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Abstract

Studies on the association between trust and oxytocin, a neuropeptide of the central ner-

vous system, have not reached a consensus, thereby challenging the possibility of a direct

association between the two. However, previous studies have not examined how oxytocin is

correlated with trust, based on its categorization into different factors in the field of social sci-

ence. For instance, based on Yamagishi’s trust theory, trust can be categorized into two fac-

tors: general trust and caution. General trust refers to beliefs about the trustworthiness of

others, whereas caution refers to the belief that caution is needed when dealing with high

social uncertainty. In this study, to examine the relationship between these two factors and

oxytocin, we analyzed data of 197 adults (men = 98, women = 99; mean age = 41.7 years;

standard deviation for age = 10.4 years) and examined the relationships between these two

factors of trust and endogenous salivary oxytocin levels. We found that oxytocin was posi-

tively correlated with caution rather than with general trust thereby suggesting that oxytocin

plays a role in regulating caution rather than general trust among the components of trust.

The present study demonstrated that salivary oxytocin level can act as a biomarker that par-

tially predicts one’s trust, especially as reflected by caution.

Introduction

Trust is a form of social capital and an indicator of a society’s maturity [1]. It has a role as a

lubricant in interpersonal relationships and facilitates economic transactions in societies [2,3].

Growing bodies of research investigating the biological basis of trust, found that oxytocin reg-

ulates trust [4–6]. Oxytocin, a neuropeptide, is synthesized in the hypothalamus and acts as a

neuromodulator in the central nervous [7]. Previous studies have shown that exogenous oxyto-

cin promotes trust [4,5] and endogenous oxytocin (e.g., plasma oxytocin) and trust are associ-

ated [6]. However, recent studies [7,8] have questioned oxytocin’s function as a “trust

hormone.” Nave et al. [9] pointed out that six previous studies attempted to replicate the study

by Kosfeld et al. [5] and concluded that oxytocin administration could not promote trust.
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Moreover, Declerck et al. [8] failed to replicate the findings of a previous study by Kosfeld

et al. [5]. Regarding endogenous oxytocin, some studies [10,11] found no association between

plasma oxytocin levels and trust. Taken together, based on exogenous and endogenous studies,

oxytocin may not be directly associated with trust.

The results of animal experiments can be helpful in understanding the function of oxytocin

in living organisms. Based on the findings of animal studies [12–14], oxytocin is said to exert a

central anxiolytic-like effect on endocrine systems and may have an important role in reducing

anxiety-like behavior. For example, central oxytocin administration in rats can reduce stress-

induced corticosterone release and reduce the anxiety-related behavior response to unfamiliar

and complex environments [12]. In particular, Han et al. [15] suggested that the injection of

oxytocin into the amygdala could reduce isolation-induced depression and anxiety-related

behaviors. Consistent with this evidence, functional magnetic resonance imaging studies in

humans revealed that the intranasal administration of oxytocin attenuated activity in the

amygdala, especially during responses to fearful and angry faces [16] and the risk of betrayal in

social interaction [4]. Moreover, social stress can induce oxytocin release to reduce anxiety in

humans [17,18]. Based on these findings, researchers have proposed the anxiety reduction

hypothesis to explain the effect of oxytocin on human sociality [19].

If oxytocin regulates anxiety, how does it relate to trust? Yamagishi’s emancipation theory

of trust claims that trust consists of two independent factors [20,21]. One factor is general

trust, a belief based on the expectation about the trustworthiness of others in general. The

other factor is caution, the belief that caution is needed in situations of high social uncertainty.

Increased levels of caution are associated with high perceived social risk and anxiety resulting

from speculating about social deception or betrayal. The emancipation theory of trust empha-

sizes that the existence of caution is important for people with a high level of general trust to

deal with social risk (e.g., judging the trustworthiness of a specific person) and to determine

the level of trust in social interaction. In short, trust that appears as a behavior depends on two

factors: general trust and caution.

These two factors are distinguished in the social sciences and have been discussed in various

studies [20,21]. However, these important aspects of trust have been ignored in studies that

investigated the relationship between oxytocin and trust. Considering the inconsistent results

in the research addressing the oxytocin effect on promoting trust, oxytocin is possibly associ-

ated only with caution and not general trust; therefore, oxytocin sometimes does not accu-

rately predict trust. In previous studies, such as the one by Baumgartner et al. [4], trust was

measured by using an economic game called “the trust game.” Therefore, distinguishing

between the two factors of trust was not possible. Based on the anxiolytic effect of oxytocin in

animals and humans, oxytocin is capable of providing a sense of assurance and reducing the

caution level when dealing with others. Israel et al. [22] found that oxytocin administration

could decrease accuracy in the perception of social deception in humans, whereas it could not

alter the perception of kindness in players of the prisoner’s dilemma game. These results imply

that oxytocin cannot influence the perception of kindness in other people, whereas it can

decrease caution toward social risk. Therefore, we hypothesized that oxytocin would be associ-

ated with caution but not with general trust.

