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Abstract

Many people who are stigmatized along concealable features (e.g., sexual minorities or peo-
ple with mental iliness) anticipate social rejection due to their features and associated labels,
and these beliefs are a prominent predictor of psychological distress. While ecological
approaches to stigma research have highlighted the social basis of these two related out-
comes, it typically has focused on the impact of non-stigmatized counterparts. Also embed-
ded in the social environment are similarly-stigmatized others who, in concealing, may be
less accessible to the individual. Given the centrality of psychological distress and rejection
concerns as a relational self-conception in attachment theories, we tested if identity-based
rejection sensitivity and distress may emerge from diminished access to similarly-stigma-
tized others as identity group members. Leveraging the University as a partially-controlled,
naturalistic setting, we collected measures of concealment, identity-based rejection sensitiv-
ity, and psychological distress from undergraduate students in introductory psychology
courses who reported a concealable stigmatized identity (N = 355; k= 15 identity groups).
With concealment aggregated to the level of the identity group, multi-level modeling showed
that concealment by similarly-stigmatized students was positively associated with both indi-
viduals’ identity-based rejection sensitivity and their psychological distress. Moreover, rejec-
tion sensitivity mediated the association of group-level concealment and distress. Findings
suggest that rejection concerns and distress may emerge from identity group inaccessibility
in the social environment, with the association of concerns and distress possibly contextual-
ized by underlying group attachment dynamics. Results reveal the identity group as a novel
source of social influence in the lives of individuals with concealable stigmatized identities.

Introduction

People who are stigmatized along concealable features exhibit variation in socially-salient,
internal processes—such as in sexual attraction, in thought or mood, or in past experiences—
that has been labeled and negatively-stereotyped within the broader culture [1]. Because these
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features are less visually-salient, people are able to conceal them, and the stigmatized individ-
ual can exert agency in determining who knows about their features and thus the likelihood
that they will be used by perceivers to negatively-categorize them [2]. The ability to conceal
features has clear advantages for navigating social life, facilitating the evasion of social rejection
for sexual minorities, people with mental illness, or people who have experienced sexual assault
(e.g., [3]). Yet, many of these people nevertheless report significant preoccupation with social
rejection due to their features and associated labels (e.g., [4, 5]), which is a prominent predictor
of psychological distress (i.e., everyday symptoms of depression and anxiety; [6, 7]). The ability
to conceal appears to come at significant psychological costs for the individual stigmatized
along concealable features.

The individual in context

Attending to these notions in the social construction of stigma [1], ecological approaches to
stigma research have shed light on this predicament. While the mental health consequences of
living in hostile social environments have been a core focus of this contextual research (e.g.,
see [8] for a recent review for sexual minorities), research similarly has highlighted external
sources of heightened rejection concerns, each reflective of hostile social environments [e.g.,
9]. Often, people learn to expect rejection—typically from previous experiences with it, such as
in negative disclosure reactions [10], but also vicariously through observation, such as through
seeing negative media depictions [11]. Indeed, such feedback depends on the actions of others,
as individuals always exist within the context of the social environment. As can be seen in

Fig 1, the stigmatized individual is shaped by (but also shapes) at least two broader levels of
influence. They exist among interpersonal contacts and within the context of structures that

|
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Fig 1. The stigmatized individual in the social environment. Note. The stigmatized individual situated in the social
environment, modified from [12] by differentiating people’s relationship to the stigmatized individual: similarly-
stigmatized or non-stigmatized counterpart. The patterned interpersonal:similarly-stigmatized region indicates the
relative gap in our knowledge.

https://doi.org/10.1371/journal.pone.0309687.g001
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these contacts build or maintain [12]. In multi-level studies, individual expectations of rejec-
tion are predicted by negativity in the environment—captured interpersonally in stereotypes
and prejudice endorsed by non-stigmatized counterparts (e.g., [6, 13]) or by proxy in struc-
tures, such as laws or policies that reflect the negative treatment of stigmatized people in a
given place and time (e.g., [14]). In all, it is not surprising that both expectations of rejection
and psychological distress would be elevated in social contexts where non-stigmatized others
harbor negative views toward people stigmatized similarly to oneself.

Typically absent in this contextual approach, however, is the influence of similarly-stigma-
tized others on the individual. Despite being the targets of stigmatization themselves, how stig-
matized individuals think, feel, and behave within the context of their own stigmatization
likely contributes to the predicament of other stigmatized individuals. Although some research
has examined the impact of similar others in terms of structures (e.g., effect of LGBTQ clubs in
schools on mental health for sexual minorities; [15]), research has not examined their impact
at the interpersonal level. We propose that the social environment can be differentiated based
on people’s relationship to the stigmatized individual (i.e., non-stigmatized counterpart versus
similarly-stigmatized), and that heightened rejection concerns and psychological distress can
reflect the influence of similarly-stigmatized others at the interpersonal level. One way that
these related outcomes may arise is that, when individuals conceal (i.e., make an active effort
to keep their features, labels, or otherwise identities hidden [16]), they may be concealing from
similarly-stigmatized others.

Sometimes when individuals conceal, they have identified specific targets: non-stigmatized
counterparts who hold (or they anticipate holding) stigmatizing views (i.e., disclosing selec-
tively; [17]). However, people are not always cognizant from whom they conceal (i.e., whether
they are non-stigmatized or similarly-stigmatized). Stigmatized or not, the features—such as
sexual attraction or mood—often can be the same across people: internal and thus concealable.
The difference is that some variation in those features, such as same-gender attraction or low
mood, is particularly salient, labeled, and negatively-stereotyped [1]. Thus, in many conceal-
ment situations, the “identity” of the other person in the interaction is ambiguous to the stig-
matized individual. In other situations, expressed stigmatizing views may be a cue and make
the non-stigmatized person known to the stigmatized individual, but there also may be other
people present in these interactions. Again, these bystanders may be similarly-stigmatized, but
because the features are concealable, the individual may not recognize them as such, especially
if these bystanders are themselves concealing. In both of these cases, whether unwitting or col-
lateral, similarly-stigmatized individuals can be in the radius of an individual’s concealment. It
is also important to note, however, that concealment from (suspected) similar others might
proceed intentionally, if the individual does not wish to be associated with them.

