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Identifying trustworthy partners is an important adaptive challenge for establishing mutually 
cooperative relationships. Previous studies have demonstrated a marked relationship between a 
person’s attractiveness and his apparent trustworthiness (beauty premium). Kin selection theory, 
however, suggests that cues to kinship enhance trustworthiness. Here we directly tested predictions 
of the beauty premium and kin selection theory by using body odours as cues to trustworthiness. Body 
odours reportedly portray information about an individuals’ genotype at the human leucocyte antigen 
system (HLA) and thus olfactory cues in body odours serve as a promising means for kin recognition. 
Ninety men played trust games in which they divided uneven sums of monetary units between two 
male trustees represented by their body odour and rated each body odour for pleasantness. Half 
of the odours came from HLA-similar men (suggesting closer kin) and half from HLA dissimilar men 
(suggesting non-kin). We found that the amount of money the players transferred was not related to 
HLA-similarity, but to the pleasantness of the trustee’s body odour. By showing that people with more 
pleasant body odours are trusted more than people with unpleasant body odour we provide evidence 
�ˆ�‘�”���ƒ���ò�„�‡�ƒ�—�–�›�æ�’�”�‡�•�‹�—�•�ó���–�Š�ƒ�–���‘�˜�‡�”�”�‹�†�‡�•���ƒ�•�›���’�—�–�ƒ�–�‹�˜�‡���‡�¡�‡�…�–���‘�ˆ���•�‹�•�ä

Trust is essential for establishing and maintaining mutually cooperative relationships. Selecting trustworthy 
partners is hence very important for successful navigation in our complex social world. Kin selection theory1 
proposes that we should trust our kin more than we trust strangers, whereas the “what-is-beautiful-is-good” 
stereotype2 predicts that attractive people are generally trusted more than people who are less attractive. Previous 
work on visual appearance has found evidence for both hypotheses. Speci�cally, some studies found that we trust 
people more if they look similar to us, while others reported that good-looking people are trusted more than less 
good-looking people. However, these assumptions have not yet been systematically tested against each other. In 
the present study, we compared the relative in�uence of kin selection and the beautiful-is-good stereotype on 
human trust decisions by using peoples’ body odours as indicator of their trustworthiness. Body odours report-
edly play a role in kin recognition3 and they can be more or less pleasant. In addition, odours have been found to 
modulate interpersonal trust4. Body odours hence o�er a promising means to test to what extent people base their 
decisions about whom to trust on genetic similarity or on odour pleasantness.

According to kin-selection theory1, levels of prosocial behaviours such as trust or generosity should be higher 
between individuals who are genetically related. Indeed, e�ects of genetic relatedness on (pro-)social behaviour 
have been documented in several species, ranging from social insects5, to birds6, rodents7 and primates8. Also in 
humans, prosocial behaviour is more likely to be observed among kin9–12, but it extends to genetically unrelated 
friends and even strangers. It is yet unclear to what extent the genetic similarity between two individuals has an 
e�ect on whether they trust each other or not.

One way of assessing one’s relatedness to other group members is through phenotype matching which operates  
by trait-based assessment of phenotypic similarity. Facial resemblance is a likely candidate on the basis of which 
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humans may recognise kin13. Indeed, participants have been shown to trust others more in a trust game, if the 
trustee’s face showed visual resemblance to the truster’s face14,15. Another study found that contributions in a pub-
lic goods game increased as a function of facial resemblance between the players16. A limitation of these studies 
is that kinship was manipulated indirectly by altering facial self-resemblance using computer graphics so�ware, 
which is a rather arti�cial manipulation of genetic similarity14.

A promising way to directly study influences of genetic similarity on social decisions is by using body 
odours. Indeed, kin recognition has been shown to operate via olfactory cues in body odour17–19. Body odours 
have been found to portray information about an individuals’ genotype at the major histocompatibility com-
plex (MHC, or human leucocyte antigen system, HLA in humans, for a review see20). The MHC is a large 
chromosomal region containing highly polymorphic genes which play a central role in the process of adaptive  
immunity21,22. A large body of research suggests that discrimination between genetically similar and dissimilar 
others is achieved via odour mediated MHC-similarity (for a review, see23). Particularly relevant for the present 
study are two neurophysiological studies showing that humans possess the sensory capacity to recognize the 
presence of HLA-associated olfactory cues24,25. Notably, recent work suggests that the human olfactory system is 
far better than commonly assumed26,27.

A second line of research has demonstrated a marked relationship between people’s attractiveness and how 
trustworthy they appear. For example, Wilson and Eckel28 showed that good-looking trustees were viewed as 
more trustworthy in a game involving trust and reciprocity. A similar “beauty premium” was found in a hypo-
thetical trust game, where participants invested signi�cantly more money in good-looking partners than they did 
in partners that were less good looking29. An evolutionary account of this “beauty premium” states that attrac-
tiveness bene�ts can be explained by mating motivations30. However, because the beauty premium also a�ects 
same-sex interactions29,31, others have pointed out that mate choice is not the only type of partner choice that 
has bene�tted from preferences for physical attractiveness32,33. Other factors such as (intra-sexual) competition, 
friendship or leadership selection can likewise play a role in bias towards attractive individuals.

�e present study is designed to test the relative in�uence of kin selection and beauty premium on trusting 
behaviour by using body odours as cues to someone’s apparent trustworthiness. Speci�cally, we examined to what 
extent peoples’ trusting behaviour is in�uenced by odour-mediated HLA-similarity or by how pleasant they �nd 
the body odour. We assessed the genetic similarity between the interaction partners by typing all participants at 
six HLA loci. Participants played a modi�ed trust game in which the recipients were represented solely by their 
body odour. �at is, the recipients’ body odours were collected from their armpits using cotton pads and were 
presented to the participants in glass jars. �ese body odours either stemmed from an HLA-dissimilar individual, 
or from an HLA-similar individual, hence the genetic similarity was real rather than manipulated as in the face 
resemblance studies reported above. To test whether trusting behaviour is related to body odour pleasantness, 
participants were subsequently asked to rate how pleasant they found the body odours.