Materials and methods

Ethics statement

Before the experiment, all participants, provided written informed consent to the inclusion of

material pertaining to themselves, and they acknowledged that they could not be identified via
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the paper. All experimental protocols of this research project were approved by the Ethics

Committee of Tamagawa University (Tokyo, Japan; approval no. TRE18-030).

Participants

In this study, data from previous large-scale research projects conducted (Neuro-Psychological

and Socio-Institutional Foundations of Pro-Social Behavior, http://www.human-sociality.net/

english/) were reanalyzed. Although the research project was completed in 2018, it was used

for the analysis in the current study for the effective use of data. The details of the research

project are summarized in S1 Fig. Approximately 500 participants, between the ages of 20 and

50, participated in the experiment by taking part in multiple economic games, cognitive tasks,

and psychological scales. Magnetic resonance imaging data, hormonal data, and genetic data

were acquired. Written informed consent was obtained from all participants prior to enroll-

ment in the study. All experimental protocols of this research project were approved by the

Ethics Committee of Tamagawa University (Tokyo, Japan; approval no. TRE18-030).

The participants completed the tasks in individual booths to ensure their anonymity. Gen-

eral trust and caution scales were measured in the first wave (n = 564; May 2012–July 2012),

third wave (n = 489, April 2013–June 2013), and sixth wave (n = 470; May 2014–July 2014).

Saliva was collected from 205 participants who participated in the ninth wave (n = 290;

November 2016–March 2018). Measurements using the general trust scale was also collected

in the tenth wave (n = 307, July 2018–November 2018), but since caution was not collected in

that wave, it was removed from the analysis.

We analyzed 197 participants (men = 98, women = 99, mean age = 41.7 years, standard

deviation [SD] for age = 10.4 years) who completed the general trust and caution scales three

times (first, third, and sixth waves) and provided their saliva samples (S1 Dataset). Although

data from this dataset have already been reported in several studies [23–31], this study appears

to be the first to investigate the association between salivary oxytocin levels and general trust

and caution.

General trust and caution

We measured the trust level in individuals by using the General Trust Scale and measured the

caution level by using the Caution Scale [21]. These trust and caution scales use seven-point

Likert scale (ranging from 1 for “strongly disagree” to 7 for “strongly agree”), and includes five

items that measure the participants’ general trust (e.g., “Do you think most people can be

trusted?”) and five items for caution (e.g., “Do you think you cannot be too careful in dealing

with people?”). Participants answered the Trust and Caution Scale three times on different

days. To reduce measurement errors, the scores of each participant were normalized and aver-

aged before their use in further analyses. In addition to Yamagishi’s general trust and caution

scales, the database also includes trust behavior in trust games and general trust scale use in

General Social and World Value Surveys. However, the two latter measures could not distin-

guish between general trust and caution, which constitute trust as hypothesized in this study.

Therefore, in this study, only Yamagishi’s general trust and caution scales were used to exam-

ine the relationship with salivary oxytocin level.

Salivary oxytocin levels

To assess participants’ endogenous oxytocin levels, we measured oxytocin concentrations in

saliva. We collected saliva from participants at rest, with the Saliva Collection Aid (Salimetrics,

LLC., Carlsbad, CA, USA), using the passive drool method at the beginning of the experiment

in the ninth wave of the project. Participants were asked to provide at least 1.2 mL of saliva.
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Samples were collected in cryovials and immediately stored at -80˚C. Before the assay, we

freeze-dried 1 mL of saliva with a freeze dryer (FD-1000; Tokyo Rikakikai Co. Ltd., Tokyo,

Japan) for approximately 16 hours overnight. The freeze-dried sample was dissolved by adding

an assay buffer four times the volume of the saliva sample. An enzyme-linked immunosorbent

assay was conducted using a commercially available oxytocin kit (Enzo Life Sciences, Inc.,

Farmingdale, NY, USA). The assay was conducted in duplicate, and the concentration was cal-

culated by using a microplate reader (Sunrise Rainbow RC-R; TECAN Group, Ltd., Zürich,

Switzerland), based on relevant standard curves. The intra- and inter-assay coefficients of vari-

ation were 6.7% and 8.4%, respectively.

We measured the oxytocin level in saliva, following the manufacturer’s protocol, except for

the extraction step. The extraction step was conducted by using a novel filtration method to

remove interfering proteins to avoid erroneously tagging other molecules as oxytocin. This

step is considered necessary, especially for blood samples [32]. In a previous study [33], the

unextracted plasma oxytocin level was much higher than the extracted oxytocin level and no

correlation existed between these two oxytocin levels, when measured by different procedures.

