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Intergroup competitions such as democratic elections can intensify intergroup polarization and conflict. Partisan
attitudes toward the elected leader can also shift from before to after an election, but the biology underlying
these attitudinal shifts remains largely unknown. An important factor could be the hormone testosterone, which
is theorized to fluctuate during competition and to influence status seeking. In a naturalistic study of 113
registered voters, we measured changes in testosterone levels and attitudes toward the winner of the 2012 US
Presidential Election. We found that supporters of the losing candidate (Mitt Romney) showed acute increases in
testosterone levels compared to supporters of the winner (Barack Obama) on the evening of Election Day.
Supporters of the losing candidate also demonstrated flatter diurnal testosterone slopes on Election Day that
persisted up to two days after the election. Furthermore, greater increases in acute testosterone levels and flatter
diurnal slopes among supporters of the losing candidate were associated with less positive evaluations of the
winning candidate. These testosterone-moderated attitudinal shifts observed in the days after the election
showed a directionally similar pattern with a weaker effect size six months later. Finally, we confirmed that the
main results were robust to alternative data analytic choices using multiverse specification curve analysis. The
findings from this paper suggest that hormonal responses to large-scale intergroup competitions may shape how
we perceive our elected leaders, shedding light on the biology of intergroup relations.

1. Introduction
Across the animal kingdom, groups compete for control over valued
resources (Packer and Pusey, 1982; Williams et al., 2002; Wilson and
Wrangham, 2003), resulting in status hierarchies composed of dominant
and subordinate groups. Democratic elections are uniquely human
intergroup competitions in which individuals representing their political
group’s interests vie for leadership. Winning an election enhances the

group’s status and increases the leader’s power to promote policies
reflecting the group’s values. A political leader’s ability to sway the
electorate’s attitudes is critical to winning an election, but the impor
tance of these attitudes extends well beyond the election. Partisan atti
tudes toward the elected leader not only influence the efficacy of his or
her tenure via presidential approval ratings (Barrett and
Eshbaugh-Soha, 2007) but also impact subsequent intergroup relations
by exacerbating partisanship and deepening political and ideological
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divisions (Abramowitz and McCoy, 2019; Oc et al., 2018).
Despite the importance of partisan attitudes toward elected leaders
and their implications for intergroup conflict, the biological factors
associated with these attitudes remain largely unknown. Characterizing
the biological underpinnings of attitudinal shifts toward elected leaders
may provide insights into partisan tendencies that sustain or intensify
intergroup conflict (Chang et al., 2016; Tajfel and Turner, 1979; Van
Bavel and Pereira, 2018). In the present research, we use the 2012
United States (US) presidential election to investigate how victory or
defeat in an election is linked to changes in voters’ concentrations of
testosterone—a steroid hormone theorized to fluctuate during compe
tition and to influence status seeking (Carré et al., 2009; Casto and
Edwards, 2016b; Mehta and Josephs, 2006). We further examine how
election outcome-related changes in testosterone are associated with
shifts in attitudes toward the elected leader.
The biosocial model of status predicts that status gained from win
ning a competition triggers increases in testosterone concentrations,
whereas the loss of status following defeat triggers decreases in testos
terone concentrations (i.e., the winner-loser effect; Casto and Edwards,
2016b; Mazur and Booth, 1998). Empirical support for the winner-loser
effect derives from laboratory and naturalistic competitions in compet
itors themselves, and the effect also occurs vicariously in competition
spectators (Bernhardt et al., 1998; Stanton et al., 2009). For instance,
during the 2008 US presidential election, the winning candidate’s sup
porters experienced acute elevations in testosterone concentrations 40
min after the outcome was declared, relative to supporters of losing
candidates (Stanton et al., 2009; see Apicella and Cesarini, 2011 for
similar pattern2). However, the winner-loser effect is heterogeneous
across studies, with several studies finding effect sizes that were small or
close to zero and others reporting a reversal of the winner-loser effect
(Geniole et al., 2017; Oliveira et al., 2013, 2014; Vongas and Al Hajj,
2017; Wu et al., 2017; Zilioli et al., 2014). For example, in one labora
tory study, losers of close competitions experienced acute elevations in
testosterone concentrations relative to winners (Zilioli et al., 2014).
Although these findings highlight substantial variability in the magni
tude and direction of testosterone responses to competitive outcomes,
this evidence for variability comes primarily from sports and laboratory
competitions. To date, the 2008 US presidential election is the only
societal intergroup competition in which the effect of the competition
outcome on testosterone changes has been examined (Stanton et al.,
2009). Therefore, the generalizability of these results to different soci
etal intergroup competitions remains an open question.
The biosocial model of status also predicts that competition-related
changes in testosterone should influence subsequent status-seeking be
haviors. This prediction has received support in laboratory studies,
particularly when examining losers’ behaviors toward winners (Carré
et al., 2009; Casto and Edwards, 2016b; Mehta and Josephs, 2006).
Losers who experience testosterone elevations are more likely to
re-challenge winners to a second competition and to behave more
aggressively toward winners compared to losers who experience
testosterone decreases (Carré et al., 2009; Mehta and Josephs, 2006).
Although these laboratory studies suggest that competition-related
changes in testosterone among losers are linked to status-seeking
behavior directed toward winners, the function of testosterone
changes in large-scale, societal competitions—for instance, among
voters in democratic elections—remains unknown.
Extending these laboratory studies to a political context, we propose
that testosterone fluctuations among supporters of a defeated political
candidate may relate to shifts in attitudes toward the winning candidate.
In particular, supporters of the defeated political candidate who

