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Abstract

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.

Keywords: intergroup competition; testosterone; social status; reverse winner-loser effect; diurnal

rhythms
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Testosterone fluctuations in response to a democratic election predict partisan attitudes toward the
elected leader
1. Introduction

Across the animal kingdom, groups compete for control over valued resources (Packer & Pusey,
1982; Williams et al., 2002; Wilson & 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 importance of these attitudes extends well beyond the election. Partisan attitudes toward the elected
leader not only influence the efficacy of his or her tenure via presidential approval ratings (Barrett &
Eshbaugh-Soha, 2007) but also impact subsequent intergroup relations by exacerbating partisanship and
deepening political and ideological divisions (Abramowitz & 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 &
Turner, 1979; Van Bavel & 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 competition and to
influence status seeking (Carré et al., 2009; Casto & Edwards, 2016b; Mehta & 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 winning a competition triggers
increases in testosterone concentrations, whereas the loss of status following defeat triggers decreases in

testosterone concentrations (i.e., the winner-loser effect; Casto & Edwards, 2016b; Mazur & Booth,
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1998). Empirical support for the winner-loser effect derives from laboratory and naturalistic competitions
in competitors 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 supporters experienced acute elevations in testosterone concentrations 40 minutes after the
outcome was declared, relative to supporters of losing candidates (Stanton et al., 2009; see Apicella &
Cesarini, 2011 for similar pattern'). 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; Oliveira et al., 2014; Vongas & Hajj,
2017; Wu et al., 2017; Zilioli et al., 2014). For example, in one laboratory 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 magnitude 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 societal intergroup
competitions remains an open question.

The biosocial model of status also predicts that competition-related changes in testosterone
should influence subsequent status-seeking behaviors. This prediction has received support in laboratory
studies, particularly when examining losers’ behaviors toward winners (Carré et al., 2009; Casto &
Edwards, 2016b; Mehta & 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 & 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

IThis 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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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
(Branscombe & 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 & 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 & Wann, 1994; Fein & Spencer, 1997), and testosterone is
theorized to increase this motivation (Mehta & 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 testosterone responses and attitudes
toward the winner among the winner’s supporters. According to the biosocial model of status,
testosterone responses to competition should promote dominance directed toward opponents in pursuit of
social status (Carré et al., 2013; Casto et al., 2020; Oyegbile & Marler, 2005; cf- Apicella et al., 2014).
For supporters 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
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cooperation during an intergroup competition, which suggests that testosterone may also function to
promote prosocial behavior toward one’s own group (Diekhof et al., 2014; Reimers & 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 speculative, given little
empirical research on this topic.

Beyond testing our primary research questions that address gaps in knowledge about associations
between testosterone responses and attitudes 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 (Carr¢ et al., 2009; Mehta & Josephs, 2000).
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 & Marler, 2005; for initial laboratory work in humans, see also Ziloli & 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 responses to competition occur
minutes after a competition and are short-lived (Casto & Edwards, 2016a; Geniole et al., 2017; Gleason et

al., 2009). But the societal importance of elections suggests that their outcomes may exert persistent
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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 & 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 dynamics. The functional
significance of testosterone’s diurnal patterns is poorly understood, but changes in diurnal rhythms may
help the individual adapt to and coordinate behavior in response to changing social and physical
environments (Gorman & Lee, 2002; Gray et al. 2004), such as changes in social status (Mazur & Booth,
1998). Initial evidence suggests that status-relevant situations can disrupt diurnal testosterone’s rhythms
(Trawalter et al., 2012), and that variations in diurnal rhythms are also linked to antisocial status-relevant
behaviors (Granger et al., 2003; Peckins & Susman, 2015). Building on these initial findings, we explored
the extent to which the presidential election predicted subsequent shifts in testosterone’s diurnal rthythms
in the days following the result and the effects of these diurnal rthythm changes on shifts in attitudes
toward the elected leader.
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 minutes after they woke up (Wake-

up+30 mins), at 3pm (Afternoon), and when they went to bed (Bedtime). Diurnal rhythms were indexed
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by the magnitude of the slope connecting the morning peak (via the two wake-up samples), the afternoon
plateau (via the 3pm sample), and the end-of-day nadir (via the Bedtime sample; Adam & Kumari, 2009;
Granger et al., 2003; Kuzawa, et al. 2016; Trawalter et al., 2012). Additional samples were collected at
Spm, 7pm, and 9pm on Election Day (ED). The period from 7pm 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 availability in the days before and after the election, on average, the
Pre-election 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 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 attitudinal 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 (Mg = 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% Hispanic/Latino, 0.92% Middle Eastern, 3.67% Native American,

1.83% Pacific Islander, 2.75% Multiracial) from Eugene and Springfield, Oregon. Voter registration was
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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).> 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 (#=66; M.,=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 examining 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; »=50 in Mehta & Josephs, 2006);
and (ii) our sample included an approximately equal representation of males and females, unlike prior
studies that disproportionately focused on males (Casto & 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
simulation code)’.

2.3. Salivary testosterone. Saliva samples were collected via passive drool using standard
procedures (Schultheiss & Stanton, 2009). At-home saliva sampling, collection, and storage adhered to
standard procedures for diurnal hormone measurement (Adam & Kumari, 2009; Gildner, 2021; Gorman

& Lee, 2002; Granger et al., 2003; Kudielka et al., 2012; Kuzawa, et al. 2016; Trawalter et al., 2012) and

2 The skewed distribution of political groups in our sample was representative of the political ideologies of those in
the Eugene/Springfield area in Oregon—a liberal college city.

3 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).



TESTOSTERONE AND PARTISAN ATTITUDES 10

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 likelihood of compliance, and having participants indicate the time they
provided each saliva sample by using an electronic time stamper (see SI-Methods Section 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 & 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 testosterone 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: r94=.80, 95%CI[.72, .86], p<.001; males: ruo=.54, 95%CI[.28, .72], p<.001;
females: r(s2=.66, 95%CI[.47, .79], p<.001). We also conducted Deming regression analysis, which
determines how closely the relationship between 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 & Fitzgerald, 2003; Schultheiss & 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

proportional bias results are also reported in the supplemental material (Table S5). Collectively, these
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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 work.

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, 2012a; Gallup,
2012b). 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 (#=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 participants 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 determine 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 & Bryk, 2002; see SI-

Methods Section 6.1 for more detail).’

# 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).

5 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 et al., 2015).
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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 intercepts 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” (1% contrast: Romney supporters= 0,
Obama supporters= 1; 2™ 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 & Josephs, 2006). The orthogonal contrasts were allowed to interact with lower-order linear
and quadratic time parameters. In the main manuscript 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 performed simple
slopes analysis to decompose and interpret the magnitude and direction of overarching interactions.’

In the model assessing acute changes in testosterone on the night of the election, raw testosterone
concentrations during the theorized competition-outcome window (7pm, 9pm, 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 individual MLM:s for each day of the

® 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 Ime4 package in R. Therefore, we
encourage readers to consider the size and direction of the confidence intervals instead.
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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, attitudes 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. Testosterone 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 parameters (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 Ime4 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.

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 (» > .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 (/CC > .7). With a total sample size
of 120, moderate effect sizes were approximately 80% powered at all but the lowest ICC (» = .3). See SI-

Methods (Section 7 and Fig. S1) for full a description and results related to these power simulations.
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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
testosterone changes, across the theorized competition-outcome window (7pm, 9pm, and Bedtime). The
MLM analysis revealed a significant Time (Linear) X Group (Romney versus Obama) interaction
(B=-14.60, 95%CI[-26.00, -3.21], f=-.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, consistent 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 7pm testosterone levels). We then conducted a regression
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], f=-.51, p=.024,
d=0.48). Supporters of the losing candidate showed acute increases in testosterone 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 difference score from 7pm 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 Post-election Lab session. Our
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analysis revealed a significant three-way Time (Linear) x Acute Testosterone Reactivity x Group
interaction (Romney versus Obama: B=0.29, 95% CI[0.17, 0.41], p=.31, p<.001; Table S11). Simple
slopes analyses revealed that among supporters of the losing candidate, larger increases in testosterone
levels predicted less positive attitudes toward the elected leader (+1SD 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%C1[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 £D+1 and the Post-Election Lab) corroborated our
primary results: the Acute Testosterone Reactivity x Group (Romney versus Obama) interaction predicted
attitude shifts toward the elected leader (B=0.25, 95%CI[0.13, 0.37], f= .91, p<.001, d=0.98; see Fig. S4
and SI-Results Section 2).
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) x Group (Romney versus Obama supporters) interaction (B=-7.30, 95% CI[-12.17, -2.43], =
.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 SI-
Results 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 sampling period (Time (Linear): B=0.33,
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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) X Group (Romney versus Obama): B=-7.25, 95% CI[-
12.12, -2.37], p=-.38, p=.004).

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) predicted short-term shifts in attitudes toward the elected leader. We found a
significant Time (Linear) x Diurnal Slope Change * Group (Romney versus Obama) interaction (8=0.13,
95% CI110.02, 0.23], p=.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 positive attitudes toward the elected leader (+1SD 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%C1[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+/ and the Post-
Election Lab) corroborated these results: The Diurnal Slope Change x Group (Romney versus Obama)
interaction also predicted attitude shifts toward the elected leader (B=0.17, 95%C1[0.07, 0.27], = .61,
p=.001, d=0.78; see Fig. S7 and SI-Results Section 6).
3.3. Robustness checks

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 corresponding 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
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that acute testosterone reactivity on election night was a more robust predictor of shifts in partisan
attitudes compared to diurnal slope change.

3.3.2. Alternative quantification of attitudes using self-reports and behaviors on social
media. We examined the association between testosterone change predictors 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).

3.3.3. Other robustness checks. We conducted additional robustness checks by: (i) including
participant age and socioeconomic status as covariates in all models (see SI-Results Models B and
Section 9.8 for specification curve analysis); and (ii) entering changes in positive and negative affect
during the competition outcome window as covariates (see SI-Results Section 9.3). The inclusion of these
covariates did not substantively change our main results. 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).

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).

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, (ii) the

treatment of outliers, and (iii) the manner in which diurnal slopes were calculated (see Table S27). The
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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 Figures S10 to S13).

3.4. Summary of key supplementary analyses

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 long-term 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 Sections 3 and 7, Tables S12 and S18, and
Figs. 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 term effects.

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 direction for both
sexes). However, we did not find evidence of sex differences 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).

3.4.3. 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-
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moderated shifts in attitudes toward the elected leader. These differences between supporters of the losing
candidate and undecided 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.

4. Discussion

Hyper-partisan political interactions are a common and prominent feature of present-day
democratic politics (Abramowitz & McCoy, 2019). We investigated the extent to which a high-stakes
intergroup competition—a US presidential election— predicted changes in testosterone 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 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 &
Cesarini, 2011; Stanton et al., 2009). In contrast, the present study highlights heterogeneity 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; Oliveira et al., 2014;
Vongas & 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 (Geniole et al.,
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2017; also see Table S30 highlighting other differences between 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
uncertainty 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, 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 & 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 experimentally, future laboratory research could manipulate predicted margins of victory prior to
the outcome compared to actual margins of victory and evaluate differences in their effects on
testosterone concentrations 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 & Edwards, 2016b; Mazur &
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
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the 2012 election (see Zilioli & Watson, 2014 and Knight & 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 & 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 &
Josephs, 2006). Because democratic elections do not allow for immediate 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 & 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
(Diekof, 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
& 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
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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 effects 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 & Marler, 2005; Trainor et al., 2004), and one laboratory
study showed a similar effect in humans (Zilioli & Watson, 2014). This timescale over days is consistent
with theories of neuroendocrine function which suggest that acute hormonal effects on the brain and
psychological outcomes may be short-term but not long-term (Marler et al., 2005; Oliveira et al., 2009).
However, one study in military personnel found that testosterone reactivity to a laboratory stressor before
deployment predicted 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 surrounding 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
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and females. Several previous studies have also found similar testosterone-behavior 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 & Prasad,
2017). However, the effect of the election 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 responses 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 females (Casto & 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 obtained 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 concentrations of
testosterone (females and in the lower 50% of the sampling 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 testosterone responses to competition
and psychological outcome measures have focused primarily on laboratory models (e.g., Carré et al.,
2009; Mehta & 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,
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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 recommend 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 researchers to transparently report the
methodological details of their assay methods and associated limitations in their manuscripts, to
independently test the validity of immunoassays they are using (e.g., radioimmunoassays 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 attitudinal shifts, but future work
will be helpful in improving these estimates. The effect sizes reported in this field study are consistent
with effect sizes reported in other field studies (Jones & 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 specification curve (multiverse)
analysis. The results from this analysis indicated 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.
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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 replicability 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
testosterone resulting from intergroup competitive encounters are related to an individual’s attitudinal
responses toward leaders from one’s outgroup. 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-versus-them divides, social phenomena that can greatly dampen progress toward shared societal goals.
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Fig. 1. Timeline of the study. Salivary testosterone was measured when participants woke up (Wake-up),
30 minutes after they woke up (Wake-up+30 mins), at 3 pm (Afternoon), and when they went to bed
(Bedtime). Additional samples were collected at Spm, 7pm, and 9pm 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.
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Fig. 2. Acute testosterone reactivity to the election outcome. Left Panel: Testosterone levels (in pg/mL)
during the competition-outcome window: 7pm, 9pm, and at Bedtime on election night. Solid lines
represent estimated 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 7pm).
Bars represent estimated marginal means of acute change (controlling for sex) and error bars = +1SEs.
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Fig. 3. Attitudes toward the elected leader (Obama) as a function of acute testosterone reactivity +1 SD
around the mean for each political group. Attitudes toward the elected leader were reported at the pre-
election lab session (Pre), one day before the election (ED-1), 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 election results were declared.
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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.
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SI METHODS
1. Political group classification

Approximately two weeks prior to the 2012 US presidential election, we asked
participants who they intended to vote for in the upcoming election: Definitely Obama, Probably
Obama, Probably Romney, Definitely Romney, Not sure, and Other candidates (Jost et al., 209).
Participants who indicated that they would Definitely or Probably vote for Obama were
categorized as supporters of the winning candidate and referred to as Obama supporters.
Participants who indicated that they would Definitely or Probably vote for Romney or supported
other losing candidates (e.g., Gary Johnson, n=1) were classified as supporters of the losing
candidate and referred to as Romney supporters. We included the one Gary Johnson supporter
within the losing group because we were broadly interested in comparisons between supporters
of winners and losers and the inclusion of this individual boosted statistical power of the losing
group. For brevity and ease, we refer to the losing group collectively as “Romney supporters”.
Our main results remain unchanged after the exclusion of the individual supporting Gary
Johnson (see SI Results). Finally, participants who were unsure of their support for either leader
were categorized as undecided. A total of 62 Obama supporters (56.45% Female), 33 Romney
supporters (48.48% Female)', and 18 undecided voters (77.78% Female) were recruited to
participate in the study.?

To the extent possible, participants were matched across political groups across several
variables. These were: (a) demographic characteristics, such as age and subjective socio-
economic status (measured using the MacArthur Scale of Subjective Social Status; Adler et al.,
2000), and (b) political investment, which was measured using the following items: ‘How
invested do you consider yourselfin the upcoming election?’ (1= Very Invested to 4= Very
Uninvested; reverse coded); ‘How often do you consume media about the upcoming election?’
(1= Never to 5= Very often) ‘How often do you talk about the upcoming election in your free
time?’ (1= Never to 5= Very often). The latter two political investment items that correspond to
talking about and consuming media about the election were rescaled to a 4-point Likert scale (by
subtracting 1) because no participant selected the “Never” option for those two questions. All
three items related to political investment were then averaged to create a composite measure of
political investment in the election (a=.76). See Table S1 for means and SDs of the demographic
characteristics (i.e., age and SES) and political investment levels across political groups. Obama
supporters and Romney supporters did not differ from each other on either demographic
characteristic (ps>.10). However, undecided voters reported significantly lower SES than
Romney supporters (B=-1.42, 95%CI[-2.51, -0.34], p=.011) and marginally lower SES than
Obama supporters (B=-0.98, 95%CI[-1.97, 0.01], p=.053). Undecided voters were also older
than Romney supporters (B=5.17, 95%C1[0.34, 10.00], p=.036) and Obama supporters (B=5.64,
95%CI[1.23, 10.06], p=.013). All three political groups did not differ on their political
investment in the election (ps>.10). The race and ethnicities of our sample’s participants across
the three political groups were representative of the location of the study (i.e., Oregon; see Table

' The skewed distribution in political support in our sample was representative of the political ideologies
shared by those in the Eugene/Springfield area in Oregon. The majority of those who participated in our
surveys were Democrats and therefore most of our sample were Obama supporters.

