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H I G H L I G H T S  

• The concept ”animal discomfort” still remains unclear in literature. 
• We performed a Walker and Avant concept analysis to define animal discomfort. 
• Animal discomfort intersects on three domains: physical, physiological, and mental. 
• Discomfort features a sense of uneasiness resulting in avoidance attempts.  
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A B S T R A C T   

The term discomfort is frequently used in for example biomedical studies, animal experimentation for farming 
purposes, animal welfare legislation, and ethical permits for animal experimentation. However, the concept of 
“animal discomfort” still remains unclear. Using the domesticated pig as a model, we performed a Walker and 
Avant concept analysis to develop an operational definition of animal discomfort. A total of 2,594 documents 
published in English were retrieved from Scopus database. Among them, 118 were retained for analysis as they 
contained either: 1 - a definition and/or measurement of discomfort in animals, including pigs; 2 – definition 
and/or measurement of pain, suffering, or sickness in pigs only. The literature review showed that animal 
discomfort intersects on three domains: physical, physiological, and mental discomfort. The presence of 
discomfort leads to a sense of uneasiness that results in behaviorally visible consequences comprising animals’ 
attempts to avoid or alleviate the source(s) of this affective state. Accordingly, our proposed operational defi-
nition of animal discomfort is: short- or long-lived negative affective state featured by physical, physiological 
and/or mental components, induced by internal or external stimuli, ranging from mild to severe, potentially 
occurring together with other negative affective states, and leading to avoidance or attempt to alleviate the 
source of uneasiness. Access to a shared definition of this central concept in animal welfare may be one initial 
step to facilitate legislation consistency, improve animal research integrity, and ultimately promote a more 
sustainable livestock production.   

1. Introduction 

In recent years, the biomedical community has increasingly recog-
nized the relevance of employing pigs (Sus scrofa) in research endeavors. 
Pigs have for example proven to be valuable assets across diverse do-
mains, encompassing the provision of organs for critical human 

transplantation, enhancement of insights into various diseases, and 
serving as effective models for surgical training (EARA, 2023). More-
over, the homology between porcine and human attributes, including 
anatomical structure, organ systems, and genetics, renders pigs as ad-
vantageous candidates for investigating and optimizing scientific 
methodologies, as well as evaluating drug efficacy and safety, within 
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laboratory settings as well as clinical contexts (Almond, 1996; Douglas, 
1972). Among the domesticated animals, pigs are special, because they 
are used for several purposes – as an animal model as well as for pro-
duction of animal-origins protein. In 2019, a total of 82,819 pigs were 
subjected to scientific research within the European Union (EU) and 
approximately 143 million pigs were raised for meat production in the 
EU (EARA, 2023; Augère-Granier, 2020). The latter highlights the 
relevance and need for agricultural-focused research to commercial pork 
production. For instance, in pursuit of alternative feed sources for the 
animals, not suitable for human consumption, aiming to make pig pro-
duction more sustainable (van der Heide et al., 2021), a substantial 
amount of resources (e.g., pigs, labor, time) and infrastructure (e.g., 
experimental facilities, balance chambers to quantify methane emissions 
– e.g., Friend and MacIntyre, 1969; Eskildsen et al., 2020) have been 
invested. Thus, over all the use of pigs for experimentation will likely not 
decrease in coming years. 

Yet, when used in either biomedical or agricultural experimentation, 
pigs are often kept in environments featured by limited space and 
stimuli (e.g., few or no companions, no enrichment), thus, preventing 
them from performing natural and highly motivated behaviors such as 
exploration and socialization (as reviewed by Herskin et al., 2020). This 
imposed lack of behavioral expression has been associated with 
impoverished welfare (Dawkins, 1988). Additionally, roughly 98 % of 
pigs raised for pork production in the EU originate from farms following 
conventional husbandry practices (Augère-Granier, 2020), typically 
intensive and barren, which do not meet basic needs of pigs concerning 
fulfillment of motivations and cognitive stimulation (e.g., Murphy et al., 
2014). Consequently, also conventionally reared pigs kept for meat 
production likely experience negative emotions and poor welfare. 
Herein, emotions are defined as brief yet intense reactions to a specific 
context, involving changes in conscious experience, behavior, cognition, 
and neurophysiology (Paul et al., 2005; Paul and Mendl, 2018). Emo-
tions encompass two primary components: valence, which pertains to 
the attractiveness (positive valence) or aversiveness (negative valence) 
of a stimulus or context, and arousal, indicating the intensity (ranging 
from low to high) (Mendl et al., 2010; Russel, 2003). In this study, 
valenced states are referred to as "affective states," a comprehensive 
term often used interchangeably with emotional states, encompassing 
both short-term emotions and long-term moods (Murphy et al., 2021). 

One negative affective state often mentioned when animal welfare is 
discussed or assessed is discomfort (Broom, 1998; Mellor, 2017). 
Freedom from discomfort constitutes one of the fundamental pre-
requisites for animal welfare, as outlined in the Five Freedoms and Five 
Welfare Provisions paradigms, which have played a pivotal role in 
shaping animal welfare legislation and policy (Mellor, 2016). Further-
more, the term “discomfort” is frequently employed in animal research 
focused on conditions or procedures eliciting negative affective states. 
As mentioned by Herskin et al. (2018), “animal discomfort” has been 
used and interpreted in several ways: for example involving mild pain, 
itchiness, breathlessness or nausea – all states that are relevant to animal 
experimentation and production. However, despite its widespread usage 
in science, legislation and policy-making, a universally accepted concept 
of “animal discomfort” still remains absent. Guesgen and Bench (2017) 
pointed out that discomfort as affective state in animals has simply been 
introduced as lack of comfort or interchangeably with a range of nega-
tive affective states such as fear, anxiety or milder forms of pain. 
Moreover, Guesgen and Bench (2017) stated that discomfort is often 
referred to separately from the term “distress”, which suggests a more 
severe state, although is arguably vaguely defined as well. We suggest 
that the use of the term “animal discomfort” in animal research and 
legislation, and concomitant absence of or unclear conceptualization of 
this term may hamper the understanding of how pigs, as well as other 
domesticated animals, respond to different management practices and 
the potential affective consequences for the animals. Simultaneously, 
the lack of a definition of the state of discomfort means that an accurate 
selection of tools to objectively quantify the effects arising from the 

