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involving losing social face such as at the receiving end of
discrimination and stigmas can lead to psychological distress
(Hackett, Steptoe, Lang, & Jackson, 2020; Le, Iwamoto, &
Burke, 2020).

Studies have shown that cortisol functions (a term that we
use here to refer to cortisol level and glucocorticoid receptor
gene) are involved in coping with social face-related stress.
Social-evaluative threat, as measured with the Trier Social
Stress Test, can significantly elevate one’s cortisol level
(Dahm et al., 2017; Reschke-Hernandez, Okerstrom, Bowles
Edwards, & Tranel, 2017; Turan, Tackett, Lechtreck, &
Browning, 2015; Woody, Hooker, Zoccola, & Dickerson,
2018). Moreover, shame emerged from discriminating
against one’s creativity (Matheson & Anisman, 2009) and
social anxiety of public speaking can increase cortisol reactiv-
ity (Auer, Calvi, Jordan, Schrader, & Byrd-Craven, 2018;
Losiak, Blaut, Klosowska, & Slowik, 2016), and vice versa,
the pronounced cortisol reactivity brings out negative emo-
tions (Hellman, Morris, Rao, & Garber, 2015; Kiel &
Kalomiris, 2016). Of note, although the past experiences of
discrimination are related to cortisol reactivity (Busse, Yim, &
Campos, 2017; Doyle & Molix, 2017; DuBois, Powers,
Everett, & Juster, 2017; Jackson, Kirschbaum, & Steptoe,
2016; Jackson & Steptoe, 2018), it remains unclear whether
cortisol functions are associated with social face.

Cortisol reactivity is greatly regulated by glucocorticoid
receptor (McKlveen et al., 2013; Romeo, 2015; Vindas
et al., 2017). When cortisol molecules bind to glucocorticoid
receptor, glucocorticoid-receptor complex regulates the ex-
pressions of anti-inflammatory proteins and pro-
inflammatory proteins (Bamberger, Bamberger, Castro, &
Chrousos, 1995; Turk & John, 2005). The functions of
glucocorticoid receptor are modulated by the polymorphisms
in glucocorticoid receptor (NR3C1) gene (Kumsta et al., 2008;
Plieger, Felten, Splittgerber, Duke, & Reuter, 2018). For in-
stance, the G allele of rs41423247 is related to higher receptor
expression and cortisol reactivity than the CC homozygous
(Schote et al., 2019; Velders et al., 2012), so the AA genotype
of rs10052957 is related to higher expression as compared
with the AG/GG genotypes (Rosmond et al., 2000; Sinclair,
Fullerton, Webster, & Shannon Weickert, 2012). The two
polymorphisms are associated with cortisol reactivity in the
context of social stress (Plieger, Felten, Splittgerber, Duke, &
Reuter, 2018; Chen, Wang, & Lian, 2015; Nie et al., 2017;
Shu, Wang, & Wang, 2016; Zhou et al., 2017). Given these
backgrounds, the current study investigates the associations
between the polymorphisms of rs41423247 and rs10052957
and social face.

Social face is related to public self-consciousness (Zhang,
Cao, & Grigoriou, 2011), a general awareness of viewing one-
self as a social object in other’s eyes. Social face highlights
individuals’ desire for projecting their own good social images
to others (Brown, 1987), while public self-consciousness

reflects the self-directed attention to one’s own external aspects
(Davies, 1996). Studies have indicated that public self-
consciousness can motivate face-saving behaviors such as
concealing weakness and avoiding negative evaluation (Cho,
Matsumoto, & Kimura, 2009; Shin, 2013; White, Stackhouse,
& Argo, 2018). According to the self-presentation model
(Schlenker & Leary, 1982), high public self-consciousness pro-
motes one’s attempts to manage self-impression such as
gaining face and avoiding losing face. Indeed, studies indicated
that public self-consciousness is associated with fearing losing
face (Young, 2014; Zhang et al., 2011). Moreover, public self-
consciousness such as stigma and losing dominance is related
to increased cortisol reactivity (Doyle & Molix, 2017; Wirth,
Welsh, & Schultheiss, 2006). In the current study, we examine
whether the potential association between the NR3C1 and so-
cial face is mediated by public self-consciousness.