experience greater increases in testosterone may react to the loss of status
by displaying more negative attitudes toward the elected leader (Bran
scombe and Wann, 1994; Cikara et al., 2011; Oc et al., 2018; Riek et al.,
2006). This possibility is implied by research suggesting that losing a
competition may not only potentiate aggressive and dominant behaviors
toward winners but also increase derogation of winners via the
expression of negative attitudes (Branscombe and Wann, 1994; Riek
et al., 2006). A tendency to derogate winners via the expression of
negative attitudes after a competitive loss is theorized to stem from the
motivation to enhance one’s status after experiencing a status threat
(Branscombe and Wann, 1994; Fein and Spencer, 1997), and testos
terone is theorized to increase this motivation (Mehta and Josephs,
2006). On the other hand, supporters of the defeated candidate who
experience greater decreases in testosterone may experience a reduction
in negative attitudes toward the elected leader, perhaps signaling
acceptance of their lower status in the new political hierarchy (Alabastro
et al., 2013; Rand et al., 2009). An election provides an opportunity to
extend the predictions of the biosocial model of status into the domain of
attitudinal shifts as a manifestation of status-seeking motivation during
a large-scale, naturalistic intergroup competition.
The present research also examined the association between testos
terone responses and attitudes toward the winner among the winner’s
supporters. According to the biosocial model of status, testosterone re
sponses to competition should promote dominance directed toward
opponents in pursuit of social status (Carré et al., 2013; Casto et al.,
2020; Oyegbile and Marler, 2005; cf. Apicella et al., 2014). For sup
porters of a winning political candidate, attitudes toward the winner are
expected to reflect attitudes toward an ingroup leader, not an opponent.
Thus, testosterone responses to the election outcome among supporters
of the winner may be unrelated to shifts in attitudes toward the winner.
However, a previous study of soccer fans found that higher baseline
testosterone was related to more positive ingroup cooperation during an
intergroup competition, which suggests that testosterone may also
function to promote prosocial behavior toward one’s own group (Die
khof et al., 2014; Reimers and Diekhof, 2015; for further evidence
related to prosocial behavior: Eisenegger et al., 2010; cf. Boksem et al.,
2013; Dreher et al., 2016). This prior work did not examine testosterone
responses to competition and was conducted outside a political context,
but the findings raise the possibility that increases in testosterone among
supporters of a winning politician may relate to more positive attitudes
toward the winning candidate as a manifestation of ingroup positivity
(Cialdini et al., 1976). Nevertheless, a prosocial function of testosterone
responses to victory in a societal intergroup competition remains spec
ulative, given little empirical research on this topic.
Beyond testing our primary research questions that address gaps in
knowledge about associations between testosterone responses and atti
tudes toward the elected leader in a political context, the present study
also addresses secondary questions about the timing of endocrine and
psychological responses to competitions. Human studies have primarily
examined the psychological consequences of testosterone changes just
minutes after a competition has ended (Carré et al., 2009; Mehta and
Josephs,
2006).
However,
animal
studies
suggest
that
competition-related testosterone responses produce neural changes that
in turn influence behavior several days later (Cunningham et al., 2012;
Fuxjager et al., 2010; Oyegbile and Marler, 2005; for initial laboratory
work in humans, see also Zilioli and Watson, 2014). Further, shifts in
attitudes toward elected leaders are present days after a democratic
election (Alabastro et al., 2013). Informed by this preliminary evidence,
we explored whether acute testosterone responses to an election’s result
would predict shifts in attitudes the day after the election as well as
several days later. Because little work has examined longer time periods,
we measured attitudes six months after the election to explore whether
testosterone-related attitudinal shifts in the days after the election
would weaken or persist over this longer time scale.
Finally, researchers have generally assumed that testosterone re
sponses to competition occur minutes after a competition, and are short-
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This study was also conducted during the 2008 US presidential election and
reported in a book chapter. Personal communication with the first author
confirmed that there was an error in the primary figure and that the hormonal
pattern found was indeed consistent with Stanton et al. (2009).
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lived (Casto and Edwards, 2016a; Geniole et al., 2017; Gleason et al.,
2009). But the societal importance of elections suggests that their out
comes may exert persistent physiological effects hours or even days
later. We therefore measured testosterone levels at multiple time points
on election night, capturing testosterone changes up to several hours
after results were announced, and determined whether these acute
hormone responses were related to subsequent shifts in attitudes toward
the elected leader. To capture hormone changes across days, we
measured testosterone’s diurnal rhythm over five consecutive days.
Testosterone levels follow a diurnal pattern with a peak in the morning
followed by decline throughout the day (Gorman and Lee, 2002).
However, little work has focused on shifts in testosterone’s diurnal
patterns following competitions, and prior theorizing (e.g., the biosocial
model of status) has not accounted for longer-term testosterone dy
namics. The functional significance of testosterone’s diurnal patterns is
poorly understood, but changes in diurnal rhythms may help the indi
vidual adapt to and coordinate behavior in response to changing social
and physical environments (Gorman and Lee, 2002; Gray et al., 2004),
such as changes in social status (Mazur and Booth, 1998). Initial evi
dence suggests that status-relevant situations can disrupt testosterone’s
diurnal rhythms (Trawalter et al., 2012), and that variations in diurnal
rhythms are also linked to antisocial status-relevant behaviors (Granger
et al., 2003; Peckins and Susman, 2015). Building on these initial find
ings, we explored the extent to which the presidential election predicted
subsequent shifts in testosterone’s diurnal rhythms in the days following
the result and the effects of these diurnal rhythm changes on shifts in
attitudes toward the elected leader.

associations between testosterone responses to competition and shifts in
attitudes toward an elected leader; (ii) the measurement of testosterone
responses over hours, diurnal hormone rhythms over days, and attitu
dinal changes over days and months, which permit examination of the
temporal trajectory of hormonal and psychological responses to
competition; and (iii) the use of a naturalistic competitive setting with
significant societal importance to address our research questions
(Table S6).
2.2. Participants
We recruited 113 registered voters (Mage = 24.50 years, SD = 8.49
years; 57.52% female; 3.67% African/African-American, 4.59% Asian/
Asian-American, 76.15% European/European-American, 6.42% His
panic/Latino, 0.92% Middle Eastern, 3.67% Native American, 1.83%
Pacific Islander, 2.75% Multiracial) from Eugene and Springfield, Ore
gon. Voter registration was verified against available public records.
Participants provided informed consent prior to involvement in the
research. The research was approved by the local research ethics
committee.
Because Obama and Romney were the two main contenders in the
2012 US presidential race, we recruited and classified voters as either
Obama supporters (i.e., supporters of a winning candidate; n = 62) or
Romney supporters (i.e., supporters of a losing candidate; n = 33).3 We
also included a third group of undecided voters (based on their lack of
preference for any candidate two weeks before the election; n = 18) for
exploratory purposes, because of their considerable power in swinging
outcomes and because they serve as a less partisan reference group to
facilitate the interpretation of differences between Obama and Romney
supporters (see SI-Methods Sections 1 and 2 for information about
classification of political groups, voting details, and confirmation of
voting status). A subset of our sample (n = 66; Mage = 24.48; SD = 8.02)
also responded to a longitudinal follow-up survey and consisted of 31
Obama supporters, 21 Romney supporters, and 14 undecided voters.
Our sample has several strengths compared to prior studies exam
ining testosterone and psychological responses to competitive outcomes:
(i) our sample was larger (n = 113) than most previous studies (e.g.,
nmedian = 39 in a recent meta-analysis, Geniole et al., 2017; n = 50 in
Mehta and Josephs, 2006); and (ii) our sample included an approxi
mately equal representation of males and females, unlike prior studies
that disproportionately focused on males (Casto and Prasad, 2017;
Geniole et al., 2017).
Our final sample size was within the range of our targeted sample
size of 100–120 participants indicated by power simulation analyses for
the principal multilevel models (see below; see OSF for power simula
tion code).4