Whatever the situational circumstances surrounding an individual’s decision to conceal,
concealment is likely to affect similarly-stigmatized others. While some theorizing has sug-
gested the impact of concealment on stigma reduction among non-stigmatized counterparts
[18], another possibility is that concealment keeps similarly-stigmatized individuals “apart”
from one another as identity group members. Indeed, being stigmatized is theorized to change
the self, as people construct meaning around their stigmatized features and their associated
labels, denoting concealable stigmatized identities [6]. Yet, for many people, the development
or maintenance of a positive identity can be a challenge [10]. In the aggregate, when many
individuals conceal, the group as a whole is more concealed, and one possibility for heightened
rejection concerns and increased psychological distress is that they emerge from individuals’
diminished contact with group members in the social environment. Anxious expectations of
social rejection may represent a negative identity self-conception emergent from (or amplified
in the context of) diminished access to similarly-stigmatized others. It may be that this
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underlying group-self dynamic, in turn, facilitates psychological distress for individuals with
concealable stigmatized identities.

Identity-based rejection sensitivity

The idea that rejection concerns could indicate an underlying identity construct, derived in
relation to other people, coheres with classic conceptualizations of rejection sensitivity. In per-
sonality psychology, rejection sensitivity is theorized as the manifestation of attachment anxi-
ety [19], which is a facet of self [20]. People high in rejection sensitivity not only are worried
about rejection, but they also perceive it in ambiguous situations and often have intense emo-
tional reactions to it [19]. Rejection sensitivity is a function of two appraisals: beliefs in the like-
lihood of rejection (cognitive component) and concerns that it will happen (affective
component). The affective component is theorized to interact with the cognitive to produce
the rejection sensitivity dynamic: a cross-situational, trait-like disposition to expect rejection.
This dynamic is in line with conceptualizations of attachment anxiety [20], which represents
generalized relationship insecurity rooted in a negative self-conception. While stigma research
on rejection concerns sometimes has adopted the measurement of various forms of stigima-
related rejection sensitivity [e.g., 4, 5], examining the impact of rejection concerns due to a fea-
ture, label, or otherwise identity, typically this research has not explored the broader theoreti-
cal implications of the construct: its basis in attachment anxiety.

Attachment anxiety is characterized by increased vigilance for information that confirms
negative beliefs about the self in relationships [20]. Corresponding to perceptions of the self
as unworthy of love, care, and acceptance, attachment anxiety is a consistent predictor of
psychological distress [21]. Although attachment processes are typically conceptualized as
intra-individual constructs (e.g., attachment styles; [22]), attachment is an interpersonal phe-
nomenon. Positive attachment relationships are what provide a secure base for people to
explore the world with reduced rejection concerns [23, 24], inspiring confidence in the self
as worthy of love, care, and acceptance from others [25]. Classically, the secure base relation-
ship is the childhood bond with primary caregivers [23, 24, 26], but attachment dynamics
also have been shown to operate at the group-level [27, 28], and recent theorizing has posited
that stigmatized groups may play a secure base role for stigmatized individuals navigating
intergroup contexts [29]. Thus, in line with its basis in attachment theory [19], identity-based
rejection sensitivity may emerge from thwarted group attachment dynamics. We note that,
although people are likely sensitive to rejection based on features and their labels, we use
“identity-based rejection sensitivity” in this article to highlight the construct’s basis in self-
perception. For individuals with concealable stigmatized identities, concealment likely
undermines secure attachment relationships among group members, and without the group,
individuals may have fewer resources for building the confidence to navigate the world with
attenuated rejection concerns.

Current research

In the current research, we synthesize these ideas to examine the identity group as an external
source of rejection concerns and psychological distress for individuals with concealable stig-
matized identities. We propose that these concerns can represent identity-based rejection sen-
sitivity, reflecting a negative identity self-conception derived through diminished access to
similarly-stigmatized others as group members. Although it is individuals who conceal, this
individual-level behavior can have social consequences in the aggregate, such that the group in
the social environment is more concealed. In the collective, concealment may keep proximate,
similarly-stigmatized people “apart” from one another, and these higher-level, group processes
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may shape the self to impact psychological well-being. Ultimately, a broadened conception of
the social environment to include similarly-stigmatized others could provide greater insight
into the origin (or maintenance) of heightened rejection concerns and their prediction of psy-
chological distress for individuals with concealable stigmatized identities. Here, we hypothe-
sized that concealment by identity group members would contextualize the association of
identity-based rejection sensitivity and psychological distress for individuals.

Methods
Recruitment and enrollment

We collected measures of active concealment, identity-based rejection sensitivity, and psycho-
logical distress from students in the psychology participant pool at the University of Connecti-
cut in the Spring 2022 semester. Every semester, the psychology department offers a handful of
introductory psychology classes, and all students are required to complete several research
studies for partial course credit. Because they are classmates, participants recruited from the
participant pool plausibly could interact with and know one another (but perhaps not one
another’s identities). The participant pool then can provide a mechanism to conduct a par-
tially-controlled, naturalistic study of how individuals impact one another, with the group-level
dynamics that emerge in these datasets meaningfully reflecting participants’ broader social
environment. While the degree to which the broader University is self-contained is likely to
dictate the utility of this recruitment strategy, the University of Connecticut is located in a very
rural college town (~17,000 residents) and requires all first-year students to live on campus.

To examine our group-level hypotheses, it was necessary to maximize the number of groups
in the sample. In multi-level modeling, determining sample size is complex. One review paper
suggests that at least 15 groups with 5-30 observations each can suffice for unbiased fixed
effects [30]. At the beginning of each semester, a few weeks before research studies become
available in the online participant pool interface, all students complete an online pre-screening
survey during class (i.e., mass testing). Researchers can opt to include various questions in this
survey to suit their research needs (i.e., measure inclusion or exclusion criteria). To inform
our recruitment efforts, we included several questions in order to estimate the prevalence of 16
concealable stigmatized identities in the entire participant pool population. We used these
data to devise a ranked-ordered priority list for our subsequent study recruitment (see S1
Appendix). For each of our 16 identity groups (see Table 1), we aimed to enroll 20 participants
per group, but given norms in the literature [30], we retained groups with at least five
participants.