Participants (all male) decided how many monetary units (MUs) they want to invest in two di�erent trus-
tees. �ey were asked to divide 7 monetary units (MUs) among two recipients (also male), one of which was 
HLA-similar, the other HLA dissimilar. �is amount was then quadrupled by the experimenter and each trustee 
could decide to back-transfer half of the total amount or to keep all to himself (see Fig.�1). Critically, in this trust 
game, the participant faced real consequences: If he trusted the wrong person he would end up with no money, 
if he gave money to a trustworthy person he would end up with more than he transferred. Hence, in this trust 
game, investor’s decision whom to trust has direct consequences for the investor himself. Note that the trustees’ 
decisions were recorded beforehand, since they were represented only by their body odour during the trust game. 
Speci�cally, the trustees were asked whether or not they would return half of the transfer they received. To scru-
tinize whether real consequences are critical for such resource-distribution decisions, participants additionally 
played a simple allocation game in which they were again asked to divide 7 monetary units (MUs) among two 
recipients (one HLA-similar, one HLA dissimilar), but without the possibility of any back-transfer (i.e., without 
any consequences for the participant). Here he acts as a benefactor by distributing money that he will never see 
again. �e pairings of the odours were di�erent than in the trust game but were made up from the same four 
odour pads as in the trust game.

Above mentioned work puts forward two hypotheses that help explain strategies for deciding how to divide 
resources between two individuals: People might rely on cues to kinship or they may use a “beauty premium”. 
�ese hypotheses are not mutually exclusive but make distinct predictions. �e present study was designed to 
speci�cally test whether social decisions (whom to trust and how to divide resources) are driven by cues to kin-
ship or by pleasantness or by both. If kinship-recognition plays a role, we expect that HLA-similar individuals are 
favoured over HLA-dissimilar individuals. If social decisions are made based on the beauty-premium, we expect 
individuals with a body odour that was perceived as being pleasant to be favoured over individuals with a less 
pleasant body odour. Because in the trust game participants’ decisions have direct consequences for the investor, 
while the allocation game measures how people distribute a �xed amount of resources without having to fear 
exploitation, we might expect the divisions to di�er in the two games, such that genetic similarity might play a 
larger role in the trust game than in the allocation game. To reduce the potential in�uence of mating motivations 
in the decisions whom to trust more (for a review, see30), we tested only men: All body odours were male and they 
were evaluated by men.

Statistical Analyses
Statistical analyses were performed using SPSS 25.0 and the level of signi�cance was set at p < 0.05. To test the 
hypothesis that HLA similarity in�uences how much money the odour donors were entrusted with, we �rst 
assessed whether more money is allocated to the HLA-similar than to the HLA-dissimilar trustee using paired 
t-tests.
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In a second step, we used multilevel linear regressions to further analyse the relationships between HLA 
similarity and the amount of money that was transferred to the trustees, and to accommodate the in�uence 
of pleasantness and intensity of the the body odours. For this, we calculated difference scores between the 
amount allocated to the HLA-dissimilar trustee and the amount allocated to the HLA-similar trustee (i.e., “dif-
ference amount transferred”) in such a way that a positive di�erence score signi�es that more money was given 
to the similar odour donor and a negative score means more was allocated to the dissimilar odour donor. We 
also calculated the di�erence between the number of alleles shared between HLA-similar odour donors and 
the raters and the number of alleles shared between HLA-dissimilar odour donors and the raters. Finally, we 
also calculated di�erence scores between the rated odour pleasantness and intensity of HLA-similar and dis-
similar donors. We ran multilevel linear regressions with “di�erence amount transferred” (i.e., di�erence scores 
between the amount allocated to the HLA-dissimilar trustee and the amount allocated to the HLA-similar trus-
tee) as dependent variables, separately for the two games. �e �rst model included HLA-di�erence-scores as 
Level-1 predictors of MU allocation. Raters were entered at Level 2 as random factors. In a second model, we 
included pleasantness-di�erence-scores together with HLA-di�erence scores at Level 1 (�xed factors). In a third 
model, we controlled for odour intensity by entering intensity-di�erence-scores in addition to pleasantness- and 
HLA-di�erence scores (�xed factors).

To explore whether pleasantness ratings were related to HLA-similarity, we ran an additional multilevel linear 
regressions with pleasantness di�erence as dependent variable and similarity di�erence as predictor.

�e reported estimates in the multilevel models are unstandardised regression coe�cients.

Results
Of the 96 men initially participating as odour raters, �ve later decided to withdraw from the study and one was 
sick on the day of the rating session. �e �nal sample of odour raters hence consisted of 90 men. A total of 180 
rounds were played in the trust game (2 ×90), 180 rounds were played in the allocation game (2×90) and a total 
of 360 (90 ×4) ratings were completed. In 16 ratings (4.5%), participants indicated that no odour was perceivable. 
We note that the non-perceivable trials were not always from the same pad (i.e., from the same man). In other 
words, there was no pad that was not perceivable in all cases: the non-perceivable pads did not come from speci�c 
men, but were randomly distributed over di�erent donors. Results remained the same whether these trials were 
included or not, we hence report data including all trials.

Trust game. Paired t-tests revealed that there was no signi�cant di�erence between the amount of money 
transferred to the HLA-similar and HLA-dissimilar donor (Msimilar = 3.656, SDsimilar = 1.423, Mdissimilar = 3.344, 
SDdissimilar = 1.423, t = 1.037, df = 89, p = 0.303).

