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Blindness, But Not HMHA Anosmia,
Predicts Loneliness: A Psychophysical
Study
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Abstract

Olfactory deficits can play a detrimental role in everyday social functioning. Perception of 3-hydroxy-3-methylhexanoic acid
(HMHA)—a body odor component—could also be linked to this research area. However, no study so far has addressed
the problem of HMHA perception in the context of the previously reported relationship between olfactory abilities and
social difficulties. Here, we tested whether HMHA-specific anosmia predicted loneliness understood both as a cognitive
evaluation of social participation and as one’s social isolation, and we additionally analyzed the effects and correlates of
HMHA perception in relation to sightedness. The study comprised 196 people, of whom 99 were blind. We found that
subjects with blindness declared particularly high loneliness, but HMHA anosmia and the interaction of sightedness and
HMHA anosmia predicted neither loneliness nor social withdrawal. In addition, HMHA pleasantness was positively associated
with social withdrawal of the subjects with blindness and emotional loneliness correlated with HMHA familiarity regardless

of sightedness.
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The sense of smell contributes to social communication
(Stevenson, 2010), and perception of body odors seems cru-
cial for this aspect of olfactory functioning. Body odors
communicate numerous human characteristics (de Groot
et al.,, 2017), ranging from sex (Lenochova & Havlicek,
2007), age (Mitro et al., 2012), or health status (Olsson
et al.,, 2014) to emotional state (Chen & Haviland-Jones,
2011) or personality traits (Sorokowska et al., 2012). Given
this multitude of information and apparent importance of
this aspect of a human physique, it may be assumed that
olfactory sensitivity plays an important role in everyday
social functioning. Indeed, studies show that people with
anosmia, that is, those without the sense of smell, exhibit a
significantly higher level of social insecurity than those with
functioning olfaction (Croy et al., 2012, 2013). Olfactory
abilities were also found to relate to self-reported loneliness
(Desiato et al., 2020; Sivam et al., 2016) and quantity and
quality of social relationships for women (Zou et al., 2016),
but not men (Boesveldt et al., 2017). However, existing
studies do not enable us to determine the causality in the
relationship between olfactory sensitivity and interpersonal
problems, nor to define the mechanisms that drive this rela-
tionship. As can be predicted based on Croy et al.’s (2013)
study, access to olfactory information can make social

relationships easier and broader, diminishing insecurity and,
consequently, facilitating new social and romantic contacts.
Furthermore, sensory disorders decrease the control one has
over his or her own odor, which may further moderate the
self-consciousness (Stefanczyk & Oleszkiewicz, 2020). As
suggested by Desiato et al. (2020), olfactory dysfunctions
could affect loneliness also through a mediating effect of
depression generated by smell disorders. Nevertheless, the
links between olfactory sensitivity and social functioning
definitely need to be explored further. For example, it seems
extremely interesting whether anosmia to odors emanating
from a human body plays a particularly important role in
the interpersonal problems and whether the relationship
between olfaction and social functioning is equally strong
for everyone.
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People differ in their olfactory sensitivity (Oleszkiewicz
et al., 2020), and variability of responses to odors is observed
also for chemical compounds composing body odors. Body
odors are also highly diverse as they are subject to genetic
(Havlicek & Roberts, 2009; Roberts et al., 2005; Wallace,
1977), environmental (Fialova et al., 2013, 2016; Lenochova
& Havlicek, 2007), and physiological influences (Olsson
et al., 2014; Shirasu & Touhara, 2011; Singh & Bronstad,
2001). However, research aimed at pinning down the most
important chemical compounds shaping human chemosensory
communication identified some crucial body odor compo-
nents, namely, volatile steroids androstenol (5o-androst-16-
en-3a-ol), androstenone (5a-androst-16-en-3-one), and
androstadienone (androsta-4,16-dien-3-one) and volatile fatty
acids  3-hydroxy-3-methylhexanoic acid (HMHA) and
3-methyl-2-hexenoic acid (3M2H) (Gallagher et al., 2008;
Natsch et al., 2006; Natsch & Emter, 2020; Zhou et al., 2014).
A number of studies indicate possible chemosignaling func-
tions of volatile steroids, showing their influence on the auto-
nomic nervous system and on psychological and physiological
reactions of other individuals (for a review see Havlicek et al.,
2010). However, given that sociosexual experimental context
possibly moderates the 16-androstenes’ effects (Jacob et al.,
2001; Lundstrom & Olsson, 2005), current research has begun
to analyze more thoroughly the social meaning of volatile fatty
acids that significantly contribute to axillary odor (Natsch
et al., 2006; Troccaz et al., 2009). HMHA seems to be particu-
larly interesting in this context; as this acid is human-specific
and has been detected in all individuals (Natsch & Emter,
2020), it is quantitatively the most dominant human odorant
(Natsch et al., 2003), and its assessments were shown to be
independent of culture or sex (Ferdenzi et al., 2019). Although
the genetic basis of body odor perception has not been reported
so far (Natsch & Emter, 2020), it has recently been discovered
that among six receptors involved in the perception of sweat
carboxylic acids, one receptor seems to be selectively respond-
ing to HMHA and no other acid (Chatelain & Veithen, 2016).
Combined, these special qualities of HMHA substance make it
particularly relevant to investigate social consequences of
body odor perception or body odor anosmias.

