved in the
therapeutic process in order to modulate pain. Accordingly, in
previous studies that have suggested that dogs affect patients’
pain perception, patients typically interacted with the dogs for
10-20 min (11-13, 51). This would also be in line with previous
studies showing that physical contact between a human and an
animal is important to stimulate biological reactions in humans
(52-54). Notably, these effects might not only rely on physical
contact since both physically interacting with and just seeing
a dog increases oxytocin level in humans (23). Based on these
findings as well as on our results, we assume that the mere
presence of a dog is not sufficient to affect pain perception
and that at least a longer interaction phase and some form of
contact between the human and the animal might be needed.
Further, it can be important whether the person knows or owns
the animal. Support for this assumption comes from a study
that examined the effect of the presence of friends, spouses and
pet on cardiovascular responses to psychological and physical
stress. The authors showed that pet owners perceive their pets
as an important, supportive part of their lives, and significant
cardiovascular and behavioral benefits are associated with this
perception (55, 56). In our study, participants did not know
the dog. So, it is possible that a relationship needs to exists
between human and animal for the presence of an animal to
have a positive effect. Future studies should investigate if the
relationship to the animal mediates a possible analgesic effect.

Another explanation is based on findings from placebo and
psychotherapy research. Studies have shown that a treatment
rationale is an important prerequisite for a treatment response
(30, 35, 39). In our experiment, we used a deceptive rationale for
the dog’s presence, and we intentionally avoided a therapeutic
narrative for the dog. However, research has indicated that
interventions evoking expectations of pain reduction—either
by verbal suggestion, conditioning, or imagery techniques—
are likely to contribute to improving the effectiveness of
standard analgesic treatments in clinical practice (57). Further,
depending on the information given in verbal suggestions,
the verbal suggestion of an analgesic treatment can lead to
different magnitudes of analgesia (58-61). For example, a positive
expectation leads to significant pain reduction, whereas a verbal
suggestion inducing negative expectations can even block a
painkiller’s analgesic effect. This leads to the assumption that
positive and negative expectations can have an impact on the
outcome of an intervention (62). Hence, it is possible that we
did not find an analgesic effect of the dog because participants
lacked the grounds to incorporate the dog in their treatment
expectations. Moreover, it is even possible that the dog was then

perceived as a negative distraction. This would also explain why
participants in the “pain + dog” condition experienced greater
pain intensity compared to participants in the “pain” condition.
This would also mean that the effect of AATI on pain reduction
cannot be explained solely by the animal but is rather influenced
by contextual factors, such as expectation.

Further, it could be that by not providing any information
regarding the presence of a dog during the recruitment process,
we might have attracted participants with no specific attitudes
toward dogs. In our study dog affinity was only collected to check
that groups did not differ regarding their dog affinity. However, it
has been suggested that individuals with an affinity for animals
may be more likely to benefit from their presence (14). It is
possible that people with an affinity for dogs would more strongly
benefit from a dog’s presence. Thus, not limiting the study to
people with an affinity for dogs could have led to a smaller effect
of the dog’s presence on pain perception and experience.

Last, the presence of a dog did not positively affect how
participants perceived the study investigator. These results do not
support findings of previous studies suggesting that the presence
of an animal positively influences how we perceive others (25,
63). In both studies, participants perceived psychotherapists in
images or videos with an animal present to be more attractive,
and in a study by Schneider et al. (63), participants perceived
the same psychotherapists as more trustworthy when an animal
was present. However, our results are in line with the study
by (26), who also found that the presence of a dog had no
effect on participants’ perception. A plausible explanation for the
difference in results between, on the one hand, previous studies
supporting a positive effect of animals on our perception (25, 63)
and, on the other, our study and Goldmann et al.’s study is the
study setting. In our study and in Goldmann’s study, the effect of
the presence of a dog on participants’ perception was investigated
in vivo. In both studies, there was direct interaction between the
participant and the study leader, whereas in the previous studies
the participants had to judge an image or video of a person with
or without an animal and the participants did not interact with an
animal or study leader. It is therefore possible that through this
direct interaction between participant and study investigator, the
dog was not the focus of participants and had no effect on their
perception of the study investigator (26). However, since the dog
conditions were only performed by one study investigator, these
results must be interpreted with caution. With our design, it is
difficult to compare the study investigator that worked with the
dog with the other three study investigators.

Overall, the results of this study are not only interesting for
research on AAIs but also for placebo research, especially from
a methodological perspective. In this study, we used a placebo
as an intervention paradigm to examine whether the presence
of a dog could amplify the placebo effect. The placebo was thus
not used as a control intervention to eliminate specific factors as
is usually the case. Using a placebo as an intervention paradigm
has been implemented in a few previous studies, for example, in
those by (30, 31) investigated the effect of the patient-practitioner
relationship on patients with irritable-bowel syndrome using
a placebo acupuncture intervention; they suggested that an
enhanced relationship with a practitioner is the most robust
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component in therapy. Further, Gaab et al. (30) examined the
impact of expectation and relationships in healthy participants
using a placebo intervention consisting of animated videos. The
authors showed that placebos with a psychological treatment
rationale are effective when provided in a trustworthy, friendly,
and empathic relationship. In our study, we used the presence of
a dog to examine whether the presence of a dog could amplify the
placebo effect and found that the mere presence of a dog has no
impact on the placebo effect.

However, it should also be emphasized that in this study,
we did not succeed in inducing placebo effects. This finding
contradicts results from previous studies (34, 35). A possible
explanation for the lack of placebo effect might be that in
this study, the expectation induction was not successful. As
known from previous research treatment response expectation
is generally seen as the main contributor to placebo-induced
analgesia (64-66). Hence, we may not have been able to produce
placebo effects since participants had no expectation of pain
relief. Another possible explanation might be that the dog and
not the placebo was the focus in our study. We used a placebo
as an intervention paradigm and not to study placebo effects
like in previous studies. As a result, it is possible that the study
investigators did not have a placebo allegiance in this study.
As known from psychotherapy research there exists a robust
relationship between researcher allegiance and outcome (67).
Hence, a potential missing placebo allegiance could lead to a
lower expectation of pain reduction among participants and
explain the lack of placebo effect in this study.