Once the online participant pool interface became active, our study was made visible to all
students in the participant pool, listed among all others offered that semester. Individuals who
signed up for our study read an information sheet and first provided informed consent to
complete an anonymous, online identity screening checklist to determine their eligibility. This
checklist included our targeted identities, as well as several “filler” identities. If participant
endorsed one of our targeted identities, they were eligible to participate in our study and
answered questions about that identity in the main survey. In order to ensure our recruitment
goal, any participant who endorsed multiple targeted identities on our screening checklist was
assigned a group. In these instances, participants answered questions for whichever of their
endorsed identities ranked highest on our recruitment priority list (i.e., least prevalent among
students in the participant pool).

Among the students who completed the screening checklist, 554 individuals were prelim-
inarily-eligible and elected to participate in the main survey. Of these participants, 413 con-
firmed their endorsed identity from the screening checklist, answering in the affirmative to a
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Table 1. Sample composition and concealment dynamics in the social environment (N = 355).

Sample Active
Prevalence Concealment

Identity Group n (%) M (SD)
Sexual Assault 30 (8.5) 2.0 (0.6)
Childhood Emotional Abuse 29 (8.2) 2.2 (0.8)
Nicotine Addiction 27 (7.6) 1.4 (0.3)
ADHD 27 (7.6) 1.6 (0.6)
Bisexual 27 (7.6) 1.5(0.7)
OCD 26 (7.3) 1.6 (0.4)
Anxiety Disorder 25 (7.0) 2.2(0.7)
Asthma 24 (6.8) 1.2 (0.2)
Self-Injury 24 (6.8) 2.5(0.9)
Inflammatory Bowel Disease 23 (6.5) 1.6 (0.8)
Pornography Addiction 23 (6.5) 2.2 (0.8)
Poverty 22 (6.2) 1.8 (0.7)
Major Depression 18 (5.1) 2.5(0.8)
Anorexia Nervosa 17 (4.8) 2.0 (0.9)
Drug Dependence 13 (3.7) 2.1(0.8)

https://doi.org/10.1371/journal.pone.0309687.t001

direct question about identity possession. Other than this question, participants were not
given any feedback on which responses on the checklist rendered them eligible to participate.
They were simply asked to confirm the singular targeted identity they endorsed (or that was
assigned). A total of 396 individuals completed the survey. Thirteen participants participated
twice, so we retained the first submission. Of 383 unique participants, 365 correctly answered
two item-level attention checks (We excluded these 18 participants, but results remain the
same in robustness analyses; see S1 Appendix). We also excluded seven participants with miss-
ing data for concealment, rejection sensitivity, or distress. Finally, we did not recruit at least
five participants for a final group (bulimia nervosa; n = 3) and excluded these participants.

The analytic sample consisted of 355 participants. Using simr [31] to simulate our data
structure and a small-to-medium effect size (10,000 simulations; B = 0.2), we had 94.60% CI
[94.14, 95.03] power to detect the association between group-level concealment and psycho-
logical distress. Most participants identified as White (74.6%), followed by Asian (9.0%), Black
(8.7%), Multiracial (4.2%), and Native American or Hawaiian (0.9%). The minority (15.5%)
identified as Hispanic. Most participants (67.6%) identified as women, while the remaining
participants were male-identified (30.7%), with some genderqueer (0.6%) individuals and peo-
ple identifying with multiple genders (0.9%). Of note, these values reflect valid percentages, as
nine participants had missing sociodemographic data for one or more variables. Participants
reported an average 19.0 (SD = 1.4) years of age. Finally, most participants were completely
embedded in the University ecosystem, with 90.3% of participants reporting living on-campus.
The remaining students lived off-campus with University peers (5.9%) or off-campus with oth-
ers (3.9%). The study was not pre-registered. Data, code, and materials are available at https://
osf.io/kr654/.

Procedure

On the main study landing page, participants provided informed consent to complete an
anonymous, online survey regarding their identity and well-being. They read an information
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sheet and decided whether to proceed. In the measures, wherever an identity or group was
mentioned in a question stem, the participant’s specific identity or identity group was inserted.
Measures were administered in the order described below. After the 15-minute survey, partici-
pants were debriefed, provided mental health referrals, and allocated partial course credit. The
Institutional Review Board at the University of Connecticut approved all study materials and
procedures.

Measures

Active concealment. To measure active concealment, we administered the Quinn Active
Concealment Scale [16]. This 15-item measure assesses the frequency with which people
employ various strategies to conceal and/or exert energy to keep their stigmatized features,
labels, or otherwise identities hidden from others. Participants responded on a scale from 1
(never) to 5 (always). The scale midpoint was labeled half of the time, flanked between some-
times and most of the time. Example items included: “To keep {identity} hidden from people, I
use vague language when talking about my personal life,” “I try to act just the opposite of the
ways that {identity group} are ‘supposed’ to act,” and “If the topic of conversation is about
{identity group}, I just keep quiet and say nothing.” Critically, each item referred to conceal-
ment behavior at the University and in the company of others at the University, which contex-
tualized the concealment behavior of identity group members in the immediate, social
environment. Responses were averaged (o = .91).

Identity-based rejection sensitivity. We adapted the six social rejection items from the
anticipated stigma scale [6]. This scale assesses people’s beliefs in the likelihood of social rejec-
tion and stigmatization-devaluation if others knew their identity. We also collected items for
the latter factor (see S1 Appendix for analyses with this variable). Because we were interested
in tapping a trait-like disposition to anxiously expect rejection due to an identity, we asked
participants to consider the six rejection situations in general. We modeled items after the
original rejection sensitivity measure [19] and its extensions to stigmatized identities (e.g.,

[4, 5]). For each situation, participants first rated their concern (“In general, how concerned
are you that people would not want. . .because of [identity]?”) and then their perceptions of its
likelihood (“In general, how likely is it that people would not want . . .because of [identity]?”).
The specific situations appeared in the ellipsis.

An example situation was “to study or work with you.” This was the one modification we
made from the anticipated stigma scale, as “friends stop hanging out with you” hinged specifi-
cally on others discovering the identity. For both concern and likelihood, responses were mea-
sured on 6-point bipolar scales, ranging from 1 (very unconcerned/unlikely) to 6 (very
concerned/likely). The bivariate association between averages for concern (o = .93) and likeli-
hood (o = .92) variables was high, B = .81, p < .001. As in the classic operationalization [19],
concern and likelihood ratings for each situation were multiplied. These six concern-likeli-
hood products (o = .93) were averaged to give an identity-based rejection sensitivity score.