In the Chinese culture, college students are considered as
social elites with a respectable public image. They are sensi-
tive to any distortion of social face. This research investigates
the correlation between social face and salivary cortisol level
in a student sample in Study 1 and the associations between
the NR3C1 polymorphisms and social face in another sample
in Study 2. Basing on the correlation between cortisol level
and psychological stress (Denson, Spanovic, & Miller, 2009),
and the roles of rs41423247 and rs10052957 in the receptor
expression (Rosmond et al., 2000; Sinclair, Fullerton,
Webster, & Shannon Weickert, 2012; Schote et al., 2019;
Velders et al., 2012), we predicted that both high cortisol level
and high functional alleles (i.e., the G allele of rs41423247
and the A allele of rs10052957) are associated with high con-
cern for social face and that the associations between such
polymorphisms and social face are mediated by public self-
consciousness.

Study 1: The Correlation Between Social Face
and Cortisol Level

Methods

Participants

The power analysis suggested that 123 participants are re-
quired (two-tailed α = 0.05, 1-β = 0.80) if the effect size (ρ)
reaches 0.25 (Sampath et al., 2017

https://en.wikipedia.org/wiki/Gene
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Inventory (Cheung et al., 1996, 2010). The Face Scale con-
sists of 11 items (Supplementary Materials 1) that measure
the psychometric properties of desire to gain social face or
avoid being involved in situations of losing face. For each
item, the respondent scored on a 5-point Likert scale (“1” =
extremely disagree and “5” = extremely agree) with the
s ta tement . The penc i l -and-paper forma had the
Cronbach’s α of 0.73, which is similar to what reported
previously (α = 0.72 in Fan et al., 2008; α = 0.61 in Ng
et al., 2012).

Salivary Cortisol Measurement

The college students participated in the study between
1:30 to 2:00 p.m. (Maruyama et al., 2012). Basing on
Granger’s suggestion (1999), we collected the saliva.
The cortisol level was assessed with a commercial
enzyme-linked immunosorbent assay kit (Cloud-Clone
Corp., China). The optical densities of the mixtures in
plate were read with a micro-plate reader (BioRad:
iMARK) at wave-length of 450 nm and 630 nm. The
standard curve was created with 4-parameter Logistic
method. Detai ls of measurement are shown in
Supplementary Materials 1. The intra-assay coefficient
of variability was less than 10%, and inter-assay coeffi-
cient of variability was less than 12%.

Statistical Analysis

Statistical power was tested with the G*Power 3.1 (Faul,
Erdfelder, Lang, & Buchner, 2007). The distributions of
the cortisol level and score on social face were evaluated
with Shapiro-Wilk tests. The correlation between cortisol
level and social face score was examined with linear
regression analysis on SPSS 18.0 software (SPSS Inc.,
Chicago, IL, USA). The significance was considered at
p < 0.05 (two-tailed level).

Results

Shapiro-Wilk test indicated that the score on social face scale
was normally distributed (Mean ± SD = 34.20 ± 5.91), statis-
tic = 0.99, p = 0.18, while the cortisol level significantly devi-
ated from normal distribution (Mean ± SD = 30.76 ±
26.18 ng/mL), statistic = 0.59, p < 0.001. Following previous
studies (Gerritsen et al., 2010; Martinez-Aguayo et al., 2012;
Slopen et al., 2018), we transformed the cortisol level into
natural-log values (0.86–2.42). The subsequent regression
analysis showed that the transformed cortisol level was posi-
tively related to the score on social face, β = 0.18, R2 = 0.03, t
(133) = 2.12, p = 0.04.