2. Method
2.1. Study design
To test our research questions, we conducted a longitudinal field
study in which we measured acute testosterone responses to the election
outcome, changes in testosterone’s diurnal rhythms, and short- and
long-term shifts in attitudes toward the elected leader in a sample of
registered voters. Data were collected across a five-day naturalistic
sampling period, at a pre- and post-election laboratory session, and six
months after the election in a subset of participants (see Fig. 1).
To examine changes in testosterone, saliva was collected on each of
the five days in the naturalistic sampling period when participants woke
up (Wake-up), 30 min after they woke up (Wake-up + 30 mins), at 3 pm
(Afternoon), and when they went to bed (Bedtime). Diurnal rhythms
were indexed by the magnitude of the slope connecting the morning
peak (via the two wake-up samples), the afternoon plateau (via the 3 pm
sample), and the end-of-day nadir (via the Bedtime sample; Adam and
Kumari, 2009; Granger et al., 2003; Kuzawa et al., 2016; Trawalter et al.,
2012). Additional samples were collected at 5 pm, 7 pm, and 9 pm on
Election Day (ED). The period from 7 pm to Bedtime was determined as
the competition-outcome window because, on average, participants
reported learning about the final outcome of the election at 8:50 pm PST
(networks called the election approximately at 8:12 pm PST; Ariens,
2016). Hence, these samples allowed us to capture acute testosterone
reactivity across several hours, from before to after the results were
announced (see Fig. S2 for affective changes that occurred during the
competition-outcome window).
Attitudes toward the elected leader were measured via surveys
administered in the laboratory at the Pre-election Lab session, the day
before (ED-1) and day after (ED+1) the election, at the Post-election Lab
session, and at the six-month follow-up. Because participants were
scheduled to come in for the laboratory sessions based on their avail
ability in the days before and after the election, on average, the Preelection Lab session was conducted 4.37 (SD = 1.14) days before the
election and the Post-election Lab session 4.46 (SD = 1.33) days after the
election.
Key strengths of this study design include: (i) the ability to test

2.3. Salivary testosterone
Saliva samples were collected via passive drool using standard pro
cedures (Schultheiss and Stanton, 2009). At-home saliva sampling,
collection, and storage adhered to standard procedures for diurnal
hormone measurement (Adam and Kumari, 2009; Gildner, 2021; Gor
man and Lee, 2002; Granger et al., 2003; Kudielka et al., 2012; Kuzawa
et al., 2016; Trawalter et al., 2012) and were further reinforced through
additional compliance measures. Some of these compliance measures
included sending participants automated text messages prior to each
sample’s collection time as both a reminder and a means to increase
3
The skewed distribution of political groups in our sample was representa
tive of the political ideologies of those in the Eugene/Springfield area in Ore
gon—a liberal college city.
4
We ran these power analyses after collecting the data, but we did so in a
manner consistent with an a priori approach (e.g., no values were extracted
from the data to inform the simulations).
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Fig. 1. Timeline of the study. Salivary testosterone was measured when participants woke up (Wake-up), 30 min after they woke up (Wake-up + 30 mins), at 3 pm
(Afternoon), and when they went to bed (Bedtime). Additional samples were collected at 5 pm, 7 pm, and 9 pm on Election Day (ED). Attitudes toward the elected
leader (*then presidential candidate) were measured at five time points: the Pre-Election lab session conducted on average 4.37 (SD = 1.14) days before the election
(Pre-Election Lab), one day before the election (ED-1 day), one day after the election (ED + 1 day), the Post-Election lab session (Post-Election Lab) conducted on
average 4.46 (SD = 1.33) after the election, and the six-month follow up.

likelihood of compliance, and having participants indicate the time they
provided each saliva sample by using an electronic time stamper (see
SI-Methods Sections 3.1 and 3.2 for more information). Samples were
assayed in duplicate using commercially available enzyme-linked
immunoassay (EIA) kits (Salimetrics LLC; State College, PA) following
standard protocols and practices (Schultheiss and Stanton, 2009; see
SI-Methods Section 3.3). The average intra- and inter-assay coefficients
of variation (CVs) were 6.45% and 8.07%, respectively. All raw testos
terone values 3 SDs above the mean (within sex) at each time point were
winsorized to the value at 3 SD.
The ease of using immunoassays, alongside their accessibility and
cost-effectiveness allowed us to measure testosterone concentrations in
over 2500 samples. Most studies in psychoneuroendocrinology have
measured testosterone levels using immunoassays but have not directly
evaluated the measurement validity of the immunoassays. We
confirmed the validity of testosterone concentrations obtained from
EIAs in our study by assessing them against a highly accurate reference
method (liquid chromatography tandem mass spectrometry, LC–MS/
MS; Prasad et al., 2019). In 96 randomly selected samples, testosterone
concentrations from the EIAs used in this study significantly correlated
with those from LC–MS/MS (overall sample: r(94) = 0.80, 95%CI[.72,
.86], p < .001; males: r(40) = 0.54, 95%CI[.28,.72], p < .001; females:
r(52) = 0.66, 95%CI[.47,.79], p < .001). We also conducted Deming
regression analysis, which determines how closely the relationship be
tween two methods conforms to a line of identity that assumes equality
between methods. Deming regression analysis in males and the upper
50% of the distribution showed good convergence with the line of
identity (Table S5). Deming regressions in females and the lower 50% of
the distribution showed some deviations from the line of identity that
are expected in low-concentration samples (Herold and Fitzgerald,
2003; Schultheiss and Stanton, 2009), but these deviations were smaller,
and the confidence intervals were narrower for samples from the current
study compared to previous research (Welker et al., 2016; see
SI-Methods Section 3.4 for more information). Fixed bias and propor
tional bias results are also reported in the supplemental material
(Table S5). Collectively, these analyses provide evidence of improved
testosterone measurement with immunoassays in the present study
compared to previous work(Welker et al., 2016). In the current study’s
discussion, we offer recommendations for evaluating and improving
hormone measurement validity in future work5.