presence of this negative affective state is, as a result, impeded. Thus, 
thorough assessment and understanding of the impact of management 
practices on affective aspects of welfare of pigs kept for meat production 
as well as research purposes can be challenged. Better understanding of 
the concept of discomfort can be one initial step to facilitate legislation 
consistency, improve animal research integrity, and ultimately promote 
a more sustainable livestock production. 

Accordingly, the aim of this study was to conceptualize an opera-
tional definition of “animal discomfort” using domesticated pigs as a 
model. Concept analysis involves the examination of a concept’s attri-
butes and criteria to determine its exemplification, facilitating effective 
communication, theory advancement, and research endeavors (Ashke-
nazy and Ganz, 2019). We used the Walker and Avant (2005) concept 
analysis method because of its straightforward and systematic approach. 
Based on literature, we identified the uses of the concept, constructed a 
model case, and defined antecedents, consequences and empirical 
referents. 

2. Materials and methods 

This study was conducted from June 2023 to February 2024. A 
concept analysis for “animal discomfort” was conducted by searching 
the scientific literature using the Scopus database for full-text docu-
ments in English (i.e., scientific manuscripts, book chapters, and re-
views) published until June 2023. Initially 2594 publications from 
animal and human literature were found using the keywords “ANIMAL” 
and “DISCOMFORT” and “DEFIN*”. The list of publications was split 
equally among three trained experimenters (i.e., the first three authors 
of this study) who fully evaluated each publication using the following 
inclusion criteria: 1. Discomfort defined and/or measured in animals 
only; 2. Pain, suffering, or sickness defined and/or measured in pigs 
only. Among them, 118 (4.5 %) publications (six book chapters, 101 
peer-reviewed scientific articles, and 11 peer-reviewed review articles) 
were retained for analysis. 

3. Results 

3.1. Earlier uses of animal discomfort and related concepts 

The Merriam-Webster Dictionary (2023) defines discomfort as 
“mental or physical uneasiness” and the Cambridge Dictionary (2023) 
defines discomfort as “a feeling of being uncomfortable physically or 
mentally”. Thesaurus synonyms found were “pain”, “agony”, “soreness”, 
“ache”, and “sting” (Cambridge Dictionary, 2023). 

Of the literature retained for further analysis, only 25 publications 
explicitly embedded a concept or definition of animal discomfort or 
related concepts (e.g., pain, suffering, or sickness). The additional 93 
publications dealt with measurement of discomfort in animals, including 
pigs, or measurement of related concepts specifically in pigs, without 
explicitly presenting any conceptualization or definition of animal 
discomfort or related concepts. 

The concept-focused literature can be categorized within three 
different contexts: meat production (N = 18; 72 % of concept-focused 
literature), veterinary (N = 5; 20 % concept-focused literature), and 
biomedical (N = 2; 8 % concept-focused literature). Related to meat 
production, the animals explicitly involved were cattle (da Silva et al., 
2022; Mainau et al., 2022; Moons et al., 2014; EFSA AHAW Panel, 2020; 
2022b; 2023; Polsky and von Keyserlingk, 2017), goats (EFSA AHAW 
Panel, 2022f), sheep (EFSA AHAW Panel, 2022f), horses (EFSA AHAW 
Panel, 2022c), pigs (Forbes, 2009; Herskin et al., 2011; EFSA AHAW 
Panel, 2022d;2022e), and aquatic species such as mollusks, crustaceans 
and fishes (Sneddon, 2015). Within the meat production field, four 
references did not specify the animal species when discussing or pre-
senting a concept of discomfort or related term (Appleby, 2008; Broom, 
1998; Mellor, 2016; EFSA AHAW Panel, 2022a). In the 
veterinary-related literature, the animal species explicitly cited were 
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rabbits (Banchi et al., 2020), pigs (Herskin and Di Giminiani, 2024), and 
harbor seals (Kastelein et al., 2006a). Within the veterinary field, two 
references did not specify the animal species when discussing or pre-
senting a concept of discomfort or related term (Bee et al., 2020; 
Guesgen and Bench, 2017). In the biomedical-related literature, the 
animal species explicitly used were dogs (da Riz et al., 2021) and pigs 
(Brown and Gade, 2011). Two explicit definitions of discomfort were 
identified in the screened literature. The first definition was “discomfort 
can be physical or psychological and is characterized by an unpleasant 
feeling resulting in a natural response of avoidance or reduction of the 
source of the discomfort” (EFSA AHAW Panel, 2020; 2022a,2022b, 
2022c,2022d,2022e;2022f; 2023), which was modified from a defini-
tion of human discomfort originally proposed by Ashkenazy and 
DeKeyser Ganz (2019) within a clinical nursing context. The second 
identified definition of discomfort was “minimal change in an animal’s 
adaptive level or comfort baseline as a result of changes in its environ-
ment or biological, physical, social, or psychological alterations”, which 
was presented as part of a discussion of stressful conditions in pig 
research (Brown and Gade, 2011). 