The findings of this study have to be seen in light of
some limitations. Our sample consisted of young and healthy
people who were not suffering from acute or chronic pain.
While valuable evidence can be provided from studies in
healthy participants, it is important to stress that short-term
experimentally induced or acute pain in healthy participants
differs from chronic pain in patients (68). Hence, our results
only provide information about how the presence of a dog
affects experimentally induced acute pain of healthy participants.
Therefore, our results need to be treated with caution in
the context of acute or chronic pain. Future studies should
apply this design also with patients with pain disorders or
patients experiencing acute pain in clinical settings. Further,
the dog conditions were performed by the same person, while
the other interventions were performed by different people.
The results of the CRF-S questionnaire showed, however,
that even when controlling for the investigator, there was
no significant difference in how participants rated the study
investigators. Finding no difference can lead to the assumption
that all four investigators performed the intervention in the
same standardized manner according to the manual. However,
even though this analysis made us assume that all our study
investigators performed the conditions in the same manner
we need to highlight that with our design, it is not possible
to distinguish between the effects of the dog and the study
investigator. Future studies should make sure that the study
investigators carry out both conditions with and without an
animal present to entangle the effects of the animal and the effects
of the study investigator. Further, participants had only limited

contact with the dog since the aim of this study was to investigate
whether the mere presence of a dog had an analgesic effect.

Last but not least, the intensity as well as dog affinity were
collected in this study, but only to roughly investigate if the dog
groups differ regarding the intensity of contact and their dog
affinity. It would have been interesting to investigate whether
dog affinity and intensity of the contact between the participants
and the dog mediates the effect. We therefore suggest that future
studies should specifically address the affinity of participants for
animals in general as well as for the animal that is presented.

Considering the findings and limitations of this current study,
future studies are warranted that would investigate whether
animals need to be integrated in the treatment rationale in order
to have effects on pain. Further, it is important to examine
whether physical contact with a dog is needed for an analgesic
effect or not and whether affinity toward dogs mediates this effect.

In conclusion, our results indicate that the mere presence of a
dog does not contribute to pain reduction and that the previously
reported analgesic effects of AAI is not replicated in our study.
The presence of a dog did not seem to provide social support
or had an effect on the alliance between the participants and the
treatment provider. We assume that the animal might need to be
an integrated and plausible part of the treatment rationale so that
participants are able to form a treatment-response expectation
toward AAIL
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S1: Results: Sample characteristics "Pain" vs. ""Pain + Dog"

Difference 95% confidence p-value
interval
Age 0.58 -3.5-4.68 0.779
Gender -0.03 -0.26 - 2.0 0.795
Family status -0.03 -0.46 — 0.40 0.888
Education level -0.12 -0.72-0.47 0.685
Employment level 0.33 0.04-0.71 0.078
S2: Results: Sample characteristics '"Pain + Placebo' vs. ""Placebo + Dog"
Difference 95% confidence p-value
interval
Age -2.76 -6.84 —1.33 0.182
Gender -0.09 -0.33-0.15 0.446
Family status -0.18 -0.51-0.15 0.271
Education level -0.39 -0.99-0.20 0.192
Employment level 0.33 -0.06 - 0.73 0.094
S3: Results: Intensity Interaction with the Dog and Dog Affinity in '""Pain + Dog" vs.
"Pain + Placebo + Dog"
Difference 95% confidence p-value
interval
Interaction contact 0.09 -0.67 —0.49 0.755
Dog affinity -0.28 -0.14 - 0.69 0.193

S4: Results: Heat-Pain Threshold

We observed a man posttreatment heat-pain threshold of 42.95 in the "pain" condition
which did not differ significantly from 43.15 in the "pain + dog" condition (difference =
0.17,CI =-1.0 — 1.35, p = 0.772). The posttreatment heat-pain threshold mean value in the

"pain + placebo" condition was 42.47 which did also not differ significantly from 43.61 in
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the "pain + placebo + dog" condition (difference = 0.93, CI = -0.05 — 1.90, p = 0.061).

Baseline heat-pain threshold was associated with p <.001 in both models.

S5: Results: Subjective Ratings for Heat-Pain Threshold

Analysis showed no dog effect in pain intensity of heat-pain threshold between the
condition’s "pain" and "pain + dog" (difference = 0.13, CI = -0.31- 0.57, p = 0.556) or
between "pain + placebo only" and "placebo + dog" (difference = 0.30, CI =-0.06 — 0.67,
p = 0.105). Baseline subjective ratings for pain intensity of heat-pain threshold was
associated with p <.001 in both models. Further, there were also no significant differences
in pain unpleasantness of heat-pain threshold between the condition’s "pain" and "pain +
dog" (difference = 0.12, CI = -0.39 — 0.62, p = 0.643) or between "pain + placebo" and
"pain + placebo + dog" (difference = 0.20, CI =-0.16 — 0.56, p = 0.267). Baseline subjective
ratings for pain unpleasantness of heat-pain threshold was associated with p <.001 in both

models.

S6: Results: Perception of the Study Investigator (Counselor Short Form

Questionnaire)

There was no significant dog effect on the subscale’s atfractiveness and expertness. The
ratings of attractiveness of the study investigators with 25.53 in the "pain" condition did
not differ from the rating of 25.39 in the "pain + dog" condition (difference = 0.46, CI = -
0.19-1.11, p=0.160) or between the ratings of 25.64 in the "pain + placebo" condition and
the ratings of 26.06 in the "pain + placebo + dog" condition (difference =0.12, CI =-0.39
—0.63, p =0.630). Baseline ratings of attractiveness was associated with p < .001 in both
models. Further, no significant differences were found in the ratings of expertness of the

study investigators between 25.09 in the "pain only" and 25.82 in the "pain + dog condition
3
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(difference = 0.29, CI=-0.38 — 0.97, p = 0.393) or between the ratings of 24.33 in the "pain
+ placebo" condition and the ratings of 25.58 in the "pain + placebo + dog" condition
(difference= -0.36, CI = -1.06 —0.33, p = 0.295). Baseline ratings of expertness was

associated with p <.001 in both models.
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ST1: Heat-Pain Threshold and Corresponding Subjective Intensity and Unpleasantness Ratings

Heat-pain threshold and corresponding subjective intensity and unpleasantness ratings (mean, standard deviation [SD])