It is crucial to note here that studies report a significant
proportion of people suffering from a specific anosmia to
body odor-relevant substances (Bremmer et al.,, 2003;
Ferdenzi et al., 2019; Hummel et al., 2005). This means that a
large proportion of the population cannot perceive these
odors, whereas their sensitivity to other substances remains
unaffected. For example, the frequency of specific anosmia to
HMHA ranges between 8% and 19% (Ferdenzi et al., 2019),
and based on the patent of Chatelain and Veithen (2016)
reported by Natsch and Emter (2020), we may assume that
this anosmia can be genetically/biologically determined. The
undeniable scale of this problem, and the fact that anosmia to
certain crucial components of body odor may be present in
the lives of many individuals from birth onward, opens new
questions regarding the social consequences of anosmias to

body odor components. This research avenue has not been
explored much so far. We know that people able to perceive
volatile steroids are more likely to reject others based on body
odors as compared with people with specific anosmia (Pierce
et al., 2004), and that decreased detection accuracy, confi-
dence, and intensity ratings for androstenone predict higher
defensiveness (Kline et al., 2007). No study has assessed the
social effects of anosmia to fatty acids.

Another issue related to social consequences of olfactory
abilities is that certain groups of people can be particularly
sensitive to the psychological effects of body odors or their
impaired reception. Blind people declare being more con-
scious of socially relevant smells than sighted individuals
(Beaulieu-Lefebvre et al., 2011). Even in childhood, blind-
ness is associated with higher awareness of odors, particu-
larly in the social domain (Ferdenzi et al., 2010). Although a
recent meta-analysis indicated no significant differences in
olfactory sensitivity of people with and without blindness
(Sorokowska et al., 2019) and blind people do not exhibit an
enhanced conscious understanding of social information
conveyed by body odors (Sorokowska & Oleszkiewicz,
2019), blindness was found to relate to a better recognition of
negative emotions in odor cues (Iversen et al., 2015). It can
therefore be assumed that blind people exhibit certain advan-
tages in processing of the social information based on body
odors. Consequently, sensitivity to socially relevant olfac-
tory cues can make blind people more subject to the detri-
mental effects of anosmia to body odor—related substances or
their distorted perception.

In summary, body odors convey information about people
and exhibit many effects on social functioning of an indi-
vidual. Perception of HMHA, a compound that significantly
influences human body odor, could also be linked to this
research area. However, no study so far has addressed the
problem of HMHA perception in the context of the previ-
ously reported relationship between olfactory abilities and
social difficulties. Guided by previous research (Desiato
et al., 2020; Sivam et al., 2016), we focused on loneliness in
both the social and emotional context, and understood both
as a subjective, cognitive evaluation of social participation
and one’s social isolation (de Jong Gierveld & Van Tilburg,
2010). As people with blindness report an increased focus on
socially relevant odor information, we have also separately
analyzed, in this research, the effects and correlates of
HMHA perception in relation to blindness.