Among the remaining concept-focused literature, no explicit defini-
tion of discomfort was identified. Instead, discomfort was used inter-
changeably with other negative affective states, such as pain (Banchi 
et al., 2020; Bee et al., 2020; Broom, 1998; Herskin and Giminiani, 2024; 
Herskin et al., 2011; Mainau et al., 2022; Mellor, 2016; Polsky and von 
Keyserlingk, 2017), suffering (Sneddon, 2015), malaise (Broom, 1998), 
or in terms of stress (Appleby, 2008; Mellor, 2016). Whilst, da Silva et al. 
(2022) presented a temperature-humidity index criterium to discuss the 
potential experience of thermal discomfort by cattle. Furthermore, da 
Riz et al. (2021) described discomfort as poor tolerance to esophageal 
stent placement for treatment of strictures in dogs. Meanwhile, Guesgen 
and Bench (2017) interpreted discomfort as absence of comfort and 
reported the interchangeable use of this term with a range of affective 
states such as frustration, boredom, fear, anxiety or a milder form of 
pain. Additionally, discomfort has been simply interpreted as a result of 
challenged homeostatic functions (Forbes, 2009; Kastelein et al., 2006a, 
b; Moons et al., 2014). 

The literature review also revealed that animal discomfort and 
related concepts were used across three main domains, which could 
possibly overlap: physical/sensory discomfort, physiological discomfort, 
and mental discomfort (Table 1). 

3.1.1. Physical/sensory featured discomfort 
Several references used “animal discomfort” featured by a physical/ 

sensory component, with pain being the most frequently mentioned 
state either preceding or occurring simultaneously with discomfort 
(Banchi et al., 2020; da Riz et al., 2021; EFSA AHAW Panel, 2020; 
2022a,2022b,2022c,2022d,2022e;2022f; 2023; Herskin and Di Gimi-
niani, 2024; Herskin et al., 2011; Guesgen and Bench, 2017; Mainau 
et al., 2022; Mellor, 2016). According to the International Association 
for the Study of Pain, pain is defined as an unpleasant sensory and 
emotional experience associated with, or resembling that associated 
with, actual or potential tissue damage or described in terms of it (Raja 
et al., 2020). As described in recent EFSA AHAW Panel scientific opin-
ions (2020; 2022a,2022b,2022c,2022d,2022e,2022f; 2023), pain can be 
one of the causes of discomfort, but not every discomfort can be 
attributed to pain. In reality, other concepts often used interchangeably 
with discomfort in the physical/sensory domain were fatigue, thermal 
and acoustic impairment, body lesions, hunger, thirst, inability to rest, 
and mobility constrains (Forbes, 2009; da Silva et al., 2022; EFSA AHAW 
Panel, 2020; 2022a,2022b,2022c,2022d,2022e;2022f; 2023; Kastelein 
et al., 2006a,b; Polsky and von Keyserlingk, 2017). Specifically, in the 
body of literature explicitly referring to pigs, the typical sources of this 
type of discomfort were: overcrowding; unsuitable floors and pen fea-
tures; visual, auditory or olfactory under/overstimulation; thwarted 
performance of comfort behaviors; exposure to extreme temperatures; 
damage to the integument or underlying tissues; infections; presence of 
ectoparasites or sunburn (Forbes, 2009; Brown and Gade, 2011; EFSA 
AHAW Panel, 2022d;2022e; Herskin and Di Giminiani, 2024; Herskin 
et al., 2011). 

3.1.2. Physiologically featured discomfort 
The concept of animal discomfort has also been presented or dis-

cussed when based on physiological features, often overlapping with 
physical/sensory features (Table 1). Animals typically manifest their 
discomfort through a combination of physiological and behavioral/ 
physical mechanisms, with their response influenced by the nature of a 
given stressor as well as influenced by a complex interplay of genetic 
factors and past experiences (Brown and Gade, 2011). Physiologically 
featured discomfort in pigs, as well as in other domesticated animals, 
can, for instance, originate from: disturbed metabolism or infection; 
heat/cold stress; nutrient deficiency leading to hunger and thirst; pres-
ence of poisonous ectoparasites; inflammation of the navel, mammary 
gland(s) or any type of hernias; respiratory disorders; or eye disorders 
(Broom, 1998; da Silva et al., 2022; EFSA AHAW Panel, 2022d;2022e; 
Herskin et al., 2011; Polsky and von Keyserlingk, 2017). As part of the 
process of developing a framework for predicting feed intake in pigs, 
named Minimum Total Discomfort framework, Forbes (2009) discussed 
that, even though discomfort might be more obviously associated with 
physical causes such as stomach distension, an experience of discomfort 
can also be induced by metabolic factors such as (mild) excesses of 
metabolites or toxins. Forbes (2009) additionally posited that the 
physiological relevance of discomfort is independent of conscious 
experiencing and only a severe level of discomfort is brought to an an-
imal’s attention. The latter contrasts with the aforementioned definition 
of discomfort proposed by Brown and Gade (2011). In reality, the 
distinction between physiologically featured discomfort and other forms 
of discomfort, such as mentally featured discomfort (see Section 3.1.3), 
is often nuanced and interrelated. For instance, individuals exposed to 
extreme heat may exhibit physiological responses, like sweating (in 
animal species that can sweat) and changes in body temperature regu-
lation dynamics – responses that often are the ones that can be quanti-
fied in non-verbal animals –, indicating physiologically featured 
discomfort. However, if they are offered a possibility to seek shelter, 
they may do so even before the physiological responses are exacerbated 
based on their presumed memory of the consequences of being exposed 
to extreme heat. Hence, at a lower level, sources of physiologically 
featured discomfort may trigger behavioral responses first (Moons et al., 
2014). 