�e multilevel linear regression model including the HLA-di�erence scores as covariate also revealed that 
the HLA similarity between the truster and the trustee was not related to how much money the trustee was 
entrusted with (see Table�1). �e second model including the HLA-di�erence scores and pleasantness di�erence 
scores as covariates revealed that a man’s body odour pleasantness signi�cantly predicted how much money he 
was entrusted with. HLA similarity between the truster and trustee again had no e�ect on the amount of money 
that was transferred. �e third model revealed that the e�ect of odour pleasantness on trustworthiness decisions 
remained when controlling for odour intensity. Odour intensity and HLA-similarity had no e�ect on the amount 

Figure 1. Round in the Trust Game: �e investor (rater) is asked to divide 7 MUs between two trustees who 
are represented solely by their body odour. One trustee had a HLA that was similar to the investor, the second 
trustee was HLA dissimilar. �e amount transferred to the trustees was quadrupled by the experimenter. 
Trustees could back-transfer half of the received amount to the investor, or he could keep everything to himself. 
Rounds in the Allocation Game were the same except that the transferred amounts were not quadrupled and 
there was no back-transfer.
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of money that was transferred. �e relationship between HLA-similarity, rated pleasantness and the amount 
transferred to the trustee in the Trust Game is depicted in Fig.�2.

Akaike’s information criterion (AIC) shows that Model 3 is the best fitting, parsimonious model (AIC: 
840.093; compared to 844.732 in the second best Model 2 and 890.206 in Model 1).

Allocation game. Paired t-tests revealed that there was no significant difference between the amount 
of money transferred to the HLA-similar and HLA-dissimilar donor (Msimilar = 3.506, SDsimilar = 1.266, 
Mdissimilar = 3.494, SDdissimilar = 1.266, t = 0.042, df = 89, p = 0.967).

Likewise, the multilevel linear regression model including the HLA-di�erence scores as covariate revealed that 
the HLA similarity between the participant and the receiver did not signi�cantly predict how the money was dis-
tributed (see Table�2). �e second model including the HLA-di�erence scores and pleasantness di�erence scores 
as covariates revealed that a man’s body odour pleasantness signi�cantly predicted how much money he was 
entrusted with. As before, HLA similarity between the participant and the receiver had no e�ect on the amount of 
money that was transferred in this donation game. �e third model revealed that the e�ect of odour pleasantness 
on money distribution decisions remained when controlling for odour intensity, while odour intensity negatively 
predicted the amount of money that was transferred. HLA-similarity again had no e�ect on the amount of money 
transferred.

Akaike’s information criterion (AIC) again shows that Model 3 is the best �tting model (AIC: 830.634; compared  
to 833.145 in the second best Model 2 and 881.131 in Model 1).

Relationship between HLA-similarity and pleasantness. �e model including the HLA-di�erence 
scores as covariate revealed that the odour pleasantness was not related to HLA-similarity (Estimate = −0.012; 
standard error (SE) = 0.014; 95%CI [−0.040, 0.017]; t = −0.809, df = 161.877; p = 0.420).

Predictor Estimate SE 95%CI [LB, UB] t df p-value

Model 1

HLA-di�erence-score −0.020 0.162 [−0.339, 0.300] −0.122 163.91 0.903

Model 2

Predictor Estimate SE 95% CI[LB, UB] t df p-value

HLA-di�erence-score 0.034 0.142 [−0.246, 0.315] 0.244 162.76 0.807

Pleasantness-di�erence-score 5.425 0.764 [3.917, 6.933] 7.105 162.27 <0.001***

Model 3

Predictor Estimate SE 95% CI[LB, UB] t df p-value

HLA-di�erence-score −0.003 0.142 [−0.284, 0.278] −0.020 161.58 0.984

Pleasantness-di�erence-score 5.908 0.802 [4.325, 7.492] 7.369 158.83 <0.001***

Intensity-di�erence-score 1.369 0.741 [−0.096, 2.835] 1.849 127.06 0.067

Table 1. Results from multilevel linear regression analyses estimating di�erences in amount transferred in the 
trust game (N = 90). Notes: Estimate, unstandardised regression coe�cients; SE, standard error; CI, con�dence 
interval; LB, lower bound; UB, upper bound.

Figure 2. �e relationship between HLA-similarity and the amount transferred to the trustee in the Trust 
Game (le� panel), and between the rated pleasantness of the body odour and amount transferred to the trustee 
(right panel). Di�erence scores are plotted so that positive scores signify that more money was transferred to the 
HLA-similar trustee and a negative score denotes that more was transferred to the HLA-dissimilar trustee.



5SCIENTIFIC REPORTS |         (2020) 10:3388  | �Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���w�v�ä�w�v�y�~���•�z�w�{�•�~�æ�v�x�v�æ�|�v�z�v�}�æ�|

www.nature.com/scientificreportswww.nature.com/scientificreports/

Discussion
We tested the relative in�uence of kin selection and the beauty premium on trusting behaviour by using body 
odours as cues to trustworthiness decisions. We employed two economic games, a modi�ed trust game and an 
allocation game in which participants were asked to divide 7 money units between two recipients who were rep-
resented solely by their body odour. In the trust game, the investors faced direct monetary consequences of their 
decisions, in the allocation game no consequences occurred for the investor. �e body odours either stemmed 
from genetically similar (suggesting kin) or dissimilar (suggesting non-kin) men, as measured by similarity on 
the human leucocyte antigen complex (HLA). We found no evidence that HLA similarity in�uenced the partici-
pants decisions, neither in the trust game, nor in the allocation game. Instead, we found that the amount of money 
that was transferred was positively associated with the pleasantness of the recipient’s body odour.