Condition
Pain Pain + Dog Pain + Placebo Pain + Placebo + Dog
(N=33) (N=33) (N=33) (N=33)

Baseline Heat-pain threshold

(mean, SD) 43.86 (2.95) 43.89 (2.77) 43.77 (2.82) 44.05 (2.68)

Subjective heat-pain

intensity

(mean, SD) 4.46 (1.77) 4.10 (1.92) 4.34(2.13) 3.99 (1.84)

Subjective heat-pain

unpleasantness

(mean, SD) 4.12 (1.77) 3.90 (2.06) 3.56 (1.86) 3.60 (1.84)
Posttreatment Heat-pain threshold

(mean, SD) 42.95(3.07) 43.15(3.42) 42.47 (2.72) 48.38 (3.00)

Subjective heat-pain

intensity

(meaniSD) 3.94 (1.62) 3.77 (1.90) 3.60 (1.87) 3.57(1.88)

Subjective heat-pain

unpleasantness

(mean, SD) 3.52(1.55) 3.4(1.88) 3.04 (1.57) 3.25(1.94)
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SF1: Flow Chart
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ABSTRACT

Animal-assisted intervention (AAl) is a promising treatment approach for pain,
but possible mechanisms still need to be elucidated. This study set out to investigate
the analgesic effects of an animal provided with a treatment rationale in a randomized
controlled trial employing a standardized experimental heat-pain paradigm. We
randomly assigned 128 healthy participants to: dog treatment (DT), placebo treatment
(PT), dog and placebo treatment (DPT), and no treatment (NT). Primary outcomes
were heat-pain tolerance and the corresponding self-reported ratings of pain
unpleasantness and intensity. Results revealed no differences in heat-pain tolerance
between the conditions. However, participants in the DT condition experienced heat-
pain as significantly less unpleasant at the limit of their tolerance compared to
participants in the NT condition (estimate = -0.96, Cl = -1.58 to 0.34, p = 0.010).
Participants in the DT condition also showed lower ratings of pain intensity at the limit
of their tolerance compared to participants in the NT condition (estimate = -0.44, Cl =
-0.89 t0 0.02, p = 0.060). This study indicates that a dog has analgesic effects on pain
perception when integrated into the treatment rationale. We assume that providing a
treatment rationale regarding the animal is important in AAl on pain.

Trial registration: Clinical Trials NCT04361968.

Keywords: pain, animal-assisted intervention, expectation, treatment rationale,

placebo,

Perspective: The presence of an animal is not sufficient for animal-assisted
intervention to have an analgesic effect on pain unless it is provided with a treatment

rationale.



1. INTRODUCTION

Animal-assisted interventions (AAls) are “goal-oriented and structured
interventions that intentionally incorporate animals in health, education and human
service for the purpose of therapeutic gains in humans” (IAHAIO, 2018). While it is
assumed that AAI could be a promising treatment approach for pain management in
different settings and populations (Waite et al., 2018), the evidence base for the
analgesic effects of AAl is weak.

First, the results about the effects of AAl on pain are mixed: While some studies
have shown promising effects of AAlI on pain in adults as well as in children and
adolescent patients (Braun et al., 2009; Calcaterra et al., 2015; Harper et al., 2015;
Marcus et al., 2013; Rodrigo-Claverol et al., 2019; Silva & Osério, 2018), other studies
have not found any analgesic effects in children and adolescent patients (Barker et al.,
2015; Havener et al., 2001; Vagnoli et al., 2015) or in healthy adults (Wagner et al.,
2021). Second, it has been widely hypothesized that the animal is responsible for the
reported analgesic effects, but the factors responsible for the potential analgesic
effects of AAl have not been investigated (Waite et al., 2018).

Findings from intervention research highlight the importance of a treatment
rationale, that is, a verbal suggestion, to treatment responses (Carvalho et al., 2016;
Gaab et al., 2019; Hoenemeyer et al., 2018; Kaptchuk et al., 2010; Locher et al., 2017,
Tondorf et al.,, 2017). With the treatment rationale, a meaning is attributed to the
intervention at hand, which in turn affects the expectations and outcomes of the
treatment (Moerman, 2006). Expectations are especially powerful with regard to pain,
as they predict the outcomes of analgesic treatments (Cormier et al., 2016; Mondloch
et al., 2001; Peerdeman et al., 2016) and have been identified as a core mechanism
in placebo analgesia (Vase et al., 2003; Vase et al., 2015).

To date, the role of the treatment rationale has not been investigated in AAI. In
a previous study, we demonstrated that the mere presence of an animal, i.e., without
a treatment rationale, does not contribute to pain relief in a standardized experimental
heat-pain placebo paradigm (Wagner et al., 2021). It therefore might not be the animal
itself that contributes to pain relief but rather how the animal is embedded in the
treatment rationale.

The aim of the present study was to examine the effect of the treatment rationale
on pain in an AAl. Using an experimentally induced heat-pain placebo paradigm, we
compared participants in four conditions receiving either an AAIl and/or a placebo or



no treatment. Expect for the no-treatment condition, all conditions received a treatment
rationale. Primary outcomes were posttreatment heat-pain tolerance and the
corresponding self-reported ratings of unpleasantness and intensity at the limit of heat-
pain tolerance.

We hypothesized that providing an AAI with a treatment rationale has similar
effects as a placebo and would thus lead to increased heat-pain tolerance and to
decreased self-reported ratings of unpleasantness and intensity at the limit of their
heat-pain tolerance at posttreatment compared to no treatment.

2. METHODS
2.1 Design

We conducted a randomized controlled trial on healthy participants, which were
randomly assigned to one of four conditions (for details, see below). The study was
conducted between June 2020 and November 2020. The study protocols and the
informed consent of the study were approved by the Ethics Committee of Northwest
and Central Switzerland (ID number: 2020-00642). Since the study was conducted
during the Covid-19 pandemic, the study’s protective protocol measures were
approved by the Ethics Committee of the Faculty of Psychology at the University of
Basel, Switzerland. The study protocol ensured the dog’'s welfare at all times. We
conducted all sessions with a dog according to the guidelines of the International
Association for Human—Animal Interaction Organizations (IAHAIO, 2018). The study
was preregistered as a clinical trial on www.clinicaltrials.gov (ldentifier:
NCTO04361968).