Table 1 
Uses and domains of the term “animal discomfort” in the literature. The “X” 
indicates the domain(s) of each case. The cases appear in alphabetic order.  

Use Domain 

Physical/Sensory Physiological Mental 

Acoustic discomfort X   
Anxiety   X 
Body lesion X   
Boredom   X 
Fatigue X   
Fear   X 
Frustration   X 
Health disorder X   
Hunger X X X 
Inability to rest X   
Inappetence  X  
Malaise  X  
Metabolic disorder  X  
Motion restraint X   
Pain X   
Suffering   X 
Thermal discomfort  X  
Thirst X X X  
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3.1.3. Mentally featured discomfort 
Discomfort has also been presented as a mentally featured as an 

unpleasant negative affective state or a state of tension (Williams and 
Irurita, 2006), preceding or occurring with other more 
extensively-described negative affective states such as anxiety, 
boredom, fear, frustration or suffering (Sneddon, 2015; Mellor, 2016; 
Guesgen and Bench, 2017; Bee et al., 2020). Moons et al. (2014) sug-
gested that a sense of discomfort can arise much sooner than clear 
physiological signs of distress arise. In this direction, distress can be 
theorized as a conscious, negatively valenced, intensified affective 
motivational state that occurs in response to a perception that current 
coping mechanisms (involving, partly, physiological stress responses) 
are at risk of failing to alleviate the aversiveness of the current situation 
in a sufficient and timely manner (McMillan, 2020). Intertwined with 
discomfort, suffering can be conceptualized as an affective state in 
which negative experiences dominate attention, there is limited capacity 
for distraction or compensation, normal life cannot be pursued, and full 
recovery cannot occur even if the external situation improves (Olsson 
et al., 2020). Aligned with this, Tate and Pearlman (2019) described the 
experience of suffering as adverse, profound, enduring, and trans-
formative. In addition to the potential sources of physical/sensory and 
physiologically featured discomfort previously listed, in domesticated 
animals, mentally featured discomfort can originate from experimental 
routine procedures, such as blood sampling, social isolation, and expo-
sure to novel environments and individuals during, among other con-
texts, transportation (e.g., Appleby, 2008; Brown and Gade, 2011; EFSA 
AHAW Panel, 2022d,2022e). 

Among the many uses of animal discomfort found in literature, two 
uses were frequently overlapping among the three aforementioned do-
mains: hunger and thirst (Table 1). Hunger and thirst can be defined as 
negative affective states caused by undernourishment and dehydration 
(more specifically for thirst) persisting longer than a usual inter-meal or 
visit to drinker interval (adapted from D’Eath et al., 2009). In the sci-
entific literature it is not unusual to use hunger and thirst interchange-
ably with motivation to feed or drink (Kirkden and Pajor, 2006), so that 
these affective states are the indicated as drivers of feeding and drinking 
behavior. However, different from a motivation or short-term appetitive 
regulation, these negative affective states arise due to an individual’s 
persistent inability to acquire nutrients and fulfill the energy or water 
demands. This continuous energy and/or water restriction can lead to 
physical (e.g., weight loss), physiological (e.g., ketosis), behavioral (e.g., 
increased frequency of vocalizations, signs increased feeding motiva-
tion), and/or cognitive changes (e.g., pessimistic perception of the 
environment, increased mental strain) (as reviewed by Kremer et al., 
2020). In summary, hunger and thirst, while stemming from funda-
mental physiological states, leading to changes in motivational states, 
can have profound impacts on mental states. 

3.2. Defining attributes 

The term ‘defining attributes’ concerns the recurrently observed 
characteristics of a concept within the literature, exhibiting a consistent 
presence whenever the concept occurs (Walker and Avant, 2005). Based 
on this, the defining attributes of animal discomfort are: physical or 
mental negative affective state; unpleasant sensory or emotional expe-
rience; homeostatic mechanisms challenged by environmental changes 
and consequent biological, physical, or mental alterations; as well as 
behavioral signs of avoidance or attempt to reduce the source of 
discomfort. 

3.3. Model case 

According to Walker and Avant (2005), a model case involves the 
description of a real-life situation including all proposed attributes that 
exemplify the use of the concept. Accordingly, we constructed a model 
case for animal discomfort in pigs, which is described below: 

Sixteen female pigs with an initial body weight of 50 kg were allo-
cated in individual metabolic cages (Fig. 1) to study digestibility and the 
effect of two different diets on nitrogen and phosphorus excretion. The 
overall aim of the study was to find ways to mitigate environmental and 
climate impact of pig production. The cages were made of stainless steel 
with the dimensions of 0.5 × 1.5 m, with an elevated floor made of steel 
bars, a feed trough and drinking nipple. Feces dropped onto a metal 
plate placed below the floor of the cage. Pigs could move a few steps 
back and forth but were not able to turn around in the limited space. Pigs 
were fed twice daily and had ad libitum access to water. No straw or 
other enrichment material or toys were provided. After an adaptation 
period of 5 days, pigs were fitted with urine bladder catheters allowing 
separate collection of urine and feces for 5 days. Blood samples were 
collected on the last day (d 10) of the experiment by jugular vein 
puncture. During blood sampling, pigs were restrained with a nose snare 
placed around the upper jaw behind the canine teeth. During this pro-
cedure, most pigs were vocalizing with high pitch screams and trying to 
back away from the handler. 

This is a typical case observed in pig nutrition experiments investi-
gating, among others, digestibility and dietary effects on greenhouse gas 
emissions. Our model case meets the attributes inherent to animal 
discomfort: physical and/or mental aspects (limited space restricting 
movement and hindering exploration, impossibility to perform full 
behavioral repertoire and social isolation causing negative emotional 
stress); unpleasant sensory or emotional experience (arguably painful 
and stressful handling during blood sampling and placement of cathe-
ters); homeostatic mechanisms challenged by environmental changes 
(sudden and relatively long-lasting change of housing conditions); and 
behavioral signs of avoidance or attempt to reduce the source of 
discomfort (pigs vocalizing and backing away from the person 
restraining them). 