However, Carter [34] pointed out the possibility that oxytocin measurement in blood involv-

ing the extraction step may result in the underestimation of the oxytocin level because oxyto-

cin is filtered by its binding to other molecules in the plasma. A recent study found a high

correlation between extracted and unextracted oxytocin levels in dogs, which demonstrated

the validation of measuring without extraction in saliva methodologically [35]. Moreover,

measurement using the extraction step is capable of inducing a high intra-assay coefficient of

variation and unreliable results [35,36]. Therefore, some recent studies [36–38] have used

unextracted oxytocin samples to measure the oxytocin level and have examined the relation-

ship between oxytocin level and human sociality.

Statistical analysis

One hundred and ninety-seven participants (men = 98, women = 99, mean age = 41.7 years,

SD for age = 10.4 years) with data on three parameters, i.e., general trust, caution, and oxyto-

cin, were included in the analysis. This study evaluated two indicators: general trust and cau-

tion. Therefore, the Bonferroni-corrected p-value (i.e., p = .025) was the significance level.

Since salivary oxytocin concentrations were not normally distributed (W = 0.84, p< .0001, S2

Fig), nonparametric analyses (Spearman’s rank correlation coefficient) were performed for the

association between oxytocin and other variables. Because this study reanalyzed data already

in the database, a preliminary sample design was not possible. Therefore, using G�Power 3.1

[39], a sensitivity power analysis based on number of participants = 197 and power = 0.8

showed that this study could theoretically detect an effect size of 0.197 or higher.

Results

The mean salivary oxytocin level was (expressed as the mean ± SD) 49.2 ± 24.6 pg/mL. The lev-

els of salivary oxytocin were not associated with age (rs(195) = -.10, p = .150, S3 Fig) or sex

[Mdnmale = 42.835, Mdnfemale = 42.38, Mann-Whitney’s U test:U(Nmale = 98, Nfemale = 99,) =

4418.5, z = 1.08, p = .280, S4 Fig].

General trust was positively correlated with age (r(195) = .21, p = .003), but caution was not

associated with age (r(195) = -.09, p = .214). No sex differences in general trust (t(195) = 0.97, p =

.334) and caution (t(195) = 0.74, p = .462) were found. The three measurements for general

trust and caution, and the correlations between the measurements, are shown in S1 Table.

High correlations were observed between measurements.
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People with higher salivary oxytocin levels tended to show a higher level of caution (rs(195) =

.21, p = .0025, Fig 1), but salivary oxytocin levels were not associated with general trust (rs(195)

= -.06, p = .395, Fig 2). The correlation between salivary oxytocin levels and caution was signif-

icant even after controlling for age and sex (rs(195) = .20, p = .0048). Correlation analysis for

caution was also conducted for each measurement on three different days, and all correlations

were significant (1st: rs(195) = .16, p = .024, S5 Fig; 2nd: rs(195) = .17, p = .014, S6 Fig; 3rd: rs(195)

= .22, p = .0022, S7 Fig).

Next, we examined whether the results of the correlation differed by sex. In men, salivary

oxytocin levels were positively correlated with caution at the 5% level (rs(96) = .21, p = .040),

but not with general trust (rs(96) = .005, p = .962). The same pattern was observed in females

(caution: rs(97) = .21, p = .040, general trust: rs(97) = -.13, p = .212).

Discussion

In this study, we focused on two different aspects of trust that have not received much atten-

tion, namely general trust and caution, and investigated which of these two aspects of trust was

regulated by oxytocin. This study found for the first time that salivary oxytocin was associated

with the belief in caution against social uncertainty, rather than the belief in the trustworthi-

ness of others.

The results of this study raise two important issues: the first issue is the finding that oxyto-

cin is associated with caution rather than general trust. Previous studies have indicated that

the intranasal administration of oxytocin could enhance trust behavior in a trust game

[4,5,40]. However, in recent years, the effects of oxytocin on trust behavior have been ques-

tioned. Trust behavior in a trust game may be determined by various factors such as expecta-

tion of the trustworthiness of others and the tendency of betrayal aversion; and the weighting

of each factor has individual differences [41,42]. One possibility is that oxytocin may influence

trust behavior by altering the general trust level; for instance, intranasal oxytocin

Fig 1. The association between salivary oxytocin level and caution. (A) scatter plot of salivary oxytocin level and caution. (B) scatter plot of rank of salivary oxytocin

and rank of caution.

https://doi.org/10.1371/journal.pone.0267988.g001
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administration may increase the expectations regarding other people’s trustworthiness and

kindness. Another explanation, based on caution, is that the intranasal administration of oxy-

tocin may reduce one’s cautiousness and fear of betrayal. Our data exemplifies the second

explanation. The study by Israel et al. [22] showed that oxytocin could affect the sensitivity in

the perception of social deception, whereas it could not alter the perception of kindness in oth-

ers. Our findings provide additional evidence that oxytocin cannot alter the perception of

kindness in other people. Moreover, the hypothesis raised by Baumgartner et al. [4] that oxyto-

cin increases trust behavior by reducing fear of betrayal and anxiety, as implied by decreased

amygdala activity, is consistent with our result that salivary oxytocin levels were associated

with caution. As shown in the current study, oxytocin functionally regulates caution; therefore,

the administration of oxytocin may be effective in people with a strong weighting of betrayal

avoidance tendency. A previous study [8] has indeed shown that the effect of oxytocin on

trust-behavior depends on trust-attitude. Future studies need to consider the relationship

between oxytocin and trust, while taking into account the belief of caution.