Study 2: The Association Between the NR3C1
and Social Face

Methods

Participants

The power analysis suggested that a sample of 642 partici-
pants would be required (two-tailed α = 0.05, 1-β = 0.80) if
the effect size reaches 0.12 (i.e., partial η2 = 0.015). We re-
cruited 688 college students (65.84% female, mean age =
19.37 ± 1.52 years) from Henan University of Science and
Technology, China. This study was approved by the Ethics
Committee of Life Science College, Northwest University,
China.

Social Face Assessment

Social face was assessed with the Face Scale (Cheung et al.,
1996, 2010). The scoring procedures were the same as in
Study 1. Participants were tested in groups of 15–20. The
Cronbach’s α of this test was 0.71.

Public Self-Consciousness Assessment

Public self-consciousness was measured with the 7-item
Public Self-Consciousness Subscale of the Chinese version
of the Self-Consciousness Scale (Fenigstein et al., 1975;
Jiang, 2007). This instrument is reliable for assessing public
self-consciousness, with a test-retest correlation of 0.84 in a 2-
week interval (Fenigstein et al., 1975). This subscale measures
the degree to which individuals are concerned about how
others perceive them (e.g., “I am concerned about the way I
present myself”). Response to each item was scored on a 5-
point Likert scale, with “0” = strongly disagree and “4” =
strongly agree with the statement. In the current study, the
Cronbach’s α was 0.72, approaching the values reported by
Jiang (α = 0.71, 2007) and Fenigstein (α = 0.84, 1975).

Genotyping

We extracted DNA from hair follicle cells with Chelex-100
method (de Lamballerie, Chapel, Vignoli, & Zandotti, 1994).
The rs41423247 was amplified by polymerase chain reaction
(PCR) with the upstream primer, 5′- ATGTTGACACCAAT
TCCTCTCT − 3′, and downstream primer, 5′-TGCA
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72 °C for 10 min. The PCR product was incubated with HinfI
at 37 °C overnight. The digested mixtures were analyzed with
10% polyacrylamide gel electrophoresis. Similarly, the
rs10052957 was amplified with upstream primer, 5′-
GAAGGTGATGTATTCAGACTCG − 3′ and downstream
primer 5′- GTAATGTATTTGTTGGGTGCC -3′. The G in
upstream primer was a mutation for producing a restriction
enzyme site for TaqI in PCR product. A 116 bp PCR product
was amplified with an 5 min denaturation at 94 °C, followed
by 35 cycles of 94 °C for 30 s, 60 °C for 30 s, 72 °C for 30 s,
and a final extension at 72 °C for 10 min. The PCR product
was incubated with TaqI at 65 °C overnight. Four participants
were not successfully genotyped due to failure in DNA
extracting. In this sample, neither rs41423247 (CC = 17,
CG = 212, GG = 455; χ 2 = 1.761, p = 0.19) nor rs10052957
(AA = 4, AG = 84, GG = 596; χ2 = 0.305, p = 0.54) deviated
from the Hardy-Weinberg equilibrium.

Statistical Analysis

Hardy-Weinberg equilibrium was tested with the FINETTI
software (Sasieni, 1997). Statistical power was tested with
the G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007).
The questionnaire scores between the genotypes were exam-
ined with one-way ANOVA. To examine the genetic effects
on social face when demographic variables were controlled,
we conducted hierarchical regression analysis. The mediation
effect size was tested with the SPSS version of the INDIRECT
macro (Preacher & Hayes, 2008), a practice for assessing the
statistical power in mediation models (Zhang, 2014). The sig-
nificance was considered at p < 0.05 in two-tailed tests.

