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those in the placebo treatment. Intranasal oxytocin treatment was
suggested to elevate oxytocin levels in plasma and possibly oxytocin
levels in cerebral spinal fluid (Striepens et al., 2013



(see Donation section for details). Each donation, made by leaving the
money in an envelope, was supposed to be anonymous. After the do-
nation, the participant was taken into another room to complete a
battery of questionnaires, including measures of empathic response,
subjective socioeconomic status, religious belief, and social desirability
(see Supplementary materials). As socioeconomic status, religious be-
lief, and social desirability are crucial demographic and individual
difference variables that affect altruistic decisions (Eisenberg et al.,
2001; Saroglou et al., 2005), we included measures of these variables to
examine whether the genotype effect would survive the controlling for
these non-genetic factors. After completing the questionnaires, the
participant was informed of the goal of the study and the deception in
the donation. Permission of using each participant’s data was once
again obtained.

2.3. Donation

After receiving the monetary compensation for his/her participa-
tion, each participant was presented with the following fundraising
details on a piece of paper:

Dear Students,

Last November, a teacher in our university was diagnosed with bilateral
acute renal failure. He underwent hemodialysis several times in the
hospital to prevent death from kidney failure. He has no siblings and his
parents are too old to provide monetary support. Thanks to his wife’s
contacting hospitals to search for a matched kidney donor, the teacher
has recently undergone a successful kidney transplant operation in
Wuhan University First Hospital. The teacher is required to take anti-
rejection medication. Unfortunately, his family has used up all of their
savings and now cannot afford the cost of anti-rejection medication.

Considering the misfortune of his family, we ask for your help by ways of
a financial donation. Please note:

The principle of anonymity: The donation is anonymous. Please put
money into the envelope provided and throw the envelope into the locked
red box.

The principle of willingness: You can donate any amount of money,
including 0 yuan. Feel free to leave the donation by keeping the envelope
for yourself. We are just offering you an opportunity to help.

Except for anonymity, all the fundraising information was true.
Colleagues of the teacher had donated a total of ¥ 23,300 to him and
the event had been reported by the university newspaper. After the
participant read the fundraising information, the experimenter em-
phasized the principles of anonymity and willingness and informed the



collapsed (Bernhard et al., 2016; Tost et al., 2010), similar results were
obtained (see Supplementary materials).

Four independent-sample t-tests revealed only a significant asso-
ciation between CD38 rs3796863 and the amount of donation. The A
allele carriers (M ± SD: 0.871 ± 0.411; N = 264) donated significantly
more than CC carriers (0.763 ± 0.441; N = 176), t(438) = 2.631,
p = 0.009, Cohen’s d = 0.26 (Fig. 1A). This finding survived the Bon-
ferroni correction (Bonferroni-adjusted p = 0.035) for the four poly-
morphisms analyzed in this study. To confirm that the significant
genotype effect was unlikely to arise by chance, we carried out per-
mutation test implemented in MATLAB by shuffling the genotype across
participants 20,000 times. This procedure was to estimate the regres-
sion coefficient in each shuffled sample and the probability of the es-
timated regression coefficients being greater than the observed re-
gression coefficient (i.e., permutation p). The permutation p value
confirmed that the probability of obtaining the significant genotype
effect by chance was lower than 5% (permutation p = 0.0089). To
examine whether the genotype effect continued to hold after control-
ling for non-genetic factors (gender, age, subjective socioeconomic
status, religious belief, social desirability and the experimenter), we
conducted a hierarchical regression analysis with the following proce-
dure: Step 1, entering control variables; Step 2, entering both control
variables and the polymorphism (1 = AA/AC, 0 = CC). Results again
revealed a significant genotype effect on the amount of donation, F(1,
416) change = 6.781, p = 0.010, β = 0.121, and R2

change = 0.015. The
permutation p value once again confirmed that the probability of ob-
taining the significant genotype effect after controlling for covariates by
chance was lower than 5% (permutation p = 0.0098). Moreover, CD38
rs3796863 did not interact with gender, subjective socioeconomic
status, or the three polymorphisms of OXTR to affect the amount of
donation, as no interactions concerning CD38 rs3796863 were found,
all ps > 0.200 (see Supplementary materials).