Materials and Methods
Ethical Approval

The study was conducted in accordance with the Helsinki
Declaration and data collection complied with current
American Psychological Association’s (APA) Ethical
Principles of Psychologists and Code of Conduct. The project
was accepted by the ethical board of the relevant institution,
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and all subjects provided a written, informed consent prior to
study inclusion (the form was read aloud to the subjects with
visual impairment). The participants were informed that their
participation is entirely voluntary and that they can withdraw
their consent at any moment. They received a monetary remu-
neration for their participation in a series of scientific studies
unrelated to the presented research.

Participants

The required sample size was calculated with G*Power soft-
ware (Faul et al., 2007). To reach the power of 1 — 3 = .90
within the analysis of variance df1 = 1 and a single covari-
ate, with the level of significance set to o = .05 to detect
medium-sized effects /= .25, the sample was estimated as at
least 175 subjects. The study comprised 196 people aged
between 17 and 57 years (M,,, = 34.07, SD,,, = 10.34
years), of whom 99 were blind (46 females; Mage = 36.48,
SD,,. = 10.04 years) and 97 were sighted (51 females; M,
= 31.61, SD,,, = 10.11 years). The participants were
recruited by means of advertisements in local media, in local
associations and schools for people with blindness, and by
means of personal contacts of the participants and the experi-
menters. The participants reported no neurological or olfac-
tory disorders.

Materials

Odor sample. We used 0.01% solution (v/v) of racemic
3-hydroxy-3-methylhexanoic acid of >99% GC purity
(HMHA; Chemical Abstracts Service [CAS] number: 58888-
76-9) in odorless mineral oil. The applied supraliminal
HMHA concentration was determined on the basis of previ-
ous research in an European sample (Ferdenzi et al., 2019),
where an average detection threshold was 12.5 X 107,
HMHA was synthesized by one of the authors (N.B.) for the
purpose of the study, using procedures adapted from pub-
lished protocols (Ferdenzi et al., 2019). The sample—4.5 mL
of the target odorant—was presented in a 15-mL amber glass
flask that was about 7 cm high (3 cm in diameter).

Loneliness. Loneliness in this research was understood both in
the social and in the emotional context, and as a subjective,
cognitive evaluation of one’s social participation and one’s
social isolation. Therefore, we operationalized this construct
in two ways—hereafter referred to as social and emotional
“loneliness” and as “social withdrawal.” Self-assessed “lone-
liness” was measured with the use of the 11-item De Jong
Gierveld Loneliness Scale (de Jong-Gierveld & Kamphuls,
1985) in a Polish adaptation by Grygiel and collaborators
(2013). The De Jong Gierveld Loneliness Scale is an estab-
lished method with good psychometric qualities (o0 = .89 in
the Polish adaptation). The scale contains two subscales—
emotional and social loneliness—and generally assesses the
satisfaction from the size, composition, and quality of one’s

social relationships (e.g., I miss the company of other people;
I can count on my friends in the times of need). The partici-
pants assessed the level of agreement with each statement on
a | to 7 scale, from definitely yes to definitely no. Scoring of a
few items is reversed so that in the final results higher scores
reflect higher loneliness. Social withdrawal was measured
with a Social Withdrawal Subscale derived from Comprehen-
sive Assessment of Traits Relevant to Personality Disorder—
Static Form Scale (CAT-PD-SF) vI.1 (Simms et al., 2011):
https://ipip.ori.org/newCAT-PD-SFv1.1Keys.htm. This six-
item scale was found to have satisfactory psychometric quali-
ties in both a general community and patient samples (six
items; Comm. oo = .83, Pat. o = .87). The full questionnaire
and its English translation can be found at https://osf.io/
hwxc7/?7view_only=ae372df9972a443ea3c082f17b5afaf6
(See also Supplemental Materials).

Procedure

The study was conducted by trained research assistants at the
university and at a local school for individuals with blind-
ness. Every person was tested individually, and throughout
testing, the participants without visual impairment were
additionally asked to wear a mask that covered their eyes
without blocking their noses (Mindfold; Mindfold Inc.,
Colorado, USA).