The second issue, as shown in our study, is concerned with the positive correlation between

salivary oxytocin and caution level. We collected saliva without any task, which meant that the

salivary oxytocin levels in this study were the basal endogenous oxytocin levels. Previous

research has examined the relationship between basal oxytocin level and human sociality.

Higher endogenous oxytocin levels were associated with supportive communication [43] and

positive parenting styles [44,45]. However, higher oxytocin levels were also correlated with

perceptions of interpersonal distress [17], life dissatisfaction [46], and major depression [47].

Oxytocin release because of external stimuli is considered to have an important role in reduc-

ing anxiety-like behavior in animals [12,13], although many studies have found that high basal

plasma oxytocin levels without any stimuli were associated with increased anxiety in people

with social anxiety disorder [46,48], as well as in healthy subjects [49,50]. Previous studies

described an inverse relationship between endogenous neuromodulator concentration and

function [51] or the density [52] of the corresponding receptor. An inverse relationship may

Fig 2. The association between salivary oxytocin level and general trust. (A) scatter plot of salivary oxytocin level and general trust. (B) scatter plot of rank of

salivary oxytocin and rank of general trust.

https://doi.org/10.1371/journal.pone.0267988.g002
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also exist between the oxytocin level and oxytocin receptor function. Hoge et al. [46] found a

positive relationship between plasma oxytocin level and anxiety in patients with social anxiety

disorder. They proposed the hypothesis that patients with social deficits due to anxiety or

autism may have higher levels of oxytocin, possibly as a compensatory mechanism in the face

of malfunctioning oxytocin receptors. This finding indicates that high peripheral oxytocin lev-

els may imply impaired oxytocin functions in anxiety attenuation. We suggest that people with

high endogenous oxytocin levels have difficulties in dealing with anxiety in interpersonal inter-

actions, which sensitizes their perception of the social environment and naturally increases the

caution level when dealing with others.

Several limitations of the present study should be taken into consideration. First, although

we found that the salivary oxytocin level could partly predict the trust level, explaining how sali-

vary oxytocin can influence trust or how trust relates to salivary oxytocin levels is difficult. Sec-

ond, this study analyzed data from a large database of prosociality, which approach using a

large-scale database has an advantage in that a large amount of data can be used, but it also has

a disadvantage in that the time for acquiring each dataset is different. In this study, to reduce

the measurement error of general trust and caution, we used an index that averaged three data-

sets acquired at different times. However, the time of saliva collection was different among these

times. In future studies, investigating the association between salivary oxytocin and general

trust and caution on the same day will be necessary. In addition, though the validity of salivary

oxytocin level measurement in this study has been demonstrated in a previous study [53], some

studies have shown that the endogenous oxytocin level differed, depending on the measurement

method that was used such as radioimmunoassay and enzyme-linked immunosorbent assay, or

by using different measuring protocols [32,33]. Therefore, measuring salivary oxytocin levels by

using different methods could help to replicate our study findings and increase the robustness.

Moreover, the present study focused on the basal level of salivary oxytocin, but the reliability of

the basal level of peripheral oxytocin remains in debate [54]. Thus, replication studies with

other methodologies (e.g., administering exogenous oxytocin or investigating oxytocin receptor

gene) are warranted to test the robustness of the present findings. In the future, we will consider

examining the effects of exogenous oxytocin or changes in endogenous oxytocin levels from the

baseline levels. This investigation may help scientists better understand the association between

the salivary oxytocin level and attitudinal trust. Furthermore, we suggest that the salivary oxyto-

cin level can be used as a biomarker for human prosociality and that examining the connection

between salivary oxytocin and additional prosocial behaviors (e.g., reciprocity, cooperation)

that are also associated with oxytocin is necessary [11,55].