Results

Direct Effect

Social Face One-way ANOVA showed that the rs41423247
was significantly associated with the scores on social face
(Mean ± Se: GG vs.CG vs. CC = 33.68 ± 0.28 vs. 31.83 ±
0.41 vs. 33.47 ± 0.91), F (2, 681) = 7.39, p = 0.001, partial
η2 = 0.02. To include a sufficient number of participants in
each group, we collapsed the minor homozygotes and hetero-
zygotes into one group. After the CC (N = 17) was
pooled with the CG genotype (N = 212), the results also indi-
cated that the GG genotype (N = 455) had higher scores on
social face than the C allele carriers (Mean ± Se: GG vs. CG/
GG = 33.68 ± 0.28 vs. 31.95 ± 0.38), F (1, 682) = 13.51,
p < 0.001, and partial η2 = 0.02 (Fig. 1). Similar analyses
showed that rs10052957 was not associated with social face,
F (2, 681) = 0.002, p = 0.99, partial η2 < 0.001. After the AA
(N = 4) was combined with the AG genotype (N = 84), test
again showed no significant differences between the two
groups (Mean ± Se: GG vs. AG/AA = 33.11 ± 0.24 vs.

33.15 ± 0.66), F (1, 682) = 0.003, p = 0.95, partial η2 <
0.001. By categorizing participants into four groups based
on their genotypes of rs41423247 (GG vs. GC/CC) and
rs10052957 (GG vs. AA/AG), we further tested the interac-
tion between the two polymorphisms. Two-way ANOVA in-
dicated that the two polymorphisms did not interact on the
scores on social face, F (1, 682) = 0.02, p = 0.88, partial η2 <
0.001.

As shown in Table S 1 and Table S 2 of Supplementary
Materials 2, social face score was correlatedwith socioeconom-
ic status, family function, and psychosocial characteristics, but
not with age and sex (553 participants finished all the assess-
ments). To examinewhether the effect of rs41423247 remained
to be significant after controlling such variables that were sig-
nificantly correlated with social face score, we conducted a
series of hierarchical regression analyses. For the hierarchical
regression analysis with one demographic variable, in Step 1, a
demographic variable was entered, and in Step 2, the demo-
graphic variable and the genotypes (0 =GG, 1 = CC/CG) were
added. For the hierarchical regression analysis with multi-
demographic variables, in Step 1, the demographic variables
were entered, and in Step 2, both demographic variables and
genotypes were added. The results showed that the contribution
of rs41423247 to the scores on social face was significant
whether the variables were controlled one by one, β ≥ 0.12, t
(553) ≥ 2.86, p ≤ 0.004, or all at once, β = 0.11, adjusted R2 =
0.16, t (546) = 2.90, p = 0.004 (Table S 4 of Supplementary
Materials).

Public Self-Consciousness One-way ANOVA showed that
rs41423247 was significantly associated with public self-
consciousness (Mean ± Se: GG vs. CG vs. CC = 18.46 ±
0.20 vs. 17.58 ± 0.30 vs. 19.18 ± 0.92), F (2, 678) = 3.41,
p = 0.03, η2 = 0.01. After pooling the CC (N = 17) with CG
genotype (N = 210), we found that the GG genotype (N = 453)
had higher public self-consciousness scores than the CG/GG
group (GG vs. CG/CC = 18.46 ± 0.20 vs. 17.70 ± 0.29), F (1,
679) = 4.66, p = 0.03, partial η2 = 0.007 (Fig. 1b). For
rs10052957, one-way ANOVA did not find significant differ-
ences between the genotypes, F (2, 678) = 0.40, p = 0.67, par-
tial η2 = 0.001. After combining the AA (N = 4) with AG ge-
notype (N = 82), we did not find a significant difference be-
tween the GG (N = 594) and AG/AA group either (GG vs.
AG/AA = 18.27 ± 0.18 vs. 17.83 ± 0.45), F (1, 679) = 0.80,
p = 0.37, partial η2 = 0.001. As for the social face assessment,
we further examined the interaction between rs41423247 (GG
vs. CG/CC) and rs10052957 (GG vs. AG/AA) public self-
consciousness scores. Again, no significant interaction was
observed, F (1, 679) = 2.28, p = 0.13, partial η2 = 0.003.

As shown in Table S 5 of Supplementary Materials 2, pub-
lic self-consciousness was significantly correlated with vari-
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analysis showed a contribution of rs41423247 (0 = GG, 1 =
GC/CC) to public self-consciousness when the variables were
controlled one by one, β ≥ 0.12, t ≥ 2.86, p ≤ 0.004, but the
effect was marginal when all at once, β = 0.07, adjusted
R2 = 0.06, t = 1.88, p = 0.06 (Table S 6).