From an evolutionary point of view, one might expect that people would invest more in their kin than in 
strangers. An intriguing way of assessing one’s relatedness to other group members is through body odours3,17–19,34. 
Speci�cally, body odours have been reported to portray information about an individual’s genotype at the HLA 
complex25,35. To directly test whether decisions about whom to trust and how to divide resources between two 
individuals are driven by odour-mediated cues to kinship, we presented body odours from individuals with a 
HLA complex that was highly similar or very dissimilar to the rater’s HLA complex.

Our results provide no evidence that odour-mediated HLA-similarity in�uences trustworthiness decisions, 
despite the fact that we maximized the likelihood of detecting an e�ect of HLA similarity. Speci�cally, we pre-
sented HLA-similar and dissimilar odours side by side and let participants distribute the money as they wished, 
while at the same time making it impossible to distribute the money equally. �ese results suggest that odour 
mediated cues to HLA similarity are too faint to in�uence trustworthiness decisions.

We found that raters transferred more money to the odour donors if they found their body odour pleasant. 
�is parallels studies demonstrating a relationship between a man’s attractiveness and his apparent trustwor-
thiness29. An explanation for why good-looking men are trusted more than men who are less good-looking is 
that attractiveness serves as an easily accessible cue to more complex and not easily accessible traits such as 
trustworthiness36. Others have emphasised the intrinsic value of attractiveness: �ere is an incentive to invest in 
good-looking men because of their high mate value30. Again others have noted that attractive individuals are also 
preferred as friends and collaborators, not just as mates32,33 suggesting that good-looking men are advantageous 
beyond mating motivations. In the present study we minimised the in�uence of mating motivation on trustwor-
thiness decisions by including only men as odour donors and raters.

A pleasant body odour, just like a good looking face, may signal high partner value in general, because it 
might be a valid indicator of good health and low pathogen load37. A pleasant body odour may therefore predict 
longevity and, as a consequence, one might expect continued ability to extract resources from the environment 
which is valuable in multiple types of social partners. We note that having a pleasant body odour does not nec-
essarily mean being a more cooperative or a more trustworthy partner in modern societies. It is likely, however, 
that pleasant-smelling body odours predicted a larger stream of material bene�ts in ancestral hunter-gatherer 
environments. Any strategies that help to choose the right partner most likely evolved in ancestral societies, and 
these same mechanisms may still produce preferences for pleasant-smelling and attractive cooperative partners 
in modern society33.

Interestingly, we found the same advantage for pleasant body odours in both the trust game and the allocation 
game, despite the fact that the games di�ered as to whether participants would face direct consequences from 
their decisions. We might have expected a larger in�uence of genetic similarity particularly in situations where 
trusting the right person has direct consequences for the investor, because fair reciprocation might more likely 
occur among kin. �e fact that we found a comparable beauty premium in both games (and no in�uence of 
genetic resemblance in either of the games) further corroborates the idea that the beauty premium is a powerful 
heuristic which overrides other more subtle odour-mediated cues, such as HLA-resemblance.

We note that the evidence for HLA-mediated social behaviour is controversial. Also, although HLA similarity  
has been shown to be perceivable through olfaction, HLA similarity might be a somewhat limited and noisy 

Predictor Estimate SE 95% CI[LB, UB] t df p-value

Model 1

HLA-di�erence-score −0.148 0.160 [−0.465, 0.169] −0.923 155.65 0.357

Model 2

Predictor Estimate SE 95% CI[LB, UB] t df p-value

HLA-di�erence-score −0.088 0.136 [−0.357, 0.180] −0.649 163 0.517

Pleasantness-di�erence-score 5.276 0.699 [3.895, 6.657] 7.544 163 <0.001***

Model 3

Predictor Estimate SE 95% CI[LB, UB] t df p-value

HLA-di�erence-score −0.086 0.136 [−0.355, 0.183] −0.632 162 0.528

Pleasantness-di�erence-score 5.558 0.754 [4.069, 7.047] 7.372 162 <0.001***

Intensity-di�erence-score 0.849 0.848 [−0.826, 2.524] 1.001 162 0.318

Table 2. Results from multilevel linear regression analyses estimating di�erences in amount transferred in 
the allocation game (N = 90). Notes: Estimate, unstandardised regression coe�cients; SE, standard error; CI, 
con�dence interval; LB, lower bound; UB, upper bound.
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measure for general genetic similarity. Notwithstanding these limitations, our results suggest that body 
odour pleasantness plays a more crucial role in social decisions such as whom to trust than odour mediated 
HLA-similarity.

In conclusion, we found that recipients with body odours that were rated as more pleasant by the investor 
received higher amounts of money than recipients whose body odours were rated less pleasant, irrespective of 
whether the participant faced direct consequences from his decision (trust game) or not (allocation game). We 
found no indication that HLA similarity in�uences such investment decisions. Together the present �ndings sug-
gest that whether we �nd a body odour pleasant or not signi�cantly in�uences our decisions on how to distribute 
resources and that this beauty premium possibly overwrites any potential in�uence of odour mediated cues to 
genetic resemblance.

Methods
Participants. Participants were recruited via advertisements on noticeboards, �yers and websites. Initially, 
129 men ranging in age between 20 and 36 years agreed to participate in this study. �irty-three acted as odour 
donors (mean age = 23.27, SD = 3.80) and 96 as odour raters (all male mean age = 23.41, SD = 3.71). All partic-
ipants were Caucasian and of European descent (at least back to their grandparents). All experimental protocols 
were approved by the Ethics Committee of the Canton of Bern. All participants were treated in accordance with 
the ethical protocol approved by the Ethics Committee of the Canton of Bern and all provided written informed 
consent to take part in this study. Odour donors received a �at fee of 80 CHF, odour raters a �at fee of 60 CHF as 
compensation. �ese fees were supplemented by any earnings emerging from the trust game (between 14 and 28 
CHF, see below). Each participant received his payment in cash in private at the end of the experiment.