2.2. Participants

Through online advertisements, 363 persons were recruited for “an efficacy
study of a new innovative treatment method on individual pain perception of healthy
participants” on the website of the University of Basel. The online advertisement did
not contain any information about the possible presence of a dog to prevent attracting
only participants with an affinity for dogs. The advertisement contained a link to a short
questionnaire. Persons interested in participating had to complete this questionnaire
first to check for eligibility and inclusion and exclusion criteria. In order to participate in
the study, participants had to be right-handed (Oldfield, 1971) and between 18 and 65
years old. Exclusion criteria were (a) any acute or chronic disease as well as skin



pathologies, (b) current medications or current psychological or psychiatric treatment,
(c) pregnancy, (d) nursing, (e) current or regular drug consumption, (f) insufficient
German-language skills, (g) a fear of dogs, (h) dog-hair allergies, and (i) previous
participation in studies using a heat-pain paradigm.

Of the total 363 screened persons, 206 met the inclusion criteria (see Figure 1).
All eligible persons received the study information, which contained the whole study
procedure, the mandatory Covid-19 safety measures, the aims, participants’ rights,
notification of the possible presence of a dog, and a selection of study appointments.
Of the 206 persons, 63 declined to participate in the study after receiving the study
information. One hundred forty-three persons who were still willing to participate were
asked to sign in for a study appointment. As soon as the predefined number of
participants (N = 128) was included, the remaining persons were informed that there
were no further appointments available. All participants attended one appointment with
a duration of 70 minutes. The study compensation was CHF 50. Psychology students
had the opportunity to obtain credit points for their bachelor’s program.

Participants were blinded regarding the aims of our study and the placebo
treatment. At the end of the study, all participants provided written delayed informed
consent, in which they were debriefed about the aims of the study. Participants had
the possibility to withdraw data from the study if they did not consent to participate after

being debriefed.
2.3 Randomization

We used an adaptive randomization to apportion male participants over all four
conditions because we expected more women than men to participate in the study.
This approach automatically considered the previous gender allocation in the four
conditions and influenced the probability of the next gender allocation to ensure equal
representation in all four conditions (each N = 32). The randomization was conducted
with Microsoft® Excel for Mac, version 16.58. The first author entered each
participant’s code and gender into an Excel file that then automatically allocated
participants to one of the four conditions. Participants did not know in which condition
they were until the treatment phase. The study investigators, however, knew in which

condition each participant was.



2.4 Procedure

To comply with mandatory Covid-19 safety measures, participants had to wash
their hands and put on a mask before entering the lab room. Upon arrival, study
investigators explained the study procedure and participants were told that the study’s
aim was to investigate if the presence of a dog has a similar effect on pain perception
and experience as an established analgesic cream. Then baseline measurements of
participants’ heat-pain tolerance and threshold as well as their corresponding self-
reported ratings of pain unpleasantness and intensity were collected. After these
baseline measurements, we conducted the treatment phase. Participants were
allocated to one of the following four conditions: no treatment (NT), dog treatment (DT),
placebo treatment (PT), or dog and placebo treatment (DPT). Except for participants
in the NT condition, all participants received a positive treatment rationale for pain relief
(see chapter 2.5 for a detailed description of the four conditions).

After the treatment phase, posttreatment heat-pain measurements and the
corresponding self-reported ratings of pain unpleasantness and intensity were
performed in an identical manner to the baseline assessments (see Figure 2 for the

timeline).
2.5 Conditions

Participants were allocated to one of the following four conditions:

e No treatment (NT): In the NT condition, participants were told that they were in
the no-treatment group and that they would not receive any treatment.

e Dog treatment (DT): In the DT condition, participants were informed that they
were in the dog treatment. After this information, the study investigators shortly
left the room to retrieve the dog. The dog was a 2-year-old female Golden
Retriever that was experienced in interacting with strangers. To standardize the
interaction between the participants and the dog, all participants were asked to
greet and pet the dog as soon as the dog entered the room. We explained that
it would be easier for the dog to relax on a blanket when allowed to greet the
new person in the room. The duration of the interaction between the participant
and the dog was kept to a minimum, that is, under three minutes. During the
greeting phase, study investigators also interacted with the dog if the dog
approached the investigator. While participants interacted with the dog, the

study investigators gave participants the treatment rationale for the dog’s



presence. They explained that previous studies had showed that the presence
of a dog could lead to pain reduction in patients and that we wanted to examine
if the presence of a dog could also lead to pain reduction in this study. After
giving the treatment rationale for the dog’s presence, the dog was asked to lie
on her blanket, which was always in the participants’ field of vision. The
participants did not touch the dog during the further procedure. The study
investigators also did not interact with the dog during the further procedure.

e Placebo treatment (PT): In the PT condition, participants were told that they
were in the analgesic-cream-treatment condition, which was in fact a placebo
provided with a treatment rationale. The study investigators explained that the
cream contains the active ingredient lidocaine and that the efficacy of lidocaine
has been proven in several high- quality studies. Then the study investigators
applied the placebo cream on participants’ left volar forearms.

e Dog and placebo treatment (DPT): In the DPT, participants received the placebo
provided with a treatment rationale while in the presence of the dog with a
treatment rationale for the dog’s presence. Participants were introduced to the
dog and received the treatment rationale for the dog, then the treatment
rationale for the placebo cream, and the cream application.

2.6 Study investigators

Four study investigators carried out the 128 study appointments. Appointments
were randomly distributed across all four investigators, with study investigator CW
conducting 44 appointments (11 per condition) and study investigators AH, MR, and
MB each conducting 28 appointments (7 per condition). CW was the owner of the study
dog and performed all dog appointments on her own (DT and DPT). The other three
study investigators each performed the dog appointments (DT and DPT) in the
presence of the dog owner to ensure that the dog was not stressed. Leaving the dog
in a setting with unfamiliar individuals without the dog’s owner would have been
inappropriate from an ethical standpoint. In these cases, the dog owner sat quietly in
a chair, did not interact with participants (except for greetings and goodbyes), and
avoided being in the participants’ field of vision.