2.4. Attitudes toward the elected leader
Attitudes toward the elected leader were assessed via scales adapted
from polling surveys that resemble presidential approval ratings (Gallup
Inc, 2012a,b). Our measure of attitudes consisted of twelve items that
measured judgments of Obama’s leadership capabilities, and ten items
that measured his ability to handle social, economic, and political issues.
Responses were provided on 5-point Likert scales and were averaged
across all 22 items (see SI-Methods Section 4.1. for individual items). In
a subset of our sample (n = 92), we also assessed online behaviors on
social media (i.e., Facebook) that reflected attitudes toward the elected
leader (see SI-Methods Section 4.2. for more information about how
attitudes on social media were coded).
2.5. Statistical analysis strategy
Multilevel linear regression models (MLM) were used to conduct the
main analyses because of the hierarchical structure of our data wherein
observations across time were nested within participants, and partici
pants were further nested within political groups. MLMs provide several
advantages over traditional methods of analysis (e.g., ANOVAs)
including: (i) the capability to model fixed and random effects to better
account for individual variation around average fixed effects, (ii) no
listwise deletion of data, thereby boosting statistical power, (iii) the
ability to focus on pre-planned contrasts that test differences in linear
and curvilinear responses across specific political groups as opposed to
unfocused omnibus tests that require follow-up post hoc tests to deter
mine where specific effects may occur, and (iv) greater flexibility in the
modeling approach (e.g., not requiring assumptions of sphericity, or
homogeneity of regression slopes; Raudenbush and Bryk, 2002; see
SI-Methods Section 6.1 for more detail).6
In all our models, at Level 1, linear and quadratic time parameters
were used to predict outcome variables. The inclusion of these time
parameters allowed us to model the linear and curvilinear (quadratic)
temporal trajectory of testosterone responses to the election outcome
and testosterone-moderated shifts in attitudes. For example, this
approach allowed us to use the linear effect to assess if testosterone
levels rose across the timepoints, the quadratic effect to assess a return to
baseline, or some combination of the two response patterns. The in
tercepts and slopes of the models at Level 1 were allowed to vary
randomly, as far as possible (see SI-Methods Section 6.2 for equations).
At Level 2, differences across political groups were tested via two
orthogonal dummy codes. We treated supporters of the losing candidate
(Romney supporters) as the “reference group” (1st contrast: Romney

5
Testosterone concentrations from EIAs reported in Welker et al. (2016)
were obtained from re-assaying the random subset of samples for which we
report methodological validity in the current article and in Prasad et al. (2019).
The discussion in Prasad et al. (2019) highlights possible explanations (e.g.,
reduced matrix interference) for improved measurement of testosterone in the
current study compared to Welker et al. (2016).

6
MLMs do not require that assumptions pertaining to the distribution of
outcome variables be met, and therefore we do not transform testosterone data.
This approach is consistent with published recommendations (Feng et al., 2014;
Stroup, 2015).
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supporters= 0, Obama supporters= 1; 2nd contrast: Romney
supporters= 0, undecided voters= 1) because we expected differences in
testosterone concentrations between losers and winners, and that losers’
changes in testosterone would predict shifts in attitudes toward the
elected leader (Carré et al., 2009; Geniole et al., 2017; Mehta and
Josephs, 2006). The orthogonal contrasts were allowed to interact with
lower-order linear and quadratic time parameters. In the main manu
script we report findings from the comparison between Romney and
Obama supporters. We included undecided voters in all models (see
SI-Results). Sex was entered as a covariate (Female=0 and Male=1) in
all models. In models testing for sex differences and similarities, the sex
variable interacted with other variables of interest. Finally, we per
formed simple slopes analysis to decompose and interpret the magnitude
and direction of overarching interactions.7
In the model assessing acute changes in testosterone on the night of
the election, raw testosterone concentrations during the theorized
competition-outcome window (7 pm, 9 pm, and Bedtime) were treated as
outcome variables. In the model examining changes in testosterone
diurnal slopes, empirical Bayesian estimates of participants’ linear
diurnal slopes served as outcome variables (see Marceau et al., 2015 for
similar methodological approach). Specifically, we performed individ
ual MLMs for each day of the naturalistic sample period using the
Wake-up, Wake-up + 30 mins, Afternoon, and Bedtime samples, and
extracted empirical Bayesian estimates for the linear slopes for every
participant.
In models examining testosterone-moderated shifts in attitudes, at
titudes toward the elected leader were treated as outcome variables.
Short-term shifts in attitudes were assessed prior to the announcement of
the election outcome (Pre-Election Lab and ED-1) and then after the
outcome was known (ED+1 and Post-Election Lab). Long-term shifts in
attitudes were assessed across ratings of the elected leader from before
the election (Pre-Election Lab and ED-1) to six months after it. Testos
terone change predictors—acute testosterone changes (standardized
within sex; Mehta et al., 2009) and changes in diurnal slopes from ED-1
to ED (standardized within sex)—were entered into their respective
models and were allowed to interact with the lower-order time param
eters (at Level 1) and political group contrasts (at Level 2).
All statistical modeling was conducted in R (v.4.0.3; R Core Team,
2020) using the lme4 package (version 1.1–18–1; Bates et al., 2015). See
SI-Method Section 6.3 for more information on other packages used in
our data analysis.

for full a description and results related to these power simulations.
2.7. Data availability and pre-printing
Data and relevant code are available on the Open Science Framework
(https://osf.io/mjavw/). This article was also available as a pre-print
prior to submission (https://psyarxiv.com/w6rz9).
3. Results
3.1. Primary analyses
3.1.1. Acute testosterone change
First, we tested the effect of the electoral outcome on acute testos
terone changes, across the theorized competition-outcome window
(7 pm, 9 pm, and Bedtime). The MLM analysis revealed a significant Time
(Linear) × Group (Romney versus Obama) interaction (B =− 14.60, 95%
CI[− 26.00, − 3.21], β =− 0.33 p = .013; see Tables S9 and S10). Simple
slopes analysis indicated that supporters of the winning candidate
experienced a decrease in testosterone levels on election night, consis
tent with typical circadian decline (Time (Linear): B =− 10.68, 95%CI
[− 17.25, − 4.10]; Fig. 2- Left Panel). However, supporters of the losing
candidate resisted the circadian decline (Time (Linear): B = 3.93, 95%CI
[− 5.39, 13.24]), instead experiencing acute increases in testosterone
levels, a pattern consistent with the reverse winner-loser effect (Zilioli
et al., 2014).
To confirm this interpretation, we calculated acute testosterone
reactivity from before to after the election results were announced
(Bedtime minus 7 pm testosterone levels). We then conducted a regres
sion analysis comparing these testosterone reactivity scores between
groups, controlling for sex. A significant difference again emerged for
testosterone reactivity scores between supporters of the winning and
losing candidate, in support of the reverse winner-loser effect
(B = − 19.36, 95%CI[− 36.07, − 2.65], β = − 0.51, p = .024, d = 0.48).
Supporters of the losing candidate showed acute increases in testos
terone levels after the outcome was declared (M = 4.27 pg/mL;
SE = 6.91), compared to supporters of the winning candidate
(M = − 15.09 pg/mL; SE = 4.80; Fig. 2- Right Panel; also see Fig. S3 for
pirate plot).
3.1.2. Acute testosterone change predicting short-term shifts in attitudes
toward the elected leader
Next, we tested whether acute changes in testosterone (raw differ
ence score from 7 pm to Bedtime, standardized within sex) on election
night predicted short-term shifts in attitudes toward the elected leader
across four time points: Pre-Election Lab session, ED-1, ED+1 and Postelection Lab session. Our analysis revealed a significant three-way
Time (Linear) × Acute Testosterone Reactivity × Group interaction
(Romney versus Obama: B = 0.29, 95% CI[0.17, 0.41], β = 0.31,
p < .001; Table S11). Simple slopes analysis revealed that among sup
porters of the losing candidate, larger increases in testosterone levels
predicted less positive attitudes toward the elected leader (+1 SD Acute
Testosterone Reactivity, Time (Linear): B = -0.20, 95%CI[− 0.31,
− 0.09]), whereas weaker testosterone reactions predicted more positive
attitudes toward the elected leader from before to after the election
(− 1SD Acute Testosterone Reactivity, Time (Linear): B = 0.34, 95%CI
[0.19, 0.49]; see Fig. 3- Left Panel). Among supporters of the winning
candidate, testosterone reactivity did not moderate shifts in attitudes. A
follow-up linear regression that examined shifts in attitudes from before
(average of attitudes from Pre-Election Lab and ED-1) to after the election
(average of attitudes from ED+1 and the Post-Election Lab) corroborated
our primary results: the Acute Testosterone Reactivity × Group (Rom
ney versus Obama) interaction predicted attitude shifts toward the
elected leader (B=0.25, 95%CI[0.13, 0.37], β = 0.91, p < .001,
d = 0.98; see Fig. S4 and SI-Results Section 2).