3.4. Contrary case 

Contrary cases are clear examples of what is not describing the 
concept (Walker and Avant, 2005). Hence, we constructed a contrary 
case related to pig production displaying fewer or no attributes of animal 
discomfort, which is stated below: 

On an organic farm, pigs are raised in family pens (5–7 sows with 
their litters) on deep straw bedding with access to pasture. Pigs are fed 
ad libitum in a dry feeding system with several feeders in each pen and 
have constant access to water from water nipples. At 30 kg, litters of pigs 
are moved together to larger but similar deep bedded pens. Growing pigs 
are kept in the same family group until slaughter. Buildings are simple 
and uninsulated with natural ventilation, resulting in a very silent 
environment with good air quality but with indoor temperatures closely 
linked to outdoor conditions. In cold periods, pigs are often observed to 
lie close together and to bury themselves in the deep straw bedding. The 
farmer enters each pen every day and walks around calmly to check all 
pigs. Often, she throws out dried beans, wheat kernels or similar in the 
straw bedding to get resting pigs to raise voluntarily and to promote 
explorative behaviors. Pigs often gather around the farmer as soon as she 
enters the pen. 

In contrast to the model case, pigs are here kept in stable groups at all 
times, fulfilling their needs of social contact and stability. With ad libi-
tum feeding and water access, pigs are not likely to experience negative 
affective states such as hunger or thirst. Straw bedding and outdoor 
access provides good opportunities for expressing motivated species- 
specific behaviors such as rooting and exploration. The straw bedding 
also provides a suitable micro-climate for the pigs in spite of cold indoor 
temperatures during winter. Instead of avoiding human contact, pigs 
flock around the farmer as she enters the pen. 

3.5. Identification of antecedents and consequences 

According to Walker and Avant (2005), antecedents are the events or 
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aspects that need to manifest before the occurrence of a concept; 
meanwhile, consequences are the events that can arise as a consequence 
of the occurrence of a concept and that can encourage novel research 
approaches to the concept in question. All physical (e.g., pain, body 
lesions, movement limitations), physiological (e.g., impaired meta-
bolism, nutrient deficiency, thermal stress), and mental events (e.g., 
social isolation, fear, anxiety) eliciting mild-to-severe negative 
emotional experiences can be considered antecedents of discomfort. 
Whereas the consequences of discomfort are the animals’ attempts to 
evade or minimize the source(s) of this affective state. 

3.6. Identification of empirical referents 

According to Walker and Avant (2005), empirical referents refer to 
the measurable indicators that represent the presence or absence of the 
concept in question and act as practical tools to quantify processes 
associated with the concept and their outcome. When analyzing the 
concept “discomfort” in animals, subjective empirical referents such as 
verbal communications cannot be used, thus the choice for objective 
empirical referents should be favored, but the qualitative behavior 
assessment (QBA), in which an observer subjectively assesses the 
manner an animal or a group of animals behave, has also been employed 
in animal affective state investigations (Wemelsfelder et al., 2000). It is 
important that indicators are non-invasive for the animals and feasible 
in scientific contexts. 

Of the screened literature, we identified 93 publications in which 
discomfort or a related concept was quantified in animals (Table 2). The 
indicators to quantify discomfort used in these publications can be 
classified in three main categories: behavioral (N = 75; 57 % of the 
available literature), physical (N = 34; 26 % of the available literature), 
and physiological (N = 23; 17 % of the available literature). These three 
categories can overlap. Most of the publications only included one type 

of indicator (N = 61, 66 % of the available literature), some included a 
combination of two types of indicators (N = 25; 27 % of the available 
literature), and a few included a combination of all three types of in-
dicators (N = 7; 7 % of the available literature). 

The behavioral category is related to a change of behavior of an 
animal in response to the presence of a stimulus. Among indicators are a 
wide range of species-specific behaviors (Irigoin-Lovera et al., 2019; 
Niittynen et al., 2022), activity and postural changes (Hall and Heleski 
2017; Huisman et al., 2016; Swartz et al., 2023), avoidance or reactive 
behaviors (Górecka-Bruzda et al., 2015; Kreissl and Neiger 2015), 
changes in feeding behavior (Gigliuto et al., 2014; Gregorini et al., 
2015), abnormal behaviors (EFSA AHAW Panel, 2022b,2022c,2022d, 
2022e;2022f; Underwood et al., 2013), facial expressions (Swan et al., 
2023; van Zeeland and Schoemaker 2023), vocalizations (Hillmann 
et al., 2004), or changes in comfort behavior (Desoubeaux et al., 2018). 
The physical domain is related to pain and impaired health of the ani-
mals. Its indicators include decreased body weight (Duarte et al., 2021; 
Rix et al., 2020) and a wide variety of clinical signs such as muscle 
tremors (Hewawaduge et al., 2021; van Beirendonck et al., 2011), 
intense blinking (Acar et al., 2018; Pigatto et al., 2018), nasal/eye 
discharge (Pigatto et al., 2018), dirty fur (Rix et al., 2020), lameness 
(Richards et al., 2019), vomiting (Münster et al., 2013), changes in 
breathing (Liehr et al., 2017), fecal consistency (Littlewood and Mellor 
2016), or pathology-specific signs (Rix et al., 2020). The physiological 
domain is related to changes in biological functions in response to 
stressors. Among indicators are indicators of productivity (Peana et al., 
2017), electroencephalography (Gigliuto et al., 2014), cardiorespiratory 
variables (Hall and Heleski 2017; Imani et al., 2019), body temperature 
and blood pressure (Gigliuto et al., 2014), hematological variables such 
as plasma lactate or leukocyte count (Huisman et al., 2016), adrenal 
hormones such as cortisol and corticosterone (Herskin and Giminiani, 
2024), and other hormones such as oxytocin (Niittynen et al., 2022). 

