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Abstract
The human sense of smell is still much underappreciated, despite its importance for vital functions such as warning and 
protection from environmental hazards, eating behavior and nutrition, and social communication. We here approach olfaction 
as a sense of well-being and review the available literature on how the sense of smell contributes to building and maintaining 
well-being through supporting nutrition and social relationships. Humans seem to be able to extract nutritional informa-
tion from olfactory food cues, which can trigger specific appetite and direct food choice, but may not always impact actual 
intake behavior. Beyond food enjoyment, as part of quality of life, smell has the ability to transfer and regulate emotional 
conditions, and thus impacts social relationships, at various stages across life (e.g., prenatal and postnatal, during puberty, 
for partner selection and in sickness). A better understanding of how olfactory information is processed and employed for 
these functions so vital for well-being may be used to reduce potential negative consequences.

Introduction

Among the different human sensory modalities, the sense 
of smell is one of the least explored, and much of its func-
tions have yet to be clarified. This gap in our knowledge has 
been supported by decades of repeated attitude of laymen 
and scientists alike, who considered—and sometimes still 
consider—the sense of smell as an intuitive, yet not par-
ticularly telling source of information for humans. But, we 
have now collected sufficient information to disprove this 
prejudice (McGann 2017), and the COVID-19 pandemic has 
shown us full force the limits of fueling these outdated theo-
ries (Parma et al. 2020; Pellegrino et al. 2020; Cooper et al. 
2020; Gerkin et al. 2020; Pierron et al. 2020). Yet, olfaction 
is still a sense that is not strongly associated with the idea of 

well-being in the general population. Whereas impairments 
of sight or hearing are screened for routinely since an early 
age to detect issues that may impact quality of life, this is 
not the case for olfactory disorders that still go massively 
unnoticed. As a result, olfaction becomes important to well-
being when smell loss and/or smell alterations appear, and 
they are very much treated not only as an invisible disability 
but one that is hard to even conceive of. Up to 49% percent 
of people report over their lifetime an olfactory disorder, with 
anosmia accounting for 5% of the population (Landis et al. 
2004; Murphy 2002; Mullol et al. 2012). All in all, millions 
of people during their lifetimes suffer from olfactory dis-
orders, and as a consequence, report a negative impact on 
mental and emotional health, increased social isolation, and 
associated financial difficulties related to receiving the sup-
port they need, which often consists of non-curative solutions 
(Neuland et al. 2011; Croy et al. 2014; Erskine and Philpott 
2020). These patients often report to have issues in their abil-
ity to protect themselves from environmental hazards, in their 
food enjoyment and eating behavior, and in their social rela-
tionships, all scenarios linked to the main functions of the 
sense of smell (Stevenson 2010).

A wealth of research both in the domain of common 
and of social odors has focused on danger detection and 
the role of the sense of smell in fostering the preservation 
of the human species (Parma et al. 2017a; Parma et al. 
2017b). In the present chapter, we focus our attention 
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on the more understudied perspective of olfaction as 
a sense for well-being. Based on our experience with 
patients with smell loss, and their significantly reduced 
quality of life as a result of their disorder (Neuland et al. 
2011; Erskine and Philpott 2020; Croy et al. 2014), we 
will review how the sense of smell critically contrib-
utes to building and maintaining well-being (Fig. 1). 
Although the third major function of olfaction—related 
to avoidance and protection from environmental hazards 
—clearly contributes to human well-being, this function 
has been reviewed in previous work (Parma et al. 2017a). 
Here we choose to focus on functions with more positive 
connotation and emphasize how olfaction supports nutri-
tion and social relationships.

Nutrition

Odors are part of the flavor percept during food con-
sumption (retronasal) (McCrickerd and Forde 2016; 
Small 2012), but more importantly, even before ingestion, 
odors can alert us to food in our environment and orient 
our appetite (McCrickerd and Forde 2016; Boesveldt and 
Graaf 2017). Just imagine walking past a bakery in the 
morning, and sensing the smell of freshly-baked bread. 
A sudden sensation of appetite is triggered, and that 
may result in the irresistible urge to treat yourself. On 
the other hand, when you have a cold, and your nose is 
blocked, food does not taste so good anymore and lacks 
enjoyment, because the olfactory component is missing. 