Odor perception. The participants were explained that they
will be asked to smell a sample of an odor, and if they per-
ceived it they would be additionally asked three questions
about this odor. They were also instructed to inhale deeply
when being told so. The experimenters presented an odor sam-
ple for approximately 3 s, moving an open flask below the
subject’s nostrils. The subjects were then asked whether they
perceived any odor (yes/no). The individuals who declared
that they did not perceive any odor were informed that they
should not worry, as anosmia to this particular substance is
quite common. They were further classified as “specific anos-
mia” for the purpose of further analyses. The individuals who
did perceive the odor were asked to assess the qualities of the
odor on three scales: (a) pleasantness, with response ranging
from =5 (very unpleasant) to 5 (very pleasant); (b) intensity,
with response ranging from 0 (not intense at all) to 10 (very
intense); and (c) familiarity, with response ranging from 0 (not
Jamiliar at all) to 10 (very familiar). The odor was presented
to the participants prior to each of the three questions.

Questionnaire assessment. To standardize study conditions
across the experimental groups, the research assistants read
the demographic questions and the questionnaires aloud to
people with and without visual impairment and marked their
responses on the answer sheets.

Statistical analyses. We have first assessed the independence
of HMHA-specific anosmia from blindness with 2
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Table 1. Self-Assessed Loneliness and Social Withdrawal in Relation to Sightedness and HMHA Anosmia.

Subjects with blindness

Subjects without blindness

Anosmia (n = 18) No anosmia (n = 81) Anosmia (n = 15) No anosmia (n = 82)
Dependent variables M Sb M Sb M SD M SD
Social withdrawal 2.73 0.59 2.92 0.87 2.79 0.92 2.98 0.83
General loneliness 3.37 0.54 3.36 0.58 3.06 0.52 3.16 0.48
Social loneliness 2.60 0.95 3.03 1.25 248 0.81 2.67 1.20
Emotional loneliness 2.71 1.30 2.59 1.26 1.99 1.22 2.19 1.09

Note. HMHA = 3-hydroxy-3-methyl-hexanoic acid.

distribution. Furthermore, we computed the general linear
models to assess potential differences in loneliness and social
withdrawal in people in relation to the specific anosmia to
HMHA (with vs. without), taking into account also the visual
impairment of the subjects (with vs. without) and controlling
for their age. The models were computed separately for lone-
liness (and the subscales: social and emotional loneliness)
and social withdrawal. Finally, we correlated the psycho-
physiological assessments of HMHA samples (pleasantness,
intensity, and familiarity) with loneliness and social with-
drawal scores. Based on the results of general linear models,
we decided to assess the correlations separately for blind
and sighted subjects. All data for this study are available at
https://osf.io/hwxc7/?view_only=ae372df9972a443ea3c082
f17b5afaf6.

Results
Effects of HMHA-Specific Anosmia

HMHA -specific anosmia was independent from blindness,
¥2(1) = .26, p = .61 (for frequencies, see Table 1). Descriptive
statistics for the self-assessed loneliness (in distinction to
social and emotional loneliness) and social withdrawal in
subjects with and without blindness who exhibited versus
did not exhibit specific anosmia to HMHA are summarized
in Table 1.

Overall, we observed specific anosmia to HMHA in 33
individuals (18 blind and 15 sighted individuals). Subjects
with blindness declared higher general loneliness than sub-
jects without blindness: 3.36 vs. 3.14 points; F(1, 192) =
4.99, p = .027, n* = .03, 95% confidence interval (CI) =
[.03, .43]. Neither the HMHA anosmia nor the interaction of
sightedness and HMHA anosmia proved to have a significant
effect on the self-assessed general loneliness. We found that
the effect of blindness observed for the general loneliness
was driven by the scores in the emotional loneliness sub-
scale, F(1,192) = 4.72, p = .031,n? = .03 95% CI = [.05,
.95], wherein subjects with blindness declared significantly
higher emotional loneliness than subjects without blindness
(2.61 vs. 2.11 points, respectively). The analogous model
examining the effects of blindness and HMHA-specific

anosmia on the social loneliness subscale yielded no signifi-
cant results. Moreover, there were no significant effects for
the model examining the variability in social withdrawal as
a function of blindness and HMHA-specific anosmia. The
main effect of blindness on emotional loneliness (reflected
also in the general loneliness scale) is illustrated in Figure 1.