? After the initial screening process, we recruited 114 participants. However, due to technical difficulties
(i.e., not receiving the evening surveys or text message reminders to complete the daily diary), one
participant was not able to complete critical portions of the study and therefore was excluded from all
analyses.
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S2 for frequency of races and ethnicities across political groups). To compare differences in the
frequencies of races and ethnicities across political groups in our study, and given lower
representation of people of color across racial/ethnic groups in our sample, we classified our
participants as White or People of Color for ease of interpretability. A chi-square test of
independence revealed no significant differences in race/ethnicity across political groups (y*=
3.29, p=.20).

Table S1. Means and SDs of Age, SES, and Political Investment across the three political groups.

Romney Supporters Obama Supporters Undecided Voters

M SD M SD M SD

SES 6.09 2.01 5.65 1.70 4.67 2.17
Age (years) 23.94 7.98 23.47 7.38 29.11 11.52
Political Investment 3.65 0.70 3.51 0.65 3.33 0.66

Table S2. Frequencies (in % of total available data) of race within each political group.

Race Romney Supporters  Obama Supporters Undecided Voters
White 88% 72% 69%
People of Color 12% 28% 31%
African/African American 0% 59 6%
Asian/Asian American 0% 59 13%
Hispanic/Latino 6% 7% 6%
Middle Eastern 0% 20 0%
Native American 6% 3% 0%
Pacific Islander 0% 3% 0%
Multiracial 0% 3% 6%

1.1. Longitudinal follow-up. A subset of our sample (n=66; M,e.=24.48; SD=8.02) responded
to a longitudinal follow-up survey, administered six months after the election. This follow-up
sample consisted of 31 Obama supporters (54.84% Female), 21 Romney supporters (42.86 %
Female) and 14 Undecided voters (78.57% Female).

2. Confirmation of voting status and voting details

On average, participants reported voting on October 31, 2012; it was possible for
participants to vote prior to Election Day because in the year 2012, Oregon was one of the three
states in the US where voters had the option to mail in their ballots. On average, participants
reported learning about the results on the night of the election (November 6, 2012) at 8:50 pm
PST; networks called the election at approximately at 8:12 pm PST (Ariens, 2016). To confirm if
participants voted in the 2012 US presidential election, we obtained public voting information
from the local election office. Out of those participants with available voting records (n=93),
94.62% (n=88) voted in the 2012 election. Some participants did not have voting records in the
Oregon database. It is possible that these participants voted in other states or that the names and
addresses that they provided did not match those in the Oregon database. Participants also
retrospectively reported (a) how and when they cast their ballot and (b) the social context in
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which they found out about the electoral outcome: the source of the results, and where and with
whom they found out about the election result (see Table S3).

Table S3. Frequencies (in % of available data) for the reported voting process and the context within
which participants found out about the election. Note: the frequencies are not mutually exclusive.

VOTING ELECTION RESULTS
Voting Process % | Source of results % Social Context % Location %
Mail in 74.29 | Media 88.46  Alone 23.81 Apt/Home/Dorm  72.40
Dropbox 20.00 TV 61.54  Family 20.00 Public place 13.21
Absentee 3.81 Internet 30.77  Friends 48.57 Work 8.49
Booth 1.9 Social Media 2.88 Peers 19.05 In-transit 1.89
Social
interaction 1731  Co-workers 1.90  Other 3.77
Strangers 9.52
Partner 7.62
Roommates 2.86

3. Salivary testosterone

3.1. Collection and storage. Saliva samples were collected via passive drool into
polypropylene tubes. To control for the effects of food intake on endocrine functioning,
participants were asked not to eat or drink anything besides water 30 minutes before they
provided each sample and were asked to rinse their mouths prior to sample collection.
Participants were asked to not brush their teeth in the 30 minutes that separated the two morning
samples. After collection, participants were asked to immediately store all their samples in a
freezer at home in order to preserve the integrity of the sample and prevent hormone degradation
and mucin precipitation. If participants did not have access to a freezer, they were asked to store
their samples temporarily in a box with icepacks (which were provided by the experimenters)
during the day, before they transferred the samples to a freezer at home. All sample collection
and storage procedures adhered to standard practices in the literature (Schultheiss & Stanton,
2009; Van Anders et al., 2014; Adam & Kumari, 2009).

3.2. Compliance. All take-home saliva samples were self-administered, and to ensure
compliance with standard saliva collection procedures, participants were provided with detailed
instructions for at-home saliva collection (Adam & Kumari, 2009; Kudielka et al., 2012; see
https://osf.io/xkbuc/ for instructions provided to the participants). Consistent with prior research,
participants were also sent automated text messages using a bulk text message service—Red
Oxygen—yprior to each instance they provided a saliva sample, as both a reminder and means to
increase likelihood of compliance (Fernandes et al., 2013). Additionally, after providing each
sample, participants time-stamped their daily diaries using an electronic time-stamper (Dymo
Corporation, Stamford, Connecticut) (see Table S4 for average hours since awakening for each
sample). On average we were able to obtain time-stamp data for 97.97% of the samples that were
collected. Further, we did not find any differences on the average time when each sample was
provided across political groups (ps>.10).
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Table S4. Average time (in hours) after awakening for each sample across the naturalistic
sampling period. ED - 2: Two days before the election; ED - 1: One day before the election; ED:
Election Day, ED + 1: One day after the election; ED + 2: Two days after the election.

ED -2 ED-1 ED ED+1 ED +2

M SD M SD M SD M SD M SD

Wakeup+30 060 028 051 016 052 012 056 023 059 038

Afternoon 648 166 745 159 713 178 709 182  7.05  2.05
5 pm 911  1.82
7 pm 11.16  1.65
9 pm 13.11  1.82

Bedtime 1417 192 1512 1.89 1574  1.84 1514 193 1497 2.8

3.3. Testosterone assays. At the end of the study, when participants dropped off their
frozen samples, the samples were immediately stored at -80 °C in the Social
Psychoneuroendocrinology Laboratory at the University of Oregon until they were assayed.
Before assaying, all samples were thawed to room temperature for 45 minutes, vortexed,
centrifuged for 10 minutes at 3500 rpm, and then aliquoted into micro-centrifuge tubes and re-
stored at -80 °C. Individual aliquots were thawed, vortexed, and centrifuged a second time before
the assay process. Samples were assayed in duplicates using commercially available enzyme-
linked immunoassay (EIA) kits (Salimetrics LLC; State College, PA) following standard
protocols and practices in the literature (Schultheiss & Stanton, 2009).

3.4. Validity information of testosterone immunoassays. In a random selection of 96
samples from our study?, we assessed the validity of testosterone concentrations obtained from
EIAs to those obtained from mass spectrometry (LC-MS/MS) — the gold standard of hormone
measurement (Prasad et al., 2019). To comprehensively assess the validity of testosterone levels
obtained from EIAs, we examined: (i) correlations between testosterone levels from EIAs and
those from LC-MS/MS, (ii) the degree of convergence of testosterone levels from EIAs with
those from the reference method (LC-MS/MS) using Deming regression analysis (Martin, 2000),
(ii1) mean differences in testosterone levels obtained from EIAs relative to those from LC-
MS/MS (fixed bias analysis), and (iv) degree of inflation, if any, in testosterone levels from EIAs
compared to those from LC-MS/MS across the sample distribution (proportional bias).

As noted in the main manuscript, testosterone concentrations obtained from EIAs
correlated well with those obtained from LC-MS/MS across the entire sample, and at higher and
lower concentrations, with narrower confidence intervals at higher concentrations (see Table S5).
We used Deming regression analysis to approximate how closely the relationship between EIAs
and LC-MS/MS conformed to an identity line which assumes equality between methods
(intercept= 0, slope= 1). Although the EIA—LC-MS/MS slope did not show direct one-on-one
correspondence with the line of identity (95% CI for the slope did not include 1), it did closely
approximate the line of identity: the slope was close to 1 and 95% CIs were narrow (see Table
S5). Males, and samples in the upper 50% of distribution demonstrated good convergence with
the line of identity (slope was close to 1 and 95% Cls were narrow). However, females and
samples in the lower 50% of the distribution did demonstrate some deviations from the line of

3 Testosterone concentrations from EIAs reported in Welker et al. (2016) were obtained after re-assaying the random
subset of samples for which we report methodological validity in the current paper.
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identity (see Table S5), but these deviations were smaller in size and the CIs were narrower
compared with those reported in Welker et al. (2016).
Fixed bias analysis revealed that testosterone values obtained from EIAs were
significantly inflated compared to those obtained from MS (ps<.001)— a pattern of results
consistent with when immunoassays are used to estimate testosterone (Schultheiss et al., 2019).
Fixed bias was found across the entire sample, in both sexes, and in the upper and lower 50%.
We did not find evidence of proportional bias in our sample subset. We note that whereas
proportional bias was non-significant or marginal in males and in the upper 50% of the sample,
there was evidence of proportional bias in females and in the lower 50% of the sample (greater
inflation of testosterone was found at higher concentrations).
In summary, we found that EIAs that were conducted in a random subset of our sample
demonstrated good accuracy in estimating testosterone concentrations. However, the
performance of EIAs was better in samples with higher concentrations of testosterone (i.e., in
males and in the upper 50% of the sampling distribution) compared to the performance in
samples with lower concentrations of testosterone (i.e., in females and in the lower 50% of the
sampling distribution). In future work, we recommend that researchers use larger mixed-sex
samples to conduct validity assessments of EIAs, especially given concerns with testosterone
measurement at lower concentrations.

Table S5. Correlations, Deming Regression (DR) Analysis, fixed and proportional bias estimates of
Salimetrics EIAs compared to mass spectrometry (LC-MS/MS; also reported in Prasad et al., 2019).
Analyses were conducted using the overall random sample subset (#=96), in males, females, in the upper
50% of the sampling distribution, and in the lower 50% of the sampling distribution.

Correlations DR: Intercept ~ DR: Slope Fixed Bias Proportional Bias
Sample S0 LT286] 409 126 18690, 04y
(n=96) p<.001 [26.86,54.32] [1.07, 1.45] p<.’001,17,,2=.6’6 ’
Males S4%%[.28,.72];  3.47 1.56 57319416):[;‘01;;’ T4A4T): =28, p=075
(n=42) p<.001 [-80.55, 87.49] [0.78,2.35] p<.’001,17p2=(,).55 ’
Females .66** [.47,.79]; 18.85 3.77 ;1,?1652:[4;241;’05519] =235, p=01
(n=54) p<.001 [1.29, 36.41] [2.56,4.97] p<j001,17p2=0.é6 ’
Upper 50% .65**[.44,.79]; 15.03 1.46 2%645):[2;‘3?;’ 69.80]; =18, p=234
(n=48) p<.001 [-36.75,66.81] [0.95,1.97] p<.’001,17p2=0’.57 ’
Lower 50% .62**[ 41, .77];  -13.07 [-44.09, 8.48 5]9'93 [:4;3;(1)86’057'68]’. = 49. p<.001
(n=48) p<.001 17.95] [5.31,11.65] _(ben==2" 0 AP

p<.001,77,,=0.83

4. Attitudes toward the elected leader
4.1. Attitudes toward the elected leader via self-report. Leadership capabilities of the
elected leader and the leader’s capability to handle social, economic, and political issues were
assessed using scales adapted from polling surveys that resemble presidential approval ratings
(Gallup, 2012a; Gallup, 2012b). Leadership capabilities were assessed using the following

items: 1) Is a strong and decisive leader; 2) Can manage the government effectively; 3)
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Understands the problems Americans face in their daily lives; 4) Shares your values; 5) Is more
likely to keep his campaign promises; 6) Cares about the needs of people like you; 7) Is honest
and trustworthy; 8) Is likeable; 9) Would stand up to special interests, including those aligned
with his own party; 10) Would work well with both parties to get things done in Washington; 11)
Can get things done; and 12) Agrees with you on issues you care about. These 12 items were
measured using a 5-point Likert scale (1=Strongly Disagree to 5= Strongly Agree). The leader’s
ability to handle social, economic, and political issues was assessed by asking participant how
well the leader would handle: 1) the economy; 2) the federal budget deficits; 3) employment; 4)
healthcare; 5) foreign policy; 6) taxes; 7) Medicare; 8) energy; 9) social issues such as gay
marriage and abortion; and 10) terrorism and international threats. These 10 items were
measured using a 5-point Likert scale (1=Poor to 5= Excellent). The attitude-measure was
administered via evening surveys at the following five time points: Pre-election Lab, ED - 1 day,
ED + 1 day, Post-election Lab, and at the six-month follow-up. Across all time points, each of
the 22 items demonstrated high reliability (¢=.99), and the two subscales were correlated (all 7s
>.69). Therefore, these subscales were averaged to form a composite measure of self-reported
attitudes toward the elected leader (Obama) at each of the five time points.

4.2. Attitudes toward the elected leader via behaviors on Facebook. Online behaviors
that reflected attitudes toward the elected leader (Obama) were coded in a subset of participants
(n=92). These participants consented to having their social media activity recorded via their
activity logs on Facebook after the study’s completion. To maintain consistency with the
timeline of our self-report measures, Facebook activity was coded during the naturalistic
sampling period: one Pre-Election rating was obtained before the election (from ED-2 days until
8 pm on Election Day), and one Post-Election rating was obtained after the election (from 8 pm
on ED through ED+2 days). Two additional control files were created from the week prior to the
election periods that were matched to these time windows resulting in four sets of data per
participant.

Three independent coders assessed the degree to which participants displayed behaviors
that corresponded to attitudes about the perceived abilities of Obama as a presidential candidate
before, and elected leader after, the election using a 5-point Likert scale. These three research
assistants read through the Facebook activity logs and then rated the degree to which they
perceived the participant to have expressed views, liked posts, commented on others’ posts, and
shared materials that reflected their attitudes toward Obama as a leader. Prior to the actual coding
process, a random selection of files from 10 participants was used to calculate a reliability score,
resulting in a good average inter-rater reliability (a=.88) across the measure of attitudes toward
Obama. Because we had good reliability across our three coders, we divided the participant files
amongst the three coders. The files within each participant (pre-election, post-election, and the
two control time windows) were then randomized in order to prevent dependencies within each
coder.

4.3. Composite attitudes toward the elected leader across self-report and behaviors
on Facebook. Despite a substantial portion of participants consenting access to their Facebook
activity logs (81.42% of our sample), after coding all the data only 50.44% (n=57)* of

* Out of these 57 individuals only 40 had complete data across both Pre-Election and Post-Election time
windows.
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participants had available and relevant data for us to code. Therefore, to maximize statistical
power, composite scores of attitudes toward the elected leader were calculated by averaging Pre-
Election Facebook ratings with self-reported attitudes obtained during the Pre-Election Lab
session and ED-1 day, and averaging Post-Election Facebook ratings with self-reported attitudes
obtained at ED+1 day and during the Post-Election Lab session.

S. Affective states

We measured in-the-moment affective states in our participants using daily diaries.
Participants reported their naturally occurring affective states on each day of the sampling period
while providing the following saliva samples on Election Day: Wake-up+30, in the Afternoon, at
Spm, 7pm, 9pm, and at Bedtime. To increase the likelihood of compliance, we sent automated
text messages using a bulk text message service—Red Oxygen—prior to each instance they
provided a saliva sample and completed a diary entry. Positive affect was measured using a
composite of the following items: “happy,” “excited,” “powerful,” and “confident” (a=.93).
Negative affect was measured using a single-item measure of sadness. All items were measured
using 5-point Likert scales (1= Not at all to 5= Extremely).

6. Statistical analysis

6.1. Advantages of MLMs over traditional methods of analysis. Longitudinal MLMs
provide several advantages over traditional methods of analysis (e.g. ANOVAs) (see
Raudenbush & Bryk, 2002; Hoffman & Rovine, 2007; Steele, 2008; Locascio & Atri, 2011;
Kwok et al., 2008). MLMs not only estimate average regression parameters (i.e., fixed effects),
but also estimate individual-level variance that allows the intercepts and slopes for each
participant to vary randomly. MLMs therefore provide greater flexibility in the modelling
approach, compared to traditional methods of analysis that do not estimate random individual-
level variance, make assumptions about errors being independent, require that correlations
among observations across all levels of time be homogeneous (i.e., the sphericity assumption) in
within-subjects designs, and require the relationship between the covariate and the outcome to be
the same across the different groups (homogeneity of regression slopes assumption) in models
with covariates. Unlike traditional models, MLMs do not use listwise deletion of data.
Individuals with incomplete data are retained in the analysis, thereby boosting statistical power.
Finally, using MLMs also allows a focused approach when analyzing both the main effects and
the interactions, via the use of planned contrasts (Schad et al., 2020) as opposed to non-focused
omnibus tests that require follow up post hoc tests. In this study, the use of planned contrasts
helped us test differences: 1) between specific political groups, and 2) in linear and non-linear
patterns of change across time, as opposed to non-specific omnibus tests.