2.7 Heat-pain tolerance and threshold and the corresponding self-reported
ratings of unpleasantness and intensity

Posttreatment heat-pain tolerance and the corresponding self-reported ratings

of unpleasantness and intensity at the limit of the heat-pain tolerance (see below for
more information) were defined as primary outcomes. Heat-pain tolerance is related to
affective and motivational aspects (Harris & Rollman, 1983) and has been associated
with pathological pain, as there is an inverse relationship between ischemic pain
tolerance and the perceived severity of clinical pain (Edwards et al., 2001).
We assessed heat-pain tolerance and heat-pain threshold following the design of a
previous study (Wagner et al., 2021). Both heat-pain tolerance and threshold were
determined using a Thermal Sensory Analyser (TSA 2, Medoc, Ramatishai, Israel).
Heat-pain threshold were measured prior to heat-pain tolerance in order to minimize
interference between the two outcomes (Krummenacher et al., 2014; Locher et al.,
2017). The TSA 2 is a pain management system for the qualitative assessment of pain
and measures sensory threshold such as heat-induced pain. The employed heat
stimuli did not entail any significant danger and have already been used in previous
studies in our lab (Gaab et al., 2016; Gaab et al., 2019; Krummenacher et al., 2014;
Locher et al., 2017; Locher et al., 2019). Participants were able stop the stimuli at any
time during each experimental run.

The study investigator administered the heat stimuli to the right volar forearm of
the participant using a 30 x 30 mm Peltier device. The thermode of the TSA 2 was
fixed at two different locations (locations Y and X, determined using a positioning
device). Location Y was placed one-third of the way down the forearm from the elbow,
while location X was placed two-thirds of the way down the forearm from the elbow.
Half of the participants were randomly assigned to start with location Y for the baseline
heat-pain measurement and to switch then to location X for the posttreatment heat-
pain measurement. The other half of the participants started with the opposite location,
location X, for the baseline heat-pain measurement and then switched to location Y for
the posttreatment measurement. The reason for moving the thermode was to avoid
effects of sensitization or habituation (Emerson et al., 2014).

Before starting with the actual heat-pain measurement, participants performed
a practice round to experience how the heat stimuli work and how to handle the device
including how to stop the heat stimuli. After this practice round, we started with the
baseline measurements. We first assessed participants’ heat-pain threshold by



determining limits. Participants were instructed to press the button to determine the
turning point from perceiving warmth to perceiving pain. The temperature was
increased from the baseline (32 °C) at a rate of 0.5 °C/s. When participants indicated
that the pain threshold had been reached, the device returned to its baseline (32 °C)
and began to rise again at a rate of 0.5 °C/s. This procedure was repeated three times
in a row (Locher et al., 2017). The heat-pain threshold was defined as the average of
the three measurements.

Afterward, heat-pain tolerance was determined using limits. Participants were asked
to stop the increasing heat stimulus at the moment they could not stand the heat any
longer. The temperature increased from the baseline (32 °C) at a rate of 0.5 °C/s. As
soon as participants indicated that their pain tolerance had been reached, the device
returned its baseline (32 °C) and began to rise again at a rate of 0.5 °C/s. This
procedure was again repeated three times in a row. To avoid physical injury, the pain-
tolerance measurement stopped at a temperature of 52 °C (Krummenacher et al.,
2010). Heat-pain tolerance was defined as the average of the three measurements
(Hermann et al., 2006).

Further, we assessed self-reported ratings of unpleasantness and intensity at
the heat-pain threshold and limit of heat-pain tolerance, which represent common pain
parameters in heat-pain-paradigm studies (Petersen et al.,, 2012). Unpleasantness
refers to the affective dimension of pain, whereas intensity refers to cognitive
dimensions of pain (Price, 2000). After each heat-pain tolerance and threshold
measurement, participants had to rate pain unpleasantness and intensity on a visual
analogue scale (VAS). The VAS ranged from 1-10 (1 = “not unpleasant at all” or “not
intense at all’; 10 = “the most unpleasant pain | have ever experienced” or “the most

intense pain | have ever experienced”).
2.8 Measures and questionnaires

After the baseline measurements and again after the posttreatment
measurements, we assessed participants’ perception of the study investigator with the
Counselor Rating Form—Short Version (CRF-S) (Corrigan & Schmidt, 1983). The
CRF-S is a 12-item questionnaire for measuring an individual's perception of the
therapist on the following three subscales: ftrustworthiness, expertness, and
attractiveness. The questionnaire contains items on a 7-point Likert scale, ranging from
1 (not very) to 7 (very). For this study, only the subscale trustworthiness was analyzed,
because it seems most central to the therapeutic alliance. For example, studies have



indicated that patient trust in the physician is of particular importance in clinical practice
(Birkhauer et al., 2017; Coulter, 2002; Mechanic & Schlesinger, 1996). The subscale
trustworthiness included the following four items: honest, reliable, sincere, and
trustworthy.

Previous studies have shown that the presence of an animal positively
influences how we perceive others and have suggested that this could strengthen the
therapeutic alliance between the patient and the treatment provider (Creary, 2017;
Goldmann et al., 2015; Kruger & Serpell, 2010). Since the therapeutic alliance is
important for the treatment outcome, we used the CRF-S to control for whether a
possible change in the perception of the study investigator could also explain the
analgesic effects.

After the treatment phase and before conducting posttreatment heat-pain
measurements, we assessed demographic variables (i.e., age, sex, nationality, family
status, education level, employment situation, and income) with a sociodemographic
questionnaire. At this point, we also asked participants to rate using a VAS how
unpleasant and intense they expected heat-pain to be at the limit of their tolerance
after the treatment. These self-reported ratings of their expectations of pain
unpleasantness and intensity were made with a similar VAS (ranging from 1 to 10) as
those for pain unpleasantness and intensity (Locher et al., 2017; Pollo et al., 2001).
The self-reported ratings of expected heat-pain at the limit of their tolerance were
assessed to control for whether the expectation induction was successful.

The study investigator quantified the intensity of the contact between participant
and dog during the greeting phase on a 5-stage Likert scale ranging from 1 = “no
contact at all’ to 5 = “very high intensity of contact.” We also assessed participants’
affinity for dogs at the end of the study with a short self-developed questionnaire. For
that, we used a 5-stage Likert scale, with 1 indicating that participants liked dogs “not
at all” and 5 indicating “very much.” Both outcomes were used to investigate if
participants in the DT and DPT conditions differed regarding the intensity of the contact
with the dog during the greeting and regarding their general affinity to dogs.