Psychophysical Assessments of HMHA

The perception of HMHA pleasantness was positively asso-
ciated with social withdrawal of the subjects with blindness
(r = .29, p = .007) but not in sighted subjects (p = .50).
Neither social nor emotional loneliness was positively asso-
ciated with the hedonic perception of HMHA in the two
groups. There were no significant relationships between rat-
ings of intensity of HMHA, loneliness, or social withdrawal
(all ps > .05). Finally, regardless of sightedness, in both
groups there was a significant correlation between emotional
loneliness and familiarity of HMHA (r,.q = 28, p = .01;
Toind = -26, p = .02). The scatterplot matrix for intercorrela-
tions between the psychophysiological ratings of HMHA,
self-assessed loneliness, and social withdrawal is presented
in Figure 2.

Discussion

Olfactory sensitivity often relates to social problems and, in
this study, we assessed whether the perception of a crucial
component of human body odor (HMHA) is significantly
associated with loneliness. We assumed that the effects could
be particularly salient among people with blindness, who
were shown to pay a special attention to odor cues in the
social context. Overall, the results we observed were quite
inconsistent with our predictions. Neither the HMHA anos-
mia nor the interaction of sightedness and HMHA anosmia
proved to have a significant effect on the self-assessed lone-
liness or social withdrawal. As for the psychophysical ratings
of HMHA within the group of individuals who could smell
this substance, the study yielded mixed findings that
depended on sightedness of the subjects. HMHA familiarity
was positively related to emotional loneliness, regardless of
the sightedness status, but pleasantness of HMHA samples
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was positively related to social withdrawal scores only for
people with blindness.

The first and most important result of our study was that
HMHA anosmia was not a significant predictor of loneliness
across our samples and that we observed no interactive effect
of sightedness and HMHA anosmia on the assessed scales.
Lack of this effect was not consistent with our expectations.
Previous research has documented detrimental effects of gen-
eral olfactory impairments on human social life (Croy et al.,
2013; Desiato et al., 2020; Sivam et al., 2016). We may thus
only speculate as to why anosmia to an important body odor
component does not predict a lower self-assessed loneliness.

The first hypothesis relates to the body odor proxy we
selected. “Real” body odor samples are complex mixtures con-
sisting of many molecules, and they contain several important
odorous substances (Natsch & Emter, 2020). They can also be
affected by numerous processes, changes, and characteristics
of odor donors. In this study, we decided to apply an artificial,
chemical substance that was shown to strongly remind people
of real body odors in previous research (Ferdenzi et al., 2019)
and is the most dominant compound of the human body odor
(Natsch et al., 2003). Therefore, the social consequences of
anosmia to this substance should, theoretically, be the most
likely to be observed. Nevertheless, HMHA is just one of a few
body odor components (Gallagher et al., 2008; Troccaz et al.,
2009), and anosmia to this substance does not entirely disable
perception of socially relevant olfactory cues. Ferdenzi and

collaborators (2019) showed that few participants exhibited
specific anosmias to several substances out of the four different
body odor compounds they used in their research, and only one
participant out of 40 was anosmic to both HMHA and 3HMA.
To explore this issue more thoroughly, future studies on body
odor perception and loneliness should involve the assessment
of anosmias to several suprathreshold body odor components,
preferably combined with real body odor samples.

Second, altered or weakened perception of HMHA
may relate to social difficulties other than loneliness. Self-
assessment of loneliness is complex and very subjective
(McAdam, 2016) and it can relate to environmental and
personal factors that were not controlled in this study. For
example, people anosmic to HMHA (or to other body odor
components) can become particularly proactive in searching
for and sensitive to other social cues, allowing for a compen-
satory effect on one’s social interactions and decreasing any
possible difference between them and HMHA-perceiving
individuals. Overall, it is still possible that other areas of
everyday social interactions are affected by HMHA-specific
anosmia, or that loneliness is affected by anosmia to other
body odor components. To determine whether any of our
hypotheses is probable, it would be necessary to conduct
more extensive studies that would involve a broader range of
odorants, measurement of other socially relevant personality
traits and behaviors, and that would compare sensitivity to
social cues pertaining to different modalities.
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social withdrawal across subjects with and without blindness.
Note. HMHA = 3-hydroxy-3-methylhexanoic acid.