6.2. Equations for the models. Below are the equations for the multilevel models
conducted in the study.

Acute fluctuations in testosterone across the competition-outcome window

Level 1- Within-individual variability:
Testosterone;; = Bo; + B1;(Linear Time,;) + B,;(Quadratic Time,;) + e
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Level 2- Between-individual variability>:
Boi = Yoo + Yo1(Romney versus Obama supporters; )

+ Y2 (Romney supporters versus Undecided voters,,) + y,3(Sexq3)
+ Uoy
B1i = Y10 + Y11 (Romney versus Obama supporters; ;)
+ y,12(Romney suporters versusUndecided voters 1,) + uy;
B2i = V20 + ¥21(Romney versus Obama supporters,, )
+ y,,(Romney suporters versusUndecided voters ,,)

Changes in diurnal slopes across the sampling period

Level 1- Within-individual variability:
Testosterone Diurnal Slopes;; = Bo; + B1;(Linear Day;;) + B,;(Quadratic Day,;) +
€ti

Level 2- Between-individual variability:

Boi = Yoo T+ Yo1(Romney versusObama supporters,; )
+ ¥o2(Romney supporters versusUndecided votersy,) + ¥y3(Sexg3)
+ Uoy

B1i = Y10 + Y11 (Romney versusObama supporters; ;)
+ ¥,2(Romney supporters versusUndecided voters ;) + uy;

B2i = Y20 + Y21 (Romney versusObama supporters,;)
+ y,,(Romney supporters versusUndecided voters ,,) + uy;

Model used to extract slopes on each day
Level 1- Within-individual variability:

Testosterone;; = Bo; + B1;(Linear Time,;) + ey
Level 2- Between-individual variability:

Boi = Yoo + Uo1

Bii = V10 T+ U1

Changes in diurnal rhythms on Election Day (Supplementary analyses)

Level 1- Within-individual variability:
Testosterone;; = Bo; + B1;(Linear Time,;) + B,;(Quadratic Time,;) +
B3;(Cubic Time,;) + ey
Level 2- Between-individual variability:
Boi = Yoo + Yo1(Romney versus Obama supporters, )
+ Y02 (Romney supporters versusUndecided votersy,) + y,3(Sexq3)
+ Upy
B1i-3i = Y10-30 + V11—31(Romney versusObama supporters;;_s)
+ ¥12-32(Romney supporters versusUndecided voters ;5_35) + Uy

> Quadratic slopes could not randomly vary in this model because the model did not have the necessary
degrees of freedom due to overidentification.
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Attitudes toward the elected leader moderated by testosterone-change predictors

Level 1- Within-individual variability:
Attitudes toward Obama,; = By; + B;;(Linear Time,;) + B,;(Quadratic Time,;) + ey

Level 2- Between-individual variability:
Boi = Yoo T+ Yo1(Romney versusObama supporters,; )
+ Y02 (Romney supporters versusUndecided voters,,)
+ Y03 (ATestosterone )
+ Y04 (Romney supporters versusUndecided voters,,)
* (ATestosteroneg,)
+ Y05 (Romney supporters versusUndecided voterss)
* (ATestosteronegs) + Yo (S€Xp6) + Upy
B1i = Y10 + Y11 (Romney versusObama supporters; ;)
+ y,2(Romney supporters versusUndecided voters ;)
+ y,3(ATestosterone, )
+ y14(Romney versusObama supporters,,) * (ATestosterone;,)
+ y,5(Romney versusObama supporters, s ), (ATestosterone;s) + 1
B2i = V20 + V21 (Romney versusObama supporters,; )
+ y,,(Romney supporters versusUndecided voters ,,)
+ y,3(ATestosterone,s)
+ y,4(Romney versusObama supporters,,) * (ATestosterone,,)
+ y,s(Romney versusObama supporters;z),(ATestosterone,s) + u,;

6.3. Statistical analysis packages in R. The Ime4 package (version 1.1-18-1; Bates et al.,
2015) was used to conduct all multilevel modelling. R’s default polynomial function was used to
create linear and quadratic contrasts for the time parameters. Effect sizes for linear regressions
were estimated using the heplots package (Fox et al., 2018) and converted to Cohen’s d estimates
using an online converter (Lenhard & Lenhard, 2016). Given the lack of a consistent approach in
estimating effect sizes for MLMs, we relied on standardized coefficients as metrics of effect
sizes. These standardized coefficients for the MLMs were estimated using the sjplot package,
which refits models on standardized data—an approach recommended for fitting complex
models with interactions and polynomial terms (Gelman, 2008; Liidecke, 2020). 95% Cls are
reported for the unstandardized regression coefficients. Simple slopes were estimated using the
reghelper package (Hughes, 2020). Robust MLMs were conducted using the robustlmm package
(Koller, 2016). Graphs were created via the ggplot2 package (Wickham, 2016) using estimated
marginal means from models that estimated all possible time-variant contrasts (via the emmeans
package; Lenth et al. 2019). This approach allowed us to estimate marginal means while
accounting most accurately for covariates in the model.

7. Power Simulations

We generated simulations of our principal analyses (i.e., acute testosterone-change in the
competition window and acute testosterone change predicting shifts in attitudes across four
measurements) using the simr package (Green & MacLeod, 2016) in R. Our approach emulates
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previously published multilevel model simulations (Maas & Hox, 2005). Although the analyses
were conducted after data collection was complete, these analyses were designed in a manner
consistent with an a priori approach. That is, we did not calculate post hoc power to detect the
effect size evident in the data. Rather, we determined what effect size we were 80% powered to
detect for each of the primary models at varying sample sizes and intraclass correlations (ICC).

For the acute testosterone change model, we simulated a multilevel model containing all
the fixed and random effects necessary to examine testosterone change across three time points
and three groups of political supporters (Obama, Romney, and undecided voters), controlling for
sex (see model equations below). Each simulation was performed at a total sample size of 60,
100, 120, or 200 participants, within which 15% of the sample was assumed to be undecided
voters and the remaining participants were split evenly between Obama and Romney supporters
(e.g., for a total sample size of n = 120, the undecided group was simulated with 18 participants
and the Obama and Romney groups were simulated with 51 participants). 50% of each simulated
group was female.

The simulations were repeated with several effect sizes (f = .3, .5, .7) for the interaction of
interest (Time (Linear) x Group (Obama versus Romney)), and with several ICCs (r = .3, .5, .7,
.9) to examine power in the context of more or less reliable testosterone assays (at the request of
a reviewer). The range of effect sizes were chosen to emulate the effect of an election outcome
on testosterone changes in previously published research (= .45, Stanton et al., 2009). Post hoc
ICC calculations on this dataset indicate relatively high correlation among all testosterone
samples (ICC = .737).

Our simulations contained the following additional assumptions: All variables in the model
are standardized; fixed intercept = 1; all fixed slopes = .3 (a medium effect size; c¢f. Cohen, 1988)
with the exception of the fixed effect of interest (see above); residual variance = .5; the random
intercept variance was set equal to the random slope variance, which was calculated based off the
assumed values set for the ICC and residual variance. We generated 1000 simulations at each
grouping of sample size, effect size, and ICC.

With these assumptions, the simulations indicated this study would have greater than 80%
power to detect moderate effect sizes (f = .5) at total sample sizes of 100 or greater, assuming an
ICC > .7 (see Fig. S1A). With lower ICCs (7=.5, e.g., due to unreliable testosterone assays), this
study would be at least 80% powered to detect moderate effect sizes with sample sizes of 120 or
greater.

The same assumptions were used for the model of acute testosterone change predicting
shifts in attitudes across four time points. For the fixed effect of interest—Time (Linear) X Group
(Obama versus Romney) x Acute testosterone change—we again examined a set of effect sizes
based on prior work. Specifically, Carré and colleagues (2009) and Mehta and Josephs (2006)
each show effect sizes equivalent to approximately = .50 and § = .40 (respectively) for the
association of testosterone reactivity with behavior after losing in a laboratory competition. The
set of sample sizes and effect sizes were simulated at the range of ICCs described above.

We generated a random normal distribution to represent acute testosterone change across
the full sample. We created this random distribution ten times for each of the sample sizes, then
generated 100 simulations to determine power for each of these random normal distributions
representing acute testosterone reactivity. We examined mean power across the ten instances of
100 simulations.

Given these assumptions, the simulations suggest that the study was approximately 80%
powered to detect a moderately sized Time (Linear) x Group (Obama versus Romney) x Acute
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attitude change effect with a total sample size of 100 or greater, assuming a moderately high ICC
(ICC > .7; see Fig. S1B). With a total sample size of 120, moderate effect sizes were

approximately 80% powered in all but the lowest ICC examined (r = .3).

A. Power simulations: Group (Obama versus Romney) predicting testosterone change
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B. Power simulations: Group (Obama versus Romney) x testosterone change predicting changes
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Fig. S1. Power simulation results. Each dot represents power calculated from 1000 simulations for a
given effect size (horizontal axis), degree of intraclass correlation (ICC; dot and line color and type), and
total sample size (facets of graph). Dotted red horizontal line indicates 80% power. See supplemental text

for more details.
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Table S6. Key strengths of the study.
Strengths of the present study’

Attitude shifts as a novel outcome related to testosterone change: The study tests the extent to

which testosterone responses to competition are related to shifts in attitudes toward an elected leader.

In doing so, the study provides an important bridge between research on biological responses to

competition and research on the psychology of attitude change.

Ecological validity: Previous studies that have examined associations between testosterone responses

to competition and psychological outcome measures have focused primarily on laboratory models,

which have limited ecological validity (e.g. Carré et al., 2009; Mehta & Josephs, 2006). The present
study extends this work to a naturalistic setting of significant societal importance.

Temporal changes beyond minutes:

e Psychological changes: Previous work has focused primarily on testosterone-related psychological
changes within minutes after a competition (Carr¢ et al., 2009; Mehta & Josephs, 2006). The
present study expands this temporal window by measuring attitudes at two instances before the
election, as well as the day after, several days after, and 6 months after the election. This design
permits characterization of the time course of testosterone-moderated shifts in attitudes.

o Acute hormone response and diurnal rhythms: Previous research has largely assumed that
fluctuations in testosterone levels occur within minutes after a competition and are short-lived. But
the societal importance of democratic elections suggests that their outcomes may produce
biological changes that last hours or even days. To test this hypothesis, the present study measured
acute testosterone responses to the election outcome over several hours as well as shifts in
testosterone’s daily diurnal rhythm over a five-day period.

Statistical power: Our final sample was within the range of the targeted sample size obtained from a

conservative power analysis. Specifically, simulations indicated that the study was approximately 80%

powered to detect a moderate effect size assuming a total sample size of n = 100 or greater and

assuming moderately high ICCs (r > .7). At lower ICCs (7=.5; e.g., due to less reliable testosterone
assays), these simulations indicate that a total sample size of 120 or greater was necessary to achieve
approximately 80% power for a moderate effect size.

Validity of hormone measurement: Most studies in the field have measured testosterone levels using

immunoassays but have not directly evaluated the measurement validity of immunoassays. The present

study examined correspondence between testosterone measured with immunoassays and testosterone
measured with a highly accurate reference method (mass spectrometry) in a random selection of
samples. EIAs conducted on a random subset of our samples demonstrated good accuracy in estimating
testosterone concentrations. However, performance of EIAs was better in samples with higher
concentrations of testosterone compared to samples with lower concentrations of testosterone.

Multi-faceted measurement of attitudes: The present study measured shifts in attitudes toward the

elected leader using a multi-method approach: (1) surveys similar to presidential approval scales from

polling organizations, such as Gallup, served as our primary attitude measure; and (2) social media
activity (via Facebook) was coded for attitudes in a subset of participants with usable data.

Sample composition:

e Sex/gender: Research on testosterone responses to competition has disproportionately focused on
males. The present study included both males and females and explored sex/gender similarities and
differences.

e Undecided voters: Previous research primarily examined differences between winners and losers.
With this design it remains unclear whether any differences are driven by winners, losers, or both.
The present study included undecided voters as an exploratory reference group to facilitate
interpretation of differences between supporters of the winning and losing presidential candidates.

Open dataset and publicly available code: The present study’s unique dataset and code necessary for

analyses included in this report are publicly available on the Open Science Framework.
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MLMs as the tool for statistical analysis: The present study adopted multi-level models that have
advantages over traditional approaches (e.g., ANOVA), including modelling fixed and random effects,
avoiding listwise deletion of data thereby boosting statistical power, modelling linear and non-linear
change to evaluate the extent to which effects persist or weaken over time, and allowing greater
flexibility in the modelling approach (e.g., not requiring assumptions of sphericity, or homogeneity of
regression slopes).
Use of compliance protocols for the at-home portion of the study: Electronic time stampers and
automated text messages were used to ensure fidelity of naturalistic data.
Robustness checks: We verified the robustness of our findings via: (i) False Discovery Rate (FDR)
corrections for multiple comparisons; (ii) inclusion of the following covariates across our main models:
a) age and SES, b) changes in affect during the competition-outcome window, ¢) when participants
learned about the election outcome, and d) when paricipants completed the Pre- and Post-Election Lab
sessions; and (iii) specification curve analyses across alternative data analytic approaches, such as the
type of model (MLM versus robust MLM versus GLM), whether slopes and intercepts were allowed to
randomly vary, treatment of outliers (inclusion, exclusion, or winsorization), and the type of model
used to estimate diurnal slopes (MLM versus GLM).

1. Note: Details about these strengths can be found in the primary methods section and supplementary

material.
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SI RESULTS

1. Determination of the competition-outcome window

In the 2012 US presidential election, several media sources and social media platforms
unofficially declared the electoral results around 8:12 pm PST (Ariens, 2016). In our sample,
95.58% of our participants reported following the election between 7 pm and Bedtime, and on
average reported finding out about the results at 8:50 pm. As shown in Fig. S2, we also found
robust shifts in affective responses to the election on Election Day, across political groups (see
Table S7 and Table S8). Visual examination of changes in positive and negative affect on
Election Day highlights that these shifts in affect were especially salient only after 7 pm. Thus,
we concluded that: (i) our participants were tracking and following the election, (ii) on average
they reported finding out about the outcome at the same time as it was declared in the media (i.e.,
after 8 pm), and (iii) they demonstrated robust shifts in affect in response to the electoral
outcome after it was declared (see Fig. S2). Based on these analyses, 7 pm to Bedtime was
treated as the theorized competition-outcome window to measure endocrine shifts in response to
the election.
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Fig. S2. Positive affect (composite of happy, excited, powerful, and confident) and negative affect
(sadness) across Election Day from 30 minutes after participants woke up (W+30), in the afternoon (Af?),
at 5 pm, 7 pm, 9 pm, and when the they went to bed (Bedtime). Solid lines represent estimated marginal
means. Error bars= +SEs. The vertical dashed line represents the time at which the electoral results were
declared. The box represents the competition outcome window.
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Table S7. Means and SDs of positive affect (composite of happy, excited, powerful, and confident) and negative affect (sadness) reported on

Election Day (measured on a 5-point Likert scales).

POSITIVE AFFECT NEGATIVE AFFECT
Romney Supporters  Obama Supporters  Undecided voters  Romney Supporters  Obama Supporters  Undecided voters
M SD M SD M SD M SD M SD M SD
Wakeup+30 2.49 0.79 2.50 0.73 2.47 0.91 1.38 0.82 1.36 0.63 1.35 0.70
Afternoon 2.62 0.89 2.79 0.83 241 0.80 1.70 1.03 1.43 0.67 1.25 0.45
5 pm 2.56 0.88 2.71 0.82 242 0.73 1.67 0.96 1.52 0.70 1.12 0.34
7 pm 243 0.92 2.88 0.76 245 0.86 1.81 1.04 1.53 1.03 1.53 0.80
9 pm 1.76 1.00 3.70 0.88 2.44 1.10 2.97 1.52 1.27 0.61 1.50 0.89
Bedtime 1.57 0.75 3.38 0.88 2.30 0.91 2.83 1.53 1.31 0.56 1.41 0.71

Table S8. MLMs examining changes in positive affect (composite of happy, excited, powerful, and confident) and negative affect (sadness) across

Election Day and across political groups.

POSITIVE AFFECT NEGATIVE AFFECT
B 95 % CI p B 95 % CI p
(Intercept) 2.25 1.99 —-2.50 <0.001 2.10 1.86 -2.34 <0.001
Time- Linear -0.88 -1.19--0.57 <0.001 1.35 1.01 -1.68 <0.001
Time- Quadratic -0.45 -0.67 —-0.23 <0.001 0.23 -0.01 -0.47 0.062
Romney supporters versus Obama supporters 0.75 0.48 -1.02 <0.001 -0.68 -0.94 —-0.42 <0.001
Romney supporters versus Undecideds 0.16 -0.22-0.54 0.417 -0.71 -1.07--0.35 <0.001
Time- Linear x Romney versus Obama 1.76 1.39-2.14 <0.001 -1.43 -1.84 —-1.03 <0.001
Time- Quadratic X Romney versus Obama 0.52 0.25-0.79 <0.001 -0.4 -0.70 —-0.11 0.007
Time- Linear X Romney versus Undecideds 0.79 0.26 —1.32 0.004 -1.18 -1.74 —-0.63 <0.001
Time- Quadratic x Romney versus Undecideds 0.40 0.02-0.78 0.041 -0.21 -0.61 - 0.18 0.298
Sex (0= Female, 1= Male) -0.00 -0.24-0.24 0.998 -0.03 -0.25-0.19 0.796
Random Effects
o? 0.30 0.41
Too 0.34 pia 0.28 pid
Ti1 0.46 pid.timepoly2.L 0.45 pid.timepoly2.L
0.09 pid.timepoly2.Q 0.02 pid.timepoly2.Q
poi 0.00 0.48
-0.38 -0.40
N 111 pia 110 pia
Observations 646 632
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Table S9. Means and SDs of testosterone levels (in pg/mL) across the competition outcome window.