In addition, early exposure to flavors in breast milk or 
formula, or even exposure in utero, can shape food pref-
erences  later in life (Beauchamp and Mennella 2011). 
These olfactory signals are crucial behavioral drivers in 
our food-abundant environment, and it is imperative to 
better understand the underlying mechanisms, and under 
what conditions they act, in order to steer people towards 
better eating patterns.

Olfaction, similarly to vision, can be considered a 
so-called distant sense. In the presence of food, olfactory 
signals can be perceived before consumption, and may 
stimulate appetite in anticipation of food intake. Several 
studies have now clearly demonstrated that odors trigger 
appetite specifically for the cued product (Fedoroff et al. 
2003; Morquecho-Campos et al. 2020; Ramaekers et al. 
2014; Zoon et al. 2016), a phenomenon coined sensory-
specific appetite. In addition, this effect may generalize 
to other foods with similar characteristics. For instance, 
after exposure to a meat odor, the specific appetite for 
meat increases most, but also stimulates appetite for 
other savory products, such as curry. Moreover, this 
sensory-specific appetite is not only present for odors 
and foods that share similar sensory characteristics (i.e., 
taste category, such as sweet, savory) (Ramaekers et al. 
2014), but also odors representing high- or low-energy-
dense foods specifically induce appetite for (same and 
other) food products high or low in energy density (Zoon 
et al 2016).  Interestingly, we have recently shown that 
humans, like other species, can use their olfactory sense 

Fig. 1   Schematic representation 
of the three olfactory functions 
described by Stevenson (2010) 
with a focus on how olfaction 
promotes well-being through 
nutrition and social behavior, 
with an outline of the topics 
reviewed in the chapter
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in their foraging or eating behavior strategies, i.e., to 
navigate for (high-calorie) food in different environments 
(de Vries et al. 2020). It is thus likely that, similar to 
taste being a nutrient sensing system, food odors can 
signal information about the nutrient composition of their 
associated foods already before ingestion. This would be 
based on learned associations, due to repeated combined 
exposure to an odor and the post-ingestive consequences 
of the food throughout life (Brunstrom and Mitchell 2007; 
Small et al. 2008; Yeomans and Boakes 2016; Yeomans 
et  al. 2016). This information may trigger cephalic 
phase responses—a myriad of physiological responses 
(e.g., saliva, hormones, digestive enzymes), to help the 
body start preparing for the ingestion and digestion of 
that specific food/macronutrient (Smeets et  al. 2010; 
Morquecho-Campos et al. 2020). For a detailed review 
of the relation between olfaction and appetite hormones, 
see Palouzier-Paulignan et al. (2012).

Even though subjective ratings of appetite have 
predictive value for food intake (de Graaf et al. 2004), 
they cannot be directly extrapolated; i.e., people do not 
always eat what they want or when they are hungry, and 
they also do not always refrain from eating when satiated 
(Drapeau et al. 2007; Mattes et al. 1990; Stubbs et al. 
2000; Parker et  al. 2004). Hitherto, beyond appetite, 
reports on the effect of olfactory cues on more tangible 
measures of eating behavior, such as food choices, and 
intake, are conflicting. These inconsistent results may 
be grounded in methodological differences between 
study designs. For instance, in a series of studies, Gaillet 
and colleagues have shown that starters and desserts 
containing fruit and vegetables were selected more 
frequently from a menu upon unconscious exposure to 
melon and pear odor, respectively (Gaillet et al. 2013; 
Gaillet-Torrent et  al. 2014). Others have similarly 
shown a positive influence of unaware odor exposure 
on subsequent congruent food choices (de Wijk and 
Zijlstra 2012; Chambaron et al. 2015), while awareness 
of the odor did not result in similar food choices (Zoon 
et  al. 2014). As much decision making occurs at a 
non-conscious level (Köster 2009), this suggests that 
olfactory effects on food choice may operate through 
priming, and the odor needs to be unattended or 
presented subthreshold in order to exert its influences 
(Smeets and Dijksterhuis 2014). The relationship 
between odor exposure and subsequent intake is also 
not straightforward. Fedoroff et al. observed an increase 
in intake after odor exposure only for restrained eaters 
(Fedoroff et  al. 2003), whereas Coelho et  al. found 
that restrained eaters decreased their food intake upon 
odor exposure (Coelho et al. 2009). On the other hand, 

Larsen and colleagues and Proserpio et  al. observed 
an increase in intake for low impulse eaters only 
(Larsen et al 2012), or upon unconscious odor exposure 
(Proserpio et al. 2017; Porserpio et al. 2019). Finally, 
several studies did not find any differences in intake after 
(conscious) exposure to odors signaling foods differing 
in macronutrient content or energy–density (Morquecho-
Campos et al. 2020; Zoon et al. 2014).