Interestingly, different aspects of loneliness were found to
positively correlate with assessments of HMHA pleasantness
and familiarity by individuals who were able to detect this
substance. This volatile fatty acid might therefore activate a
“social longing” schema, wherein smelling it triggers think-
ing about others, missing their proximity, and higher loneli-
ness. In this case, smelling a body odor proxy would enhance
social needs, consequently driving social cohesion. This
mechanism would be consistent with the assumed bonding
role of body odors in mother—child interactions throughout

the early stages of a human life (Croy et al., 2019; Porter
et al., 1983; Schifer et al., 2020). However, quite an opposite
mechanism may also be true. Natural body odors are gener-
ally perceived as unpleasant in Western cultures (Schleidt
et al., 1981) and previous research showed that negative per-
ception of body odors evokes spontaneous associations with
negative personality traits (McBurney et al., 1976;
Sorokowska, 2013) and may lead to more frequent rejection
of others based on smell (Pierce et al., 2004). In this case,
unpleasant sensations associated with olfactory perception of
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others could consequently decrease the overall sociability
and longing for social contacts.

It might be questioned whether the—seemingly unrelated
to the loneliness concept—perception of a body odor com-
pound might drive altered responses in loneliness question-
naires. However, the effects of body odor—related odorants on
social behavior are quite potent, as indicated by numerous
studies on their pronounced psychological effects (de Groot
et al., 2017). For example, Chen and Haviland-Jones (1999)
reported that following an assessment of an elderly woman’s
body odor, people reported reduced feelings of depressed
affect on the mood-assessment questionnaire. Fear-related
human chemosignals were, in turn, found to significantly
impact state-trait anxiety inventory scores in females
(Albrecht et al., 2011) and to translate to several psychologi-
cal effects, such as increased risk-taking (Haegler et al.,
2010), higher stress and mistrust toward an unknown man
encountered within a virtual environment (Quintana et al.,
2019), or detection of fear while recognizing ambiguous
facial expression (Zhou & Chen, 2009). Adding the outcomes
of our study to this large body of literature and knowing the
quite reliable interaction between certain aspects of social
functioning and olfactory sensitivity in previous research
(Desiato et al., 2020; Sivam et al., 2016), we suggest that it is
of great interest to further investigate the behavioral, psycho-
logical, and physiological effects of body odor perception.

We assumed that all effects predicted in this study can be
more salient for people with visual impairment. Sighted peo-
ple can rely on a number of sources of social information,
with visual data easily supplementing the olfactory social
cues. People with blindness, at the same time, are more
aware of social olfactory information and were shown to be
particularly sensitive to emotional odor cues (Iversen et al.,
2015) and pay high attention to such data (Beaulieu-Lefebvre
et al., 2011). Interestingly, however, in our study, emotional
loneliness significantly correlated with HMHA odor famil-
iarity in both the sighted and the blind subjects. In the sample
with blindness, the pleasantness assessments were, more-
over, positively and significantly related to social with-
drawal. One reason why we observed this mixed pattern of
findings is that the three included loneliness measures tap
onto different aspects of loneliness, moderating their associ-
ation with olfaction (similar to Desiato et al., 2020). The
social and emotional loneliness subscales relate to the cogni-
tive evaluation of social participation (de Jong Gierveld &
Van Tilburg, 2010). For example, the social loneliness is
linked primarily to the perceived qualities of one’s broader
network of relationships, including its size and composition.
Social withdrawal included in our research pertains mostly
to the feeling of a general isolation (Simms et al., 2011). At
this stage of research, it remains unknown, however, why
body odor perception relates to different aspects of loneli-
ness in the sighted and in the blind people.

It should be also noted that the blind individuals declared
higher general loneliness than sighted subjects in our sample.