Psychological distress. As in previous research with concealable stigmatized identities
[6, 7], we operationalized psychological distress with symptoms of depression and anxiety and
administered the widely-used Center for Epidemiological Studies-Depression (CES-D; [32])
and the Spielberger Trait Anxiety Inventory (STAIL [33]) scales. For the 20 items of the CES-D,
participants indicated the frequency with which they experienced a variety of symptoms in the
past two weeks on a scale from 0 (rarely or none of the time) to 3 (most or all of the time). With
the STAL participants indicated the frequency of 20 symptoms in general, with frequency
ranging from 1 (almost never) to 4 (almost always). While often used separately to screen for
potential anxiety or depressive disorders, there is significant overlap in the scales’ contents.
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Thus, we did not focus on discriminant prediction of the CES-D (o = .92) and the STAI (o =
.93), which were highly associated, B = .81, p < .001. Rather, we took the sum of standardized
values for all items across the scales for a psychological distress composite (o = .96).

Additional variables

We included a few exploratory variables alongside our measures of interest. See S1 Appendix.

Analyses

Analyses were conducted in a few steps. We first obtained descriptive statistics and bivariate
associations between study variables. Bivariate associations are reported as standardized
regression coefficients from mixed regression models, because participants were clustered
within groups. Then, we prepared a dataset to describe the concealment dynamics in the social
environment and to examine its proposed contextualizing role. In the absence of best practices
for quantifying the confounding effect of a variable (i.e., contextualizing the relationship
between two variables with a third), we examined a mediation model, as confounding and
mediation are statistically equivalent [34], with both highlighting the interrelationship among
three variables. To test this prediction, we conducted a 2-1-1 mediation model [35], examining
the predictive power of concealment (Level 2) on levels of identity-based rejection sensitivity
(Level 1) and psychological distress (Level 1) outcomes. To show that rejection sensitivity
mediates a potential relationship between group-level concealment and distress would suggest
that the association between sensitivity and distress may be contextualized by (and emerge
from) concealment dynamics in the social environment.

Modeling the influence of the identity group in the social environment. To examine
the influence of group members in the social environment on the stigmatized individual, we
prepared a multi-level dataset. First, we quantified the concealment dynamics of the social
environment. To do so, we calculated the average concealment score for each of the 15 identity
groups in the sample. Each individual participant was then assigned the derived group-level
concealment score for their identity group. This group-level variable—shared among all mem-
bers in an identity group in the sample—estimated the extent to which identity group mem-
bers in the University environment (or at minimum, the social environment of their
introductory psychology course) actively concealed. Greater levels of group-level active con-
cealment were taken to indicate less accessibility of group members in the participants’ social
environment. These values are displayed in Table 1.

Next, we derived the within-group component of our concealment variable. This partition-
ing of the concealment variable accommodates the structure of the data [36] and permits locat-
ing where an association occurs: aggregate concealment scores capture the between-group
component, but the within-group effect is estimated at the individual-level by subtracting the
identity group average from the concealment score for each individual participant in that
group. By defining each individual’s score relative to their group, group-mean-centering means
that individuals’ concealment scores are compared only to other group members, accounting
for the specific features, label, or otherwise identity concealed. In simultaneous regression
models, components control for one another, and the magnitude of the between- and within-
group effects can meaningfully be compared [36]. This comparison tests whether the behavior
of the group is a strong, independent facilitator of the association between identity-based rejec-
tion sensitivity and psychological distress—above and beyond the influence at the individual-
level. Thus, all regression models included both between-group and within-group conceal-
ment components.
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Multi-level mediation analysis. We examined the proposed 2-1-1 mediation model fol-
lowing the four-step, regression-based approach to mediation [37]. First, group-level conceal-
ment was examined as a predictor of psychological distress (total effect). Second, group-level
concealment was examined as a predictor of identity-based rejection sensitivity (path a).
Third, rejection sensitivity was examined as a predictor of distress (path b), controlling for
group-level concealment (direct effect). Finally, merely to highlight the interrelationship of the
three variables, we used the mediation package [38] in R to calculate the indirect effect of
group-level concealment on distress through rejection sensitivity (parameter ab) using 5,000
simulations. A significant mediation would support the contextual role of group-level conceal-
ment in the association of sensitivity and distress. All analyses controlled for group-mean-cen-
tered concealment, and to account for the non-independence of group members, mixed
regression models were used with the Ime4 [39] and ImerTest [40] R packages, specifying the
identity group as a random intercept.

Results
Sample characteristics

Bivariate associations among variables and descriptive information are provided in Table 2. In
this sample, psychological distress was high. Based on diagnostic thresholds for mild-to-mod-
erate depression and anxiety, two-thirds of participants (65.9%) met criteria for depression
(M =21.9, SD = 12.1), and four-fifths (80.0%) for anxiety (M = 49.7, SD = 11.4). The range in
active concealment is displayed in Table 1. Values varied by identity group. Participants were
not extremely sensitive to identity-based rejection, as the average situational concern-likeli-
hood product placed participants in the first quartile of possible rejection sensitivity scores
(possible range 1-36). Cross-situational concern (M = 2.7, SD = 1.4) and likelihood (M = 2.5,
SD = 1.2) ratings were similar.

Multi-level mediation

Results from mixed regression models testing the contextual role of group-level concealment
are presented in Table 3. Results supported hypotheses. Identity-based rejection sensitivity was
associated with increased psychological distress, and group-level concealment was positively
associated with both variables, suggesting its contextualizing role.

This contextual role was further supported by simulations for the indirect effect, which
showed that rejection sensitivity mediated 32.3% of the association between group-level con-
cealment and distress. Notably, individual-level concealment (i.e., group-mean-centered con-
cealment) was a weaker predictor of both rejection sensitivity and distress than at the group-
level. For example, group-level concealment was associated with distress at a magnitude almost
two to three times greater, depending on the path tested. Results are depicted with standard-
ized regression coefficients in Fig 2.

Table 2. Bivariate associations and descriptive information.