General procedure. �e general procedure involved two phases. Phase I consisted of the blood sampling, 
HLA typing, HLA similarity calculation, odour collection and compliance interview. Phase II consisted of an 
experimental session in which raters were invited to play two rounds of a modi�ed trust game (TG) and two 
rounds of an allocation game (AG), taking the role of the investor. Each rater was asked to divide a sum of money 
between two other players, represented only by their body odour. Subsequently, raters rated the male body odours 
for pleasantness and intensity on a visual analogue scale (1–100).

Phase I. Blood sampling and HLA typing procedure. Eligible participants (129 men) were invited to the lab-
oratory for venous blood sampling. Before blood sampling, participants read the study information and gave 
written informed consent. �e participants’ blood samples (10 ml) were genotyped at the six loci that show the 
greatest variability38, three at Class I (HLA-A, HLA-B, HLA-C) and three at Class II (HLA-DRB1, HLA-DQA1, 
HLA-DQB1) using LinkS�q™ test kits (Linkage BiosystemsTM). �ese test kits are based on real-time polymerase 
chain reaction (PCR) using allele-speci�c exponential ampli�cation (sequence-speci�c primers). �e resulting 
amplimers were subjected at end-point to a melting curve analysis to identify speci�c DNA based on melting tem-
perature using SYBR® Green. Attribution of HLA-genotypes was done using SureTyper™ so�ware. Ambiguities 
were resolved using alternative typing methods via routine HLA-typing.

Odour collection procedure. Odour donors (all male) were initially screened in a telephone interview for the 
required inclusion criteria: (a) aged between 17 and 40 years, (b) medication-free (for at least the 3 previous 
months), and (c) non-smoker.

�e odour donors were requested to follow a strict schedule of dietary and behavioural restrictions while 
collecting their body odour (see supplementary material, Section A, for details). On the evenings of the sampling, 
before applying the cotton axillary pads to their le� and right armpits, odour donors were instructed to take a 
shower with the non-perfumed soap supplied in the material package. �en donors �xed cotton pads (Ebelin 
cosmetic pads, DM-drogerie markt, www.dm-drogeriemarkt.de) to both armpits using 3 M Micropore surgical 
tape. Donors collected body odour on three consecutive nights, resulting in six odour pads per donor.

A�er odour collection, the pads were stored in separate sealable plastic bags and were frozen at −30 °C until use39.

Compliance interview and donor dropouts. When returning their body odour samples to the lab, donors were 
asked a series of questions in a structured face-to-face interview, assessing how long they had worn their axillary 
pads, whether they had complied with the dietary and behavioural restrictions (see supplementary material, 
Section B). We followed and slightly adapted the structured interview used by Gildersleeve and colleagues40.

Of the 33 men initially participating as odour donors, three withdrew without giving a reason, two took med-
ication during the odour collection, one had problems with the blood sampling and three were excluded because 
they violated the behavioural restrictions. �e �nal sample of odour donors hence consisted of 24 men.

HLA similarity. For each rater, we pre-selected 2 HLA-similar and 2 HLA-dissimilar body odour pads. To do so, 
we �rst calculated an HLA-Similarity-Index for each rater-donor pair by adding up the shared alleles on the six loci 
(HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DQA1, HLA-DQB1). In a second step, for each male rater, we chose 
as HLA-dissimilar donors those with the lowest values of HLA-similarity and as HLA-similar donors those with 
the highest values of HLA-similarity. On average, raters shared 6.18 alleles with HLA-similar donors (SD = 0.116) 
and 0.88 alleles with the HLA-dissimilar donors over all the six HLA loci (SD = 0.061). These numbers  
compare nicely with the shared alleles in other studies41–43.

Phase II. Phase two consisted of an experimental session in which raters were invited to play two rounds of 
a modi�ed trust game (TG) and two rounds of an allocation game (AG). Following this, raters rated the body 
odours for pleasantness and intensity.

http://www.dm-drogeriemarkt.de
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To prepare for the experimental session, odour raters were asked to refrain from eating and drinking ca�ein-
ated or alcoholic beverages for 1 h prior to testing, as these activities are known to a�ect smelling ability. Axillary 
pads from each donor were thawed three hours before the test and were placed in a 500 ml opaque glass jar. �ree 
research assistants smelled the pads and con�rmed that none was contaminated with extraneous odours (e.g., 
perfume, smoke). Only le�-arm odour samples were used.

Raters were provided with clean white cotton gloves (carefully washed with non-perfumed washing detergent),  
which they were to wear during the whole session. To make their decisions, participants were asked to carefully 
open the lid of the glass jar containing the respective odour pad and to sni� it (taking a normal breath) without 
touching the rim of the glass. Sni�ng time was not restricted.

Trust game. �e Trust Game is illustrated in Fig.�1. For each odour rater, we pre-selected two HLA-similar 
and two HLA-dissimilar body odour pads (see Section HLA Similarity). Each rater played two rounds of a trust 
game, taking the role of the investor. For this he received 7 monetary units (MUs) per round which he was asked 
to divide between two trustees, represented only by their body odour. One trustee was HLA similar, the other 
was HLA dissimilar. For each round, the two odours were presented side by side in their respective jars and 
participants were asked to smell each body odour and decide how they were to divide the 7 MUs. Following dis-
tributions of the MUs were possible: 0:7, 1:6, 2:5, 3:4, 4:3, 5:2, 6:1, 7:0. Raters were informed that the invested sum 
would be quadrupled and that each trustee (odour donor) could either back-transfer half of the received amount 
to the truster (rater) or keep all to himself. �e raters were also told that the trustees’ decisions (i.e., whether each 
trustee would reciprocate or keep all to himself) were pre-recorded and that both trustees made their decision 
independently of each other without knowing what the other trustee decided. Trustees were asked whether they 
would reciprocate or not when they returned the pads to the laboratory. �e trustees’ decisions were unknown to 
the investors until the end of the experiment and investors could not revise their decisions.