This result concurs with the previously observed association
between physical health and loneliness (Korporaal et al.,
2008; Penninx et al., 1999; Savikko et al., 2005). This study
extends our understanding of the relationship between sight-
edness and social functioning, stating that even poor vision
can accelerate loneliness in older age (Savikko et al., 2005)
by showing that this also applies to adults with blindness.
Despite these negative effects, people with blindness exhibit
similar (Oleszkiewicz et al., 2017) or even a higher level of
interpersonal trust than sighted people (Oleszkiewicz, 2021),
proving that visual impairment may have negative conse-
quences on the particular aspects of social relationships of
people with blindness, but still allow them to build positive
social attitudes in other domains.

There are certain limitations of this research. First, the
“yes/no” response format could have affected our findings
on HMHA anosmia and loneliness. It would be more recom-
mendable to apply a more robust method to assess anosmia
to HMHA, such as a two- or three-alternate forced-choice
procedure involving odorant and blank(s) and a forced choice
on which of the flasks contains the odorant. Unfortunately,
our “yes/no” procedure in anosmia assessment could have
resulted in a response bias through applying either lenient
criteria for deciding there is an odor present versus overly
cautious criteria (only stating there is an odor if it is of 100%
certainty). Some HMHA anosmics could have, therefore,
been undetected in our sample, and some anosmics could
have also attempted to perform the psychophysical ratings of
the sample. Nevertheless, we may argue that the impact of
this testing method on our particular study is largely miti-
gated by several important issues. First, our subjects were
aware that after being presented with a certain odor, they will
be asked to rate it using provided scales. Including the con-
secutive intensity assessment also means that we had two
methods of analysis, allowing us to verify whether the sub-
jects perceived this odor. Among 163 subjects who declared
smelling HMHA, only one person described the odor inten-
sity as “0.” Second, the issue of odor perception has no posi-
tive or negative connotations, which could make this
response less prone to a self-presentation bias. Third, the
HMHA sample itself allows us to suggest that the responses
we collected were rather reliable. Overall, people exhibit a
very low detection threshold for this substance (Ferdenzi
et al., 2019; Natsch & Emter, 2020), and the concentration
we chose for our study was high enough to be reliably
detected by people sensitive to HMHA. This further decreases
arisk of uncertainty when being asked to decide whether one
can perceive an odor or not. Finally, 16.8% of anosmic sub-
jects in our sample is consistent with the range between 8%
and 19% reported by Ferdenzi et al. (2019) and around 20%
as mentioned by Natsch and Emter (2020).

We may also presume that certain aspects of the experi-
mental situation could have influenced our findings.
Situational context was shown to affect the psychophysio-
logical reactions to 16-androstenes (Havlicek et al., 2010;
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Jacob et al., 2001; Lundstrdom & Olsson, 2005; Verhaeghe
et al., 2013). Several experimental studies showed a crucial
role of the experimenter’s sex in the observed results. This
factor seems to be particularly important for female partici-
pants interacting with male experimenters (Jacob et al., 2001;
Lundstrom & Olsson, 2005). It has been speculated that the
psychophysiological effects of volatile body odor compo-
nents may be particularly salient in the presence of a male
[experimenter]. However, previous studies on the mating
context and social interactions with opposite sex focused
almost exclusively on 16-androstenes. It is difficult to pre-
dict whether the experimenter’s sex effect might have
affected our outcomes, given that this study’s majority
research assistants were female. We should also remember
that body odors are now often modified and masked by cos-
metics and fragrances, which can distort the socially relevant
signaling odor properties (Sorokowska et al., 2016). It is not
fully clear whether the associations between psychophysical
odor assessments and different aspects of loneliness would
be replicated with the body odor samples that are subject to
the influence of chemical alterations.

Human olfaction literature and psychological studies doc-
ument a significant relationship between body odors and
social communication. In this study, we did not find support
for the hypothesis that HMHA-specific anosmia leads to
social loneliness, yet we found people with blindness to be
indeed more lonely than sighted people. Among those who
could smell HMHA body odor compound, HMHA familiar-
ity was linked to emotional loneliness regardless of sighted-
ness, but pleasantness of HMHA samples was positively
related to social withdrawal scores only for people with
blindness.
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