Fig. 1. Illustration of cages used in pig nutrition and metabolism experimental studies at Aarhus University pig unit.  
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Table 2 
Retained body of literature focusing on empirical referents used to quantify discomfort in animals, including pigs, or related concepts specifically in pigs. For each 
reference the animal species of interest, context, treatment or situation that animals were subjected to, and empirical referents are presented.  

Reference Animal species Context What animals were subjected to Empirical referent(s) 

Acar et al., 2018 Rabbit Biomedical Liposomal suspension mimicking an artificial 
tear 

Clinical status 

Basile et al., 2015 Horse Veterinary Experimentally induced Lyme borreliosis Activity 
Beer et al., 2019 Cat Veterinary Ovariohysterectomy procedure Clinical status 
Benato et al., 2021 Rabbit Veterinary Not specified Activity 
Bishop-Williams et al., 2015 Cattle Veterinary Heat stress Clinical status 
Black, 2009 Pig Production Not specified Clinical status 
Bruijnis et al., 2012 Cattle Production Foot disorder Clinical status 
Caplen et al., 2012 Chicken Veterinary Lameness Activity 
Carstens and Moberg, 2000 Mouse / Rat / Guinea pig 

/ Rabbit / Dog / Cat / 
Horse 

Veterinary Not specified Activity, appearance, clinical status, respiratory 
parameters 

Contreras-Aguilar et al., 
2019 

Pig Veterinary Lameness and prolapses Activity, appearance, clinical status 

d’Eath, 2012 Cattle Veterinary Lameness Clinical status 
Desoubeaux and Cray, 2018 Mouse / Rat / Guinea pig 

/ Rabbit 
Biomedical Experimentally induced aspergillosis Activity, appearance, body weight, body 

temperature 
Desoubeaux et al., 2018 Rat Biomedical Experimentally induced aspergillosis Activity, appearance, body weight 
Dixon et al., 2016 Saker falcon Veterinary Harness-mounted satellite transmitters and 

patagial tags 
Activity 

Duarte et al., 2021 Mouse Biomedical Exposure to autologous tumor cells, bacillus 
Calmette-Guérin (BCG) and low concentrations 
of formalin 

Activity, appearance, body weight 

Fàbregas et al., 2021 Rhino Veterinary Herding Activity, vocalization 
Fentener van Vlissingen 

et al., 2015 
Mouse Biomedical Not specified Activity, appearance, body weight 

Gigliuto et al., 2014 Cattle / Pig Veterinary Not specified Activity, vocalization, cardiovascular parameters, 
respiratory parameters, body temperature, 
neurological parameters 

Górecka-Bruzda et al., 2015 Horse Production Participation in elite equestrian competition Activity 
Götz and Janik, 2010 Seal Veterinary Playback of unpleasant sounds Activity 
Gregorini et al., 2015 Cattle Production Not specified Activity 
Hall and Heleski, 2017 Horse Veterinary Behavior of horse rider Activity, hormones, body temperature, 

hematological parameters, cardiovascular 
parameters 

Hausberger et al., 2016 Horse Veterinary Sickness Activity 
Hawkins et al., 2011 Rat Veterinary Not specified Activity, cardiovascular parameters 
Herskin and Giminiani, 

2024 
Pig Veterinary Not specified Activity, vocalization, clinical status, hormones, 

body temperature, cardiovascular parameters, 
productivity 

Hewawaduge et al., 2021 Mouse Biomedical Antacid formulations Activity, clinical status 
Hillmann et al., 2004 Pig Production Seasonal ambient temperatures Vocalization 
Huisman et al., 2016 Mouse Biomedical Irinotecan-induced toxicities Activity, clinical status, appearance, hematological 

parameters 
Häger et al., 2018 Mouse Biomedical Chemically induced acute colitis Activity 
Imani Rastabi et al., 2019 Dog Veterinary Epidural dexmedetomidine Vocalization, cardiorespiratory parameters 
Irigoin-Lovera et al., 2019 Guano bird Veterinary Presence of drones Activity 
Ison et al., 2016 Pig Veterinary Not specified Activity, vocalization, hormones, neurological 

parameters 
Kastelein et al., 2006a Seal Veterinary Tone pulses generated by acoustic harassment 

devices 
Activity 

Kastelein et al., 2006b Seal / Trout Veterinary Sounds generated by acoustic data 
communication network 

Activity 

Khol et al., 2019 Cattle Veterinary Sub-clinical ketosis Activity 
Kreissl and Neiger, 2015 Dog Veterinary Low, normal, or high body temperatures Activity 
Ladewig et al., 2022 Horse Veterinary Not specified Activity 
Lanci et al., 2022 Horse Veterinary Not specified Facial expression 
Landa, 2012 Pig Veterinary Not specified Activity, clinical status, body weight, hormones, 

cardiovascular parameters, respiratory parameters 
Lechner et al., 2021 Pig Production CO2 stunning Activity 
Levionnois et al., 2018 Horse Veterinary Colon constipation Clinical status 
Li et al., 2015 Medaka ricefish Veterinary Varying ambient temperatures Productivity, body temperature 
Liao et al., 2014 Rat Biomedical Experimental tooth movement Facial expression 
Liehr et al., 2017 Pig Veterinary Experimentally-induced chronic gut 

inflammation 
Activity, body weight, clinical status, body 
temperature 

Littlewood and Mellor, 2016 Dog Veterinary Not specified Activity, clinical status 
Luna et al., 2020 Pig Production Orchiectomy Activity 
Maia et al., 2013 Horse Veterinary Thermal stress Body temperature, cardiovascular parameters, 

respiratory parameters 
Mainau and Manteca, 2011 Cattle / Pig Production Parturition Activity, vocalizations, body weight, body 

temperature, hormones, cardiovascular parameters 
Maravilla et al., 2011 Chinchilla Biomedical Taenia solium taeniasis Activity, body weight, clinical status 
Martin et al., 2019 Horse Biomedical Oral misoprostol Activity 