2.6. Power simulations
Our power simulations focused on determining the power of our
models to detect small, medium, or large effect sizes with varying
sample sizes and varying degrees of stability of our outcome variables.
Simulations of testosterone responses to the election outcome indicated
that the study was approximately 80% powered to detect a moderate
effect size assuming a total sample size of n = 100 and moderately high
ICC for testosterone (r >.7). At lower ICCs (e.g., due to less reliable
testosterone assays), these simulations indicated that a total sample size
of 120 or greater was necessary to achieve 80% power for a moderate
effect size. Simulations of testosterone responses predicting attitude
changes also indicated that the study was approximately powered at
80% to detect moderate effect sizes with a sample size of at least
n = 100, assuming a relatively large ICC (ICC >.7). With a total sample
size of 120, moderate effect sizes were approximately 80% powered at
all but the lowest ICC (r = 0.3). See SI-Methods (Section 7 and Fig. S1)
7

We do not include p values for the simple slope estimates in our models
because p values cannot be reliably calculated for simple slopes produced
within longitudinal MLMs using the lme4 package in R. Therefore, we
encourage readers to consider the size and direction of the confidence intervals
instead.
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Fig. 2. Acute testosterone reactivity to the
election outcome. Left Panel: Testosterone
levels (in pg/mL) during the competitionoutcome window: 7 pm, 9 pm, and at Bedtime
on election night. Solid lines represent esti
mated marginal means (controlling for sex) and
error bars = SEs. The vertical black dashed line
indicates the time at which the election results
were declared. Right Panel: Acute change in
testosterone (in pg/mL) from before to after the
election results were announced (Bedtime minus
7 pm). Bars represent estimated marginal means
of acute change (controlling for sex) and error
bars = ± 1SEs.

Fig. 3. Attitudes toward the elected leader
(Obama) as a function of acute testosterone
reactivity ±1 SD around the mean for each po
litical group. Attitudes toward the elected
leader were reported at the pre-election lab
session (Pre), one day before the election (ED1), one day after the election (ED+1), during
the post-election lab session (Post), and in a
subset of our sample at a six-month follow-up
(+6mo). Colored lines represent estimated
marginal means (controlling for sex) and error
bars = ±1SE. The vertical black dashed line
between ED-1 and ED+1 indicates when elec
tion results were declared.

3.2. Secondary analyses
3.2.1. Changes in diurnal slopes
We next determined whether the election outcome predicted
changes in the magnitude of testosterone diurnal linear slopes. Because
testosterone levels are the highest in the morning and drop to their nadir
at night, we expected, on average, a negative slope for each day of the
sampling period (see Table S13). Larger negative slope values are
indicative of steeper slopes, whereas less negative slope values are
indicative of flatter slopes. The MLM revealed a significant Day (Linear)
× Group (Romney versus Obama supporters) interaction (B = − 7.30,
95% CI[− 12.17, − 2.43], β = − 0.38, p = .004; Table S14). Simple slopes
analysis revealed that supporters of the losing candidate exhibited
flatter slopes across the sampling period (see Fig. 4; Time (Linear):
B = 7.63, 95% CI[3.80, 11.46]). These flatter diurnal slopes among
supporters of the losing candidate were evident on Election Day (see SIResults Section 5, Table S16, and Fig. S5 for analysis only on Election
Day) and persisted two days after the election (see SI-Results for other
follow up analyses). On the other hand, supporters of the winning
candidate showed no change in their diurnal rhythms across the sam
pling period (Time (Linear): B= 0.33, 95% CI[− 2.46, 3.12]). Given that
diurnal rhythms can be affected by sleep patterns, we reran the MLM
analysis controlling for hours of sleep. The electoral outcome robustly
predicted shifts in diurnal slopes even after controlling for hours slept
(Day (Linear) ×Group (Romney versus Obama): B = − 7.25, 95% CI
[− 12.12, − 2.37], β =− 0.38, p = .004).

Fig. 4. Testosterone diurnal slopes across the naturalistic sampling period: 2
days before the election (ED - 2), 1 day before the election (ED-1), Election Day
(ED), 1 day after the election (ED+1), and two days after the election (ED + 2).
Solid lines represent estimated marginal means (controlling for sex) and
error bars = ± 1SE.

3.2.2. Changes in diurnal slopes predicting shifts in attitudes toward the
elected leader
Next, we explored if competition-related changes in diurnal slopes
(raw slope difference from ED-1 to ED, standardized within sex) pre
dicted short-term shifts in attitudes toward the elected leader. We found
a significant Time (Linear) × Diurnal Slope Change × Group (Romney
versus Obama) interaction (B = 0.13, 95% CI[0.02, 0.23], β = 0.13,
p = .019; see Table S17 and Fig. S6). Similar to the pattern of results
with acute testosterone reactivity, simple slopes analysis indicated that
among supporters of the losing candidate, flatter slopes predicted less
6
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positive attitudes toward the elected leader (+1 SD Diurnal Slope
Change, Time (Linear): B = − 0.13, 95% CI[− 0.24, − 0.01]) whereas
steeper diurnal slopes predicted more positive attitudes toward the
elected leader (− 1SD Diurnal Slope Change, Time (Linear): B = 0.13,
95%CI [0.00, 0.25]). A follow-up linear regression that examined shifts
in attitudes from before (average of attitudes from Pre-Election Lab and
ED-1) to after the election (average of attitudes from ED+1 and the PostElection Lab) corroborated these results: The Diurnal Slope Change
× Group (Romney versus Obama) interaction also predicted attitude
shifts toward the elected leader (B = 0.17, 95%CI[0.07, 0.27], β = 0.61,
p = .001, d = 0.78; see Fig. S7 and SI-Results Section 6).