Impact of smell loss on eating behavior

Most of the studies above have focused on short-term effects 
of experimental interventions to study the influence of olfac-
tion on eating behavior. If our sense of smell indeed plays an 
important role in the dietary choices we make in our daily 
lives, this may exert longer-term effects, such as changes 
in body weight or body mass index (BMI). Additionally, 
patients that experience olfactory dysfunction (e.g., elderly, 
anosmics;  although olfactory loss can occur for a plethora of 
reasons (Temmel et al. 2002) may show differences in their 
food preferences and intake, and such findings will provide 
further insight into the importance of smell for nutritional 
behavior.

Though most studies have indicated that a decreased 
sense of smell is related to poor appetite, lower interest 
in food-related activities, or decreased food enjoyment 
(Aschenbrenner et al. 2008; Jong et al. 1999; Duffy et al. 
1995; Philpott and Boak 2014; Postma et al. 2020), the 
impact on dietary patterns or overall diet quality appears 
to be less consistent (Mattes et al. 1990; Aschenbrenner 
et  al. 2008; Duffy et  al. 1995; Postma et  al. 2020; 
Gopinath et al. 2016), and may depend on the duration 
of olfactory loss (i.e., being it acquired throughout life 
or congenital and thus present from birth). Moreover, 
patients with smell loss typically do not have lower energy 
intake or present with low BMI (Mattes et al. 1990; de 
Jong et al. 1999; Duffy et al. 1995). In addition, research 
has shown no relation between (loss of) olfactory function 
and liking of (flavor-enhanced) foods (Kremer et  al. 
2007, 2014; Koskinen et al. 2003; Boesveldt et al. 2018). 
Thus, although there may not be a direct relation between 
olfactory function and nutritional status (Toussaint et al. 
2015), smell loss mostly affects the pleasure in food 
behavior. Moreover, eating can be considered as social 
behavior (e.g., enjoying family dinners, going out to a 
restaurant with friends, or cooking for your loved-ones), 
and it is indeed known that olfactory loss is associated 
with depressive symptoms (Croy et  al. 2014), as the 
absence of smell can have more general impact on quality 
of life and well-being (Philpott and Boak 2014; Boesveldt 
et al. 2017).
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Social behavior

The sense of smell represents a significant medium to 
transfer information that is critical to foster relationships 
among co-specifics (Lübke and Pause 2015; Semin and 
de Groot 2013), as well as inter-species (Semin et al. 
2019). Possibly due to its evolutionary role in creat-
ing and maintaining sociality, sweat-based olfactory 
communication is effortless—we spontaneously sweat 
and breathe—and we are among the most odoriferous 
hominidis species (Stoddart 1990). Indeed, despite most 
research on human sweat being confined to the axillary 
area (Mitro et al. 2012; Pause et al. 1998; Mutic et al. 
2016; Chen and Havilandjones 1999; Ferdenzi et  al. 
2009; Cecchetto et al. 2019; Doty et al. 1978; Dalton 
et al. 2013; Sorokowska et al. 2016; Smeets et al. 2020; 
de Groot et al. 2018; Rocha et al. 2018), many areas of 
the body are able to produce and transfer chemosignals 
(e.g., eyes through tears (Gelstein et al. 2011), hands 
(Frumin et al. 2015), increasing the potential for che-
mosensory communication. Furthermore, sweat-based 
olfactory communication is resistant to perturbation from 
the restrictions imposed by physical and time barriers, 
since chemical molecules can freely disperse in air and 
water (Zelano and Sobel 2005). It therefore remains effi-
cient when senses that humans typically rely on are una-
vailable (e.g., in the dark, in loud environments), even 
when chemosensory noise is present (Roberts 2012). 
Indeed, chemosensory communication is not blocked by 
the use of fragrances, a widespread custom across socie-
ties (Saxton et al. 2008).