Allocation game. Following the trust game, participants played two rounds of an allocation game. For this 
they received another 7 monetary units (MUs) per round which they were asked to divide between two recip-
ients, again represented only by their body odour. One recipient was HLA similar, the other was HLA dissim-
ilar. �e sni�ng procedure was the same as in the TG. Note that the pairings of the odours were di�erent than 
in the TG but were made up from the same four odour pads as in the trust game (two HLA-similar and two 
HLA-dissimilar). Following distributions of the MUs were possible: 0:7, 1:6, 2:5, 3:4, 4:3, 5:2, 6:1, 7:0.

Body odour rating. A�er the TG and the AG, odour raters rated the body odour of the four pads used in the 
social decision tasks. �e order of pads was randomized for each rater. Odour raters were asked to rate the body 
odour samples on a visual analogue scale (0–100) for pleasantness and intensity. If a rater found any of the sam-
ples too weak to assess, he was asked to select “I cannot smell the sample” instead of using the rating scales. 
Sni�ng time was not restricted. A�er assessing the odour of a pad, raters were asked to sni� at a neutral pad to 
go back to a neutral reference.

Ethics. �e study was approved by the Ethics Committee of the Canton of Bern and was conducted according 
to the principles expressed in the Declaration of Helsinki.

Data availability
All data generated or analysed during this study are included as Supplementary Information �le.

Received: 22 August 2019; Accepted: 6 February 2020;
Published: xx xx xxxx

References
 1. Hamilton, W. D. Genetical evolution of social behaviour I. J. Theor. Biol. 7, 1–16, https://doi.org/10.1016/0022-5193(64)90038-4 

(1964).
 2. Dion, �., Berscheid, E. & Walster, E. What is beautiful is good. J. Pers. Soc. Psychol. 24, 285–290, https://doi.org/10.1037/h0033731 

(1972).
 3. Porter, �. H., Balogh, �. D., Cernoch, J. M. & Franchi, C. �ecognition of �in through Characteristic Body Odors. Chem. Senses 11, 

389–395, https://doi.org/10.1093/chemse/11.3.389 (1986).
 4. van Nieuwenburg, D., de Groot, J. H. B. & Smeets, M. A. M. �e Subtle Signaling Strength of Smells: A Mas�ed Odor Enhances 

Interpersonal Trust. Front. Psychol. 10, 1890, https://doi.org/10.3389/fpsyg.2019.01890 (2019).
 5. Passera, L., Aron, S., Vargo, E. L. & �eller, L. Queen control of sex ratio in �re ants. Sci. 293, 1308–1310, https://doi.org/10.1126/

science.1062076 (2001).
 6. Baglione, V., Canestrari, D., Marcos, J. M. & E�man, J. �in selection in cooperative alliances of carrion crows. Sci. 300, 1947–1949, 

https://doi.org/10.1126/science.1082429 (2003).
 7. Sherman, P. W. Nepotism and the Evolution of Alarm Calls. Sci. 197, 1246–1253, https://doi.org/10.1126/science.197.4310.1246 (1977).
 8. Buchan, J. C., Alberts, S. C., Sil�, J. B. & Altmann, J. True paternal care in a multi-male primate society. Nat. 425, 179–181, https://

doi.org/10.1038/nature01866 (2003).
 9. �omas, M. G. et al. �inship underlies costly cooperation in Mosuo villages. Roy Soc Open Sci 5, https://doi.org/10.1098/rsos.171535 

(2018).
 10. Jaeggi, A. V. & Gurven, M. �eciprocity explains food sharing in humans and other primates independent of �in selection and 

tolerated scrounging: a phylogenetic meta-analysis. Proceedings of the Royal Society B-Biological Sciences 280, https://doi.
org/10.1098/rspb.2013.1615 (2013).

 11. Jaeggi, A. V., Hooper, P. L., Beheim, B. A., �aplan, H. & Gurven, M. �eciprocal Exchange Patterned by Mar�et Forces Helps Explain 
Cooperation in a Small-Scale Society. Curr. Biol. 26, 2180–2187, https://doi.org/10.1016/j.cub.2016.06.019 (2016).

 12. Madsen, E. A. et al. �inship and altruism: A cross-cultural experimental study. Br. J. Psychol. 98, 339–359, https://doi.org/10.1348/0
00712606X129213 (2007).

https://doi.org/10.1016/0022-5193(64)90038-4
https://doi.org/10.1037/h0033731
https://doi.org/10.1093/chemse/11.3.389
https://doi.org/10.3389/fpsyg.2019.01890
https://doi.org/10.1126/science.1062076
https://doi.org/10.1126/science.1062076
https://doi.org/10.1126/science.1082429
https://doi.org/10.1126/science.197.4310.1246
https://doi.org/10.1038/nature01866
https://doi.org/10.1038/nature01866
https://doi.org/10.1098/rsos.171535
https://doi.org/10.1098/rspb.2013.1615
https://doi.org/10.1098/rspb.2013.1615
https://doi.org/10.1016/j.cub.2016.06.019
https://doi.org/10.1348/000712606X129213
https://doi.org/10.1348/000712606X129213


8SCIENTIFIC REPORTS |         (2020) 10:3388  | �Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���w�v�ä�w�v�y�~���•�z�w�{�•�~�æ�v�x�v�æ�|�v�z�v�}�æ�|

www.nature.com/scientificreportswww.nature.com/scientificreports/

 13. �amins�i, G., Dridi, S., Gra�, C. & Gentaz, E. Human ability to detect �inship in strangers’ faces: e�ects of the degree of relatedness. 
Proc. R. Soc. B-Biological Sci. 276, 3193–3200, https://doi.org/10.1098/rspb.2009.0677 (2009).