1 2 3 M (SD)
1. Group-Level Concealment - 1.9 (0.4)
2. Rejection Sensitivity .36 - 8.7 (7.5)
3. Psychological Distress .34 40 - 0.0 (24.8)

Note. All ps < .001

https://doi.org/10.1371/journal.pone.0309687.t002
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Table 3. Results from mixed models testing the contextual role of group-level concealment.

Group-Level Concealment

GMC Concealment

Identity-Based Rejection Sensitivity

Total Effect:

Group-Level Concealment

GMC Concealment

Indirect Effect:

Group-Level through Rejection Sensitivity

Note. GMC = Group-Mean-Centered

https://doi.org/10.1371/journal.pone.0309687.t003

Interpersonal

Individual

Identity-Based Psychological
Rejection Sensitivity Distress
B SE p B SE p
6.95 1.15 <.001 14.40 3.37 <.001
5.42 0.48 <.001 5.48 2.02 .007
- - - 1.00 0.19 <.001
- - - 21.31 3.48 <.001
- - - 10.88 1.80 <.001
ab 95% CI
6.93 3.76, 10.61

Discussion

Even though their identities are based on labeled features that are less visually-salient, people
with concealable stigmatized identities report significant concerns about identity-based rejec-
tion [6], and these concerns are a prominent predictor of psychological distress [7]. Drawing
from attachment theory, we proposed that these anxious beliefs partially persist because they
reflect a negative self-conception based in group attachment dynamics. While concealment
can prevent social rejection, it may also inhibit the ability to form secure attachment relation-
ships with identity group members, exacerbating rejection sensitivity and undermining mental
health. In the current research, we found that the association of identity-based rejection sensi-
tivity and psychological distress could be partially traced to concealment by one’s group mem-
bers in the social environment. Our data uncover an additional facet to the predicament of
living with a concealable stigmatized identity [6]. With less access to group members, people
may be even less confident to navigate the world with their stigmatized identities and experi-
ence diminished mental health.

A prominent finding from our data is that concealment at both the group- and individual-
level predicted outcomes of rejection sensitivity and psychological distress, controlling for the

Concealment
Behavior
37 23 (.34)
Identity-Based Psychological
Rejection Sensitivity Distress

.30

Fig 2. Impact of concealment by similarly-stigmatized others in the social environment. Note. All ps < .001; Total effect in parentheses.

https://doi.org/10.1371/journal.pone.0309687.9002
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other. It would stand to reason that individual-level concealment could contextualize the asso-
ciation of sensitivity and distress: as individuals conceal from (presumably) non-stigmatized
individuals, they encounter fewer opportunities to gather evidence that people are not as
rejecting as they anticipate [41], as well as present fewer opportunities to be identified by
group members. Yet, the mechanism appears strongly to implicate other group members, as
group-level concealment outperformed the individual-level component in predicting both
outcomes. Rather than the individual’s own actions, it is the behavior of the group, as a whole,
that more strongly contextualizes the association of sensitivity and distress for individual
group members. Although stigma research typically locates processes and outcomes in indi-
viduals [12], this finding partially absolves the individual, unveiling the strong role of the
group in shaping individual-level outcomes. The irony, however, is that while individual-level
concealment contributes less than at the level of the group, it still is individuals whose conceal-
ment behavior aggregates at the group-level.

As our group-level results contextualize an association central in attachment theory (e.g.,
[21]), they prompt questions for future theoretical work. Namely, does group-level conceal-
ment undermine the quantity or quality of group relationships? Classically, attachment pro-
cesses are considered to reflect the quality of existing relationships [23, 24, 26]. Greater
concealment may be indicative of existing relationships with group members who provide
unreliable, inconsistent access to positive relationships. Those who conceal may aim to shield
themselves from rejection from non-stigmatized counterparts, but they may also aim to dis-
tance themselves from group members, and such behavior could undermine secure group
attachment. Indeed, not only does identity-based rejection sensitivity prominently predict dis-
tress for sexual minority men [4], but recent research highlights that their group relationships
can be distressing, as sexual minority men often compete in a variety of ways to distinguish
and distance themselves from one another [42]. The fact that strained group relationships and
rejection sensitivity both predict distress for many sexual minority men mirrors the three-vari-
able, group-level process (i.e., group concealment) shown in the current research, possibly sug-
gesting underlying diminished secure (group) relationships for these men.

However, a strict quality argument depends on existing group attachment relationships.
Concealment likely undermines the establishment of these relationships by impacting both the
quantity and quality of relationships. The more that group members in the environment con-
ceal, the fewer opportunities to access potential attachment figures—the quantity of relation-
ships. However, even in the absence of concealment, a larger pool of identifiable, potential
attachment figures does not necessarily mean that those group relationships would yield a
secure group attachment for a particular individual. Like the formation of any close relation-
ship, multiple personality and individual factors contribute to this outcome for two people
with the same identity. However, with more identifiable, potential attachment figures in the
environment, the greater the likelihood that one or more group member relationships will fos-
ter secure group attachment. Concealment then likely reduces the conditional probability of
encountering a group member who could foster secure group attachment. Although attach-
ment at the group level [27, 28] and its secure base capacity [29] have been documented, future
research should examine explicitly if attachment dynamics are at play in the associations
shown in the current research and how concealable stigmatized identity group attachment
diverges from classic relationship contexts.

Limitations

The current research does have some limitations. These data are cross-sectional, precluding
conclusions about directions between variables. We propose that, in the context of group

PLOS ONE | https://doi.org/10.1371/journal.pone.0309687 September 11, 2024 11/15


https://doi.org/10.1371/journal.pone.0309687

PLOS ONE

Group-level concealment of stigmatized identities

members’ concealment, sensitivity is the predictor of distress, but distress may also predict
sensitivity: cognitive biases in depression and anxiety can shape people’s anticipation of rela-
tional threat [43, 44]. It is also possible that distress among individuals predicts concealment,
which may then be reflected in group-level averages of concealment in the social environment.
People vary in their tendency to conceal distress [45], which may extend to their features,
labels, or otherwise identities due to concerns of being “outed.” Finally, although our use of
multi-level mediation analysis was meant simply to test for a significant interrelationship
among all three variables, there are noted limitations to mediation analysis as a tool for exam-
ining third-variable relationships, in addition to their limitations in determining causality

[46]. Future research may wish to employ additional methods (e.g., longitudinal designs or dif-
ferent approaches to contextual analysis) to increase confidence in directions and relationships
among the variables explored in these studies.