2.9 Statistical analyses

We estimated that a sample size of N = 128 with a power of 0.8, an alpha error
of 5%, and a beta error of 20% would be necessary to detect a medium size effect of f
= 0.25 between the four conditions (Waite et al., 2018).



The primary outcomes (posttreatment heat-pain tolerance and the
corresponding self-reported ratings of pain unpleasantness and intensity at the limit of
their heat-pain tolerance) were analyzed using linear models (analysis of covariance,
ANCOVA) with the corresponding baseline outcomes as a covariate. For each
outcome, we calculated prespecified separate models to analyze the dog effect, the
placebo effect, and the interaction effect of the dog and the placebo. We quantified the
dog effect by comparing the DT with the NT. The placebo effect was quantified by
comparing the PT with the NT. The interaction effect of the dog and the placebo was
estimated in a model with all four conditions included in which the placebo and the dog
served as between-subject factors.

For the secondary outcomes (the posttreatment heat-pain threshold and the
corresponding self-reported ratings of unpleasantness and intensity at the heat-pain
threshold, expectations of pain unpleasantness and intensity at the limit of their
tolerance after the treatment, and the subscale from the CRF-S for trustworthiness, we
also conducted linear models (ANCOVAs) to assess the dog, the placebo, and the
interaction effects. In each model, the respective baseline outcome was used as a
covariate.

The requirements for the analyses were tested using Levene’s test to determine
the variance homogeneity of the four conditions and the homogeneity of the regression
slopes. The normal distribution of the variables and residuals was tested using
Shapiro-Wilk’s test and a quantile—quantile plot (Q—Q plot). All variables and residuals
were normally distributed, and all prerequisites were met. We report our outcomes
according to the Consolidated Standards of Reporting Trials (CONSORT). The mean
difference (estimate) was used as the effect size, the confidence interval was defined
at 95%, and the significance level was set at 0.05. We decided a priori to treat results
with a probability error equal to or lower than 10% (p < 0.10) as indicating a trend. All

statistical analyses were carried out using R for Mac, version 1.4.1103.

3. RESULTS
3.1 Sample characteristics

All 128 participants were included in the analysis. Participants had a mean age
of 28.82 years (SD = 10.78). Eighty-four participants were female, and 44 were male
(see Table 1).



3.2 Primary outcome

Our analysis found no differences in the means of posttreatment heat-pain
tolerance between the conditions. The mean of 48.32 °C in the NT condition did not
statistically differ from the mean of 48.52 °C in the DT condition (difference = 0.09, ClI
=-0.27 t0 0.44, p = 0.634) or from the mean of 47.99 °C in the PT condition (difference
=-0.06, Cl = - 0.56 to 0.43, p = 0.800). Further, there was no interaction effect of the
dog and the placebo (difference = 0.09, Cl =-0.53 to 0.71, p = 0.786) on posttreatment
heat-pain tolerance (see Table 2).

We found a statistically relevant difference in the self-reported ratings of pain
unpleasantness at the limit of heat-pain tolerance at posttreatment between the
conditions DT and NT (difference = -0.96, Cl = -1.58 to 0.34, p = 0.010). Participants
in the DT condition experienced heat-pain tolerance to be less unpleasant with a mean
of 6.39 compared to participants in the NT condition, who had a mean of 7.75. There
was no significant difference between the conditions PT and NT, as participants in the
PT condition rated the unpleasantness of heat-pain tolerance with a mean of 7.01 and
participants in the NT condition with a mean of 7.75 (difference = -0.40, Cl = -0.97 to
0.17, p= 0.168). Further, we found a significant interaction of the dog and the placebo
in the unpleasantness ratings, which were higher in the combined DPT than in the
separate DT and PT (difference = 1.19, Cl = 0.33 to 2.05, p = 0.007) (see Table 2 and
Figure 3).

Finally, we found a trend in the self-reported ratings of pain intensity at the limit
of heat-pain tolerance at posttreatment. Participants in the DT condition rated pain
intensity to be less intense with a mean of 7.17 compared to the mean of 7.96 of the
ratings by participants in the NT condition (difference = -0.44, Cl = -0.89 to 0.02, p =
0.060). Again, no differences were found in the self-reported ratings of pain intensity
between participants in the PT group with a mean of 7.25 and participants in the NT
condition with a mean of 7.96 (difference = -0.33, Cl =-0.79 to 0.13, p = 0.153). There
was a trend for an interaction of the dog and the placebo in the intensity ratings, which
were higher in the combined DPT than in the separate DT and PT (difference = 0.71,
Cl=-0.05t01.47, p = 0.077) (see Table 2 and Figure 4).

3.3 Secondary outcomes

We found no significant differences in the posttreatment heat-pain threshold
between the conditions. The mean of 43.47 °C in the NT condition did not statistically



differ from the mean of 43.02 °C in the DT condition (difference = -0.27, Cl = -1.62 to
1.08, p = 0.688) or the mean of 42.53 °C in the PT condition (difference =-0.22, Cl = -
1.53 to 1.09, p = 0.739). Further, there was no interaction effect of the dog and the
placebo on the posttreatment heat-pain threshold (difference = 0.90, Cl =-0.97 to 2.76,
p = 0.342) (see Table 3).

With regard to the self-reported ratings of pain unpleasantness at the heat-pain
threshold, we found a trend for a significant difference between the DT and NT
conditions (difference = -0.54, Cl = -1.16 to 0.08, p = 0.088). Participants in the DT
condition reported a lower rating of pain unpleasantness with a mean of 2.74 compared
to those in the NT condition with a mean of 2.74. However, we found no significant
differences between the ratings of participants in the PT condition with a mean of 2.54
and the ratings of participants in the NT condition with a mean of 3.97 (difference = -
0.41, Cl =-0.93 t0 0.12, p = 0.128). There was a significant interaction of the dog and
the placebo in the unpleasantness ratings at the heat-pain threshold, which were
higher in the combined DPT than in the separate DT and PT (difference = 0.99, Cl =
0.12t0 0.187, p = 0.027) (see Table 3).

