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Abstract
During the past 60 years, perceptions about the origins of mental illness have shifted toward a biomedical model, depicting 
depression as a biological disorder caused by genetic abnormalities and/or chemical imbalances. Despite benevolent inten-
tions to reduce stigma, biogenetic messages promote prognostic pessimism, reduce feelings of agency, and alter treatment 
preferences, motivations, and expectations. However, no research has examined how these messages influence neural markers 
of ruminative activity or decision-making, a gap this study sought to fill. In this pre-registered, clinical trial (NCT03998748), 
49 participants with current or past depressive experiences completed a sham saliva test and were randomly assigned to 
receive feedback that they either have (gene-present; n = 24) or do not have (gene-absent; n = 25) a genetic predisposi-
tion to depression. Before and after receiving the feedback, resting-state activity and neural correlates of cognitive control 
(error-related negativity [ERN] and error positivity [Pe]) were measured using high-density electroencephalogram (EEG). 
Participants also completed self-report measures of beliefs about the malleability and prognosis of depression and treatment 
motivation. Contrary to hypotheses, biogenetic feedback did not alter perceptions or beliefs about depression, nor did it alter 
EEG markers of self-directed rumination nor neurophysiological correlates of cognitive control. Explanations of these null 
findings are discussed in the context of prior studies.
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Introduction

Trends in public perceptions of mental health have evolved 
over time, with a gradual shift toward biological explana-
tions of psychopathology—explanations that mental health 
problems are caused primarily by genetic and chemical dis-
ruptions (Haslam & Kvaale, 2015; Pescosolido et al., 2010). 
This change in narrative came with an unfortunate cost. A 

predominant focus on a highly simplistic, biological model 
overshadows psychosocial factors that profoundly impact 
mental health, particularly depression. Although the bio-
medical model might reflect an attempt to remove blame 
associated with mental illness (Lee et al., 2016), it also 
leads to a reduced sense of agency and control (Lebowitz 
& Appelbaum, 2019). This has profound ramifications for 
patient motivation—a potent predictor of treatment engage-
ment and efficacy (Miller, 1985)—which relies on a sense 
of personal agency and expectancy for success (Kelly et al., 
1991). Indeed, among people with depression, biological 
explanations increase prognostic pessimism, decrease self-
efficacy, and promote negative expectancies about treatment 
success (Deacon & Baird, 2009; Kemp et al., 2014; Lebow-
itz et al., 2021; Schroder et al., 2020).

The theory of genetic essentialism could explain the 
negative effects of biogenetic messaging on patient per-
ceptions. Based in biological determinism, this is the false 
belief that genes represent the fundamental essence of a 
trait and fully determine one’s fate (including health out-
comes; Dar-Nimrod & Heine, 2011). Essentialism therefore 
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promotes a skewed perception of permanency and intrac-
tability that precludes hope for remediation. In this con-
text, biogenetic causal attribution is a significant predictor 
of longer expected symptom duration among those with 
symptomatic depression (Lebowitz et al., 2013). Further-
more, people who are led to believe that they have a genetic 
predisposition for depression retrospectively report higher 
depressive symptoms in the prior 2 weeks (Lebowitz & 
Ahn, 2017) and show reduced confidence in mood-regula-
tion abilities (Lebowitz & Ahn, 2018) compared with those 
who are told that they do not have this predisposition. Fur-
thermore, interventions that emphasize the malleability of 
genetics and neurochemistry reduce prognostic pessimism 
and decrease hopelessness (Lebowitz et al., 2013), both of 
which could last several weeks (Lebowitz & Ahn, 2015). 
This suggests that the perception of one’s traits as being 
changeable could protect against prognostic pessimism and 
poor outcomes. Indeed, growth mindsets—beliefs in the 
malleability of human attributes—are associated with posi-
tive health outcomes; specifically, reduced psychological 
distress (e.g., depression, anxiety, stress), elevated treat-
ment value (i.e., expectations that treatment will be valua-
ble and effective), and active coping (Burnette et al., 2020). 
By contrast, fixed mindsets—beliefs that human attributes 
are immutable—are associated with anxiety, avoidance, 
and helplessness (Schroder, 2021).

Research pertaining to mindsets, or implicit beliefs about 
the malleability of self-attributes, sheds some light on poten-
tial mechanisms that might be affected by genetic feedback. 
Briefly, mindset theory suggests that individuals differ on 
how much they believe certain attributes, such as intelli-
gence and anxiety, can change. Mindset induction studies 
show dissociable information-processing patterns among 
fixed- and growth-minded individuals. Inducing a fixed 
mindset enhances attention to responses in a cognitive con-
trol task (Eriksen flanker task; Eriksen & Eriksen, 1974) but 
impairs adaptive brain-behavior correlations following error 
commission (Schroder et al., 2014). By contrast, inducing 
a growth mindset enhances attention toward task-relevant 
stimuli and improves post-error performance (Schroder 
et al., 2014). Thus, beliefs about the malleability of traits are 
thought to dictate how people perceive performance errors, 
effort, and ability (Dweck, 1999).