Conclusion

Our study demonstrated that salivary oxytocin level can act as a biomarker that partially predicts

one’s trust level, especially based on caution. According to Yamagishi’s trust theory [20], trust

consists of two independent components: general trust and caution. We believe that this study is

the first to investigate that salivary oxytocin levels are only associated with caution, which is a

component of trust. We believe that such an attempt to clarify the biological mechanism behind

the social science theory on which it is based is important not only in life sciences but also in

social sciences. In conclusion, Oxytocin has been called the "trust" hormone, but our study

showed that oxytocin should be called the "assurance" hormone rather than the "trust" hormone.
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16. Domes G, Heinrichs M, Gläscher J, Büchel C, Braus DF, Herpertz SC. Oxytocin attenuates amygdala

responses to emotional faces regardless of valence. Biol Psychiatry. 2007; 62: 1187–1190. https://doi.

org/10.1016/j.biopsych.2007.03.025 PMID: 17617382

17. Taylor SE, Gonzaga GC, Klein LC, Hu P, Greendale GA, Seeman TE. Relation of oxytocin to psycho-

logical stress responses and hypothalamic-pituitary-adrenocortical axis activity in older women. Psy-

chosom Med. 2006; 68: 238–245. https://doi.org/10.1097/01.psy.0000203242.95990.74 PMID:

16554389

18. Bernhard A, van der Merwe C, Ackermann K, Martinelli A, Neumann ID, Freitag CM. Adolescent oxyto-

cin response to stress and its behavioral and endocrine correlates. Horm Behav. 2018; 105: 157–165.

https://doi.org/10.1016/j.yhbeh.2018.08.010 PMID: 30165062

19. Bartz JA, Zaki J, Bolger N, Ochsner KN. Social effects of oxytocin in humans: context and person mat-

ter. Trends Cogn Sci. 2011; 15: 301–309. https://doi.org/10.1016/j.tics.2011.05.002 PMID: 21696997

20. Yamagishi T. Trust: the evolutionary game of mind and society. Berlin/Heidelberg, Germany: Springer

Science & Business Media; 2011.

21. Yamagishi T, Yamagishi M. Trust and commitment in the United States and Japan. Motiv Emot. 1994;

18: 129–166. https://doi.org/10.1007/BF02249397

22. Israel S, Hart E, Winter E. Oxytocin decreases accuracy in the perception of social deception. Psychol

Sci. 2014; 25: 293–295. https://doi.org/10.1177/0956797613500794 PMID: 24225448

23. Matsumoto Y, Yamagishi T, Li Y, Kiyonari T. Prosocial behavior increases with age across five eco-

nomic games. PLOS ONE. 2016; 11: e0158671. https://doi.org/10.1371/journal.pone.0158671 PMID:

27414803

PLOS ONE Is oxytocin a trust hormone?

PLOS ONE | https://doi.org/10.1371/journal.pone.0267988 May 6, 2022 9 / 11

https://doi.org/10.1016/j.neuron.2008.04.009
https://doi.org/10.1016/j.neuron.2008.04.009
http://www.ncbi.nlm.nih.gov/pubmed/18498743
https://doi.org/10.1038/nature03701
http://www.ncbi.nlm.nih.gov/pubmed/15931222
https://doi.org/10.1371/journal.pone.0051095
https://doi.org/10.1371/journal.pone.0051095
http://www.ncbi.nlm.nih.gov/pubmed/23227239
https://doi.org/10.1038/nrn3044
https://doi.org/10.1038/nrn3044
http://www.ncbi.nlm.nih.gov/pubmed/21852800
https://doi.org/10.1038/s41562-020-0878-x
http://www.ncbi.nlm.nih.gov/pubmed/32514040
https://doi.org/10.1177/1745691615600138
http://www.ncbi.nlm.nih.gov/pubmed/26581735
https://doi.org/10.1371/journal.pone.0116172
http://www.ncbi.nlm.nih.gov/pubmed/25549255
https://doi.org/10.1016/j.yhbeh.2005.07.009
http://www.ncbi.nlm.nih.gov/pubmed/16109416
https://doi.org/10.1210/endo.138.7.5255
http://www.ncbi.nlm.nih.gov/pubmed/9202224
https://doi.org/10.1111/j.1460-9568.2008.06184.x
http://www.ncbi.nlm.nih.gov/pubmed/18412615
https://doi.org/10.1016/s0306-4522(99)00433-9
http://www.ncbi.nlm.nih.gov/pubmed/10658637
https://doi.org/10.3389/fnmol.2018.00246
http://www.ncbi.nlm.nih.gov/pubmed/30158853
https://doi.org/10.1016/j.biopsych.2007.03.025
https://doi.org/10.1016/j.biopsych.2007.03.025
http://www.ncbi.nlm.nih.gov/pubmed/17617382
https://doi.org/10.1097/01.psy.0000203242.95990.74
http://www.ncbi.nlm.nih.gov/pubmed/16554389
https://doi.org/10.1016/j.yhbeh.2018.08.010
http://www.ncbi.nlm.nih.gov/pubmed/30165062
https://doi.org/10.1016/j.tics.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21696997
https://doi.org/10.1007/BF02249397
https://doi.org/10.1177/0956797613500794
http://www.ncbi.nlm.nih.gov/pubmed/24225448
https://doi.org/10.1371/journal.pone.0158671
http://www.ncbi.nlm.nih.gov/pubmed/27414803
https://doi.org/10.1371/journal.pone.0267988


24. Nishina K, Takagishi H, Inoue-Murayama M, Takahashi H, Yamagishi T. Polymorphism of the oxytocin

receptor gene modulates behavioral and attitudinal trust among men but not women. PLOS ONE. 2015;

10: e0137089. https://doi.org/10.1371/journal.pone.0137089 PMID: 26444016

25. Nishina K, Takagishi H, Fermin ASR, Inoue-Murayama M, Takahashi H, Sakagami M, et al. Association

of the oxytocin receptor gene with attitudinal trust: role of amygdala volume. Soc Cogn Affect Neurosci.