Romney Supporters Obama Supporters Undecided voters

M SD M SD M SD
7 pm 78.72 46.26 78.72 53.17 74.12 43.04
9 pm 72.75 47.63 66.73 41.00 60.20 27.26
Bedtime 85.41 57.68 64.57 36.76 61.30 23.96

Table S10. MLMs examining changes in testosterone levels across the competition-outcome window (including 7 pm®, 9 pm, and Bedtime) and
across political groups. Model B includes age and socioeconomic status as covariates.
ACUTE TESTOSTERONE REACTIVITY DURING THE COMPETITION-OUTCOME WINDOW

MODEL A MODEL B

B 95% CI p B 95% CI P
(Intercept) 49.22 38.36 —60.07 <0.001 56.53 29.60 — 83.45 <0.001
Time- Linear 3.93 -5.39-13.24 0.41 4.02 -5.31-13.34 0.401
Time- Quadratic 3.78 -2.59-10.15 0.247 3.81 -2.57-10.19 0.244
Romney supporters versus Obama supporters -5.31 -17.06 — 6.44 0.377 -5.54 -17.40 - 6.32 0.362
Romney supporters versus Undecideds 1.69 -14.51-17.88 0.839 2.19 -14.79 - 19.18 0.801
Time- Linear x Romney versus Obama -14.60 -26.00 —-3.21 0.013 -14.69 -26.10 —-3.28 0.013
Time- Quadratic x Romney versus Obama 0.62 -7.12 - 8.37 0.875 0.59 -7.15-8.34 0.881
Time- Linear x Romney versus Undecideds -12.61 -28.20-2.97 0.116 -12.66 -28.27-2.94 0.115
Time- Quadratic x Romney versus Undecideds 1.35 -9.13-11.83 0.801 1.35 -9.14-11.83 0.802
Sex (0= Female, 1= Male) 60.67 50.38 —70.97 <0.001 60.29 49.81 -70.77 <0.001
Age -0.20 -0.83 - 0.42 0.524
Socioeconomic Status -0.37 -3.14-2.39 0.791
Random Effects
o’ 310.68 310.9
T00 652.28 pid 657.95 pid
. 379.82 pidtimepolyl 1 381.23 pid.timepolyl 1
o1 -0.29 piq -0.27 pia
N 113 pia 113 pia
Observations 329 329

® Supporters of the two main candidates (i.e., Obama and Romney) did not differ in testosterone concentrations at 7 pm (8=6.10, 95%CI[-10.20,

22.41], p=.487).
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Table S11. MLMs examining short-term shifts in attitudes toward the elected leader (Obama) moderated by acute testosterone reactivity during
the competition-outcome window, across political groups. Model B includes age and socioeconomic status as covariates.

ACUTE TESTOSTERONE REACTIVITY PREDICTING SHORT-TERM SHIFTS IN SELF-REPORTED ATTITUDES TOWARD THE

ELECTED LEADER
MODEL A MODEL B
B 95% CI p B 95% CI P

(Intercept) 2.29 2.03-2.54 <0.001 2.32 1.71-2.92 <0.001
Day- Linear 0.07 -0.02-0.16 0.152 0.07 -0.03-0.16 0.153
Day- Quadratic 0.09 -0.00 -0.19 0.065 0.09 -0.00-0.19 0.065
Romney supporters versus Obama supporters 1.46 1.19-1.73 <0.001 1.48 1.22-1.74 <0.001
Romney supporters versus Undecideds 0.78 041-1.15 <0.001 0.97 0.60—1.35 <0.001
Acute Change in Testosterone (ATestosterone) -0.17 -0.41-0.07 0.171 -0.18 -0.42 - 0.06 0.138
Day- Linear X Romney versus Obama 0.00 -0.12-0.11 0.955 0.00 -0.11-0.11 0.964
Day- Quadratic x Romney versus Obama -0.12 -0.24 - -0.01 0.042 -0.12 -0.24 - -0.01 0.041
Day- Linear X Romney versus Undecideds -0.07 -0.22-0.09 0.398 -0.07 -0.22-0.09 0.404
Day- Quadratic x Romney versus Undecideds 0.00 -0.16-0.16 0.996 0.00 -0.16-0.16 0.997
Day- Linear x ATestosterone -0.27 -0.37--0.17 <0.001 -0.27 -0.37--0.17 <0.001
Day- Quadratic x ATestosterone -0.08 -0.18 - 0.02 0.113 -0.08 -0.18 - 0.02 0.112
ATestosterone x Romney versus Obama 0.08 -0.22-0.37 0.613 0.09 -0.20-0.37 0.551
ATestosterone x Romney versus Undecideds 0.29 -0.04 - 0.63 0.092 0.32 -0.01 —0.64 0.058
Day- Linear x ATestosterone x Romney versus Obama 0.29 0.17-0.41 <0.001 0.29 0.17-0.41 <0.001
Day- Quadratic x ATestosterone x Romney versus Obama 0.10 -0.02-0.22 0.12 0.10 -0.02-0.22 0.12
Day- Linear x ATestosterone X Romney versus Undecideds 0.26 0.12-0.40 <0.001 0.26 0.12-0.40 <0.001
Day- Quadratic x ATestosterone x Romney versus Undecideds | 0.13 -0.01 -0.27 0.072 0.13 -0.01 -0.27 0.072
Sex (0= Female, 1= Male) -0.20 -0.43-0.03 0.099 -0.19 -0.42 - 0.04 0.102
Age -0.02 -0.03 —-0.00 0.031
Socioeconomic Status 0.06 -0.00 - 0.12 0.066
Random Effects
o’ 0.06 0.06
T00 0.33 pia 0.31 pia
T 0.00 pid.daypoly2.L 0.00 pid.daypoly2.L

0.00 pid.daypoly2.Q 0.00 pid.daypoly2.Q
pot 0.77 0.94

-0.53 -0.71
N 106 pia 106 pia
Observations 418 418
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2. Linear regression analysis of acute testosterone reactivity predicting shifts in attitudes
toward the elected leader.

We conducted a simplified linear regression analysis to bolster the findings reported in
the main text that described shifts in attitudes toward the elected leader (Obama) from before to
after the election (the Pre-Election Lab session, ED-1, ED+1, and the Post-Election Lab session;
see Fig. 3). We examined the extent to which acute testosterone reactivity predicted changes in
attitudes toward the elected leader (Obama) using a difference score of attitudes reported before
the election (average of attitudes from Pre-Election Lab and ED-I) to after the election (average
of attitudes from ED+1 and Post-Election Lab). This analysis revealed a significant Acute
Testosterone Reactivity x Group (Romney versus Obama) interaction (8=0.25, 95%CI[0.13,
0.37], p= .91, p<.001, d=0.98; see Fig. S4 for scatterplot), supporting the pattern of results
described in the main text (Fig. 3). Simple slopes analysis indicated that supporters of the losing
candidate (Romney) who demonstrated greater acute testosterone reactivity on the night of the
election reported less positive attitudes toward the elected leader from before to after the election
(B=-.23, SE=.05, t(99)=4.54, p<.001; r=-.60). We did not observe any relationship between acute
testosterone reactivity and shifts in attitudes amongst supporters of the winner (p=.547).
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Fig. S4. Scatter plot between acute testosterone reactivity (standardized within sex) during the
competition-outcome window and changes in attitudes toward the elected leader (Obama) from before the
election (average of attitudes from the Pre-Election Lab and ED-1) to after the election (average of
attitudes from ED+1 and Post-Election Lab), across political groups. Shaded regions indicate SEs. SD=
Standard deviation.
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3. Acute testosterone reactivity predicting long-term shifts in attitudes toward the elected
leader.

A subset of our sample (n=66) responded to the longitudinal survey six months after the
election. In this sample, we tested whether acute testosterone reactivity predicted longer-term
shifts in attitudes from before the election (Pre-Election Lab and ED-1) to six months after it.
We included only the linear time parameter in this model because we were assessing shifts in
attitudes from pre-election attitude measures to only one post-election attitude measure. The
MLM revealed a weak Time (Linear) x Acute Testosterone Reactivity x Group (Romney versus
Obama) interaction (B=0.17, 95% CI[-0.04, 0.37], p=.19, p=.124; see Table S12; Fig. 3). This
analysis suggests that testosterone-moderated shifts in attitudes six months after the election
were in the same direction but not as robust as short-term shifts in attitudes.

We further confirmed that the attenuated association between acute testosterone
reactivity and long-term shifts in attitudes was not explained solely by the loss of statistical
power due to attrition. Indeed, consistent with our findings in the full sample, participants who
completed the six-month follow-up still robustly showed the Time (Linear) x Acute Testosterone
Reactivity x Group interaction predicting short-term shifts in attitudes (Romney versus Obama:
B=0.36, 95% CI1][0.23, 0.49], p=.40, p<.001. Collectively, this pattern suggests that acute
testosterone responses on election night robustly predicted shifts in attitudes toward the elected
leader in the days immediately after the election, and the long-term effect of acute testosterone
responses on attitudinal changes was likely in the same direction but smaller in magnitude.
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Table S12. MLMs examining long-term shifts in attitudes toward the elected leader (Obama) moderated by acute testosterone reactivity during the
competition-outcome window, across political groups, in a subset of participants who consented to a six-month longitudinal follow-up (#=66).
Model B includes age and socioeconomic status as covariates.

ACUTE TESTOSTERONE REACTIVITY PREDICTING LONG-TERM SHIFTS IN SELF-REPORTED ATTITUDES TOWARD THE ELECTED

LEADER
MODEL A MODEL B
B 95% CI p B 95% CI p
(Intercept) 2.22 1.87 —2.56 <0.001 1.81 0.88—-2.74 <0.001
Day- Linear -0.18 -0.34--0.02 0.03 -0.18 -0.34 —-0.02 0.03
Romney supporters versus Obama supporters 1.29 0.92-1.67 <0.001 1.32 0.94-1.69 <0.001
Romney supporters versus Undecideds 0.78 0.32-1.24 0.002 0.88 0.37-1.38 0.001
Acute Change in Testosterone (ATestosterone) -0.07 -0.37-0.22 0.625 -0.12 -0.43 -0.18 0.429
Day- Linear x Romney versus Obama -0.16 -0.36 - 0.05 0.143 -0.16 -0.36 - 0.05 0.143
Day- Linear x Romney versus Undecideds -0.11 -0.36-0.14 0.391 -0.11 -0.36-0.14 0.391
Day- Linear x ATestosterone -0.12 -0.28 - 0.04 0.132 -0.12 -0.28 - 0.04 0.132
ATestosterone x Romney versus Obama -0.02 -0.41-0.37 0.935 0.01 -0.38-0.41 0.945
ATestosterone x Romney versus Undecideds 0.09 -0.31-0.50 0.651 0.13 -0.28 - 0.54 0.535
Day- Linear x ATestosterone x Romney versus Obama 0.17 -0.04 -0.37 0.124 0.17 -0.04 -0.37 0.123
Day- Linear x ATestosterone x Romney versus Undecideds 0.08 -0.14-0.30 0.483 0.08 -0.14-0.30 0.483
Sex (0= Female, 1= Male) -0.23 -0.57-0.11 0.185 -0.2 -0.54-0.14 0.257
Age 0.00 -0.02 -0.02 0.973
Socioeconomic Status 0.06 -0.03 -0.16 0.176
Random Effects
o’ 0.1 0.1
T00 0.34 g 0.34 pia
. 0.02 pid.daypoly11 0.02 pid.daypoly11
Po1 -0.11 pid -0.07 pid
N 60 pia 60 pia
Observations 178 178
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Table S13. Means and SDs of diurnal slope values (lower values indicate steeper slopes, whereas higher values indicate flatter slopes) across the

sampling period.

Romney Supporters  Obama Supporters  Undecided voters

M SD M SD M SD
ED - 2 days -35.14 27.10 -30.51 17.26  -26.59 18.20
ED - 1 day -32.96 18.04 -34.51 19.23 -28.69 14.91
ED -26.32 17.60 -32.55 18.44  -24.39 15.32
ED + 1 day -27.62 17.80 -31.14 20.54  -26.07 20.21
ED + 2 days -25.75 16.78 -31.67 2036 -24.91 18.62

Table S14. MLMs examining changes in diurnal slopes across the naturalistic sampling period and across political groups. Model B includes age
and socioeconomic status as covariates.

DIURNAL SLOPE CHANGE ACROSS ALL FIVE DAYS OF THE SAMPLING PERIOD USING EXTRACTED SLOPE VALUES

MODEL A MODEL B
B 95% CI p B 95% CI p

(Intercept) -14.57 -18.31--10.83 <0.001 | -12.48 -21.57--3.39 0.008
Time- Linear 7.63 3.69-11.57 <0.001 7.63 3.69-11.56 <0.001
Time- Quadratic -2.29 -5.83-1.26 0.208 -2.29 -5.83-1.25 0.208
Romney supporters versus Obama supporters -4.84 -8.89 --0.78 0.021 -5.08 -9.15--1.02 0.016
Romney supporters versus Undecideds -5.00 -10.61 - 0.60 0.083 -6.24 -12.07 --0.42 0.038
Time- Linear x Romney versus Obama -7.30 -12.17--2.43 0.004 -7.30 -12.17--2.43 0.004
Time- Quadratic x Romney versus Obama 4.00 -0.39 -8.38 0.076 4.00 -0.39 -8.38 0.076
Time- Linear x Romney versus Undecideds -5.44 -12.11-1.23 0.112 -5.44 -12.10-1.22 0.112
Time- Quadratic x Romney versus Undecideds 2.68 -3.31 -8.68 0.382 2.68 -3.31-8.67 0.382
Sex (0= Female, 1= Male) -29.09 -32.61 —-25.56 <0.001 | -29.23 -32.79 - -25.68 <0.001
Age 0.07 -0.14-0.28 0.532
Socioeconomic Status -0.60 -1.53-0.34 0.216
Random Effects
o’ 76.8 76.99
T00 76.49 pid 75.61 pid
T 56.37 pid.daypoly2.L 55.98 pid.daypoly2.L

31.03 pid.daypoly2.Q 30.70 pid.daypoly2.Q
pot 0.36 0.34

0.13 0.13
N 113 pia 113 pia
Observations 564 564
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4. Follow-up analyses of changes in diurnal slopes across the sampling period.

In the main text, we reported changes in diurnal slopes across the sampling period among
supporters of the losing candidate (Time (Linear): B=-7.30, 95% CI[-12.17, -2.43], p=.004). To
further decompose the trajectory of diurnal slope change in the supporters of the losing
candidate, we conducted #-tests to determine whether slopes on the day before the election (ED-
I; i.e., the reference measurement instance) differed from all other days in the naturalistic
sampling period. Our analyses revealed no significant difference in the diurnal slopes between
ED-1 and ED-2 (p=.507), but significantly flatter slopes on ED (#32)=2.40, p=.022),
ED+1(132=2.63, p=.013), and ED+2 (#32=3.03, p=.005; see Table S13 for mean diurnal slope
values at each day of the sampling period). These analyses support our interpretation that
testosterone slopes were flatter on ED relative to the days before the election, and these flatter
slopes persisted two days after the election.

5. Changes in diurnal slopes on Election Day.

We also examined changes in testosterone levels across all seven samples on Election Day
(Wake-up, Wake-up + 30, Afternoon, 5 pm, 7 pm, 9 pm, and Bedtime, see Table S15 for Means
and SDs). In this model, in addition to the linear and quadratic terms to estimate the trajectory of
change in testosterone levels across Election Day, a cubic term was introduced to detect
disruptions in diurnal rhythms at the end of the day, when the electoral results were announced.
The analysis revealed a Time x Group (Romney versus Obama) interaction (Cubic: B=-12.35,
95% CI[-22.68, -2.02], p=-.19, p=.021, Linear: B=-20.82, 95% CI[-42.02, 0.38], f=-.32, p=.057;
see Table S16 for full model). To interpret this interaction, we plotted testosterone levels across
time in each group (Fig. S5). The marginally significant linear interaction term supported the
overall findings that supporters of the candidate who lost the election demonstrated flatter
diurnal slopes compared to supporters of the winning candidate. Further, the presence of a
significant cubic interaction term tracked the reverse winner-loser effect pattern (Zilioli et al.,
2014): Supporters of the losing candidate had higher testosterone levels on the night of the
election compared to supporters of the winning candidate.