The analyses of the self-reported ratings of pain intensity at the heat-pain
threshold revealed no statistically relevant findings. The mean rating of 4.16 in the NT
condition did not differ statistically from the mean of 3.48 in the DT condition (difference
=-0.03, Cl = -0.72 to 0.66, p = 0.939) or from the mean of 3.16 in the PT condition
(difference = -0.24, Cl = -0.81 to 0.32, p = 0.391). There was also no interaction effect
of the dog and the placebo (difference = 0.39, Cl =-0.59 to 1.37, p = 0.430) (see Table
3).

With regard to expected pain unpleasantness, the findings show that
participants in the DT and PT conditions expected heat-pain to be less unpleasant at
the limit of their tolerance at posttreatment compared to participants in the NT
condition. Participants in the NT condition had a mean of 6.78, which did significantly
differ from the mean of 4.91 in the DT condition (difference = 0.83, Cl = 0.60 to 1.05, p
< 0.001) or from the mean of 4.28 in the PT condition (difference =-2.18, Cl =-2.96 to
1.40, p < 0.001). Additionally, we found a significant interaction effect of the dog and
the placebo regarding expected pain unpleasantness, which was lower in the
combined treatment than in the separate DT and PT (difference = 2.19, Cl = 1.09 to
3.28, p < 0.001) (see Table 4 and Figure 5).



Similar results were found for expected pain intensity. Participants in the DT
condition expected heat-pain to be less intense at the limit of their tolerance at
posttreatment with a mean of 5.53 compared to those in the NT condition with a mean
of 6.72 (difference = 0.82, Cl = -1.73 to 0.01, p = 0.051). Further, we found that
participants in the PT condition expected heat-pain to be significantly less intense at
the limit of their tolerance with a mean of 4.47 than participants in the NT condition who
had a mean of 6.72 (difference = 0.83, Cl = 0.59 to 1.07, p < 0.001). Moreover, we also
found a significant interaction effect of the dog and the placebo for expected pain
intensity, which was lower in the combined treatment compared to the PT (difference
=-1.71, Cl = 0.61 to 2.80, p = 0.003) (see Table 4 and Figure 6).

3.4 Perception of the study investigator

Analyses of the CRF-S showed differences among the conditions regarding
perceptions of the study investigator. Participants in the DT condition tended to rate
the study investigator to be more trustworthy with a mean of 26.53 compared to a mean
of 25.94 for participants in the NT condition (difference = 0.45, Cl =-0.08 to 0.99, p =
0.096). Further, we also found that participants in the PT condition rated the study
investigator to be significantly more trustworthy with a mean of 26.81 than participants
did in the NT condition with a mean of 25.94 (difference = 0.66, Cl = 0.18 to 1.14, p =
0.008). Analysis showed no interaction effect of the dog and the placebo on the
trustworthiness of the study investigator (difference = -0.41, Cl = -1.19 to 0.40, p =
0.327) (see Table 5).

3.5 Interaction with the dog and dog affinity

We found no difference between the intensity of interaction with the dog
between participants (difference = -0.12, Cl = -0.58 to 0.33, p = 0.586). Further, there
was no difference regarding the participants’ dog affinity between the DT and the DPT
conditions (difference =-0.12, Cl = -0.50 to 0.25, p = 0.507) (see Table 6).

4. DISCUSSION

The aim of this study was to examine the effect of the treatment rationale in AAl
on experimentally induced pain in healthy participants.

While no differences in posttreatment heat-pain tolerance were found,
participants rated the heat-pain experienced at the limit of their tolerance to be

significantly less unpleasant and tendentially less intense posttreatment when the



employed AAIl was provided with a treatment rationale compared to participants in the
no treatment condition. Further, they expected heat-pain at the limit of their tolerance
to be significantly less unpleasant and tendentially less intense after posttreatment
compared to participants that received no treatment. With regard to participants’
posttreatment heat-pain threshold, the same pattern was observed, i.e., participants
did not differ in their heat-pain threshold, but participants in the dog treatment
experienced the pain at their heat-pain threshold to be significantly less unpleasant
compared to participants in the no-treatment group. No differences were found in the
ratings of pain intensity at participants’ heat-pain threshold.

In a previous study we conducted on AAI with a dog in which the dog was not
included in the treatment rationale, the presence of the dog had no positive analgesic
effects on healthy participants. Instead, participants experienced heat-pain to be more
intense at the limit of their tolerance in the presence of the dog compared to when no
dog was present (Wagner et al., 2021). Taken together with the findings of the present
study, this leads us to suggest that AAIl needs to provide a treatment rationale to have
analgesic effects.

This hypothesis is in line with previous research stressing the importance of
treatment contexts to be effective (Wager & Atlas, 2015). The treatment rationale is
considered to be an important factor in providing therapeutic meaning and in shaping
the overall treatment context (Moerman & Jonas, 2002). The impact of the treatment
rationale on treatment response has been demonstrated in diverse interventions, for
example in psychotherapy (Tondorf et al., 2017), placebo treatments (Gaab et al.,
2019), and open-label placebo treatments (Carvalho et al., 2016; Hoenemeyer et al.,
2018; Kaptchuk et al., 2010; Locher et al., 2017). Interestingly, the effect of the
treatment rationale can go in either direction: it can elicit a positive treatment response
or a negative one (Rossettini et al., 2018). For example, the administration of a pain
intervention with a positive meaning can induce positive expectations and lead to a
positive analgesic response, whereas the administration of a pain intervention with no
meaning or a negative meaning can induce no expectations or negative expectations
that lead to an exacerbation or perpetuation of pain (Bingel et al., 2011). “Meaning
making is central to every treatment” (Trachsel, 2019, p. 3), and our results suggest
that this is also the case in AAls for pain.

This understanding expands the common belief in AAl that animals are solely
responsible for the analgesic effects. Previous studies have proposed direct



neuroendocrine responses (Braun et al., 2009; Calcaterra et al., 2015; Harper et al.,
2015; Silva & Osoério, 2018; Zhang et al., 2021), cognitive distraction (Rodrigo-Claverol
et al., 2019; Silva & Osoério, 2018; Zhang et al., 2021), or social support (Zhang et al.,
2021) as explanatory mechanisms for AAI. However, based on our findings and
evidence stressing the importance of the treatment context (Wager & Atlas, 2015) it
seems important to reevaluate the idea that animals are the panacea in AAl. Instead,
it should be acknowledged that the effects in AAls are also influenced by contextual
factors, such as the provision of a treatment rationale.