2018; 13: 1091–1097. https://doi.org/10.1093/scan/nsy075 PMID: 30202991

26. Nishina K, Takagishi H, Takahashi H, Sakagami M, Inoue-Murayama M. Association of polymorphism

of arginine-vasopressin receptor 1A (AVPR1a) gene with trust and reciprocity. Front Hum Neurosci.

2019; 13: 230. https://doi.org/10.3389/fnhum.2019.00230 PMID: 31354450

27. Yamagishi T, Li Y, Takagishi H, Matsumoto Y, Kiyonari T. In search of Homo Economicus. Psychol Sci.

2014; 25: 1699–1711. https://doi.org/10.1177/0956797614538065 PMID: 25037961

28. Yamagishi T, Akutsu S, Cho K, Inoue Y, Li Y, Matsumoto Y. Two-component model of general trust:

predicting behavioral trust from attitudinal trust. Soc Cogn. 2015; 33: 436–458. https://doi.org/10.1521/

soco.2015.33.5.436

29. Yamagishi T, Li Y, Matsumoto Y, Kiyonari T. Moral Bargain Hunters Purchase Moral Righteousness

When it is Cheap: Within-Individual Effect of Stake Size in Economic Games. Sci Rep. 2016; 6: 27824.

https://doi.org/10.1038/srep27824 PMID: 27296466

30. Yamagishi T, Li Y, Fermin ASR, Kanai R, Takagishi H, Matsumoto Y, et al. Behavioural Differences and

Neural Substrates of Altruistic and Spiteful Punishment. Sci Rep. 2017; 7: 14654. https://doi.org/10.

1038/s41598-017-15188-w PMID: 29116134

31. Yamagishi T, Matsumoto Y, Kiyonari T, Takagishi H, Li Y, Kanai R, et al. Response time in eco-

nomic games reflects different types of decision conflict for prosocial and proself individuals. Proc

Natl Acad Sci U S A. 2017; 114: 6394–6399. https://doi.org/10.1073/pnas.1608877114 PMID:

28559334

32. McCullough ME, Churchland PS, Mendez AJ. Problems with measuring peripheral oxytocin: can the

data on oxytocin and human behavior be trusted? Neurosci Biobehav Rev. 2013; 37: 1485–1492.

https://doi.org/10.1016/j.neubiorev.2013.04.018 PMID: 23665533

33. Szeto A, McCabe PM, Nation DA, Tabak BA, Rossetti MA, McCullough ME, et al. Evaluation of enzyme

immunoassay and radioimmunoassay methods for the measurement of plasma oxytocin. Psychosom

Med. 2011; 73: 393–400. https://doi.org/10.1097/PSY.0b013e31821df0c2 PMID: 21636661

34. Carter CS. Oxytocin pathways and the evolution of human behavior. Annu Rev Psychol. 2014; 65: 17–

39. https://doi.org/10.1146/annurev-psych-010213-115110 PMID: 24050183

35. MacLean EL, Gesquiere LR, Gee N, Levy K, Martin WL, Carter CS. Validation of salivary oxytocin and

vasopressin as biomarkers in domestic dogs. J Neurosci Methods. 2018; 293: 67–76. https://doi.org/10.

1016/j.jneumeth.2017.08.033 PMID: 28865986

36. Grebe NM, Kristoffersen AA, Grøntvedt TV, Emery Thompson M, Kennair LEO, Gangestad SW. Oxyto-

cin and vulnerable romantic relationships. Horm Behav. 2017; 90: 64–74. https://doi.org/10.1016/j.

yhbeh.2017.02.009 PMID: 28254475

37. Fujisawa TX, Tanaka S, Saito DN, Kosaka H, Tomoda A. Visual attention for social information and sali-

vary oxytocin levels in preschool children with autism spectrum disorders: an eye-tracking study. Front

Neurosci. 2014; 8: 295. https://doi.org/10.3389/fnins.2014.00295 PMID: 25278829

38. Fujioka T, Fujisawa TX, Inohara K, Okamoto Y, Matsumura Y, Tsuchiya KJ, et al. Attenuated relation-

ship between salivary oxytocin levels and attention to social information in adolescents and adults with

autism spectrum disorder: a comparative study. Ann Gen Psychiatry. 2020; 19: 38. https://doi.org/10.