The processing of information decoded from sweat 
represents a form of honest communication (Martín 
and López 2008), which does not require conscious 
awareness (Lundström and Olsson 2010) and is applied 
to a variety of human relational contexts. These features 
make communication based on chemicals  possible across 
developmental stages, from intrauterine life (Beauchamp 
and Mennella 2011) to the elderly (Prokop-Prigge et al. 
2016), and available to the fraction of the population 
affected by cognitive and social impairments (Parma 
et al. 2013). By simply reviewing the type of information 
that sweat-based olfactory communication successfully 
conveys, it is clear that one of its main functions is 
the fostering of stable relationships: sweat chemically 
encodes personal identity (Schleidt et al. 1981; Platek 
et al. 2001), kin and relatives (Lundström et al. 2009; 
Porter et al. 1986), partner choice (Schleidt et al. 1981; 
Lundström and Jones-Gotman 2009), and more broadly, 
friendship (Lundström et al. 2009). Additionally, sweat 
can also chemically encode health status (Moshkin 
et  al. 2012; Olsson et  al. 2014), sexual availability 
(Gildersleeve et al. 2012), and emotional states (fear, 

de Groot and Smeets 2017; disgust, Zheng et al. 2018; 
aggression/competition, Mutic et al. 2016; sadness, Oh 
et al. 2012; happiness, de  Groot et al. 2015), factors that 
regulate the more transient aspects of relationships.

The role of smell in relationships follows mankind 
across developmental stages

Odors start to become a form of social communication 
as early as in utero, and it further strengthens postnatally 
when the odorous secretions of the areola attract the 
newborn and facilitate latching and breastfeeding 
(Doucet et al. 2012), while mothers’ attachment to their 
baby is also reinforced through a chemosensory channel 
(Lundström et al. 2013). In infancy, the maternal odor is 
used to regulate the infant’s emotional processing (Jessen 
2020) and disambiguates the visual environment e.g., faces 
(Leleu et al. 2020). During childhood, children tend to like 
and be comforted by their mother’s odors (Ferdenzi et al. 
2010), whereas same-sex parental odors become aversive 
during pubertal age, contributing to the discouragement 
of incestuous relationships Westermarck effect (Schäfer 
et al. 2020). Despite a renaissance of the investigation 
of body odor processing in childhood in the most recent 
years (Schäfer et al. 2020), this area of research is rather 
understudied.

Instead, a wealth of evidence has been collected on the 
role of body odors in attraction and mate choice. Many 
studies reveal that preferences for the body odors that 
signal the quality of a partner in terms of compatibility, 
with a preference for the odors of people having a dis-
similar HLA (Havlicek and Roberts 2009), and for the 
odor of people having a compatible sexual orientation 
(Martins et al. 2005). Additionally, men prefer the smell 
of women while they are in the fertile phase of their men-
strual cycle (Singh and Bronstad 2001; Havlíček et al. 
2006), an effect that fades away when women use con-
traceptives (Kuukasjarvi 2004). All in all, body odors, 
along with other sensory cues, shape physical attrac-
tiveness and promote (or not) mating (Miller and Todd 
1998).

Smell‑triggered emotion regulation

More broadly, sweat-based information is used to 
transfer information about well-being via transferring 
happiness (de Groot et  al. 2015) or a lack thereof 
(Mutic et al. 2016; de Groot and Smeets 2017; Zheng 
et  al. 2018; Oh et  al. 2012). Human sweat produces 
behavioral, psychophysiological, and neurophysiological 
consequences in recipients in line with the emotional 
condition at encoding. In a communication perspective 
(Smeets et al. 2017), human sweat collected in emotional 



Cell and Tissue Research	

1 3

situations stimulates partial synchronization between 
donors and recipients, in line with the concept of 
emotional contagion (Hatfield et  al. 1993). In other 
words, affective, behavioral, and perceptual processes 
observed in a receiver following exposure to human 
sweat constitute in many cases a partial reproduction of 
the state of the donor at the time of body odor production. 
Specific experiences, such as pregnancy, reduce the 
effectiveness of sweat-based emotional communication, 
such as in the case of reduced responses to anxiety sweat 
signals to protect the mother and the fetus from the 
adverse consequences of stress reactions (Lübke et al. 
2017). Though emotional contagion is a widespread 
mechanism regulating sweat communication, it is 
not the only one. Individuals can respond not only by 
mimicking the sweat donor’s experience but also by 
providing complementary responses to it, such as when 
"smelling aggression" is met with heightened anxiety 
(Mutic et al. 2016).