There are also constraints on generalizability. The process seen here may depend on the
developmental characteristics specific to our sample. Undergraduate matriculation typically
occurs at the end of adolescence [47]. Due to their age, participants may not have been living
with their identities for long and thus may have yet to establish many group relationships,
making it a high priority for them. Similarly, college marks a significant developmental mile-
stone, as people assume newfound independence apart from childhood origins [47]. Even if
they have developed group relationships, the thrust into the undergraduate environment can
be a significant stressor, as people often must update relationships and support systems with
new relationships. In contrast, participants in a community sample would likely be much
older and would likely not be in the midst of a significant transition, and patterns among the
variables in the current research may be less pronounced. Thus, although the sampling of
undergraduate psychology students allowed a naturalistic, partially-controlled test of our
hypothesis, the process observed here may be an artefact of participants’ developmental cir-
cumstances and the study setting. Future research should evaluate the generalizability of the
current findings.

Conclusions

This research is some of the first to consider the role of the identity group in shaping the pre-
dicament of living with a concealable stigmatized identity. Our findings provide some context
for the association of identity-based rejection sensitivity and psychological distress, suggesting
that it may partially reflect (thwarted) attachment relationships with group members. With
some exceptions, mainly studies measuring structural indications of prejudicial environments
facilitated by non-stigmatized counterparts (see [48]), stigma research often does not situate the
individual within the broader social context. Our research not only situates the individual in
the broader social environment but locates these external influences more proximally than
structures and considers the opposite perspective, examining how similarly-stigmatized others
in the social environment—the identity group context—shape the individual. Our aim in the
current research was to broaden and diversify the scope of stigma research. In leveraging a
social-developmental, multi-level framework, we hoped to advance our understanding of the
predicament of living with a concealable stigmatized identity [6].

Supporting information

S1 Appendix.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0309687 September 11, 2024 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309687.s001
https://doi.org/10.1371/journal.pone.0309687

PLOS ONE

Group-level concealment of stigmatized identities

Author Contributions

Conceptualization: Andrew C. Cortopassi, Diane M. Quinn.
Data curation: Andrew C. Cortopassi.

Formal analysis: Andrew C. Cortopassi, Gandalf Nicolas.
Investigation: Andrew C. Cortopassi.

Methodology: Andrew C. Cortopassi, Diane M. Quinn.
Project administration: Andrew C. Cortopassi.
Supervision: Diane M. Quinn, Gandalf Nicolas.

Writing - original draft: Andrew C. Cortopassi.

Writing - review & editing: Diane M. Quinn, Gandalf Nicolas.

References
1. Link BG, Phelan JC. Conceptualizing stigma. Annual Review of Sociology. 2001; 27(1):363-85.

2. Jones EE, Farina A, Hastorf AH, Markus H, Miller DT, Scott RA. Social stigma: The psychology of
marked relationships. W.H. Freeman; 1984.

3. Quinn DM. Concealable versus conspicuous stigmatized identities. In: Levin S, Van Laar C, editors.
Stigma and group inequality. Psychology Press; 2006. pp. 97—118.

4. Pachankis JE, Goldfried MR, Ramrattan ME. Extension of the rejection sensitivity construct to the inter-
personal functioning of gay men. J Consult Clin Psychol. 2008; 76(2):306—-317. Available from: https://
doi.org/10.1037/0022-006X.76.2.306 PMID: 18377126

5. Rheinschmidt ML, Mendoza-Denton R. Social class and academic achievement in college: The inter-
play of rejection sensitivity and entity beliefs. J Pers Soc Psychol. 2014; 107(1):101-121. Available
from: https://doi.org/10.1037/a0036553 PMID: 24956316

6. Quinn DM, Chaudoir SR. Living with a concealable stigmatized identity: The impact of anticipated
stigma, centrality, salience, and cultural stigma on psychological distress and health. J Pers Soc Psy-
chol. 2009; 97(4):634—651. Available from: https://doi.org/10.1037/a0015815 PMID: 19785483

7. Quinn DM, Williams MK, Quintana F, Gaskins JL, Overstreet NM, Pishori A, et al. Examining effects of
anticipated stigma, centrality, salience, internalization, and outness on psychological distress for people
with concealable stigmatized identities. PLoS ONE. 2014; 9(5):e96977. Available from: https://doi.org/
10.1371/journal.pone.0096977 PMID: 24817189

8. Hatzenbuehler M. L., Lattanner M. R., McKetta S., & Pachankis J. E. (2024). Structural stigma and
LGBTQ+ health: a narrative review of quantitative studies. The Lancet Public Health, 9(2), e109—e127.
https://doi.org/10.1016/S2468-2667(23)00312-2 PMID: 38307678

9. BaamsL, Kiekens WJ, Fish JN. The rejection sensitivity model: Sexual minority adolescents in context.
Arch Sex Behav. 2020; 49:2259-2263. Available from: https://doi.org/10.1007/s10508-019-01572-2
PMID: 31664554

10. QuinnD. M., & Earnshaw V. A. Concealable stigmatized identities and psychological well-being. Soc
Personal Psychol Compass. 2013; 7(1):40-51. https://doi.org/10.1111/spc3.12005 PMID: 23730326

11.  Pachankis JE, Jackson SD. A developmental model of the sexual minority closet: Structural sensitiza-
tion, psychological adaptations, and post-closet growth. Arch Sex Behav. 2023; 52(5):1869-1895.
Available from: https://doi.org/10.1007/s10508-022-02381-w PMID: 35978203

12. Cook JE, Purdie-Vaughns V, Meyer IH, Busch JT. Intervening within and across levels: A multilevel
approach to stigma and public health. Soc Sci Med. 2014; 103:101-109. https://doi.org/10.1016/j.
socscimed.2013.09.023 PMID: 24513229

13. Miller CT, Grover KW, Bunn JY, Solomon SE. Community norms about suppression of AIDS-related
prejudice and perceptions of stigma by people with HIV or AIDS. Psychol Sci. 2011; 22(5):579-583.
Available from: https://doi.org/10.1177/0956797611404898 PMID: 21478473