(continued on next page) 

G.A. Franchi et al.                                                                                                                                                                                                                              



Livestock Science 286 (2024) 105524

7

These indicators have been used to quantify discomfort in a wide 
variety of species. In pig research, behavioral indicators are most 
commonly used. This work has established that a higher number of 
posture changes (EFSA AHAW 2022d; Rault et al., 2011; van Beir-
endonck et al., 2011), escape attempts (Lechner et al., 2021), and a 
decreased feed and/or water intake (Rault et al., 2011) are indicatives of 
discomfort, as well as vocalizations such as high-frequency calls (Hill-
mann et al., 2004) or other calls induced by stressors. Regarding the 
physical indicators, decreased body weight (Liehr et al., 2017), the 
presence of lesions or lameness (Herskin and Giminiani, 2024), spasms 
or shivering (van Beirendonck et al., 2011), abnormal feces or breathing 
pattern, nasal discharge (Liehr et al., 2017), and latency time of pupil 
constriction (Zhang et al., 2017) are used as measurable indicators of 
discomfort in pigs. The physiological indicators for quantification of 
discomfort in pigs includes increased levels of cortisol and/or adreno-
corticotropic hormone (Gigliuto et al., 2014; Zhang et al., 2017, 
Contreras-Aguilar 2009), variations in body temperature and blood 
pressure (Gigliuto et al., 2014), impaired immune function (Rault et al., 
2011), increased heart rate and respiratory rate as well as abnormal 
electroencephalogram-activity (Gigliuto et al., 2014). 

In addition to separate measures of different variables, aggregated 
scoring systems for assessing pain, distress, and discomfort in pigs have 
been developed (Contreras-Aguilar et al., 2019; Liehr et al., 2017) based 
on the system that Morton and Griffiths (1985) proposed for laboratory 

rodents. For example, Contreras-Aguilar et al. (2019) proposed a system 
that combines different indicators and consists of 5 independent variable 
categories: unprovoked behavior, behavioral responses to external 
stimuli, appearance, body condition score, and clinical signs. According 
to the system, these variables can be scored from 0 to 3 obtaining a 
maximum score of 20 and classifying the animals as not showing (total 
score of 0–4) or showing signs of distress and discomfort (total score of 
5–20). This type of scoring systems adapted to each intervention, 
together with additional behavioral, physical, or physiological in-
dicators was advised by the authors as a way to quantify discomfort in 
pigs. 

3.7. Proposed operational definition 

Based on our literature review, model case, and identified anteced-
ents, consequences and empirical referents, we propose the following 
operational definition of animal discomfort: short- or long-lived nega-
tive affective state featured by physical, physiological and/or mental 
components, induced by internal or external stimuli, ranging from mild 
to severe, potentially occurring together with other negative affective 
states, and leading to avoidance or attempt to alleviate the source of 
uneasiness. 

Table 2 (continued ) 

Reference Animal species Context What animals were subjected to Empirical referent(s) 

Mbuthia et al., 2021 Cattle Production Heat stress Clinical status 
Menchetti et al., 2021 Sheep Production Reduced space allowance and heat stress Activity, eye temperature 
Millecamps et al., 2012 Mouse Biomedical Invertebral disc degeneration Activity 
Moons et al., 2015 Cattle Production Heat stress Activity, respiratory parameters 
Münster et al., 2013 Dog Veterinary Esophageal disease Activity, clinical status 
Nicetto and Longo, 2019 Dog Veterinary Traumatic appendicular bone injuries Clinical status 
Niittynen et al., 2022 Horse Veterinary Foundation training sessions Activity, hormones 
Ouahrani-Bettache et al., 

2019 
Mouse Biomedical E. coli and Brucella strains Activity, appearance, body weight, clinical status 

Panteleeva et al., 2013 Mouse Veterinary Experimental risky hunting situation Activity 
Peana et al., 2017 Sheep Production Winter and spring meteorological conditions Mily yield 
Petit et al., 2017 Slugs Biomedical Exposure to canine and human shampoos Clinical status 
Piccolo et al., 2019 Cat Veterinary Toxoplasma gondii infection Clinical status 
Pigatto et al., 2018 Horse Veterinary Conjunctival melanoma Clinical status 
Pilz et al., 2012 Cattle Veterinary Vaginal examination Activity, vocalization 
Pinna et al., 2015 Emperor tamarin Veterinary Yogurt dietary supplementation Clinical status 
Plesch et al., 2010 Cattle Production Resting and disturbance periods Activity 
Post et al., 2012 Pig Biomedical Not specified Clinical status 
Price and Nolan, 2001 Sheep Veterinary Castration and tail docking Activity 
Rault et al., 2011 Pig Production Castration Activity, hormones, cardiovascular parameters 
Richards et al., 2019 Rat Biomedical Patch clamp mimicking dynamics of gefapixant Clinical status 
Rix et al., 2020 Mouse Veterinary Chemotherapy Activity, body weight, clinical status 
Schlicht and Kempenaers, 