Mediation Analysis

As previous studies indicated that public self-consciousness is
positively correlated to social face (Cho, Matsumoto, &
Kimura, 2009; Shin, 2013; White, Stackhouse, & Argo,
2018), we replicated this correlation, r = 0.53, p < 0.001.
We conducted a mediation analysis with a pathway from pub-
lic self-consciousness to social face. Of note, considering that
rs10052957 was not significantly correlated with the social
face and public self-consciousness scores, we excluded this
polymorphism in analysis. A regression analysis with the ge-
notypes of rs41423247 (0 = GG, 1 = CG/CC) as predictor
showed a significant association between this polymorphism
and social face, β = 0.15, R2 = 0.02, t (680) = 3.84, p < 0.001.
When including both the genotypes and public self-conscious-
ness, we found that the association remained significant, β’ =
0.10, adjusted R2 = 0.29, t (680) = 3.17, p = 0.002. Of note,
there was a significant difference between β and β’, F
(1,679) = 188.99, p < 0.001, suggesting that the association
was partly mediated by public self-consciousness. Moreover,
bootstrapped test with 20,000 times (Preacher & Hayes, 2008)
showed that the association was significantly mediated by
public self-consciousness, R-squared mediation effect size =
0.01, SE = 0.007, 95% CI [0.001, 0.028]. The mediating ef-
fect, calculated with 1- (0.10/0.15), accounted for 29.45% of
the genetic effect on social face score (Fig. 2). Furthermore,
a f t e r s o c i o e conom i c s t a t u s and p sy c ho so c i a l
characteristics were controlled, the mediation was still signif-
icant, R-squared mediation effect size =1.03, SE = 0.38, 95%
CI [0.28, 1.78], and accounting for 73.30% of the total effect.

Discussion

This research examined the associations between social face
and cortisol level and the NR3C1 polymorphisms. Study 1
indicated that cortisol level is positively related to the scores
on social face, and Study 2 indicated that the GG genotype of
rs41423247 is related to higher scores on social face than the
C carriers. The association between rs41423247 and social
face is mediated by public self-consciousness. This research
highlights the biopsychological pathway between cortisol
functions and social face.

Previous studies showed that both discrimination and stig-
mas heighten one’s cortisol reactivity (Busse, Yim, &
Campos, 2017; Doyle & Molix, 2017; DuBois, Powers,
Everett, & Juster, 2017; Jackson, Kirschbaum, & Steptoe,
2016; Jackson & Steptoe, 2018). These studies focused on
the links between cortisol reactivity and past experiences of
discrimination and stigmas. In contrast, this study found a
relationship between cortisol level and social face of future
events. Thus, the findings suggest that cortisol is involved
not only in past experiences of losing face, but also in face-
consciousness for future face-threatening events. Given
that social face is the philosophy of Chinese daily lives, these
findings provide evidence of cortisol functions in Chinese
face-philosophy.

Glucocorticoid receptor is involved in stress-coping
(McKlveen et al., 2013; Romeo, 2015; Vindas et al., 2017).
Upon exposure to stress of losing face, the hypothalamus se-
c re tes cor t ico t rophin- re leas ing hormone, which
subquently promotes the releasing of cortisol (Romeo,
2015). When cortisol molecules bind to the glucocorticoid
receptor, the glucocorticoid-receptor complex regulates the
expressions of anti-inflammatory proteins and pro-
inflammatory proteins (Bamberger, Bamberger, Castro, &
Chrousos, 1995; Turk & John, 2005). The current study re-
vealed that the GG genotype of rs41423247, which is related
to high receptor expression and cortisol reactivity (Schote