 14. DeBruine, L. M. Facial resemblance enhances trust. Proc. R. Soc. B-Biological Sci. 269, 1307–1312, https://doi.org/10.1098/
rspb.2002.2034 (2002).

 15. DeBruine, L. M. Trustworthy but not lust-worthy: context-speci�c e�ects of facial resemblance. Proc. Biol. Sci. 272, 919–922, https://
doi.org/10.1098/rspb.2004.3003 (2005).

 16. �rupp, D. B., Debruine, L. A. & Barclay, P. A cue of �inship promotes cooperation for the public good. Evolution Hum. Behav. 29, 
49–55, https://doi.org/10.1016/j.evolhumbehav.2007.08.002 (2008).

 17. Ferdenzi, C., Schaal, B. & �oberts, S. C. Family Scents: Developmental Changes in the Perception of �in Body Odor? J. Chem. Ecol. 
36, 847–854, https://doi.org/10.1007/s10886-010-9827-x (2010).

 18. Lundstrom, J. N., Boyle, J. A., Zatorre, �. J. & Jones-Gotman, M. The Neuronal Substrates of Human Olfactory Based �in 
�ecognition. Hum. Brain Mapp. 30, 2571–2580, https://doi.org/10.1002/hbm.20686 (2009).

 19. Porter, �. H. Olfaction and human �in recognition. Genetica 104, 259–263, https://doi.org/10.1023/A:1026404319384 (1999).
 20. Havlice�, J. & �oberts, S. C. MHC-correlated mate choice in humans: a review. Psychoneuroendocrinology 34, 497–512, https://doi.

org/10.1016/j.psyneuen.2008.10.007 (2009).
 21. Lub�e, �. T. & Pause, B. M. Always follow your nose: �e functional signi�cance of social chemosignals in human reproduction and 

survival. Hormones Behav. 68, 134–144, https://doi.org/10.1016/j.yhbeh.2014.10.001 (2015).
 22. Gosling, L. M. & �oberts, S. C. Scent-mar�ing by male mammals: Cheat-proof signals to competitors and mates. Adv. Stud. Behav. 

30, 169–217, https://doi.org/10.1016/S0065-3454(01)80007-3 (2001).
 23. �u� J. S., Nelson A. C., �ubina� J. L., Potts W. �. MHC Signaling during Social Communication in Self and Nonself. Advances in 

Experimental Medicine and Biology, (ed. López-Larrea C.) 290–313 (Springer 2012).
 24. Pause, B. M. et al. �e human brain is a detector of chemosensorily transmitted HLA-class I-similarity in same- and opposite-sex 

relations. Proc. R. Soc. B-Biological Sci. 273, 471–478, https://doi.org/10.1098/rspb.2005.3342 (2006).
 25. Milins�i, M., Croy, I., Hummel, T. & Boehm, T. Major histocompatibility complex peptide ligands as olfactory cues in human body 

odour assessment. Proc. R. Soc. B-Biological Sci. 280, 7, https://doi.org/10.1098/rspb.2012.2889 (2013).
 26. Bushdid, C., Magnasco, M. O., Vosshall, L. B. & �eller, A. Humans can discriminate more than 1 trillion olfactory stimuli. Sci. 343, 

1370–1372, https://doi.org/10.1126/science.1249168 (2014).
 27. McGann, J. P. Poor human olfaction is a 19th-century myth. Science 356, https://doi.org/10.1126/science.aam7263 (2017).
 28. Wilson, �. �. & Ec�el, C. C. Judging a boo� by its cover: Beauty and expectations in the trust game. Political Res. Q. 59, 189–202, 

https://doi.org/10.1177/106591290605900202 (2006).
 29. Zhao, N., Zhou, M. J., Shi, Y. Y. & Zhang, J. X. Face Attractiveness in Building Trust: Evidence from Measurement of Implicit and 

Explicit �esponses. Soc. Behav. Personal. 43, 855–866, https://doi.org/10.2224/sbp.2015.43.5.855 (2015).
 30. Maestripieri, D., Henry, A. & Nic�els, N. Explaining �nancial and prosocial biases in favor of attractive people: Interdisciplinary 

perspectives from economics, social psychology, and evolutionary psychology. Behav. Brain Sci. 40, E19, https://doi.org/10.1017/
S0140525X16000340 (2017).

 31. Eisenbruch, A. B., Grillot, �. L., Maestripieri, D. & �oney, J. �. Evidence of partner choice heuristics in a one-shot bargaining game. 
Evolution Hum. Behav. 37, 429–439, https://doi.org/10.1016/j.evolhumbehav.2016.04.002 (2016).

 32. Little, A. C. Evolutionary explanations for �nancial and prosocial biases: Beyond mating motivation. Behav. Brain Sci. 40, E34, 
https://doi.org/10.1017/S0140525X16000558 (2017).

 33. Eisenbruch, A. B., Lu�aszews�i, A. W. & �oney, J. �. It is not all about mating: Attractiveness predicts partner value across multiple 
relationship domains. Behav. Brain Sci. 40, E26, https://doi.org/10.1017/S0140525X16000479 (2017).

 34. Porter, �. H., Cernoch, J. M. & Balogh, �. D. Odor signatures and �in recognition. Physiol. Behav. 34, 445–448, https://doi.
org/10.1016/0031-9384(85)90210-0 (1985).

 35. Secundo, L. et al. Individual olfactory perception reveals meaningful nonolfactory genetic information. Proc. Natl Acad. Sci. USA 
112, 8750–8755, https://doi.org/10.1073/pnas.1424826112 (2015).