2018 
Blue tit Veterinary Ringing, blood sampling and PIT-tag implanting Activity, vocalization 

Schwartzkopf-Genswein 
et al., 1997 

Chicken Veterinary Hot-iron and freeze branding Activity, clinical status, hormones 

Sneddon et al., 2003 Trout Veterinary Not specified Cardiovascular parameters 
Stefanowska et al., 2000 Cattle Production Milking omission Activity 
Swan et al., 2023 Mouse Biomedical Repeated experimental handling Facial expression 
Swartz et al., 2023 Cattle Production Dexamethasone administration Activity 
Tétreault et al., 2011 Rat Biomedical von Frey and Dynamic Weight Bearing device Activity 
Underwood et al., 2013 Cattle Production Not specified Activity, vocalization, hormones 
Upchurch et al., 2016 Dog Veterinary Administration of adipose-derived stromal 

vascular fraction and platelet-rich plasma 
Clinical status 

Van Beirendonck et al., 2011 Pigs Production Bundling and/or anesthesia Activity, clinical status 
van Zeeland and 

Schoemaker, 2023 
Ferret Veterinary Not specified Facial expression 

Vicario-de-la-Torre et al., 
2018 

Rabbit Biomedical Dry eye Vocalization, clinical status 

von Borstel et al., 2009 Horse Production Riding-occurred Rollkur (i.e., hyperflexion of the 
horse’s neck) 

Activity, cardiovascular parameters 

Wang et al., 2021 Pig Biomedical Wired or wireless Fecobionics devices Activity 
Whittaker and Howarth, 

2014 
Mouse Veterinary Not specified Activity 

Zhang et al., 2017 Pig Production Confinement Activity, hormones  
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4. Discussion 

The Walker and Avant (2005) concept analysis approach is used to 
refine unclear terms and provide operational definitions of a specific 
term with a clear theoretical basis. We followed this approach rigorously 
by including scientific materials pertaining to the fields of biomedicine, 
veterinary science, animal science, and biology. Each document was 
screened based on our pre-determined inclusion criteria. The latter is 
particularly important to reduce the risk of overlooking relevant mate-
rials and likely places our review in advantage compared to earlier 
studies applying the Walker and Avant (2005) concept analysis meth-
odology, as initial screening of titles and abstracts of selected materials 
may result in relevant information potentially being missed. In litera-
ture, there are examples of reports not disclosing the literature screening 
approach or the actual number of publications retained after literature 
analysis (e.g., psychological distress – Ridner, 2004; overcoming – Brush 
et al., 2011). Despite the thorough literature search and screening, we 
only found 25 animal-focused publications explicitly containing a 
concept or definition of animal discomfort, which is a considerably low 
number compared to the growing body of literature claiming to be 
investigating this negative affective state and given the increasing so-
cietal request for more ethical, welfare-oriented management of animals 
kept for production or biomedical purposes. Thus, this review not only 
serves as a guide for detection, interpretation, and assessment of animal 
discomfort, but also sheds light on the need for more scientific attention 
to the occurrence of this state. 

Our operational definition holds valuable scientific, ethical, and 
practical significance and can assist in establishing clearer standards and 
guidelines to safeguard the welfare of domesticated animals kept for 
scientific purposes as well as for livestock production. Discomfort en-
compasses a range of physical, physiological and mental components. 
Identifying and characterizing these components can help recognize 
subtle physiological and/or behavioral changes that animals can 
potentially display, enabling early and proper intervention. Further-
more, scientifically defining the term ‘animal discomfort’ can facilitate 
the development of animal-welfare-oriented protocols and regulations, 
accurate assessment of ethical permit applications for animal experi-
mentation, and improve transparency of animal experimentation and 
livestock farming (Kiani et al., 2002; Mello, 2012; Tannenbaum and 
Bennett, 2015; PIGWEB, 2024). Aggregated scoring systems for assess-
ing discomfort in pigs within research are already available (Liehr et al., 
2017; Contreras-Aguilar et al., 2019) and could be developed further. 

The implications of defining, understanding, and measuring 
discomfort in domesticated animals extend beyond ethical consider-
ations; and are intrinsic to a successful green transition to sustainable 
livestock production (at all stages – on-farm, during transport and 
slaughter) and agriculture (Olesen et al., 2021). By prioritizing animal 
welfare through a comprehensive understanding and assessment, we can 
potentially identify and correct discomfort-inducing aspects to alleviate 
animal discomfort within farm management practices and research 
methods, aiming to make animal experimentation and animal-derived 
food production more ethical, efficient, and with less environmental 
impact. In this regard, future precision livestock farming tools can 
potentially detect sources of discomfort at early stages of occurrence, 
facilitating quick intervention and prevention of further adverse and 
more serious welfare conditions (Neethirajan, 2022). 

5. Conclusion 

We used the Walker and Avant (2005) concept analysis method to 
conceptualize the term “animal discomfort”. We propose that animal 
discomfort can be conceptualized as a short- or long-lived negative af-
fective state featured by physical, physiological and/or mental compo-
nents, induced by internal or external stimuli, ranging from mild to 
severe, potentially occurring together with other negative affective 
states, and leading to avoidance or attempts to lessen the source of 

uneasiness. This suggestion has the potential to serve as the foundation 
for establishing a more standardized application and comprehension of 
the concept, potentially facilitating the inference into the negative af-
fective states experienced by pigs as well as other domesticated animals 
kept for commercial farming and scientific purposes. Consequently, this 
proposed definition and the implementation of the already existing 
aggregated systems to quantify discomfort or further developed ones, 
have the potential to bolster legislative consistency and research integ-
rity across various contexts, including animal model studies, biomedical 
and veterinary clinical investigations, feed efficiency and digestibility 
trials as well as ethological studies. 
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