Fig. 1 (a) The scores on social
face of the GG (N = 229) andCG/
CC (N = 445) of rs41423247 (GG
vs. CC/CG = 33.68 ± 0.28 vs.
31.95 ± 0.38); (b) the scores on
public self-consciousness of the
GG (N = 227) and CG/CC (N =
453) of rs41423247 (GG vs. CC/
CG= 18.46 ± 0.20 vs. 17.70 ±
0.29)

7569
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et al., 2019; Velders et al., 2012) and greater neural response
in right dorsolateral prefrontal cortex in working memory
tasks (El-Hage et al., 2013), is related to higher social face
than the CG/CC group. The high expressed G allele possibly
facilitates coping with face-related stress via inhibiting auto-
matic goal-irrelevant information (Putman & Roelofs, 2011;
Zuj, Palmer, Malhi, Bryant, & Felmingham, 2017). Thus, dif-
ferent from previous studies that address the influences of
cultural contexts and socioeconomic resources on social face
(Bedford & Hwang, 2013; Yuan & Bond, 2011), we provide
new insights into the individual differences in social face at
genetic level.

This study indicated that the GG genotype of rs41423247
is related to high public self-consciousness. Given that public
self-consciousness and social face such as discrimination ex-
perience and stigmas are positively related to cortisol reactiv-
ity (Busse et al., 2017; Doyle & Molix, 2017; DuBois et al.,
2017; Jackson et al., 2016; Jackson & Steptoe, 2018), the
effects of cortisol on fear of negative evaluation are potential
p s y c hob i o l o g i c a l f o und a t i o n unde r l y i n g t h i s
association between rs41423247 and public self-conscious-
ness. Due to public self-consciousness mediates 73.30% of
the effect of rs41423247 on social face, the findings provide
new perspective on the link between public self-consciousness
and social face the genetic level.

Different from prevoius studies investigating the influences
of demographic characteristics on social face (He & Zhang,
2011; Huang & Wu, 2012), this study addresses the link be-
tween social face and genetic predisposition, as well as the
influences of social contexts. More interestingly, we found
that the influence of rs41423247 on social face remains to
be significant when demographic variables were controlled.
As compared with the acute effect of cortisol reactivity on
social face in situational interactions (Dahm et al., 2017;
Reschke-Hernandez et al., 2017; Turan et al., 2015; Woody
et al., 2018), this genetic effect was more stable. Of note, we
examined the associations between two functional

polymorphisms and social face and did not find the significant
association between rs10052957 and social face. The lack of
significant association possibly is attributed to the low fre-
quencies of the AA and AG genotypes. The extreme imbal-
ance of the genotypes has reduced statistical power (Boks,
Derks, Dolan, Kahn, & Ophoff, 2010; Konstantopoulos,
2010). Moreover, we found that the GG genotype of
rs41423247 is related to higher cortisol level as compared
with the CG/CC groups, while the relationship between corti-
sol level and the genotypes of rs10052957 is not significant
(Table S 7 of Supplementary Materials 3), which can also
explain the lack of the assocation between rs1005257 and
social face.

Several limitations should be mentioned. First, the partici-
pants did not generate income of their own, and their socio-
economic status was largely dependent on the supports from
families. Individuals living in a social context characterized by
high social status were more suitable. Second, due to social
face is highly influenced by cultural contexts, and this study
only shows the relationships in Chinese culture, future studies
should be conducted inWest societies. Third, the Face-scale is
one of the earliest scales for measuring social face. This scale
caught our attention for well revision in Chinese. As more
professional scales have appeared (Leong, Byrne, Hardin,
Zhang, & Chong, 2018; Zhang, Cao, & Grigoriou, 2011),
new tools should be used in future study. Finally, the relation
between cortisol reactivity and social face was examined in a
small sample, which reduced the interpretation of cortisol as a
biomarker of social face. Future studies should be carried out
in large samples.

Conclusion

This study demonstrates the associations of cortisol level and
NR3C1with social face and highlights the mediation of public
self-consciousness in the association between social face and

Fig. 2
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NR3C1 in Chinese culture. These findings suggest a practical
application of cortisol for reducing social anxiety of losing
face.
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