Table S15. Means and SDs of testosterone levels (in pg/mL) across Election Day.

Romney Supporters Obama Supporters Undecided voters

M SD M SD M SD
Wake-up 152.65 85.52 165.11 86.45 125.94 65.92
Wake-up+30 129.07 66.55 131.79 70.18 123.68 61.01
Afternoon 101.78 67.51 91.00 52.14 85.95 42.23
5 pm 99.89 60.82 87.59 48.90 76.64 38.24
7 pm 78.72 46.26 78.72 53.17 74.12 43.04
9 pm 75.43 59.01 66.73 41.00 60.69 28.14
Bedtime 85.41 57.68 65.10 37.56 61.30 23.96
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Table S16. MLMs examining changes in testosterone levels across Election Day as a function of political groups. Model B includes age and

socioeconomic status as covariates.

CHANGE IN TESTOSTERONE LEVELS ACROSS ELECTION DAY

MODEL A MODEL B
B 95% CI p B 95% CI p

(Intercept) 67.67 56.37 -78.96 <0.001 | 71.84 45.43 - 98.25 <0.001
Time- Linear -63.02 -80.18 —-45.86 <0.001 | -63.02 -80.18 —-45.86 <0.001
Time- Quadratic 27.98 16.38 —39.59 <0.001 | 28.00 16.39-39.61 <0.001
Time- Cubic 2.84 -5.57-11.25 0.51 2.86 -5.55-11.27 0.507
Romney supporters versus Obama supporters -0.16 -12.63 -12.30 0.979 -0.22 -12.79 -12.36 0.973
Romney supporters versus Undecideds 2.98 -14.18 - 20.14 0.735 4.11 -13.77-21.98 0.653
Time- Linear x Romney versus Obama -20.82 -42.02 -0.38 0.057 | -20.83 -42.02 -0.37 0.057
Time- Quadratic x Romney versus Obama 3.42 -10.88 -17.73 0.64 3.41 -10.90 - 17.71 0.641
Time- Cubic x Romney versus Obama -12.35 -22.68 —-2.02 0.021 | -12.38 -22.71 --2.04 0.021
Time- Linear x Romney versus Undecideds -0.79 -29.62 —28.03 0.957 -0.77 -29.59 - 28.05 0.958
Time- Quadratic x Romney versus Undecideds -10.89 -30.41 - 8.62 0.276 | -10.89 -30.41 -8.63 0.277
Time- Cubic x Romney versus Undecideds 1.94 -12.09 - 15.96 0.787 1.93 -12.10 - 15.96 0.788
Sex (0= Female, 1= Male) 69.96 59.95-79.97 <0.001 | 69.99 59.80 —80.17 <0.001
Age -0.19 -0.80 - 0.41 0.531
Socioeconomic Status 0.07 -2.61 -2.76 0.957
Random Effects
o’ 436.84 437
Too 801.04 pid 806.79 pid
T 2061.86 pid.timepoly3.L 2060.53 pid.mepoly3.L

690.12 pid timepoly3.Q 689.79 pid.timepoly3.Q

141.05 pid.timepoly3.C 141.15 pid timepoly3.c
po1 -0.44 -0.44

0.00 0.00

-0.25 -0.25
N 113 pia 113 pia
Observations 775 775
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Fig. S5. Testosterone levels (in pg/mL) across Election Day from the time participants woke up (Wake-up), 30 minutes after they woke up
(W+30), in the afternoon (A4ft), at 5 pm, 7 pm, 9 pm, and when they went to bed (Bedtime). Solid lines represent estimated marginal means
(controlling for sex). Error bars are SEs. The vertical dotted line represents the time at which the electoral results were declared.
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Table S17. MLMs examining short-term shifts in attitudes toward the elected leader (Obama) moderated by diurnal slope change from ED-1 to
ED, across political groups. Model B includes the covariates of age and socioeconomic status.

DIURNAL SLOPE CHANGES PREDICTING SHORT-TERM SHIFTS IN SELF-REPORTED ATTITUDES TOWARD THE ELECTED LEADER

MODEL A MODEL B
B 95% CI p B 95% CI P
(Intercept) 22 1.96 —2.44 <0.001 2.16 1.56 -2.75 <0.001
Day- Linear 0 -0.09 - 0.09 0.98 0 -0.09 - 0.09 0.981
Day- Quadratic 0.06 -0.02 -0.15 0.152 0.06 -0.02 -0.15 0.153
Romney supporters versus Obama supporters 1.55 1.29-1.82 <0.001 1.57 1.30-1.83 <0.001
Romney supporters versus Undecideds 0.75 0.38-1.12 <0.001 0.87 0.48-1.25 <0.001
Change in Diurnal slopes (ADiurnal Slope) -0.07 -0.26 -0.12 0.47 -0.06 -0.25-0.13 0.547
Day- Linear X Romney versus Obama 0.06 -0.05-0.17 0.28 0.06 -0.05-0.17 0.278
Day- Quadratic x Romney versus Obama -0.1 -0.20-0.01 0.086 -0.1 -0.20-0.01 0.086
Day- Linear X Romney versus Undecideds -0.02 -0.18-0.14 0.822 -0.02 -0.18-0.14 0.823
Day- Quadratic x Romney versus Undecideds 0.05 -0.10-0.21 0.519 0.05 -0.10-0.21 0.515
Day- Linear x ADiurnal Slope -0.12 -0.20 --0.04 0.003 -0.12 -0.20 —--0.04 0.003
Day- Quadratic x ADiurnal Slope 0.07 -0.01 -0.15 0.083 0.07 -0.01 -0.15 0.083
ATestosterone x Romney versus Obama 0.11 -0.14-0.36 0.392 0.08 -0.17-0.33 0.537
ATestosterone x Romney versus Undecideds -0.05 -0.56 — 0.46 0.85 -0.05 -0.57-0.46 0.837
Day- Linear x ADiurnal Slope x Romney versus Obama 0.13 0.02-0.23 0.019 0.13 0.02-0.23 0.019
Day- Quadratic x ADiurnal Slope x Romney versus Obama -0.05 -0.15-0.06 0.391 -0.05 -0.15-0.06 0.39
Day- Linear x ADiurnal Slope x Romney versus Undecideds 0.05 -0.18-0.27 0.675 0.05 -0.18-0.27 0.678
Day- Quadratic x ADiurnal Slope x Romney versus Undecideds -0.04 -0.26-0.18 0.695 -0.04 -0.26-0.18 0.693
Sex (0= Female, 1= Male) -0.18 -0.41 -0.05 0.128 -0.17 -0.40 - 0.06 0.158
Age -0.01 -0.02 - 0.00 0.186
Socioeconomic Status 0.04 -0.02 - 0.10 0.17
Random Effects
o’ 0.06 0.06
Too 0.36 pid 0.36 pid
- 0.01 pid.daypoly2.L 0.01 pid.daypoly2.L
0.00 pid.daypoly2.Q 0.00 pid.daypoly2.Q
pot 0.39 0.46
-0.37 -0.44
N 113 pia 113 pia
Observations 444 444
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Fig. S6. Attitudes toward the elected leader (Obama) moderated by changes in diurnal slopes from ED-1 to ED, at one SD above and below the
mean for each political group. Attitudes toward the elected leader were measured via self-report at the pre-election lab session (Pre), one day
before the election (ED - 1), 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 dashed black
line between ED-1 and ED+1 indicates when the election results were declared.
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6. Linear regression analysis of diurnal slope changes predicting shifts in attitudes toward
the elected leader.

We again conducted a linear regression to examine the extent to which diurnal slope
changes (from ED-1 to ED) predicted shifts in attitudes toward Obama using a difference score
of attitudes reported before the election (average of attitudes at Pre-Election Lab session and
ED-1) to after the election (average of attitudes at ED+1/ and the Post-Election Lab session).
This analysis revealed a significant Diurnal Slope Change x Group (Romney versus Obama)
interaction (B=0.17, 95%CI[0.07, 0.27], p= 0.61, p=.001, d=0.78; see Fig. S7 for scatterplot),
corroborating findings described in the main text (and also in Fig. S6). Again, Romney
supporters who showed flatter diurnal slopes demonstrated less positive attitudes toward Obama
from before to after the election (B=-.15, SE=.04, t105=-3.91, p<.001; r=-.53).
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Fig. S7. Scatterplot between diurnal slope change from ED-1 to ED (standardized within sex) and
changes in attitudes toward the elected leader (Obama) from before the election (average of attitudes from
the Pre-Election Lab and ED-1) to after the election (average of attitudes from ED+1 and Post-Election
Lab), across political groups. Shaded regions indicate SEs. SD= Standard deviation.

7. Diurnal slope changes predicting long-term shifts in attitudes toward the elected leader.
We also tested whether diurnal slope change moderated longer-term shifts in attitudes
toward the elected leader six months after the election. We did not find a significant Time
(Linear) x Diurnal Slope Change x Group (Romney versus Obama supporters) interaction
(B=0.11, 95% CI[-0.08, 0.29], p=.11, p=.260; Table S18), suggesting that diurnal slope changes
exerted short-term effects on attitudes but not effects that sustained six months after the election.
We again confirmed that the attenuated association between diurnal slope change and long-term
shifts in attitudes was not explained solely by the loss of statistical power due to attrition. The
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subset of participants who completed the six-month follow-up showed a Time (Linear) x Diurnal
Slope Change x Group interaction predicting short-term shifts in attitudes (Romney versus
Obama: B=0.15, 95% CI[0.00, 0.29], p=.15, p=.048). Collectively, these patterns of results
suggest that diurnal slope changes predicted shifts in attitudes toward the elected leader in the
short-term and that the association of diurnal slope changes with long-term attitudinal changes
was weaker, albeit in the same direction.
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Table S18. MLMs examining long-term shifts in attitudes toward the elected leader (Obama) moderated by diurnal slope change from ED-1 to
ED, across political groups, in a subset of our participants who consented to a six-month longitudinal follow-up (n=66). Model B includes the

covariates of age and socioeconomic status.

DIURNAL SLOPE CHANGES PREDICTING LONG-TERM SHIFTS IN SELF-REPORTED ATTITUDES TOWARD THE ELECTED

LEADER
MODEL A MODEL B
B 95% CI p B 95% CI P
(Intercept) 2.14 1.81-2.47 <0.001 1.8 1.00 —-2.60 <0.001
Day- Linear -0.19 -0.34 - -0.04 0.016 -0.19 -0.34 - -0.04 0.016
Romney supporters versus Obama supporters 1.37 1.01-1.73 <0.001 1.39 1.02-1.76 <0.001
Romney supporters versus Undecideds 0.71 0.25-1.16 0.003 0.7 0.22-1.18 0.006
Change in Diurnal slopes (ADiurnal Slope) 0.03 -0.20-0.26 0.803 0.02 -0.22-0.25 0.888
Day- Linear X Romney versus Obama -0.14 -0.33-0.06 0.172 -0.14 -0.34 -0.06 0.17
Day- Linear X Romney versus Undecideds -0.15 -0.38-0.09 0.24 -0.15 -0.38-0.09 0.241
Day- Linear x ADiurnal Slope -0.01 -0.13-0.12 0.901 -0.01 -0.13-0.12 0.901
ATestosterone x Romney versus Obama 0.01 -0.33-0.35 0.943 0.04 -0.31-0.39 0.831
ATestosterone x Romney versus Undecideds -0.41 -1.01-0.19 0.185 -0.4 -1.00-0.21 0.206
Day- Linear x ADiurnal Slopex Romney versus Obama 0.11 -0.08 - 0.29 0.26 0.11 -0.08 - 0.29 0.262
Day- Linear x ADiurnal Slope x Romney versus Undecideds | -0.22 -0.54-0.11 0.201 -0.22 -0.54 -0.11 0.201
Sex (0= Female, 1= Male) -0.17 -0.49 -0.16 0.323 -0.15 -0.48 - 0.18 0.365
Age 0.01 -0.01 -0.03 0.385
Socioeconomic Status 0.02 -0.06 — 0.10 0.651
Random Effects
o’ 0.09 0.09
Too 0.37 pid 0.38 pid
T 0.03 pid.daypoly11 0.03 pid.daypoly11
o1 0.04 pig 0.03 pig
N 66 pid 66 pid
Observations 196 196
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8. Sex differences and similarities

We included both males and females in all our main analysis to maximize statistical power.
To further probe whether the pattern of our results varied across men and women, we added sex
as a moderator of the effects of interest. For example, to test for sex differences or similarities in
acute testosterone change, we conducted a Time x Group x Sex interaction predicting
testosterone concentrations. We report follow up analyses separately across males and females
for a given effect (e.g., Time % Group) for interactions with sex that were significant.

Acute testosterone reactivity during the competition-outcome window. Consistent
with previous research, we found a significant Sex x Time (Linear) x Group (Romney versus
Obama supporters) interaction (B=-26.37, 95% CI[-48.69, -4.04], f=-0.59, p=.023; Geniole et
al., 2017; Stanton et al., 2009). Separate analyses across sexes indicated that these acute changes
in testosterone were primarily driven by the males in our sample (Males: Time (Linear) x Group
(Romney versus Obama supporters): B=-28.63, 95% CI[-51.57, -5.69], f=-0.63, p=.018;
Females: Time (Linear) X Group (Romney versus Obama supporters): B=-2.12, 95% CI[-9.85,
5.62], p=-0.11, p=.594), though, descriptively, we note a similar directional pattern for both
sexes.

Acute testosterone reactivity predicting shifts in attitudes toward the elected leader.
Although we found a sex difference in acute testosterone reactivity to the election, we did not
find evidence for sex differences in the analysis examining acute testosterone-moderated short-
term shifts in attitudes (Sex x Time (Linear) x Group (Romney versus Obama supporters) x
Acute testosterone change: B=-0.18, 95% CI[-0.43, 0.06], p=-0.20, p=.141), long-term shifts in
attitudes (Sex x Time (Linear) x Group (Romney versus Obama supporters) x Acute testosterone
change: B=0.12, 95% CI[-0.34, 0.59], f=0.15, p=.603), and using a composite measure of
attitudes via self-report and Facebook (Sex x Time (Linear) x Group (Romney versus Obama
supporters) x Acute testosterone change: B=-0.02, 95% CI[-0.27, 0.24], =-0.02, p=.897).

Changes in diurnal slopes. We examined sex differences in the diurnal slope changes
across the naturalistic sampling period. First, we note that both males and females demonstrated
diurnal rhythms: testosterone levels were high in the morning and dropped at the end of the day
(Males: B=-104.08, 95%CI[-111.59, -96.58], p<.001; Females: B=-41.09, 95%CI[-44.07, -
38.11], p<.001). On further examining sex differences across the naturalistic sampling period, we
found that the trajectory of diurnal slopes across political groups differed significantly in terms
of their magnitude of change across both sexes (Sex x Time (Linear) x Group (Romney versus
Obama supporters): B=-12.55, 95% CI[-22.01, -3.09], p=-0.65, p=.010). This pattern was
consistent with the sex differences we observed for acute testosterone reactivity. Changes in
diurnal slopes across the sampling period were primarily driven by male participants (Males:
Time (Linear) x Group (Romney versus Obama supporters): B=-13.39, 95% CI[-23.21, -3.56],
[=-0.76, p=.010; Females: Time (Linear) x Group (Romney versus Obama supporters): B=-0.83,
95% CI[-4.08, 2.41], p=-.09, p=.615). Males who supported the losing candidate demonstrated
flatter slopes compared to females, although we again note a similar directional pattern across
both sexes.

Diurnal slope changes predicting shifts in attitudes toward Obama. We did not find
evidence for sex differences in the analysis examining diurnal slope change moderating short-
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term shifts in attitudes (Sex x Time (Linear) x Group (Romney versus Obama supporters) x
Diurnal slope change: B=-0.01, 95% CI[-0.22, 0.21], p=-0.01, p=.958), long-term shifts in
attitudes (Sex % Time (Linear) x Group (Romney versus Obama supporters) x Diurnal slope
change: B=-0.25, 95% CI[-0.62, 0.12], p=-0.26, p=.188), and using a composite measure of
attitudes via self-report and Facebook (Sex x Time (Linear) x Group (Romney versus Obama
supporters x Diurnal slope change): B=-0.06, 95% CI[-0.27, 0.15], f=-.07, p=.559).

Overall, we note mixed evidence for sex differences in the results. Although we found
stronger testosterone changes to the electoral competition in males relative to females, there
emerged no sex differences in these testosterone changes predicting shifts in attitudes toward the
elected leader.
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9. ROBUSTNESS CHECKS
9.1. Model comparisons between acute testosterone reactivity and diurnal slope changes
predicting shifts in attitudes toward the elected leader.