 36. Gutierrez-Garcia, A., Beltran, D. & Calvo, M. G. Facial attractiveness impressions precede trustworthiness inferences: lower 
detection thresholds and faster decision latencies. Cogn Emot, 1–8, https://doi.org/10.1080/02699931.2018.1444583 (2018).

 37. Olsson, M. J. et al. �e scent of disease: human body odor contains an early chemosensory cue of sic�ness. Psychol. Sci. 25, 817–823, 
https://doi.org/10.1177/0956797613515681 (2014).

 38. �obinson, J. et al. �e IPD and IPD-IMGT/HLA Database: allele variant databases. Nucleic Acids Res. 43, D423–431, https://doi.
org/10.1093/nar/g�u1161 (2015).

 39. Lenochova, P., �oberts, S. C. & Havlice�, J. Methods of Human Body Odor Sampling: �e E�ect of Freezing. Chem. Senses 34, 
127–138, https://doi.org/10.1093/chemse/bjn067 (2009).

 40. Gildersleeve, �. A., Fales, M. �. & Haselton, M. G. Women’s evaluations of other women’s natural body odor depend on target’s 
fertility status. Evol. Hum. Behav. 38, 155–163, https://doi.org/10.1016/j.evolhumbehav.2016.08.003 (2017).

 41. �oberts, S. C., Gosling, L. M., Carter, V. & Petrie, M. MHC-correlated odour preferences in humans and the use of oral 
contraceptives. Proc. R. Soc. B-Biological Sci. 275, 2715–2722, https://doi.org/10.1098/rspb.2008.0825 (2008).

 42. Wede�ind, C., Seebec�, T., Bettens, F. & Paep�e, A. J. MHC-dependent mate preferences in humans. Proc. R. Soc. B-Biological Sci. 
260, 245–249, https://doi.org/10.1098/rspb.1995.0087 (1995).

 43. Probst, F., Fischbacher, U., Lobmaier, J. S., Wirthmuller, U. & �noch, D. Men’s preferences for women’s body odours are not 
associated with human leucocyte antigen. Proc Biol Sci 284, https://doi.org/10.1098/rspb.2017.1830 (2017).

Acknowledgements
�e authors would like to thank Peggy Kübler for her organizational support, Susanne Kanzler, Rahel Gross, 
Amina Bachmann and Sarah Calmonte for their assistance in recruiting and testing participants. We thank 
Sandra Augsburger, Andrea Odermatt and Annalea Klainguti for HLA-typing. This work was supported 
by a grant from the Typhaine Foundation awarded to DK. FP was supported by a grant from the Mens Sana 
Foundation awarded to DK and a grant from the Swiss National Science Foundation awarded to JSL (Grant 
Number PP00P1_163758/1).

Author contributions
J.S.L., U.F., F.P. & D.K. participated in the study design, U.W. performed H.L.A. typing, F.P. collected behavioural 
data, J.S.L. & U.F. analysed the data, J.S.L. & D.K. wrote the manuscript, U.F., F.P. und U.W. provided helpful input 
on manuscript dra�s.

Competing interests
�e authors declare that they have no competing interests as de�ned by Nature Research, or other interests that 
might be perceived to in�uence the results and/or discussion reported in this paper.

https://doi.org/10.1098/rspb.2009.0677
https://doi.org/10.1098/rspb.2002.2034
https://doi.org/10.1098/rspb.2002.2034
https://doi.org/10.1098/rspb.2004.3003
https://doi.org/10.1098/rspb.2004.3003
https://doi.org/10.1016/j.evolhumbehav.2007.08.002
https://doi.org/10.1007/s10886-010-9827-x
https://doi.org/10.1002/hbm.20686
https://doi.org/10.1023/A:1026404319384
https://doi.org/10.1016/j.psyneuen.2008.10.007
https://doi.org/10.1016/j.psyneuen.2008.10.007
https://doi.org/10.1016/j.yhbeh.2014.10.001
https://doi.org/10.1016/S0065-3454(01)80007-3
https://doi.org/10.1098/rspb.2005.3342
https://doi.org/10.1098/rspb.2012.2889
https://doi.org/10.1126/science.1249168
https://doi.org/10.1126/science.aam7263
https://doi.org/10.1177/106591290605900202
https://doi.org/10.2224/sbp.2015.43.5.855
https://doi.org/10.1017/S0140525X16000340
https://doi.org/10.1017/S0140525X16000340
https://doi.org/10.1016/j.evolhumbehav.2016.04.002
https://doi.org/10.1017/S0140525X16000558
https://doi.org/10.1017/S0140525X16000479
https://doi.org/10.1016/0031-9384(85)90210-0
https://doi.org/10.1016/0031-9384(85)90210-0
https://doi.org/10.1073/pnas.1424826112
https://doi.org/10.1080/02699931.2018.1444583
https://doi.org/10.1177/0956797613515681
https://doi.org/10.1093/nar/gku1161
https://doi.org/10.1093/nar/gku1161
https://doi.org/10.1093/chemse/bjn067
https://doi.org/10.1016/j.evolhumbehav.2016.08.003
https://doi.org/10.1098/rspb.2008.0825
https://doi.org/10.1098/rspb.1995.0087
https://doi.org/10.1098/rspb.2017.1830


9SCIENTIFIC REPORTS |         (2020) 10:3388  | �Š�–�–�’�•�ã�����†�‘�‹�ä�‘�”�‰���w�v�ä�w�v�y�~���•�z�w�{�•�~�æ�v�x�v�æ�|�v�z�v�}�æ�|

www.nature.com/scientificreportswww.nature.com/scientificreports/

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-60407-6.

Correspondence and requests for materials should be addressed to J.S.L. or D.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional a�liations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. �e images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© �e Author(s) 2020

http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