These mechanisms are particularly interesting when 
at play to promote personal well-being, and social attun-
ing. In the specific case of autism spectrum disorder, a 
pathology that is keenly characterized by lack or reduc-
tion in social competence, smelling the odor of a familiar 
person, with whom interaction is positive, has the great 
advantage of letting emerge functional behaviors such as 
automatic imitation (Parma et al. 2013, 2014). By lever-
aging the power of odors to modulate breathing patterns 
(Arshamian et al. 2018), individuals with autism can be 
offered a low-effort opportunity of emotional regulation. 
It is well known by now that regulating breathing pat-
terns, whether voluntarily or not, has a calming effect 
(Zaccaro et al. 2018).

Impact of smell loss on relationships

The impact that smell loss has on relationships is strong, 
simply imaging failing to detect one’s own bad body odor 
and how this will immediately affect the people in the 
vicinity. Taking this negative outcome a step forward, 
smell loss can affect sexual relationships and mate choice 
in people, especially for those with congenital anosmia 
(Philpott and Boak 2014; Croy et al. 2013; Schäfer et al. 
2019). Having no or reduced ability in reading the social 
world through the lens of olfaction can severely affect 
attachment, limit the ability to “read a room,” and the 
strategies used to initiate emotional regulation, associ-
ated with the experience of having an invisible illness. 
These phenomena are not only limited to early devel-
opment and adulthood, but span continuously over the 
lifespan, including the elderly population. Indeed, it is 
believed that the association between olfactory perfor-
mance and the richness of social connectedness could 

reflect social modulation processes occurring in aging 
(Boesveldt et al. 2017), which are known variables influ-
encing health outcomes in this segment of the population.

General conclusions

Overall, the evidence presented in this chapter suggests 
that the olfactory modality is a reliable medium 
through which social communication can occur among 
humans. By playing a critical role in nutrition and social 
relationships, smell is a sense that is instrumental to 
the achievement and maintenance of well-being. As the 
COVID-19 pandemic revealed, the widespread olfactory 
loss and dysfunction often left in the wake of a COVID-
19 diagnosis, significantly trumps one’s sense of well-
being, shedding light on the silent importance of the sense 
of smell.

From a nutrition perspective, changes in or loss of 
olfactory capability mostly impacts food enjoyment and 
can, but do not automatically, lead to changes in dietary 
patterns. It is clear that the relation between olfactory 
signals and eating behavior is complex and entails more 
than plain liking or wanting of food induced by odor cues. 
Moreover, few studies have looked at real-life situations, 
e.g., shopping malls and nursing homes, to investigate 
the effect odors may have on our daily food choices and 
eating patterns, or over longer periods of time.

The study of the effect of odors on social relationships 
has so far highlighted the pervasive role of olfaction in fos-
tering sociality. Importantly, the majority of this evidence 
is collected in the absence of a real-time communicative 
exchange (often donors and recipients do not jointly inter-
act). The decontextualization of the information encoded 
in sweat may possibly be removing part of the beneficial 
effects of this social behavior. What are the social dimen-
sions in human chemosensory emotional contagion? How 
does  sweat-based communication affect relationships and 
well-being outside of the laboratory? These remain at pre-
sent open questions.

If we understand how and under which circumstances 
olfactory signals lead up to food intake, this may be used 
to steer (overweight) people towards healthier foods, or 
to enhance appetite in malnourished elderly or patients. 
Similarly, if we understand how social chemosensory 
information can be used to foster accurate social infor-
mation processing and emotional regulation, this may 
be used to reduce the negative consequences of these 
inabilities. Research for the years to come, that we plan 
on doing  and that we look forward to seeing in bulk in 
the literature, will aid  to fully exploit the potential that 
olfaction offers to improve human well-being.
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