In this study, we examined how two indices of testosterone change predicted shifts in
attitudes toward the elected leader: acute testosterone reactivity and diurnal slope change. These
two metrics were positively correlated (r=.41, 95%CI[0.24, 0.56]). To compare the robustness of
each, we conducted additional analyses wherein we included both indices of testosterone change,
and their corresponding interactions in an expanded model (Table S19; for similar model
comparisons see Akinola et al., 2018). In this model, we found that acute testosterone reactivity
was a stronger predictor of shifts in attitudes (Time (Linear) x Acute Testosterone Change X
Group (Romney versus Obama supporters): B=0.26, 95%C1[0.13, 0.39], 5=0.28, p<.001) than
diurnal slope change (Time (Linear) x Diurnal Slope Change X Group (Romney versus Obama
supporters: B=0.07, 95%CI[-0.05, 0.18], p=.07, p=.243; Table S19). Next, we compared the
model fit indices of this expanded model to two individual models: one model of the effects of
acute testosterone reactivity, and one model of the effects of diurnal slope changes as predictors
of shifts in attitudes toward the elected leader. To ensure equivalence across both models, we
only compared those participants with available data across both testosterone-change predictors
(resultant n=106).” These comparisons showed that the model which included only diurnal slope
change predicting shifts in attitudes (AIC=391.93; BIC=496.85) demonstrated significantly
poorer model fit than the expanded model (AIC=375.50; BIC=516.74; 4y’ «9)=34.43, p<.001).
However, the model that included acute testosterone reactivity (AIC=372.46; BIC=477.38)
demonstrated similar model fit compared to the expanded model (4y’©9) =14.96, p=.092). These
results suggest that acute testosterone reactivity may be a more parsimonious and robust
predictor of attitude change, compared to diurnal slope change.

" In this smaller sample (n=106), models with acute testosterone reactivity and diurnal slope changes as
predictors of shifts in attitudes remained significant and similar in magnitude to the effects reported in the
main text and Tables S8 and S14 respectively (Time (Linear) x Acute testosterone reactivity x Group
(Romney versus Obama supporters) interaction: B=0.29, 95%CI[0.17, 0.41], p<.001; Time (Linear) x
Diurnal slope change x Group (Romney versus Obama supporters) interaction: B=0.13, 95%CI[0.02,
0.24], p=.018).
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Table S19. MLMs examining changes in attitudes toward Obama) moderated by acute testosterone reactivity and diurnal slope changes from ED-

1 to ED, across political groups. Model B includes the covariates of age and socioeconomic status.
ACUTE TESTOSTERONE REACTIVITY AND DIURNAL SLOPE CHANGES PREDICTING SELF-REPORTED ATTITUDES

MODEL A MODEL B
B 95% CI )2 B 95% CI J2
(Intercept) 2.28 2.03-2.54 <0.001 221 1.58 -2.83 <0.001
Day- Linear 0.06 -0.03-0.16 0.186 0.06 -0.03-0.16 0.186
Day- Quadratic 0.10 0.01-0.20 0.033 0.1 0.01-0.20 0.034
Romney supporters versus Obama supporters 1.48 1.21-1.75 <0.001 1.49 1.23-1.75 <0.001
Romney supporters versus Undecideds 0.82 0.44-1.20 <0.001 1.00 0.61 —1.39 <0.001
Acute Change in Testosterone (AAcute Testosterone) -0.16 -0.42 -0.09 0.205 -0.19 -0.44 - 0.06 0.14
Diurnal slope change (ADiurnal Slope) -0.01 -0.21-0.18 0.886 0.01 -0.18-0.20 0.919
Day- Linear x Romney versus Obama 0.00 -0.11-0.11 0.978 0.00 -0.11-0.11 0.97
Day- Quadratic x Romney versus Obama -0.13 -0.24 --0.02 0.026 -0.13 -0.24 —-0.02 0.026
Day- Linear x Romney versus Undecideds -0.05 -0.21-0.11 0.552 -0.05 -0.21-0.11 0.565
Day- Quadratic x Romney versus Undecideds -0.01 -0.17-0.15 0.886 -0.01 -0.17-0.15 0.898
Day- Linear x AAcute Testosterone -0.25 -0.35--0.14 <0.001 -0.25 -0.35--0.14 <0.001
Day- Quadratic x ATestosterone -0.13 -0.23 --0.02 0.020 -0.13 -0.23 --0.02 0.021
A Acute Testosterone x Romney versus Obama -0.01 -0.33-0.31 0.951 0.03 -0.28-0.34 0.842
A Acute Testosterone x Romney versus Undecideds 0.30 -0.04 — 0.65 0.089 0.34 0.00 - 0.67 0.052
Day- Linear x ADiurnal Slope -0.07 -0.15-0.01 0.091 -0.07 -0.15-0.01 0.091
Day- Quadratic x A Diurnal Slope 0.11 0.03-0.20 0.009 0.11 0.03-0.20 0.009
A Diurnal Slope X Romney versus Obama 0.16 -0.11-0.43 0.256 0.1 -0.17-0.37 0.465
A Diurnal Slope x Romney versus Undecideds -0.16 -0.67 - 0.35 0.531 -0.19 -0.69 - 0.31 0.456
Day- Linear x A Acute Testosterone x Romney versus Obama 0.26 0.13-0.39 <0.001 0.26 0.13-0.39 <0.001
Day- Quadratic x A Acute Testosterone x Romney versus Obama 0.12 -0.01-0.25 0.072 0.12 -0.01-0.25 0.072
Day- Linear x A Acute Testosterone x Romney versus Undecideds 0.24 0.10-0.38 0.001 0.24 0.10-0.38 0.001
Day- Quadratic x A Acute Testosterone x Romney versus Undecideds 0.17 0.03-0.32 0.019 0.17 0.03-0.32 0.019
Day- Linear x A Diurnal Slope X Romney versus Obama 0.07 -0.05-0.18 0.243 0.07 -0.05-0.18 0.241
Day- Quadratic x A Diurnal Slope X Romney versus Obama -0.08 -0.19-0.03 0.173 -0.08 -0.20-0.03 0.173
Day- Linear x A Diurnal Slope X Romney versus Undecideds 0.02 -0.21-0.24 0.895 0.01 -0.21-0.23 0.915
Day- Quadratic x A Diurnal Slope X Romney versus Undecideds -0.11 -0.33-0.11 0.342 -0.11 -0.33-0.11 0.334
Sex (0= Female, 1= Male) -0.20 -0.43 -0.03 0.097 -0.19 -0.42 -0.04 0.113
Age -0.01 -0.03 - 0.00 0.088
SES 0.07 0.00-0.13 0.043
Random Effects
o’ 0.06 0.06
Too 0.33 pid 0.31 pid
T 0.00 pid.daypoly2.L 0.00 pid.daypoly2.L
0.00 pid.daypoly2.Q 0.00 pid.daypoly2.Q
po1 1 1
-1 -1
N 106 pig 106 pig
Observations 418 418

S38



9.2. Attitudes toward elected leader expressed via behaviors on Facebook.

In addition to measuring attitudes toward the elected leader via self-reports, we also
coded for attitudes toward Obama that were expressed via online behaviors on Facebook (Gil,
2012; Carlisle & Patton, 2013). We found no evidence of either acute testosterone reactivity or
diurnal slopes changes predicting shifts in attitudes toward the elected leader with Facebook
posts (ps>.52). The relatively small sample size of participants with useable social media data
may have limited our statistical power to test and detect three-way interactions. Despite not
finding effects of testosterone change metrics predicting shifts in attitudes expressed via
behaviors on social media, we tested for behavioral differences toward the elected leader
(Obama) across political groups. These analyses revealed a Time (Linear) x Group (Romney
versus Obama supporters) interaction: B=0.61, 95% C1[0.22, 1.00], 5=0.55, p=.003). Simple
slopes analysis indicated that Obama supporters revealed more positive attitudes on social media
toward Obama from before to after the election (Time (Linear): B=0.32, 95%CI[0.07, 0.56]; see
Fig S8). These results were consistent with a pattern of increases in pro-Obama attitudes
amongst Obama supporters also found in self-reports (Time (Linear): B=0.06, 95% CI]0.00,
0.13]; see Fig. 3, Middle Panel).

Although changes in testosterone did not significantly predict shifts in social media
behavior (likely due to lack of statistical power), political attitudes measured via self-report and
social media behavior correlated well with one another (see Table S20 for correlations across all
time points between self-reports and social media behavior). These correlations are consistent
with burgeoning evidence that online social media statements correlate with offline political
opinions and political behaviors (O’Connor, et al., 2010; Kim et al., 2016). Therefore, we created
composite scores of attitudes toward the elected leader across self-report and behavior on social
media — one score before the election and one score after the election.

We also note that that self-reported political attitudes tended to correlate strongly across
measurement instances (see Table S20). The broader literature has also reported similar within-
person stability in political attitudes over time (Hatemi & Verhulst, 2015; Alabastro et al., 2013;
Crano & Prislin, 2011; Krosnick, 1991). Despite this stability, there is also evidence that political
attitudes fluctuate within-individuals in response to political events such as wars, changes in the
economy, elections (Alabastro et al., 2013; Lebo & Cassino, 2007; Kriner & Schwartz, 2009)
increased exposure to media (Young, 2004), and especially toward the out-group leader
(Alabastro et al., 2013; Lebo & Cassino, 2007). Therefore, the testosterone-moderated
fluctuations in political attitudes that we report in our study support the notion that although
political attitudes are relatively stable, they may dynamically fluctuate in response to a large-
scale political event (i.e., a democratic election).
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Fig. S8. Attitudes toward the elected leader (Obama) via online behaviors on Facebook from before the
election (Pre-Election: from ED-2 days through 8 pm on ED) to after (Post-Election: from 8 pm on ED
through ED+2 days). Error bars = +1SE.
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Table S20. Correlations between elected leader (Obama) via self-reports and online behaviors on Facebook. Note. Values in square brackets

indicate the 95% confidence intervals for each pairwise correlation. *p <.05. **p < .01.

Variable 1 2 3 4 5 6
1. Pre-Election self-report
2. ED-1 self-report 92 %%
[.88,.94]
3. ED+1 self-report 94 94
[.91, .96] [.91, .96]
4. Post-Election self-reports 92 %% 92 %% Q4%
[.88,.94] [.89,.95] [.92,.96]
5. ED + 6 months self-report 84H* B5H* 8O** 86**
[.75,.90] [.77, .91] [.77, .91] [.78, .91]
6. Pre-Election social media .68%* .68%* 69%* 62%* 49*
[.49, .82] [.48, .81] [.49, .82] [.39,.78] [.11,.75]
7. Post-Election social media T6%* T4%* JI3EE JT10%* T10%* JT10%*
[.61,.85] [.59, .84] [.57, .84] [.52, .81] [.43, .85] [.50, .83]
Table S21. Means and SDs of attitudes toward the elected leader reported across the naturalistic sampling period (measured on a 5-point Likert
scale).
Romney Supporters Obama Supporters Undecided Voters
Self-reported attitudes M SD M SD M SD
Pre-Election 2.12 0.56 3.61 0.60 3.00 0.84
ED-1 2.13 0.55 3.65 0.59 2.74 0.80
ED+1 1.99 0.71 3.72 0.64 3.03 0.89
Post-Election 2.14 0.66 3.68 0.59 3.00 0.82
+6 months 1.86 0.73 3.06 0.58 2.48 0.94
Social media behavior
Pre-Election 241 0.87 3.59 0.67 2.80 0.45
Post-Election 2.00 0.82 4.03 0.91 2.62 0.74
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Next, we tested how acute testosterone reactivity and change in diurnal slopes predicted
shifts in attitudes toward the elected leader as a function of political group using the composite
attitude score (created by averaging self-reported attitudes and online social media behavior).

9.2.1. Acute testosterone reactivity predicting shifts in composite attitudes toward
the elected leader. Corroborating the primary findings reported in the main text, MLM analysis
revealed a Time (Linear) x Acute testosterone reactivity x Group (Romney versus Obama
supporters) interaction using the composite attitudes measure (8=0.17, 95%CI[0.05, 0.29],
[=.19, p=.008; see Table S22). Supporters of the losing candidate with greater increases in acute
testosterone demonstrated less positive attitudes toward the elected leader (Time (Linear) x
Acute testosterone reactivity: B=-0.16, 95% CI[-0.27, -0.06], f=-0.26, p=.005; see Fig. S9).

9.2.2. Diurnal slope changes predicting shifts in composite attitudes toward the
elected leader. Finally, we found marginal support for diurnal slope changes moderating shifts
in attitudes toward the elected leader using our composite measure of attitudes (Time (Linear) X
Diurnal Slope change x Group (Romney versus Obama supporters): 5=0.10, 95% CI[-0.01,
0.20], p=.10, p=.066; see Table S23). Supporters of the losing candidate with flatter slopes on the
day of the election demonstrated less positive attitudes toward the elected leader at a trend level
(Time (Linear) x Diurnal Slope change: B=-0.07, 95% CI[-0.15, .02], p=-.13, p=.135).
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Table S22. MLMs examining changes in attitudes toward the elected leader (Obama) using a composite measure of self-reported attitudes and

online social media behavior moderated by acute testosterone reactivity during the competition-outcome window, across political groups. Model B

includes the covariates of age and socioeconomic status.

ACUTE TESTOSTERONE REACTIVITY PREDICTING SHIFTS IN ATTITUDES TOWARD OBAMA (Facebook + Self-
report Composite)

MODEL A MODEL B

B 95% CI p B 95% CI p
(Intercept) 2.31 2.08 —2.55 <0.001 | 2.38 1.80-2.96 <0.001
Day- Linear -0.05 -0.15-0.05 0.309 | -0.05 -0.15-0.05 0.309
Romney supporters versus Obama supporters 1.47 1.21-1.72 <0.001 | 148 1.23-1.72 <0.001
Romney supporters versus Undecideds 0.72 0.37-1.06 <0.001 | 0.87 0.51-1.22 <0.001
Acute Change in Testosterone (ATestosterone) -0.09 -0.32-0.13 0.414 | -0.10 -0.32-0.12 0.382
Day- Linear X Romney versus Obama 0.15 0.04 —-0.27 0.011 0.15 0.04 -0.27 0.011
Day- Linear X Romney versus Undecideds 0.05 -0.10-0.21 0.519 | 0.05 -0.10-0.21 0.519
Day- Linear x ATestosterone -0.16 -0.26 —-0.06 0.002 | -0.16 -0.26 —-0.06 0.002
ATestosterone x Romney versus Obama 0.01 -0.26 - 0.29 0.915 0.02 -0.25-0.29 0.877
ATestosterone x Romney versus Undecideds 0.20 -0.11-0.52 0.209 | 0.22 -0.08 — 0.53 0.156
Day- Linear x ATestosterone x Romney versus 0.17 0.05-0.29 0.008 0.17 0.05-0.29 0.008
Obama
Day- Linear x ATestosterone x Romney versus 0.14 -0.00 - 0.28 0.053 0.14 -0.00 - 0.28 0.053
Undecideds
Sex (0= Female, 1= Male) -0.24 -0.45--0.02 0.038 | -0.24 -0.46 —-0.02 0.033
Age 0.04 -0.02-0.10 0.149
Socioeconomic Status -0.01 -0.03 — 0.00 0.053
Random Effects
o’ 0.06 0.06
Too 0.27 pid 0.26 pid
N 106 pia 106 pia
Observations 212 212
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Fig. S9. Composite attitudes toward the elected leader (Obama) as a function of acute testosterone reactivity during the competition-outcome
window one SD above and below the mean for each political group. Composite attitudes toward Obama were measured via self-report and online
behaviors on Facebook. Solid lines represent estimated marginal means (controlling for sex). Error bars = +1SE.
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Table S23. MLMs examining changes in attitudes toward the elected leader (Obama) using a composite measure of self-reported attitudes and

online social media behavior, across political groups, moderated by diurnal slope changes from ED-1 to ED. Model B includes the covariates of

age and socioeconomic status.