(ii) the treatment of outliers, and (iii) the manner in which diurnal slopes
were calculated (see Table S27). The results from the specification curve
analysis indicated that the median effect sizes from the multiverse of
each of the main findings are statistically significant (acute change in
testosterone: p < .001; acute change in testosterone predicting shifts in
attitudes: p < .001; changes in diurnal testosterone slopes: p = .006; and
changes in diurnal testosterone slopes predicting shifts in attitudes:
p = .002). Overall, this analysis indicates that our findings are robust to
alternative analytic approaches (see SI-Results Section 9.8, Table S28,
and Figs. S10–S13).
3.4. Summary of key supplementary analyses

3.3. Robustness checks

3.4.1. Testosterone changes predicting long-term shifts in attitudes toward
the elected leader
In the subset of our sample that responded to a longitudinal survey
(n = 66), we tested whether testosterone responses moderated longterm shifts in attitudes from before the election (Pre-Election Lab and
ED-1) to six months after it. The association between acute and diurnal
testosterone responses to the election and long-term shifts in attitudes
showed a similar directional pattern albeit with smaller effect sizes
compared to short-term shifts in attitudes (see SI-Results Section 3 and 7,
Tables S12 and S18, and Fig. 3 and S6; also see Table S29 for additional
robustness checks). We note, however, that the confidence intervals for
testosterone-moderated short- and long-term shifts overlapped, and the
magnitudes of the point estimates in the analyses of the long-term effects
leave open the possibility that there may be weak long-term effects.

3.3.1. Robustness of testosterone-change predictors
We sought to determine which of the testosterone change predictors
(i.e., acute reactivity or diurnal slope change) more robustly explained
shifts in attitudes. We compared the model fit indices of an expanded
model that included both testosterone-change predictors and their cor
responding interactions (Table S19) to indices from separate models
with only acute testosterone reactivity or diurnal slope change. Whereas
the model that included only acute testosterone reactivity demonstrated
comparable model fit to the expanded model, the model that used only
diurnal slope change showed poorer model fit (see SI-Results Section
9.1). This suggests that acute testosterone reactivity on election night
was a more robust predictor of shifts in partisan attitudes compared to
diurnal slope change.

3.4.2. Sex differences and similarities
Competition-related acute and diurnal changes in testosterone were
larger in males than females (though the effects were in the same di
rection for both sexes). However, we did not find evidence of sex dif
ferences in the associations between testosterone change predictors and
attitudinal shifts toward the elected leader (see SI-Results Section 8; also
see Table S29 for additional robustness checks).

3.3.2. Alternative quantification of attitudes using self-reports and
behaviors on social media
We examined the association between testosterone change pre
dictors and shifts in attitudes toward the elected leader using a different
quantification of attitudes that included both self-reports and behaviors
on social media (i.e., Facebook; see Table S20 for correlations between
self-reports and social media behaviors). Once again, the pattern of our
primary result linking acute testosterone reactivity to attitudinal shifts
was observed in these analyses (see SI-Results Section 9.2.1, Table S22,
and Fig. S9). A similar but weaker pattern was also found with diurnal
slope changes predicting shifts in composite attitudes (see SI-Results
Section 9.2.2 and Table S23).

3.4.3. Undecided voters
We included undecided voters as an exploratory comparison group
and investigated differences between supporters of the losing candidate
and undecided voters, across all analyses (see SI-Results). Broadly, we
found that supporters of the losing candidate differed from undecided
voters in the pattern of: (i) testosterone responses to the election, and (ii)
testosterone-moderated shifts in attitudes toward the elected leader.
These differences between supporters of the losing candidate and un
decided voters, although directionally similar to the differences between
supporters of the losing and winning candidates, were not as robust or
large in their effect sizes. Given these preliminary results and the
importance of undecided voters in determining electoral outcomes, we
encourage researchers to incorporate undecided voters when studying
hormonal variation and attitudinal changes during elections.

3.3.3. Other robustness checks
We conducted additional robustness checks by: (i) including partic
ipant age and socioeconomic status as covariates in all models (see SIResults Models B and Section 9.8 for specification curve analysis); and
(ii) entering changes in positive and negative affect during the compe
tition outcome window as covariates (see SI-Results Section 9.3). The
inclusion of these covariates did not substantively change our main re
sults. Finally, our main results were also robust to controlling for when
participants learned about the election outcome, and for when they
completed the Pre-Election Lab and Post-Election Lab (see SI-Results
Sections 9.5 and 9.6, and Tables S24 and S25).

4. Discussion

3.3.4. Correction for multiple comparisons
We used Benjamini’s and Hochberg’s (1995) false discovery rate
(FDR) to correct for multiple comparisons across all our main results in
this article. We found that all our statistically significant results
remained statistically significant after correcting for FDR (see SI-Results
Section 9.7 and Table S26).

Hyper-partisan political interactions are a common and prominent
feature of present-day democratic politics (Abramowitz and McCoy,
2019). We investigated the extent to which a high-stakes intergroup
competition—a US presidential election— predicted changes in testos
terone levels, and how competition-related testosterone responses in
turn predicted shifts in attitudes toward the elected leader. We found
that: (i) supporters of the losing candidate experienced acute elevations
in testosterone concentrations on the night of the election compared to
supporters of the winner; (ii) supporters of the losing candidate also
exhibited flatter diurnal slopes starting on Election Day, and these flatter
slopes persisted up to two days after the election; and (iii) among the
losing candidate’s supporters, greater testosterone reactivity on
election-night and flatter diurnal slopes predicted less positive attitudes