14. vander Star A, Brénstrom R, Pachankis JE. Lifecourse-varying exposure to structural stigma, minority
stress reactions, and mental health among sexual minority male migrants. Eur J Public Health. 2021; 31
(4):803-808. Available from: https://doi.org/10.1093/eurpub/ckab032 PMID: 34008014

PLOS ONE | https://doi.org/10.1371/journal.pone.0309687 September 11, 2024 13/15


https://doi.org/10.1037/0022-006X.76.2.306
https://doi.org/10.1037/0022-006X.76.2.306
http://www.ncbi.nlm.nih.gov/pubmed/18377126
https://doi.org/10.1037/a0036553
http://www.ncbi.nlm.nih.gov/pubmed/24956316
https://doi.org/10.1037/a0015815
http://www.ncbi.nlm.nih.gov/pubmed/19785483
https://doi.org/10.1371/journal.pone.0096977
https://doi.org/10.1371/journal.pone.0096977
http://www.ncbi.nlm.nih.gov/pubmed/24817189
https://doi.org/10.1016/S2468-2667%2823%2900312-2
http://www.ncbi.nlm.nih.gov/pubmed/38307678
https://doi.org/10.1007/s10508-019-01572-2
http://www.ncbi.nlm.nih.gov/pubmed/31664554
https://doi.org/10.1111/spc3.12005
http://www.ncbi.nlm.nih.gov/pubmed/23730326
https://doi.org/10.1007/s10508-022-02381-w
http://www.ncbi.nlm.nih.gov/pubmed/35978203
https://doi.org/10.1016/j.socscimed.2013.09.023
https://doi.org/10.1016/j.socscimed.2013.09.023
http://www.ncbi.nlm.nih.gov/pubmed/24513229
https://doi.org/10.1177/0956797611404898
http://www.ncbi.nlm.nih.gov/pubmed/21478473
https://doi.org/10.1093/eurpub/ckab032
http://www.ncbi.nlm.nih.gov/pubmed/34008014
https://doi.org/10.1371/journal.pone.0309687

PLOS ONE

Group-level concealment of stigmatized identities

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hatzenbuehler ML, Birkett M, Van Wagenen A, Meyer |H. Protective school climates and reduced risk
for suicide ideation in sexual minority youths. Am J Public Health. 2014; 104(2):279-286. Available
from: https://doi.org/10.2105/AJPH.2013.301508 PMID: 24328634

Quinn DM, Weisz BM, Lawner EK. Impact of active concealment of stigmatized identities on physical
and psychological quality of life. Soc Sci Med. 2017; 192:14—17. Available from: https://doi.org/10.1016/
j.socscimed.2017.09.024 PMID: 28941787

Bos AE, Kanner D, Muris P, Janssen B, Mayer B. Mental illness stigma and disclosure: Consequences
of coming out of the closet. Issues in mental health nursing. 2009 Jan 1; 30(8):509—13. https://doi.org/
10.1080/01612840802601382 PMID: 19591025

Pasek MH, Filip-Crawford G, Cook JE. Identity concealment and social change: Balancing advocacy
goals against individual needs. Journal of Social Issues. 2017 Jun; 73(2):397—41

Downey G, Feldman SI. Implications of rejection sensitivity for intimate relationships. J Pers Soc Psychol.
1996; 70(6):1327—-1343. Available from: https://doi.org/10.1037//0022-3514.70.6.1327 PMID: 8667172

Bartholomew K, Horowitz LM. Attachment styles among young adults: A test of a four-category model.
J Pers Soc Psychol. 1991; 61(2):226-244. Available from: https://doi.org/10.1037//0022-3514.61.2.226
PMID: 1920064

Zhang X, Li J, Xie F, Chen X, Xu W, Hudson NW. The relationship between adult attachment and men-
tal health: A meta-analysis. J Pers Soc Psychol. 2022; 123(5):1089—1137. Available from: https://doi.
org/10.1037/pspp0000437 PMID: 36201836

Brennan KA, Clark CL, Shaver PR. Self-report measurement of adult attachment: An integrative over-
view. In: Simpson JA, Rholes WS, editors. Attachment theory and close relationships. The Guilford
Press; 1998. pp. 46-76.

Bowlby J. Attachment and loss: Vol. 1. Attachment. Basic Books; 1969.
Bowlby J. Attachment and loss: Vol. 2. Separation. Basic Books; 1973.

Waters HS, Waters E. The attachment working models concept: Among other things, we build script-
like representations of secure base experiences. Attach Hum Dev. 2006; 8(3):185-197. Available from:
https://doi.org/10.1080/14616730600856016 PMID: 16938702

Ainsworth MDS, Blehar MC, Waters E, Wall S. Patterns of attachment: A psychological study of the
strange situation. Lawrence Erlbaum; 1978.

Prentice DA, Miller DT, Lightdale JR. Asymmetries in attachments to groups and to their members: Dis-
tinguishing between common-identity and common-bond groups. Pers Soc Psychol Bull. 1994; 20
(5):484—-493. Available from: https://doi.org/10.1177/0146167294205005

Smith ER, Murphy J, Coats S. Attachment to groups: Theory and measurement. J Pers Soc Psychol.
1999; 77(1):94—110. Available from: https://doi.org/10.1037//0022-3514.77.1.94 PMID: 10434410

Tropp LR. Crossing to safety: Attachment processes in intergroup contact. Journal of Social Issues.
2021 Mar; 77(1):86-104.

McNeish DM, Stapleton LM. The effect of small sample size on two-level model estimates: A review
and illustration. Educational Psychology Review. 2016 Jun; 28:295-314.

Green P, MacLeod CJ. SIMR: An R package for power analysis of generalized linear mixed models by
simulation. Methods in Ecology and Evolution. 2016 Apr; 7(4):493-8.

Radloff LS. The CES-D Scale: A self-report depression scale for research in the general population.
Appl Psychol Meas. 1977; 1(3):385—401. Available from: https://doi.org/10.1177/014662167700100306

Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. Manual for the State-Trait Anxiety
Inventory. Consulting Psychologists Press; 1983.