DIURNAL SLOPE CHANGES PREDICTING SHIFTS IN ATTITUDES TOWARD THE ELECTED LEADER
(Facebook + Self-report Composite)

MODEL A MODEL B

B 95% CI p B 95% CI p
(Intercept) 2.24 2.02-2.46 <0.001 2.19 1.64-2.74 <0.001
Day- Linear -0.09 -0.17-0.00 0.056 -0.09 -0.17 - 0.00 0.056
Romney supporters versus Obama supporters 1.54 1.30-1.78 <0.001 1.55 1.31-1.79 <0.001
Romney supporters versus Undecideds 0.71 0.37-1.05 <0.001 0.80 0.44-1.15 <0.001
Change in Diurnal slopes (ADiurnal Slope) -0.11 -0.28 - 0.06 0.208 -0.10 -0.27-0.07 0.246
Day- Linear X Romney versus Obama 0.19 0.08 - 0.30 0.001 0.19 0.08 - 0.30 0.001
Day- Linear X Romney versus Undecideds 0.08 -0.07-0.23 0.29 0.08 -0.07-0.23 0.290
Day- Linear x ADiurnal Slope -0.07 -0.14-0.01 0.097 -0.07 -0.14-0.01 0.097
A Diurnal Slope X Romney versus Obama 0.15 -0.08 - 0.38 0.198 0.13 -0.10-0.36 0.275
A Diurnal Slope x Romney versus Undecideds -0.01 -0.48 — 0.46 0.966 -0.01 -0.48 - 0.45 0.954
Day- Linear x ADiurnal Slope x Romney versus 0.1 -0.01-0.20 0.066 0.10 -0.01-0.20 0.066
Obama
Day- Linear x ADiurnal Slope x Romney versus -0.01 -0.22-0.20 0.914 -0.01 -0.22-0.20 0.914
Undecideds
Sex (0= Female, 1= Male) -0.21 -0.43 - 0.00 0.054 -0.21 -0.42 -0.01 0.063
Age 0.03 -0.02 - 0.09 0.249
Socioeconomic Status -0.01 -0.02 - 0.01 0311
Random Effects
o’ 0.06 0.06
T00 0.28 pid 0.28 pid
N 113 pia 113 pia
Observations 226 226
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9.3. Affective change as a covariate

As an additional robustness check, we examined whether the main findings occurred
independent of changes in participant affect. Therefore, we entered affective changes that
occurred during the competition-outcome window (i.e., difference scores of positive affect and
negative affect from 7pm to Bedtime on ED) as covariates into all the main models.

Acute testosterone reactivity during the competition-outcome window. The model
examining changes in testosterone across the competition-outcome window revealed a robust
Time (Linear) x Group (Romney versus Obama supporters) interaction after entering changes in
positive affect (B=-14.30, 95% CI[-26.64, -1.96], f=-0.32, p=.025) and negative affect (B=-
15.03, 95% CI[-27.82, -2.24], p=-0.33, p=.023) as covariates.

Acute testosterone reactivity predicting shifts in attitudes toward the elected leader.
Further, acute testosterone reactivity on election night also robustly predicted short-term shifts in
attitudes toward the elected leader over and above changes in positive affect (B=0.30, 95%
CI[0.18, 0.42], p= 0.34, p<.001) and negative affect (B=0.30, 95% CI[0.18, 0.42], p= .34,
p<.001).

Changes in diurnal slopes. The model examining changes in diurnal slopes across the
naturalistic sampling period revealed a robust Time (Linear) x Group (Romney versus Obama
supporters) interaction after entering changes in positive affect (B=-7.38, 95% CI[-12.65, -
2.11], p=-0.38, p=.007) and negative affect (8=-7.99, 95% CI[-13.42, -2.56], = -0.42, p=.005)
as covariates.

Diurnal slope changes predicting shifts in attitudes toward Obama. Finally, diurnal
slope changes on election night predicted short-term shifts in attitudes toward the elected leader
independent of changes in positive affect (B=0.13, 95% CI1[0.02, 0.23], = 0.13, p=.020) and
negative affect (B=0.13, 95% CI[0.02, 0.24], f= 0.14, p=.027).

Overall, the main results reported in the paper were largely robust to changes in affect that
occurred during the competition-outcome window.
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9.4. Main results after the exclusion of the Gary Johnson supporter

In our sample, supporters of the losing candidate primarily consisted of Romney
supporters. This group however also included one Gary Johnson supporter (a Libertarian
candidate who also lost the election). Given that we were primarily interested in comparing
supporters of winning and losing candidates, we included this participant within the group of
Romney supporters to boost statistical power of the group. Here we report all our main results
after excluding this individual from the analyses.

Acute testosterone reactivity during the competition-outcome window. The model
examining acute changes in testosterone across the competition-outcome window revealed a
significant Time (Linear) x Group (Romney versus Obama supporters) interaction after
excluding the Gary Johnson supporter (B=-15.65, 95% CI[-27.15, -4.15], f=-0.35, p=.009).
Further, Romney supporters continued to resist the typical circadian decline (i.e., had flatter
diurnal testosterone slopes; Time (Linear): B=4.80, 95% CI[-4.34, 13.93], = .09, p=312).

Acute testosterone reactivity predicting shifts in attitudes toward the elected leader.
After excluding the Gary Johnson supporter, our analysis examining acute testosterone changes
moderating shifts in attitudes toward the elected leader, continued to reveal a significant three-
way Time (Linear) x Acute Testosterone Reactivity x Group interaction (Romney versus
Obama: B=0.29, 95% CI[0.17, 0.41], = 0.32, p<.001). These testosterone-moderated attitude
shifts were driven primarily by Romney supporters (Time (Linear) X Acute Testosterone
Reactivity: B=-0.28, 95% CI[-0.39, -0.16], p=-0.39, p<.001).

Changes in diurnal slopes. The model examining changes in diurnal slopes across the
naturalistic sampling period still revealed a robust Time (Linear) X Group (Romney versus
Obama supporters) interaction upon excluding the Gary Johnson supporter (B=-7.06, 95% CI[-
12.00, -2.12], p=-0.37, p=.006). Romney supporters continued to exhibit flatter slopes (i.e.,
decreased magnitude of the diurnal slopes) across the sampling period (B=7.39, 95% CI[1.86,
12.92], p=0.37, p=.013).

Diurnal slope changes predicting shifts in attitudes toward Obama. After excluding the
Gary Johnson supporter, our analysis examining diurnal slope changes moderating shifts in
attitudes toward the elected leader continued to reveal a significant three-way Time (Linear) x
Diurnal slope change x Group interaction (Romney versus Obama: B=0.13, 95% C1[0.02, 0.23],
p=0.13, p=.020). Further, these diurnal slope change moderated short-term shifts in attitudes
were driven primarily by Romney supporters (B=-0.1295% CI[-0.22, -0.02], 5= -0.22, p=.023).

Overall, we note that even if we exclude the Gary Johnson supporter from our sample, our
results and interpretations remain unchanged.
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9.5. Robustness checks based on when participants learned about the outcome of the election

Media networks called the 2012 election at 8:12 pm PST (Ariens, 2016) and on average participants learned about the election
outcome at 8:50 pm PST. To assess whether when participants learned about the results altered our main results, we conducted
robustness checks wherein we controlled for the time difference between when participants reported they learned about the results and
when the results were declared. We note that 8 participants did not report when they learned about the election results but reported the
times of their 7 pm, 9 pm, and Bedtime samples and we therefore imputed 8:12 pm as the time they learned about the outcome of the
election. We report all our main findings with and without the imputed values. Also, two participants in our sample reported learning
about the results after they provided their Bedtime sample; therefore, we also report analyses while excluding these two participants
from our main analyses. The pattern of results remained largely unchanged with these additional robustness checks.

Table S24. Robustness check for all our main results based on when participants learned about the outcome of the election.

Controlling for the difference between when the results were declared and when
participants learned about the outcome

Excluding two participants who learned
about the election after providing their
Bedtime sample

Imputed

No Imputation

Acute testosterone reactivity
during the competition-
outcome window.

Acute testosterone reactivity
predicting shifts in attitudes
toward the elected leader.
Changes in diurnal slopes

Diurnal slope changes
predicting shifts in attitudes
toward Obama

B=-14.63, 95%CI[-26.05, -3.20], f=-0.33,
p=014

B=0.29, 95% CI]0.17, 0.41], $=0.31,
p<.001

B=-7.30, 95% CI[-12.19, -2.41], f=-0.38,
p=.004

B=0.13, 95% C1[0.02, 0.23], p=0.13,
p=.019

B=-13.85, 95%CI[-25.88, -1.82], f=-0.33,
p=.026

B=0.25, 95% CI]0.12, 0.39], $=0.28,
p<.001

B=-5.63, 95%CI[-10.39, -0.88], f=-0.31,
p=.022

B=0.10, 95% CI[-0.02, 0.22], 5=0.10,
p=.091

B=-14.54, 95%CI[-26.15, -2.94], p=-0.32,
p=016

B=0.29, 95% CI]0.16, 0.41], $=0.31,
p<.001

B=-7.47,95% CI[-12.43, -2.51], f=-0.39,
p=.004

B=0.13, 95% C1[0.02, 0.23], p=0.13,
p=.017
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9.6. Robustness checks based on when participants completed the Pre- and Post-Lab Session
Participants were scheduled to come in for the laboratory sessions based on their availability in the days before and after the

election. Therefore, there was variability in when participants completed the Pre and Post-Election Lab session attitude surveys: On
average, the Pre-election Lab session was conducted 4.37 (SD=1.14) days before the election and Post-election Lab session 4.46
(SD=1.33) days after the election. Upon examining whether testosterone-moderated shifts in attitudes occurred independent of when
participants completed their attitudes survey, we note that our results remain robust and unchanged.

Table S25. Robustness check based on when participants completed the Pre- and Post-Election Lab sessions for analysis examining shifts in
attitudes toward the elected leader (Obama), moderated by acute testosterone reactivity and diurnal slope changes from ED-1 to ED.

Controlling for number of days Controlling for number of days Controlling for number of days
separating election day and the Pre- separating election day and the Post- between election day and the Pre- and
Election Lab session Election Lab session Post-Election Lab sessions

Acute testosterone reactivity predicting B=0.29, 95% CI[0.17, 0.41], p=0.31, B=0.29, 95% CI1[0.17, 0.41], p=0.31, B=0.29, 95% CI[0.17, 0.41], p=0.31,

shifts in attitudes toward the elected p<.001 p<.001 p<.001

leader.

Diurnal slope changes predicting shifts B=0.13, 95% C1[0.02, 0.23], p=0.13, B=0.13, 95% C1[0.02, 0.23], p=0.13, B=0.13, 95% C1[0.02, 0.23], p=0.13,

in attitudes toward the elected leader. p=.019 p=.019 p=.019

S49



9.7. False Discovery Rate Analysis

To correct for multiple comparisons across our main research questions, we used
Benjamini & Hochberg (1995)’s false discovery rate (FDR) method to obtain adjusted p-values.
The Q (or false discovery rate) was set at .05. The corrections were applied to the eight results
from our main models. We found that all our statistically significant results remained statistically
significant after correcting for FDR (see Table S26).

Table S26. Correction for multiple comparisons across our main research questions using the Benjamani
& Hochberg (1995) false discovery rate (FDR) method. Both the p-value and adjusted p-values are
reported below.

Analyses p-value Adjusted p-value
Time (Linear) x Group (Win/Loss) predicting acute testosterone change .013 .035
Time (Quadratic) X Group (Win/Loss) predicting acute testosterone 875 875
change ’ ’
Tnpe (Linear) x Group x Acute testosterone change predicting shifts in 5 01E-06 4.01E-05
attitudes toward the elected leader
Time (Quadratic) X Group X Acute testosterone change predicting shifts
. . 12 .16
in self-reported attitudes toward the elected leader
Time (Linear) X Group (Win/Loss) predicting diurnal slope change .004 .016
Time (Quadratic) X Group (Win/Loss) predicting diurnal slope change .076 122
Time (Linear) X Group X Diurnal slope change predicting shifts in self-

. .019 .038
reported attitudes toward the elected leader
Time (Quadratic) X Group X Diurnal slope change predicting shifts in 391 447

self-reported attitudes toward the elected leader
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9.8. Multiverse specification curve analysis

We made the following modeling decisions and assumptions in our statistical analysis
strategy: First, we used MLMs to conduct our analyses, in which we modelled change over time
with the inclusion of both linear and curvilinear (i.e., quadratic) parameters. Second, in our
treatment of outliers, we winsorized values of testosterone that were 3 SDs above or below the
mean (within sex and measurement instance) to the value at 3 SDs of the mean (within sex and
measurement instance). Third, we made assumptions about heteroskedasticity and normality of
residuals in our models. As part of the review process, we were encouraged to conduct a
specification curve (or multiverse) analysis to examine the extent to which the robustness of our
findings was dependent on the choices made in our analytic approach (Simonsohn et al., 2020).

To conduct a specification curve analysis we identified the following reasonable alternative
approaches to our original data analytic approach: (i) the choice of the regression models, such as
robust MLMs that correct for heteroskedasticity and non-normal errors, generalized linear
models (GLM) that allow for non-normal (non-Gaussian) dependent variables, and variations in
how slopes and intercepts were modelled (random versus non-random variation), (ii) the
inclusion and exclusion of outliers (winsorized values are instead excluded), (iii) the inclusion of
the main covariates, and (iv) alternative approaches to estimating diurnal slopes using GLMs
(see Table S27). The specification curve analysis included all of the original specifications
reported in the main paper and the alternative specifications, yielding a total of 72 specifications
for the models examining acute change in testosterone, 48 specifications for the models
examining acute testosterone changes predicting shifts in attitudes, 128 specifications for models
examining changes in diurnal slopes, and 64 specifications for models examining changes in
diurnal slopes predicting shifts in attitudes. An effect size was calculated by dividing each
estimated coefficient by its own standard error. The median effect size from each of these four
specification curves was used as an estimate of the given effect within the multiverse.

Table S27. Original specifications and alternative reasonable specifications used to test our main
research questions. Note: Not all specifications applied to all models.

Original specifications for the

Decision main results reported in the paper

Alternative specifications

Analytic model Multilevel regression models Robust multilevel models
GLM models to estimate testosterone
change using a gamma distribution
and identity link function
Linear and Quadratic parameters of ~ Linear parameters of change (only)

change
Intercepts and slopes were both Only intercepts were allowed to
allowed to randomly vary* randomly vary
Treatment of outliers Outliers were winsorized to 3SDs of ~ Outliers included in the analyses
the mean (within sex and time) Outliers excluded from the analyses
Covariates Covariates were not included Models include covariates (Age,
SES, and hours of sleep for the
diurnal slope change model)
Diurnal slope calculation Multilevel regression models GLM using gamma distribution and

identity link function

*The slopes were not allowed to randomly vary for those models that were overidentified (e.g., acute changes in
testosterone across the competition outcome window were measured across three time points and so were limited to
linear random effects).
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9.8.1. Inferential statistics for the specification curve analysis. To draw inferences from
our specification curves, we used the “under-the-null” resampling method for non-experimental
data (Simonsohn et al., 2020). Estimating all our models with the observed data for all possible
specifications resulted in K parameters of interest (bk). The by for each specification were then
used to generate K different null values of the dependent variable (y*; yx*= yk - bixk). Using this
new matrix of data, N = 113 participants’ data (to match the original sample size) were drawn at
random and with replacement. In other words, resampling was conducted at the level of the
participant. The corresponding K specifications for each y* model were estimated on the
randomly generated data. These steps (resampling and estimation) were repeated 500 times for
each specification curve. Finally, to draw inferences, we calculated a p-value as the proportion of
the median effect sizes from the resampled null specification curves that were more extreme than
that observed in the real data.

9.8.2. Results from the specification curve analysis. Inferential statistics for the
specification curve analyses revealed that our main results were robust to decisions made as part

of the analytic approach (ps <.006; see Table S28 and Figures S10-S13).8

Table S28. Results from the specification curve analyses across the various data analytic choices

Proportion of null models
Median from resampled data with

Nur.nber.of effect effect sizes that are as P
Specifications . .
size* extreme as the median
observed effect size
Acute change in testosterone 7 226 0/500 <001

Acute testosterone change

predicting shifts in attitudes 48 3.89 0/500 <001
toward the elected leader

Changes in diurnal slopes 128 22.66 3/500 006

Changes in diurnal slopes
predicting shifts in attitudes 64 3.00 1/500 .002
toward the elected leader

* Effect size was determined by dividing each effect by its standard error.