3.3.5. Multiverse specification curve analysis
To further assess the robustness of our findings we also conducted
specification curve analysis for our main results (Simonsohn et al.,
2020). We identified the following data analytic choices that determined
reasonable alternative specifications to our original models: (i) the
choice of the regression model and analytic choices within those models,
7
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toward the winning candidate after the election. Even though these two
indices of testosterone change predicted a similar attitudinal shift, acute
testosterone reactivity was a stronger predictor of this shift in attitudes
toward the elected leader.
Previous research found evidence of the standard winner-loser effect
during the 2008 US presidential election (i.e., an increase in testosterone
in supporters of the winning candidate; Apicella and Cesarini, 2011;
Stanton et al., 2009). In contrast, the present study highlights hetero
geneity in the winner-loser effect by providing evidence of a reversal of
the effect (i.e., an increase in testosterone in supporters of the losing
candidate) in the 2012 US presidential election (Oliveira et al., 2013,
2014; Vongas and Al Hajj, 2017; Wu et al., 2017; Zilioli et al., 2014).
These divergent winner-loser patterns may highlight the presence of
moderators that account for variability in testosterone responses (Gen
iole et al., 2017; also see Table S30 highlighting other differences be
tween the current study and study conducted during the 2008 election;
Stanton et al., 2009).
One possible moderator could be differences in the perceived
closeness of the two races. Prior laboratory work suggests that the
standard winner-loser effect emerges more readily in competitions
perceived as decisive (i.e., the winner dominates the competition with a
clear margin, e.g., Denson et al., 2013) and that the reverse winner-loser
effect may occur in competitions perceived as close (i.e., there is un
certainty surrounding who might win the competition; Zilioli et al.,
2014). In this vein, the 2008 election was predicted to be a relatively
decisive race, with early polls favoring Obama over McCain with a 55%
versus 44% chance of victory, respectively (Newport et al., 2019). By
contrast, the 2012 election was expected to be a much closer race (Pew
Research, 2018), with pre-election polls predicting a 49% chance of a
Romney victory relative to a 48% chance of an Obama victory, even a
day before the election (Gallup, Inc, 2012c). Thus, in the 2012 election,
testosterone increases among Romney supporters may be attributed to
the expectation of a close race. In this context, increased testosterone
concentrations could reflect a motivation to regain status that is lost
after an unexpected defeat (Mazur and Booth, 1998). It is, however,
important to note that the electoral outcomes of both the 2008 and 2012
races turned out to be decisive Obama victories (per electoral college
and popular vote percentages; Federal Election Commission, 2008,
2012). Therefore, it is possible that the perceived closeness of the
competition rather than the actual closeness of the outcomes may have
affected changes in testosterone concentrations. To test this experi
mentally, future laboratory research could manipulate predicted mar
gins of victory prior to the outcome compared to actual margins of
victory and evaluate differences in their effects on testosterone con
centrations during competitive encounters.
Another possible moderator that could be explored in future work is
the social status of the competitors prior to the competition. Obama rose
in status—from Senator to President—with his victory in 2008, which
may explain why his supporters rose in testosterone (Casto and Edwards,
2016b; Mazur and Booth, 1998). By contrast, Obama’s status as US
president did not change with his 2012 re-election, which may explain
why we did not observe a similar rise in testosterone amongst Obama
supporters in the 2012 election (see Zilioli and Watson, 2014 and Knight
and Mehta, 2017 for related laboratory research). This argument,
however, does not easily explain why we detected a rise in testosterone
among supporters of the losing candidate as part of the reverse
winner-loser effect. Thus, it is possible that perceived closeness and prior
social status operate in concert to explain the divergent winner-loser
patterns (for further discussion of possible moderators of the
winner-loser effect, see Casto and Edwards, 2016b; Geniole et al., 2017).
A rise in testosterone following a competitive loss may function to
promote status seeking, often expressed in overt behaviors such as
challenging the winner to a re-match (Carré et al., 2009; Mehta and
Josephs, 2006). Because democratic elections do not allow for imme
diate rematches, acute testosterone increases in supporters of the losing
candidate may instead manifest as negative attitudes toward the newly

elected leader. Given that shifts in individual attitudes in democratic
organizations have the potential to influence a leader’s performance in
office (Barrett and Eshbaugh-Soha, 2007), this study’s results raise the
possibility that acute testosterone reactivity could impact the efficacy of
democratically elected leaders. Furthermore, elevated testosterone
concentrations may also inhibit intergroup cooperation (Diekhof et al.,
2014; Mehta et al., 2017). Therefore, an increase in acute testosterone
levels following defeat in a societal intergroup competition may have
broader implications for intergroup relations by impairing cooperation
and deepening partisan divisions among members of competing groups.
This study’s findings also suggest that the outcome of a large-scale
societal competition not only predicts acute testosterone reactivity
within hours of a competition but also predicts changes in day-to-day
physiological functioning (i.e., diurnal rhythms). Diurnal endocrine
patterns may help individuals coordinate behavior and physiology with
seasonal and daily changes in environmental demands (Gorman and
Lee, 2002). Here, supporters of the losing candidate exhibited flatter
diurnal slopes on Election Day and at least up to two days thereafter.
Moreover, changes in diurnal rhythms among the losing candidate’s
supporters were associated with reduced positive attitudes toward the
elected leader. These findings extend the biosocial model of status by
delineating longer-term impacts of intergroup competition outcomes on
diurnal testosterone functioning and suggest additional directions for
future work involving diurnal testosterone. For example, studies have
found that more negative attitudes toward election results are correlated
with symptoms of poor mental health (e.g., event-related distress; Hagan
et al., 2020). Given that variations in diurnal rhythms of testosterone
have also been linked with psychopathology (e.g., anxiety-depression,
behavioral problems; Granger et al., 2003), future work could
consider the impact of election-related changes in testosterone’s diurnal
rhythms on attitudes toward elected leaders and their downstream ef
fects on mental health outcomes.
By using a longitudinal design, we found that testosterone responses
predicted shifts in attitudes toward the winner in the days after the
election, but that these testosterone-moderated attitudinal shifts were
smaller in magnitude six months after the election, albeit in the same
direction as the short-term shifts in attitudes. Previous studies have
found that short-term acute testosterone reactivity after competitive
encounters predicts status-relevant behaviors one to six days after the
encounter in non-human animals (Fuxjager et al., 2010; Oyegbile and
Marler, 2005; Trainor et al., 2004), and one laboratory study showed a
similar effect in humans (Zilioli and Watson, 2014). This timescale over
days is consistent with theories of neuroendocrine function which sug
gest that acute hormonal effects on the brain and psychological out
comes may be short-term but not long-term (Marler et al., 2005a;
Oliveira, 2009). However, one study in military personnel found that
testosterone reactivity to a laboratory stressor before deployment pre
dicted downstream health outcomes months later (Cobb et al., 2018).
The effect size in this war zone study was similar in size to the
testosterone-moderated attitudinal shifts we observed six months after
the election. Thus, our results leave open the possibility that there could
be long-term hormonal effects, albeit weaker than the short-term effects.
To explore this possibility, we recommend additional studies with larger
sample sizes to detect small effects. These studies should also consider
environmental factors that may influence the magnitude of long-term
effects, such as factors that could extend political uncertainty sur
rounding electoral outcomes well past election day (e.g., vote recounts,
misinformation about election results, impeachment, insurrections).
We found non-significant sex differences in testosterone-moderated
attitudinal shifts. That is, testosterone responses to the election’s
result showed a similar association with attitude shifts in males and
females. Several previous studies have also found similar testosteronebehavior associations across sexes (Mehta et al., 2009; Stanton et al.,
2011). Together with this previous work, our findings suggest that
testosterone has important psychological consequences for males and
females (Casto and Prasad, 2017). However, the effect of the election
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outcome on acute and diurnal changes in testosterone was stronger in
males than in females, which is consistent with previous work that found
stronger effects of competition outcomes on acute testosterone re
sponses in males (Geniole et al., 2017; Stanton et al., 2009). One possible
explanation for this sex difference is that the sex hormone estradiol may
be more responsive than testosterone to competition outcomes in fe
males (Casto and Prasad, 2017), which can be tested in new studies by
quantifying estradiol levels. Another explanation is that EIAs may have
been more susceptible to measurement error in females and individuals
with lower testosterone concentrations. In a random subset of our
samples, we assessed the validity of testosterone concentrations ob
tained from EIAs in comparison to those obtained from a highly accurate
reference method, LC-MS/MS, across samples with lower and higher
concentrations of testosterone. We note that samples with lower con
centrations of testosterone (females and in the lower 50% of the sam
pling distribution) demonstrated less robust validity compared to
samples with higher concentrations (males and upper 50%), a finding
consistent with prior work (Welker et al., 2016). Future studies may
benefit from using the more accurate LC-MS/MS, especially in all female
or mixed-sex samples. We return to this point below.
Previous studies that have examined associations between testos
terone responses to competition and psychological outcome measures
have focused primarily on laboratory models (e.g., Carré et al., 2009;
Mehta and Josephs, 2006), which have limited ecological validity. The
present study extends this work to a naturalistic setting with significant
societal importance. However, the advantages associated with an
ecologically valid setting come with some loss of experimental control
that a laboratory study would have when examining differences across
winners and losers. Although we did control for some factors (e.g., SES)
that may vary across political parties in the US political system, there
may have been other ideological factors that distinguished the two
groups (e.g., System justification, Right Wing Authoritarianism; Jost
et al., 2009; Womick et al., 2019) that can be controlled in future work.
Further, because we tested our research questions in an ecological
setting, we were unable to provide evidence of causality. Future
research could pharmacologically manipulate testosterone levels to test
its causal impact on competition-related shifts in intergroup attitudes
and behaviors.
We chose to use immunoassays in this study to measure salivary
testosterone for several reasons: cost-effectiveness for the number of
samples (~2500), ease of use, expertise in conducting the hormonal
analyses, and standards in the field at the time of data collection (see
Yasuda et al., 2008). We were able to confirm the validity of testosterone
concentrations obtained from EIAs in a random subset of our samples
against a highly accurate reference method (liquid chromatography
tandem mass spectrometry, LC–MS/MS). In future studies, we recom
mend that researchers use larger mixed-sex samples to conduct validity
assessments of their assay method, which will thereby allow them to
draw meaningful conclusions of their study’s assay validity, especially
given concerns with testosterone measurement at lower concentrations
(see discussion above; Welker et al., 2016; see McCullough et al., 2013
for related discussion with oxytocin assays). We also encourage re
searchers to transparently report the methodological details of their
assay methods and associated limitations in their manuscripts, to inde
pendently test the validity of immunoassays they are using (e.g., ra
dioimmunoassays and chemiluminescence immunoassays), and to
prioritize the use of LC-MS/MS as a method for sex-hormone analyses,
whenever feasible (see discussion in Prasad et al., 2019 for more
details).
This study provides initial estimates of testosterone-moderated atti
tudinal shifts, but future work will be helpful in improving these esti
mates. The effect sizes reported in this field study are consistent with
effect sizes reported in other field studies (Jones and Josephs, 2006) as
well as with meta-analytic evidence of larger effect sizes in the field
relative to laboratory settings (Geniole et al., 2017). We hope that our
detailed methods section (also see SI Materials) and freely accessible