In contrast, for OXTR (rs53576, rs2254298, and rs1042778), in-
dependent-samples t-tests found no significant effects of genotypes (all
ps > 0.200): rs53576 (AA vs. AG/GG: 0.826 ± 0.430 vs.
0.834 ± 0.434, p = 0.831), rs2254298 (AA/AG vs. GG: 0.843 ± 0.442



r = 0.260, p < 0.001. On the basis of the causal link between empathic
response and altruistic behavior shown in previous studies (Batson
et al., 1991, 1989, 1988; Eisenberg and Miller, 1987) and the genotype
effects on both empathic response and altruistic behavior, we con-
ducted a mediation analysis to examine whether CD38 rs3796863 in-
fluenced charitable donation via empathic response. We bootstrapped
the mediating effect 20,000 times using the SPSS version of INDIRECT
macro (http://www.afhayes.com/) developed by Preacher and Hayes
(2008) and obtained the bias-corrected 95% confidence interval of the
indirect effects. Results showed a significant mediating effect of em-
pathic response on the relationship between CD38 and the amount of
donation: the mediating effect estimate = 0.0201, SE = 0.0102, and
the 95% bias-corrected confidence interval was [0.0028, 0.0433]. As
shown in Fig. 1C, the mediating effect accounted for 18.1% (1–0.104/
0.127) of the effect of CD38 gene on the amount of donation. In addi-
tion, the mediating path continues to hold after controlling for the non-
genetic factors, the 95% bias-corrected confidence interval was
[0.0002, 0.0306].

4. Discussion

Findings from twin studies yield heritability estimates of 31%–61%
for altruistic behavior (Cesarini et al., 2009; Knafo et al., 2011; Knafo
and Plomin, 2006; Rushton et al., 1986). Here we conducted a field
study with a real fundraising event for a person diagnosed with uremia
and identified a new polymorphism, CD38 rs3796863, as a source of
individual differences in charitable donation. Individuals with the
genotype leading to a higher oxytocin levels (AA/AC) donated more
money to the sick teacher than CC carriers. CD38 is a multifunctional
protein, and its antigen and enzymatic roles are still being uncovered.
Nevertheless, it is clear that CD38 is critical for the release of oxytocin
from hypothalamic neurons (de Boer et al., 2012; Feldman et al., 2012;
Jin et al., 2007). Mice with deletion of CD38 gene exhibit marked re-
ductions of oxytocin as well as marked defects in maternal nurturing
and social behavior, and exhibit no changes in vasopressin or dopa-
mine; the defects in behavior can be reversed by replacement of oxy-
tocin or delivery of CD38 in the hypothalamus (Jin et al., 2007). In
humans, the peripheral CD38 gene expression is related to oxytocin
levels (Kiss et al., 2011). Moreover, the A allele of CD38 rs3796863
polymorphism is associated with high CD38 expression in lympho-
blastoid cell lines (Lerer et al., 2010) and high plasma oxytocin levels
(Feldman et al., 2012). Thus the allelic load for CD38 rs3796863 is
indicative of oxytocin functioning. The current findings provide support
for the association between oxytocin functioning and altruism (Barraza
et al., 2011; Riem et al., 2013; van IJzendoorn et al., 2011). These
findings, together with previous observations (Chong et al., 2017;
McInnis et al., 2017), strengthen the notion that individuals with higher
levels of oxytocin are more likely to engage in prosocial behavior to
seek social support (e.g., having more friends), which in turn limits the
extent of negative mood outcomes (McInnis et al., 2017; McQuaid et al.,
2014). Importantly, previous studies investigating the genetic basis of
prosocial behavior mainly focus on the oxytocin receptor gene
(Bakermans-Kranenburg and van IJzendoorn, 2014; Feldman et al.,
2016). The current study went further to highlight the contribution of
CD38 gene, which regulates oxytocin release, to altruism. A testable
prediction that can be naturally derived from the present study is that
CD38 could play an important role in other forms of prosocial behavior,
such as trust and cooperation.

Empathy for others’ misfortune is a strong predictor of the occur-
rence of altruistic behavior. Empathic responses motivate altruistic
behaviors (Batson et al., 1991, 1989, 1988) and oxytocin administra-
tion increases empathic responses (Abu-Akel et al., 2015; Hurlemann
et al., 2010; Krueger et al., 2013) and altruistic behavior (Barraza et al.,
2011; Riem et al., 2013; van IJzendoorn et al., 2011). Empathic re-
sponse may serve as an intermediate phenotype that links the oxytocin

pathway genes and altruism. As hypothesized, we found that in-
dividuals with the genotype leading to higher oxytocin levels (AA/AC)
reported stronger empathic responses to the misfortune of the teacher
than CC carriers, and that the increased empathic responses motivated
the A allele carriers to donate more money to the teacher. The current
study is one of the first to directly test and prove the mediating role of
empathic response in the link between the oxytocin functioning and
altruistic behavior.

Previous studies have shown that non-genetic factors, such as so-
cioeconomic status, religious belief, and social desirability, are crucial
for decisions to offer help (Eisenberg et al., 2001; Saroglou et al., 2005).
Nevertheless, our results showed that the effect of CD38 gene on
charitable donation and the mediating path from the gene via empathic
response to the altruistic behavior continued to hold after controlling
for these non-genetic factors. This suggests that the impact of CD38 on
empathic and altruistic tendencies cannot be simply explained away by
non-genetic factors.

The finding concerning the OXTR gene in the current study is ob-
viously inconsistent with certain other studies showing the links betweenet al.,

http://www.afhayes.com/


To our knowledge, the association between the A allele of CD38
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