* Quality control checks of the null specification curves revealed two issues when relying on GLMs to analyze acute
changes in testosterone. First, the choice of a gamma distribution and identity link function is known to cause
estimation issues. Specifically, although the data were appropriate for a gamma distribution (i.e., data were
distributed between 0 and infinity), the model can estimate values outside those bounds, causing the model to fail.
Failed models (n = 124 of 36,000) were ignored for the purposes of determining inferential statistics. In follow-up
analyses, we replaced these missing models with an extreme value (effect size = 5, with sign of the replacement
value determined by the sign of the median effect of the null specification curve) and re-ran the inferential statistics.
Results were entirely unchanged. Second, convergence issues in the GLMs resulted in a set of models (n = 60 of
36,000) with extreme effect sizes (e.g., more extreme than +100). Poor convergence in these models produced
normal estimates with exceedingly small standard errors. Relying on the median effect from each resampling
effectively controls for these outliers. Further, an extreme value would only penalize our specification analyses, in
terms of producing values from the null specification curves that may be more extreme than our observed effect
sizes. Hence, these outliers were left in the null specification curves and the results of the inferential statistics are
considered conservative estimates of the robustness of our results.
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Fig. S10. Results of the specification curve analysis examining acute changes in testosterone across the
competition-outcome window. Upper Panel: Black dots indicate regression coefficients for the Time (Linear)

x Political Group (Romney versus Obama) effect across various specifications. The grey ribbon represents

95% Cls. The dashed line indicates the median effect across all specifications. Lower panel: Tickers indicate
the specifications corresponding to a particular model. Key: Testosterone- Winsorized: Testosterone
concentrations that were winsorized to 3SDs from the mean (within sex and measurement instance);

Testosterone- Outliers Included: Testosterone concentrations with outliers included; Testosterone- Outliers
Excluded: Testosterone concentrations with outliers excluded; MLM: Multilevel model; RMLM: Robust

Multilevel model; GLM: Generalized Multilevel Model; Quadratic + Linear: Quadratic and Linear slopes were
included in the model and were allowed to randomly vary; Linear: Only linear slopes were included and were

allowed to randomly vary; Quadratic + Linear- Intercept only: Linear and quadratic slopes were included in the
model but only the intercept was allowed to randomly vary; Linear- Intercept only: Linear slopes were
included in the model but only the intercept was allowed to randomly vary; All covariates: Age and SES were

included as covariates.
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Fig. S11. Results of the specification curve analysis examining acute change in testosterone predicting shifts in
attitudes toward the elected leader. Upper Panel: Black dots indicate regression coefficients for the Time
(Linear) x Political Group (Romney versus Obama) x Acute testosterone change effect across various
specifications. The grey ribbon represents 95% Cls. The dashed line indicates the median effect across all
specifications. Lower panel: Tickers indicate the specifications corresponding to a particular model. Key:
Acute Change-Winsorized: Acute change was calculated using testosterone concentrations that were
winsorized to 3SDs from the mean (within sex and measurement instance); Acute Change-Outliers Included:
Acute change was calculated using testosterone concentrations with outliers included; Acute Change- Outliers
Excluded: Acute change was calculated using testosterone concentrations with outliers excluded; MLM:
Multilevel model; RMLM: Robust Multilevel model; GLM: Generalized Multilevel Model; Quadratic +
Linear: Quadratic and Linear slopes were included in the model and were allowed to randomly vary; Linear:
Only linear slopes were included and were allowed to randomly vary; Quadratic + Linear- Intercept only:
Linear and quadratic slopes were included in the model but only the intercept was allowed to randomly vary;
Linear- Intercept only: Linear slopes were included in the model but only the intercept was allowed to
randomly vary.
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Fig. S12. Results of the specification curve analysis examining changes in diurnal slope across the naturalistic
sampling period. Upper Panel: Black dots indicate regression coefficients for the Time (Linear) x Political
Group (Romney versus Obama) effect across various specifications. The grey ribbon represents 95% Cls. The
dashed line indicates the median effect across all specifications. Lower panel: Tickers indicate the specifications
corresponding to a particular model. Key: Slopes- Winsorized: Slopes were calculated using testosterone
concentrations that were winsorized to 3SDs from the mean (within sex and measurement instance); Slopes-
Outliers Included: Slopes were calculated using testosterone concentrations with outliers included; Slopes-
Outliers Excluded: Slopes were calculated using testosterone concentrations with outliers excluded; Slopes-
Gamma: Slopes were calculated using GLMs with a gamma distributions and the link=identity function; MLM:
Multilevel model; RMLM: Robust Multilevel model; GLM: Generalized Multilevel Model; Quadratic + Linear:
Quadratic and Linear slopes were included in the model and were allowed to randomly vary; Linear: Only linear
slopes were included and were allowed to randomly vary; Quadratic + Linear- Intercept only: Linear and
quadratic slopes were included in the model but only the intercept was allowed to randomly vary; Linear-
Intercept only: Linear slopes were included in the model but only the intercept was allowed to randomly vary;
Hourssleep: Hours of sleep as a covariate; All covariates: Age, SES, and hours of sleep were included as
covariates.
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Fig. S13. Results of the specification curve analysis examining diurnal slope changes predicting shifts in
attitudes toward the elected leader. Upper Panel: Black dots indicate regression coefficients for the Time
(Linear) x Political Group (Romney versus Obama) x Diurnal slope change effect across various
specifications. The grey ribbon represents 95% Cls. The dashed line indicates the median effect across all
specifications. Lower panel: Tickers indicate the specifications corresponding to a particular model. Key:
Slope Change-Winsorized: Slope change was calculated using slopes created with testosterone concentrations
that were winsorized to 3SDs from the mean (within sex and measurement instance); Slope Change- Outliers
Included: Slope change was calculated using slopes created from testosterone concentrations with outliers
included; Slope Change- Outliers Excluded: Slope change was calculated using slopes created from
testosterone concentrations with outliers excluded; Slope Change- Gamma: Slope change was calculated using
slopes created via GLMs with a gamma distributions and link=identity function; MLM: Multilevel model;
RMLM: Robust Multilevel model; GLM: Generalized Multilevel Model; Quadratic + Linear: Quadratic and
Linear slopes were included in the model and were allowed to randomly vary; Linear: Only linear slopes were
included and were allowed to randomly vary; Quadratic + Linear- Intercept only: Linear and quadratic slopes
were included in the model but only the intercept was allowed to randomly vary; Linear- Intercept only: Linear
slopes were included in the model but only the intercept was allowed to randomly vary.
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9.9. Robustness checks for Supplementary Results

For our main analyses, we included comprehensive robustness checks with specification curve analysis. We also tested the
robustness of our main supplemental results that we reported in the main manuscript by re-running all of these analyses with robust
MLMs. Robust MLMs account for: (i) extreme datapoints by downweighting their influence and (ii) possible violations of
assumptions of multilevel regressions (e.g. heteroskedasticity, Field & Wilcox, 2017). Our supplemental results were robust to the use

of an alternative data analytic method.

Table S29. Results from robust MLMs for the following supplementary results: (i) testosterone change predicting long-term shifts in
attitudes; (ii) testosterone change predicting shifts in composite attitudes (measured via self-reports and social media), and (iii) sex
differences and similarities across all our main results.

MLM (reported earlier in the supplement)

Robust MLM

Testosterone change predicting long-term shifts in attitudes

Time (Linear) x Acute Testosterone Reactivity
x Group (Romney versus Obama)

Time (Linear) x Diurnal Slope Change
Group (Romney versus Obama)

B=0.17, 95% CI[-0.04, 0.37], p=.19, p=.124

B=0.11, 95% CI[-0.08, 0.29], p=.11, p=.260

B=0.17, 95% CI[-0.02, 0.36], f=.20, p=.085

B=0.10, 95% CI[-0.07, 0.27], p=.11, p=.242

Testosterone change predicting shifts in composite attitudes (self-reports and social media)

Time (Linear) x Acute Testosterone Reactivity
x Group (Romney versus Obama)

Time (Linear) x Diurnal Slope Change
Group (Romney versus Obama)

B=0.17, 95%CI[0.05, 0.29], p=.19, p=.008

B=0.10, 95% CI[-0.01, 0.20], p=.10, p=.066

B=0.18, 95%C1[0.07, 0.28], p=.20, p=.001

B=0.09, 95% CI1[>0.00, 0.18], 5=.09, p=.049

Sex differences and similarities

Acute testosterone change: Sex x Time
(Linear) x Group (Romney versus Obama)

B=-26.37, 95% CI[-48.69, -4.04], f=-0.59,
p=.023

Males: B=-28.63, 95% CI[-51.57, -5.69], f=-
0.63, p=.018

Females: B=-2.12, 95% CI[-9.85, 5.62], =-
0.11, p=.594

B=-15.34, 95% CI[-26.97, -3.72], f=-0.34,
p=.010;

Males: B=-20.72, 95% CI[-36.84, -4.60], f=-
0.45, p=.012

Females: B=-2.98, 95% CI[-8.56, 2.60], f=-
0.15, p=.296.
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Acute testosterone reactivity predicting shifts
in attitudes: Sex x Time (Linear) x Group
(Romney versus Obama) x Acute testosterone
change

Short-term shifts in attitudes: B=-0.18, 95%
CI[-0.43, 0.06], p=-0.20, p=.141

Long-term shifts in attitudes: B=0.12, 95%
CI[-0.34, 0.59], p=0.15, p=.603

Composite measure of attitudes via self-
reports and Facebook: B=-0.02, 95% CI[-
0.27, 0.24], =-0.02, p=.897

Short-term shifts in attitudes: B=-0.09, 95%
CI[-0.29, 0.11], p=-0.10, p=382

Long-term shifts in attitudes: B=0.18, 95%
CI[-0.28, 0.64], p=0.21, p=.437

Composite measure of attitudes via self-
reports and Facebook: B=-0.04, 95% CI[-
0.26, 0.18], f=-0.04, p=.745

Diurnal slope change: Sex x Time (Linear) x

B=-12.55, 95% CI[-22.01, -3.09], p=-0.65,

B=-6.59, 95% CI[-12.84, -0.34], f=-0.34,

Group (Romney versus Obama) p=.010 p=.039)
Males: B=-13.39, 95% CI[-23.21, -3.56], p=- | Males: B=-9.35, 95% CI[-16.59, -2.10], p=-
0.76, p=.010 0.53, p=.011
Females: B=-0.83, 95% CI[-4.08, 2.41], f=- Females: B=-0.95, 95% CI[-3.86, 1.96], f=-
.09, p=.615 A1, p=522

Diurnal slope change predicting shifts in
attitudes: Sex x Time (Linear) x Group
(Romney versus Obama) x Diurnal slope
change:

Short-term shifts in attitudes: B=-0.01, 95%
CI[-0.22, 0.21], p=-0.01, p=958

Long-term shifts in attitudes: B=-0.25, 95%
CI[-0.62, 0.12], p=-0.26, p=.188

Composite measure of attitudes via self-
reports and Facebook: 5=-0.06, 95% CI[-
0.27,0.15], p=-.07, p=.559

Short-term shifts in attitudes: B=<0.00, 95%
CI[-0.16, 0.16], p=<0.00, p=.986

Long-term shifts in attitudes: B=-0.25, 95%
CI[-0.59, 0.10], p=-0.26, p=.168

Composite measure of attitudes via self-
reports and Facebook: 5=-0.06, 95% CI[-
0.25, 0.13], f=-.06, p=.549).
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11. Comparison between the current study and a study conducted during the 2008 US Presidential Election (Stanton et al.,

2009)

Table S30. Differences and similarities between the research questions, methods, and results in the current study (conducted during the 2012
election) and a study during the 2008 election (Stanton et al., 2009).

Stanton et al., 2009 (2008 US Presidential Election)

Current study (2012 US Presidential Election)

Primary Does the electoral outcome predict acute testosterone changes in | Does the electoral outcome predict acute testosterone changes in
research supporters of the competing candidates on the night of the supporters of the competing candidates on the night of the
questions election? election?
Are there sex differences in testosterone responses to the election | Do acute changes in testosterone in supporters of the candidates
outcome? predict shifts in attitudes toward the elected leader?
Secondary None reported. Does the electoral outcome predict changes in diurnal rhythms in
research supporters of the competing candidates, from two days before
questions the election until two days after the election?
Do diurnal slope changes in supporters of the candidates
facilitate shifts in attitudes toward the elected leader?
Study Study was conducted during the night of the election, spanning 5-day naturalistic sampling period (from 2 days before the
duration from 8 pm to 40 minutes after the election results were declared. | election, Election Day, until two days after the election).

Included a 6-month follow-up wherein participants reported
attitudes toward the elected leader.

Sample size

163 voters (65% Female)

113 registered voters (57.52% female)

Geographical | Durham, North Carolina Eugene, Oregon

study Ann Arbor, Michigan

location

Research At-home At-home

study

location

Political Obama supporters (winners), McCain supporters (losers), Robert | Obama supporters (winners), Romney supporters (losers), and
groups Barr supporters (losers) Undecided voters

composition

Testosterone: | Stick of sugar-free chewing gum + Passive drool. Passive drool without stimulant
Collection

method
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Testosterone:
Sample
storage

Participants were asked to store samples in a refrigerator
overnight and bring it into the lab the next day where they were
stored in a laboratory freezer.

Participants were asked store all their samples in a freezer at
home immediately after collection. If participants did not have
access to a freezer, they were asked to store their samples
temporarily in a box with icepacks (which were provided by the
experimenters), before they transferred the samples to a freezer
at home. At the end of the study, when participants dropped off
their frozen samples, the samples were immediately stored at -80
°C

Testosterone:
Compliance

Participants recorded sample times.

Participants received text messages prior to the times they were
required to provide a saliva sample and were also asked to
electronically timestamp their sample times.

Testosterone:
Assay
method

Radioimmunoassay (Diagnostic Products Corporation)

Enzyme-immunoassays (Salimetrics)

Testosterone concentrations from a random subset of samples
were validated against a highly accurate reference method- LC-
MS/MS.

Testosterone:
Measurement
instances

Participants provided a baseline saliva sample at 8 pm EST, a
time at which many election polls were closing on the east coast
of the United States. Participants provided three other samples at
0, 20, and 40 minutes after they had learned that Barack Obama
had been declared the winner.

Saliva samples were collected on each of the five days in the
naturalistic sampling period when participants woke up (Wake-
up), 30 minutes after they woke up (Wake-up~+30 mins), at 3pm
(Afternoon), and when they went to bed (Bedtime). Additional
samples were collected at Spm, 7pm, and 9pm on Election Day
(ED).

The period from 7pm 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).

Diurnal rhythms were indexed by the magnitude of the slope
connecting the morning peak and awakening response in
testosterone (via the wake-up samples), the afternoon plateau
(via the 3 pm sample), and the end-of-day nadir (via the Bedtime
sample).

Political
attitudes

None reported.

Attitudes toward the elected leader were assessed via scales
adapted from polling surveys that resemble presidential approval
ratings.
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Social media activity (via Facebook) was coded to assess
attitudes toward the elected leader, in a subset of participants
with usable data (reported in the supplement).

Affect: Retrospective affective state questionnaire: Self-reported In-the-moment affect was measured using daily diaries on
measurement | feelings of pleasantness (unpleasant to pleasant; unhappy to Election Day at the following times: 30 minutes after they woke
happy) and dominance (dominant to submissive; controlled to up, in the Afternoon, at Spm, 7pm, 9pm, and at Bedtime.
controlling) at the moment when Barack Obama was declared Positive affect was measured using a composite of the following
the winner. items: happy, excited, powerful, and confident. Negative affect
was measured using a single-item measure of sadness.
Statistical Analysis of Covariance (ANCOVA) Multilevel models (MLMs)
analysis
technique
Main Male voters for winning candidate had stable post-outcome Supporters of the losing candidate experienced acute elevations
Results: levels of testosterone, and male voters for the losing candidate in testosterone concentrations on the night of the election
(losers) showed decrements in their testosterone levels. compared to supporters of the winner.
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.
Among the losing candidate’s supporters, greater testosterone
reactivity on election-night and flatter diurnal slopes predicted
less positive attitudes toward the winning candidate after the
election.
Supplemental | None reported. Testosterone-moderated attitudinal shifts were smaller in
results magnitude six months after the election, albeit in the same
direction as the short-term shifts in attitudes.
Robustness Results were robust to: Our results were robust to:
checks 1) Inclusion of the following covariates in the model: 1) Use of a composite measure of attitudes toward the elected

a) Sociability variables: alcohol consumption on the night
of the election, where participants viewed the election
results (e.g., home, bar, campus hall), with how many
others they viewed the election results

b) Political investment: Participants' candidate support
intensity and participants' estimation of their
candidate's likelihood of winning

¢) Right-wing authoritarianism (RWA) scale

leader that included self-reports and coded behaviors on
social media (i.e., Facebook).
2) Inclusion of covariates:

a) Ageand SES

b) Changes in affect during the competition-outcome
window

¢) When participants learned about the election outcome,
and when they completed the Pre- and Post-Election
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d) Timing of post-outcome saliva collection on
testosterone change
2) Exclusion of Robert Barr supporters.

Lab sessions (during which they self-reported attitudes
toward the elected leader)
3) Exclusion of a Gary Johnson supporter.
4) False Discovery Rate (FDR) corrections for multiple
comparisons
5) Alternative data analytic choices, as assessed via
specification curve analysis.

Sex Competition-related acute changes in testosterone were evident Competition-related acute and diurnal changes in testosterone
differences in males and not in females. were larger in males than females (though the effects were in the
same direction for both sexes).
We did not find evidence of sex differences in the relationships
between testosterone changes (acute and diurnal) and shifts in
attitudes toward the elected leader.
Results with | Upon the announcement of Obama as the president-elect, Obama supporters reported increases in positive affect and no
affect McCain and Barr voters retrospectively reported feeling change in negative affect on Election Day. Romney supporters

significantly more unhappy, submissive, unpleasant, and
controlled than Obama voters.

reported decreases in positive affect and increases in negative
affect on Election Day.
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