MacKinnon DP, Krull JL, Lockwood CM. Equivalence of the mediation, confounding and suppression
effect. Prev Sci. 2000; 1:173-181. Available from: https://doi.org/10.1023/a:1026595011371 PMID:
11523746

Krull JL, MacKinnon DP. Multilevel modeling of individual and group level mediated effects. Multivariate
Behav Res. 2001; 36(2):249-277. Available from: https://doi.org/10.1207/S15327906MBR3602_06
PMID: 26822111

Enders CK, Tofighi D. Centering predictor variables in cross-sectional multilevel models: A new look at
an old issue. Psychol Methods. 2007; 12(2):121-138. Available from: https://doi.org/10.1037/1082-
989X.12.2.121 PMID: 17563168

Baron RM, Kenny DA. The moderator—-mediator variable distinction in social psychological research:
Conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986; 51(6):1173-1182.
Available from: https://doi.org/10.1037//0022-3514.51.6.1173 PMID: 3806354

Tingley D, Yamamoto T, Hirose K, Keele L, Imai K. mediation: R package for causal mediation analysis.
J Stat Softw. 2014; 59(5):1-38. Available from: https://doi.org/10.18637/jss.v059.i0

PLOS ONE | https://doi.org/10.1371/journal.pone.0309687 September 11, 2024 14/15


https://doi.org/10.2105/AJPH.2013.301508
http://www.ncbi.nlm.nih.gov/pubmed/24328634
https://doi.org/10.1016/j.socscimed.2017.09.024
https://doi.org/10.1016/j.socscimed.2017.09.024
http://www.ncbi.nlm.nih.gov/pubmed/28941787
https://doi.org/10.1080/01612840802601382
https://doi.org/10.1080/01612840802601382
http://www.ncbi.nlm.nih.gov/pubmed/19591025
https://doi.org/10.1037//0022-3514.70.6.1327
http://www.ncbi.nlm.nih.gov/pubmed/8667172
https://doi.org/10.1037//0022-3514.61.2.226
http://www.ncbi.nlm.nih.gov/pubmed/1920064
https://doi.org/10.1037/pspp0000437
https://doi.org/10.1037/pspp0000437
http://www.ncbi.nlm.nih.gov/pubmed/36201836
https://doi.org/10.1080/14616730600856016
http://www.ncbi.nlm.nih.gov/pubmed/16938702
https://doi.org/10.1177/0146167294205005
https://doi.org/10.1037//0022-3514.77.1.94
http://www.ncbi.nlm.nih.gov/pubmed/10434410
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1023/a%3A1026595011371
http://www.ncbi.nlm.nih.gov/pubmed/11523746
https://doi.org/10.1207/S15327906MBR3602%5F06
http://www.ncbi.nlm.nih.gov/pubmed/26822111
https://doi.org/10.1037/1082-989X.12.2.121
https://doi.org/10.1037/1082-989X.12.2.121
http://www.ncbi.nlm.nih.gov/pubmed/17563168
https://doi.org/10.1037//0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
https://doi.org/10.18637/jss.v059.i0
https://doi.org/10.1371/journal.pone.0309687

PLOS ONE

Group-level concealment of stigmatized identities

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

Bates D, Machler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Softw.
2015; 67(1):1-48. Available from: https://doi.org/10.18637/jss.v067.i01

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest Package: Tests in Linear Mixed Effects Mod-
els. J Stat Softw. 2017; 82(13):1-26. Available from: https://doi.org/10.18637/jss.v082.i13

Pachankis JE. The psychological implications of concealing a stigma: A cognitive-affective-behavioral
model. Psychol Bull. 2007; 133(2):328-345. Available from: https://doi.org/10.1037/0033-2909.133.2.
328 PMID: 17338603

Pachankis JE, Clark KA, Burton CL, Hughto JMW, Branstrom R, Keene DE. Sex, status, competition,
and exclusion: Intraminority stress from within the gay community and gay and bisexual men’s mental
health. J Pers Soc Psychol. 2020; 119(3):713-740. Available from: https://doi.org/10.1037/
pspp0000282 PMID: 31928026

Dohr KB, Rush AJ, Bernstein IH. Cognitive biases and depression. J Abnorm Psychol. 1989; 98
(3):263—267. Available from: https://doi.org/10.1037//0021-843x.98.3.263 PMID: 2788667

Mathews A, Mackintosh B, Fulcher EP. Cognitive biases in anxiety and attention to threat. Trends Cogn
Sci. 1997; 1(9):340-345. Available from: https://doi.org/10.1016/S1364-6613(97)01092-9 PMID:
21223944

Kahn JH, Hessling RM. Measuring the tendency to conceal versus disclose psychological distress. J
Soc Clin Psychol. 2001; 20(1):41-65. Available from: https://doi.org/10.1521/jscp.20.1.41.22254

Fiedler K, Harris C, Schott M. Unwarranted inferences from statistical mediation tests—An analysis of
articles published in 2015. J Exp Soc Psychol. 2018; 75:95—-102. Available from: https://doi.org/10.
1016/j.jesp.2017.11.008

Arnett JJ. Emerging adulthood: A theory of development from the late teens through the twenties. Am
Psychol. 2000; 55(5):469—-480. Available from: https://doi.org/10.1037/0003-066X.55.5.469

Hatzenbuehler ML. Structural stigma: Research evidence and implications for psychological science.
Am Psychol. 2016; 71(8):463—475. Available from: https://doi.org/10.1037/amp0000068 PMID:
27977256

PLOS ONE | https://doi.org/10.1371/journal.pone.0309687 September 11, 2024 15/15


https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1037/0033-2909.133.2.328
https://doi.org/10.1037/0033-2909.133.2.328
http://www.ncbi.nlm.nih.gov/pubmed/17338603
https://doi.org/10.1037/pspp0000282
https://doi.org/10.1037/pspp0000282
http://www.ncbi.nlm.nih.gov/pubmed/31928026
https://doi.org/10.1037//0021-843x.98.3.263
http://www.ncbi.nlm.nih.gov/pubmed/2788667
https://doi.org/10.1016/S1364-6613%2897%2901092-9
http://www.ncbi.nlm.nih.gov/pubmed/21223944
https://doi.org/10.1521/jscp.20.1.41.22254
https://doi.org/10.1016/j.jesp.2017.11.008
https://doi.org/10.1016/j.jesp.2017.11.008
https://doi.org/10.1037/0003-066X.55.5.469
https://doi.org/10.1037/amp0000068
http://www.ncbi.nlm.nih.gov/pubmed/27977256
https://doi.org/10.1371/journal.pone.0309687