We found that participants rated the study investigator as more trustworthy in
the presence of a dog compared to when no dog was present. This is in line with
previous in vitro studies (Creary, 2017; Schneider & Harley, 2006), which suggests that
animals positively influence how we perceive others but contradicts the results from
two studies with a real dog where no such effect was found (Goldmann et al., 2015;
Wagner et al., 2021). But in those two studies, the presence of the dog was not part of
the rationale. It is thus possible that including the animal in the treatment rationale is
again important, in this case for positively impacting our perception of other people.
Based on the mixed evidence, however, further research is needed to better
understand if and how animals influence our perception.

Interestingly, we found no placebo effect in this study. While this result was
unexpected considering the fact that we employed a well-established and standardized
paradigm, which has elicited placebo effects in previous studies in our lab (Gaab et al.,
2016; Gaab et al., 2019; Krummenacher et al., 2014; Locher et al., 2017; Locher et al.,
2019), it is possible that the strict COVID measures impacted the interaction between
study personnel and participants but not between the dog and participants. This might
not only have reduced possible placebo effects but also have led to the observed
negative interaction effects in self-reported unpleasantness at the limit of participants’
heat-pain tolerance and at their heat-pain threshold posttreatment as well as in the
expected unpleasantness at the limit of their heat-pain tolerance at posttreatment when
both the dog and the placebo were administered.

4.1 Strengths and limitations

Other researchers have stated that there is a need to increase the internal
validity of AAls (Lépez-Cepero, 2020, p. 1), and there is a recognized lack of high-
quality studies on the effects and the mechanisms of AAl on pain (Waite et al., 2018).
We therefore conducted a randomized controlled trial with a highly standardized study



procedure to systematically control for confounding variables and to increase the
internal validity. Further, this is the first study that investigated the impact of the
treatment rationale on pain in an AAIl. Hence, our findings bring new and important
insights for future research on the mechanisms regarding pain in AAls.

However, our study has several limitations. Our sample consisted of healthy
participants that were not suffering from acute or chronic pain. While experimentally
induced pain in healthy participants is regarded as a good model for clinical pain
(Peerdeman et al., 2016), the results may not be generalizable to a clinical population.
Further, the effects were only present in the self-reported pain ratings and not in heat-
pain tolerance or threshold. This is in line, however, with previous placebo studies
(Foddy, 2009; Locher et al., 2017; Schwarz & Buchel, 2015; Wechsler et al., 2011).
Further, the dog owner performed dog appointments on her own while the other three
study investigators only performed dog appointments in the presence of the dog owner.
It is possible that the dog owner also had an impact on the results, but we surmise that
the impact was very small since findings from meta-analysis of the analgesic effects of
human social support suggest that the mere presence of a person is not sufficient to
affect pain perception (Che et al., 2018). Moreover, only one dog participated in the
study. This makes the dog treatment in this study highly comparable, but the results

cannot be generalized to other dogs or other animal species.
4.2 Implications for future research

Our findings show that contextual factors matter in AAl, and further research is
required to better understand the impact of contextual factors in AAl and to make these
potential benefits available in the clinical application of AAl. Since AAl is increasingly
being accepted and used clinical practice, we also see both the need and the potential
to examine the impact of the treatment rationale and other contextual factors on the
effects of AAl in clinical conditions.

5. CONCLUSION

The results of our study show that the treatment rationale can significantly
impact the analgesic effects of AAl. When provided with a treatment rationale, AAl
resulted in less unpleasant and tendentially less intense pain at the limit of heat-pain
tolerance, both in participants’ experience and in their expectations.

This corresponds with the findings of a previous study, where the presence of a
dog had no positive analgesic effects when it was not part of the treatment rationale.



We thus conclude that the presence of an animal is not sufficient for AAIl to have an
analgesic effect on pain unless it is provided with a treatment rationale.
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11. Figure legends

Figure 1. Flow Chart

Figure 2. Timeline of the study procedure

Figure 3. Self-reported ratings of pain unpleasantness at the limit of heat-pain
tolerance. For each condition (NT = no treatment, DT = dog treatment, PT = placebo
treatment, DPT = dog and placebo treatment), the respective mean and standard
deviation are displayed. ** = p - value <.01

Figure 4. Self-reported ratings of pain intensity at the limit of heat-pain tolerance. For
each condition (NT = no treatment, DT = dog treatment, PT = placebo treatment, DPT
= dog and placebo treatment), the respective mean and standard deviation are
displayed.

Figure 5. Self-reported ratings of expected pain unpleasantness at the limit of heat-
pain tolerance. For each condition (NT = no treatment, DT = dog treatment, PT =
placebo treatment, DPT = dog and placebo treatment), the respective mean and
standard deviation are displayed. ** = p - value <.01

Figure 6. Self-reported ratings of expected pain intensity at the limit of heat-pain
tolerance. For each condition (NT = no treatment, DT = dog treatment, PT = placebo
treatment, DPT = dog and placebo treatment), the respective mean and standard
deviation are displayed. ** = p - value <.01
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ABSTRACT

Research on animal-assisted interventions (AAls) has increased massively in
the last few years. But it is still not clear how AAls work and how important the animal
is in such interventions. The aim of this systematic review was to compile the existing
state of knowledge about the working mechanisms of AAls. We searched 12 major
electronic databases for previous AAI studies with active control groups. Of 2001
records identified, we included 172 studies in the systematic review. We extracted
previously published hypotheses about working mechanisms and factors that have
been implicitly considered specific or nonspecific in AAl research by categorizing
control conditions using content analysis following Mayring. We found that 84% of the
included studies mentioned a hypothesis of working mechanisms, but 16% did not
define specific hypotheses. By analyzing their control conditions, we found that in most
controlled studies, the animal or the interaction with the animal was implicitly
considered as a specific factor for the effects of the AAI. Nonspecific factors such as
therapeutic aspects, social interactions, or novelty have also been controlled for. We
conclude that AAl research still cannot answer the question of how and why AAls work.
To address this impor