1186/s12991-020-00287-2 PMID: 32518579

39. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: tests for corre-

lation and regression analyses. Behav Res Methods. 2009; 41: 1149–1160. https://doi.org/10.3758/

BRM.41.4.1149 PMID: 19897823

40. Van Ijzendoorn MH, Bakermans-Kranenburg MJ. A sniff of trust: meta-analysis of the effects of

intranasal oxytocin administration on face recognition, trust to in-group, and trust to out-group. Psy-

choneuroendocrinology. 2012; 37: 438–443. https://doi.org/10.1016/j.psyneuen.2011.07.008

PMID: 21802859

41. Ashraf N, Bohnet I, Piankov N. Decomposing trust and trustworthiness. Exp Econ. 2006; 9: 193–208.

https://doi.org/10.1007/s10683-006-9122-4

42. Thielmann I, Hilbig BE. Trust: an integrative review from a person–situation perspective. Rev Gen Psy-

chol. 2015; 19: 249–277. https://doi.org/10.1037/gpr0000046

43. Gouin JP, Carter CS, Pournajafi-Nazarloo H, Glaser R, Malarkey WB, Loving TJ, et al. Marital behavior,

oxytocin, vasopressin, and wound healing. Psychoneuroendocrinology. 2010; 35: 1082–1090. https://

doi.org/10.1016/j.psyneuen.2010.01.009 PMID: 20144509

PLOS ONE Is oxytocin a trust hormone?

PLOS ONE | https://doi.org/10.1371/journal.pone.0267988 May 6, 2022 10 / 11

https://doi.org/10.1371/journal.pone.0137089
http://www.ncbi.nlm.nih.gov/pubmed/26444016
https://doi.org/10.1093/scan/nsy075
http://www.ncbi.nlm.nih.gov/pubmed/30202991
https://doi.org/10.3389/fnhum.2019.00230
http://www.ncbi.nlm.nih.gov/pubmed/31354450
https://doi.org/10.1177/0956797614538065
http://www.ncbi.nlm.nih.gov/pubmed/25037961
https://doi.org/10.1521/soco.2015.33.5.436
https://doi.org/10.1521/soco.2015.33.5.436
https://doi.org/10.1038/srep27824
http://www.ncbi.nlm.nih.gov/pubmed/27296466
https://doi.org/10.1038/s41598-017-15188-w
https://doi.org/10.1038/s41598-017-15188-w
http://www.ncbi.nlm.nih.gov/pubmed/29116134
https://doi.org/10.1073/pnas.1608877114
http://www.ncbi.nlm.nih.gov/pubmed/28559334
https://doi.org/10.1016/j.neubiorev.2013.04.018
http://www.ncbi.nlm.nih.gov/pubmed/23665533
https://doi.org/10.1097/PSY.0b013e31821df0c2
http://www.ncbi.nlm.nih.gov/pubmed/21636661
https://doi.org/10.1146/annurev-psych-010213-115110
http://www.ncbi.nlm.nih.gov/pubmed/24050183
https://doi.org/10.1016/j.jneumeth.2017.08.033
https://doi.org/10.1016/j.jneumeth.2017.08.033
http://www.ncbi.nlm.nih.gov/pubmed/28865986
https://doi.org/10.1016/j.yhbeh.2017.02.009
https://doi.org/10.1016/j.yhbeh.2017.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28254475
https://doi.org/10.3389/fnins.2014.00295
http://www.ncbi.nlm.nih.gov/pubmed/25278829
https://doi.org/10.1186/s12991-020-00287-2
https://doi.org/10.1186/s12991-020-00287-2
http://www.ncbi.nlm.nih.gov/pubmed/32518579
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
https://doi.org/10.1016/j.psyneuen.2011.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21802859
https://doi.org/10.1007/s10683-006-9122-4
https://doi.org/10.1037/gpr0000046
https://doi.org/10.1016/j.psyneuen.2010.01.009
https://doi.org/10.1016/j.psyneuen.2010.01.009
http://www.ncbi.nlm.nih.gov/pubmed/20144509
https://doi.org/10.1371/journal.pone.0267988


44. Gordon I, Zagoory-Sharon O, Leckman JF, Feldman R. Oxytocin and the development of parenting in

humans. Biol Psychiatry. 2010; 68: 377–382. https://doi.org/10.1016/j.biopsych.2010.02.005 PMID:

20359699

45. Feldman R, Weller A, Zagoory-Sharon O, Levine A. Evidence for a neuroendocrinological foundation of

human affiliation: plasma oxytocin levels across pregnancy and the postpartum period predict mother-

infant bonding. Psychol Sci. 2007; 18: 965–970. https://doi.org/10.1111/j.1467-9280.2007.02010.x

PMID: 17958710

46. Hoge EA, Pollack MH, Kaufman RE, Zak PJ, Simon NM. Oxytocin levels in social anxiety disorder.

CNS Neurosci Ther. 2008; 14: 165–170. https://doi.org/10.1111/j.1755-5949.2008.00051.x PMID:

18801109

47. Parker KJ, Kenna HA, Zeitzer JM, Keller J, Blasey CM, Amico JA, et al. Preliminary evidence that

plasma oxytocin levels are elevated in major depression. Psychiatry Res. 2010; 178: 359–362. https://

doi.org/10.1016/j.psychres.2009.09.017 PMID: 20494448

48. Oh KS, Kim EJ, Ha JW, Woo HY, Kwon MJ, Shin DW, et al. The relationship between plasma oxytocin

levels and social anxiety symptoms. Psychiatry Investig. 2018; 15: 1079–1086. https://doi.org/10.