dataset will support future replication attempts and meta-analyses.
Finally, we assessed the robustness of our main findings via specifi
cation curve (multiverse) analysis. The results from this analysis indi
cated that our main results are robust to alternative data analytic
specifications and are not dependent on the choices we made in our
original analytic approach. We encourage future researchers to also test
the limits and dependencies of their own findings across reasonable
alternative data analytic choices to facilitate transparency and replica
bility of research findings.
Humans operating within social organizations must often adapt to
leaders from outgroups who are perceived not to represent the ingroup’s
interests. This study’s results suggest that the fluctuations in testos
terone resulting from intergroup competitive encounters are related to
an individual’s attitudinal responses toward leaders from one’s out
group. Ultimately, free and fair elections and the peaceful transfer of
power are the hallmarks of democratic governance. We offer evidence
toward explaining how individual-level biological activity may be
associated with the dynamics of intergroup competitions and us-versusthem divides, social phenomena that can greatly dampen progress to
ward shared societal goals.
Acknowledgements
We are indebted to all the research assistants involved in this project.
We also thank Richard Slatcher, Robert Josephs, Matthias Mehl, Megan
Robbins, Colton Christian, Jeffrey Whitaker, Ron Nieva, and Sarah
Donaldson.
CRediT authorship contribution statement
P.H.M., S.P., and B.L. designed the study. P.H.M., S.P., and B.L.
collected the data. B.L. and S.P. immunoassayed the saliva samples. S.
P., E.L.K., and K.W. analyzed the data. S.P., E.L.K., A.S., and P.H.M.
wrote the manuscript. K.W. and B.L. provided comments on the
manuscript.
Conflict of interest and financial disclosures
The authors report no financial interests or potential conflicts of
interest. This research was supported by NSF Grants #1451848 and
#1303743 awarded to PHM.
Appendix A. Supporting information
Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.psyneuen.2021.105396.
References
Abramowitz, A., McCoy, J., 2019. United States: Racial Resentment, Negative
Partisanship, and Polarization in Trump’s America. The ANNALS of the American
Academy of Political and Social Science 681, 137–156. https://doi.org/10.1177/
0002716218811309.
Adam, E.K., Kumari, M., 2009. Assessing salivary cortisol in large-scale, epidemiological
research. Psychoneuroendocrinology 34, 1423–1436. https://doi.org/10.1016/j.
psyneuen.2009.06.011.
Alabastro, A., Rast, D.E., Lac, A., Hogg, M.A., Crano, W.D., 2013. Intergroup bias and
perceived similarity: effects of successes and failures on support for in- and outgroup
political leaders. Group Process. Inter. Relat. 16, 58–67. https://doi.org/10.1177/
1368430212437212.
Apicella, C.L., Cesarini, D.A., 2011. Man is by Nature a Political Animal: Evolution,
Biology, and Politics! Testosterone and the Biology of Politics, pp. 261–272.
Apicella, C.L., Dreber, A., Mollerstrom, J., 2014. Salivary testosterone change following
monetary wins and losses predicts future financial risk-taking.
Psychoneuroendocrinology 39, 58–64. https://doi.org/10.1016/j.
psyneuen.2013.09.025.
Ariens, C. 2016. Here’s What Time the Networks Called the 2012 Election. URL: 〈htt
p://www.adweek.com/tvnewser/heres-what-time-the-networks-called-the-2012-ele
ction/31011〉.

9

S. Prasad et al.

Psychoneuroendocrinology 133 (2021) 105396

Barrett, A.W., Eshbaugh-Soha, M., 2007. Presidential success on the substance of
legislation. Political Res. Q. 60, 100–112. https://doi.org/10.1177/
1065912906298605.
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