30773/pi.2018.08.31 PMID: 30301300

49. Marazziti D, Dell’Osso B, Baroni S, Mungai F, Catena M, Rucci P, et al. A relationship between oxytocin

and anxiety of romantic attachment. Clin Pract Epidemiol Ment Health. 2006; 2: 28. https://doi.org/10.

1186/1745-0179-2-28 PMID: 17034623

50. Tops M, van Peer JM, Korf J, Wijers AA, Tucker DM. Anxiety, cortisol, and attachment predict plasma

oxytocin. Psychophysiology. 2007; 44: 444–449. https://doi.org/10.1111/j.1469-8986.2007.00510.x

PMID: 17371496

51. Adinoff B, Nemeroff CB, Bissette G, Martin PR, Linnoila M. Inverse relationship between CSF TRH con-

centrations and the TSH response to TRH in abstinent alcohol-dependent patients. Am J Psychiatry.

1991; 148: 1586–1588. https://doi.org/10.1176/ajp.148.11.1586 PMID: 1656797

52. Goedert M, Mantyh PW, Emson PC, Hunt SP. Inverse relationship between neurotensin receptors and

neurotensin-like immunoreactivity in cat striatum. Nature. 1984; 307: 543–546. https://doi.org/10.1038/

307543a0 PMID: 6320012

53. Carter CS, Pournajafi-Nazarloo H, Kramer KM, Ziegler TE, White-Traut R, Bello D, et al. Oxytocin:

behavioral associations and potential as a salivary biomarker. Ann N Y Acad Sci. 2007; 1098: 312–322.

https://doi.org/10.1196/annals.1384.006 PMID: 17435137

54. Valstad M, Alvares GA, Egknud M, Matziorinis AM, Andreassen OA, Westlye LT, et al. The correlation

between central and peripheral oxytocin concentrations: a systematic review and meta-analysis. Neu-

rosci Biobehav Rev. 2017; 78: 117–124. https://doi.org/10.1016/j.neubiorev.2017.04.017 PMID:

28442403

55. Declerck CH, Boone C, Kiyonari T. The effect of oxytocin on cooperation in a prisoner’s dilemma

depends on the social context and a person’s social value orientation. Soc Cogn Affect Neurosci. 2014;

9: 802–809. https://doi.org/10.1093/scan/nst040 PMID: 23588271

PLOS ONE Is oxytocin a trust hormone?

PLOS ONE | https://doi.org/10.1371/journal.pone.0267988 May 6, 2022 11 / 11

https://doi.org/10.1016/j.biopsych.2010.02.005
http://www.ncbi.nlm.nih.gov/pubmed/20359699
https://doi.org/10.1111/j.1467-9280.2007.02010.x
http://www.ncbi.nlm.nih.gov/pubmed/17958710
https://doi.org/10.1111/j.1755-5949.2008.00051.x
http://www.ncbi.nlm.nih.gov/pubmed/18801109
https://doi.org/10.1016/j.psychres.2009.09.017
https://doi.org/10.1016/j.psychres.2009.09.017
http://www.ncbi.nlm.nih.gov/pubmed/20494448
https://doi.org/10.30773/pi.2018.08.31
https://doi.org/10.30773/pi.2018.08.31
http://www.ncbi.nlm.nih.gov/pubmed/30301300
https://doi.org/10.1186/1745-0179-2-28
https://doi.org/10.1186/1745-0179-2-28
http://www.ncbi.nlm.nih.gov/pubmed/17034623
https://doi.org/10.1111/j.1469-8986.2007.00510.x
http://www.ncbi.nlm.nih.gov/pubmed/17371496
https://doi.org/10.1176/ajp.148.11.1586
http://www.ncbi.nlm.nih.gov/pubmed/1656797
https://doi.org/10.1038/307543a0
https://doi.org/10.1038/307543a0
http://www.ncbi.nlm.nih.gov/pubmed/6320012
https://doi.org/10.1196/annals.1384.006
http://www.ncbi.nlm.nih.gov/pubmed/17435137
https://doi.org/10.1016/j.neubiorev.2017.04.017
http://www.ncbi.nlm.nih.gov/pubmed/28442403
https://doi.org/10.1093/scan/nst040
http://www.ncbi.nlm.nih.gov/pubmed/23588271
https://doi.org/10.1371/journal.pone.0267988