Prior research in the field of biogenetic messaging is 
severely limited due to a single modality of measurement: 
self-report. Indeed, the impact of biogenetic messaging 
on neural correlates of cognition remains unexplored. 
Recent studies using event-related potentials (ERPs) sug-
gest mindsets differ in terms of their neurophysiological 
reactions to mistakes (see Schroder, 2021 for review). The 
error positivity (Pe)—an ERP signal that denotes con-
scious attention allocation to an error (Falkenstein et al., 
2000)—has been linked to the emotional significance of 

errors (Falkenstein et al., 2000; Ridderinkhof et al., 2009). 
A growth mindset has been associated with a greater Pe 
amplitude (Moser et  al., 2011; Schroder et  al., 2017), 
suggesting these individuals are particularly cognizant 
of having made a mistake. However, mindsets that are 
experimentally induced show different effects—inducing 
a fixed mindset by emphasizing the importance of genet-
ics led to a greater Pe amplitude. However, the Pe was 
strongly correlated with improved post-error performance 
(i.e., faster responses after errors) in the growth (but not 
fixed) mindset group (Schroder et al., 2014). This high-
lights a greater efficiency and ability for those induced 
with a growth mindset to rebound after making a mistake, 
likely due to the recruitment of cognitive control resources 
after error commission. Based on the mindset literature, 
it is conceivable that similar neurocognitive mechanisms 
underlie fixed mindedness and biogenetic causal attribu-
tions of depression—both of which are characterized by 
the perception that self-attributes are immutable (Deacon 
& Baird, 2009; Dweck et al., 1995; Haslam et al., 2006).

In this pre-registered clinical trial (NCT03998748), 
we examined the effects of biogenetic feedback on sub-
jective perceptions of depression, cognitive control, as 
well as neural correlates of rumination-like brain activ-
ity using resting-state EEG in individuals with past or 
current MDD symptoms. Using a previously validated 
sham saliva test (Lebowitz & Ahn, 2017), we randomly 
assigned participants to receive either a positive (gene-
present) or negative (gene-absent) genetic test result. 
Based on the literature outlined above, we hypothesized 
that those who believe they are genetically vulnerable to 
depression would (1) endorse reduced perceived control 
over their emotions, (2) perceive their traits and emo-
tions to be less malleable, (3) show increased prognostic 
pessimism, and (4) endorse pharmacotherapy as more 
effective than psychotherapy. In addition, this study 
was the first to examine neural consequences associated 
with genetic feedback; based on mindset literature we 
expected that the gene-present condition would be associ-
ated with (5) stronger activity in default-mode network 
(DMN) regions, which have been linked to rumination 
and depression (Pizzagalli, 2011) and (6) a larger Pe, 
perhaps reflecting increased attention allocation to errors 
(similar to the findings of the fixed mindset induction 
from Schroder et al., 2014). As a secondary objective, 
we explored whether genetic feedback altered the error-
related negativity (ERN), a neural correlate of automatic, 
unconscious detection of response conflict (Falken-
stein et al., 2000; Gehring et al., 1993). This study was 
expected to inform our understanding of how people with 
depression engage in cognitive control after receiving 
biogenetic messages that they are likely to encounter in 
the media, at school, or in a healthcare setting.
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Method

Pre‑registration

The study design, recruitment strategy, inclusion criteria, and 
several hypotheses were pre-registered at an online deposi-
tory for clinical trials (https:// clini caltr ials. gov/ ct2/ show/ 
study/ NCT03 998748). In that registration, we specified two 
primary EEG hypotheses regarding genetic manipulation: 
increased default mode network activation, and increased 
error positivity. We pre-registered self-report hypotheses 
that the genetic feedback condition would (1) have poorer 
perceived control over emotions, (2) have an expectation 
that depression would last for a longer amount of time, (3) 
endorse a preference for medication over psychotherapy, and 
(4) view medication as more effective than psychotherapy. 
Although we listed all measures in the pre-registration, we 
did not specify in the registration website the particular 
hypotheses, so other outcomes detailed here should be con-
sidered exploratory.

Participants

Forty-nine adults (21 females;  Mage = 23.10, range 18-44) 
were recruited from the larger Boston community and ran-
domly assigned to receive either positive (gene-present; 
n = 24) or negative (gene-absent; n = 25) genetic feed-
back for depression using a sham saliva test. The original 
clinical trials registration specified a recruitment goal of 
80 (which was determined by budgetary feasibility and 
not a power analysis). However, due to the COVID-19 
pandemic, personnel changes, and budgetary constraints, 
this sample size was not achievable, so a new target sam-
ple size was set (N = 50). Participants were recruited 
by McLean Hospital’s Center for Depression, Anxiety 
& Stress Research. All participants had current or past 
MDD symptoms as determined by the Mini International 
Neuropsychiatric Interview (MINI; Sheehan et al., 1998), 
which was administered by a PhD-level clinical psycholo-
gist or a Master of Social Work interviewer.

Inclusion criteria consisted of the following: age 18 to 
45 years; score ≥14 on the Beck Depression Inventory-
II (BDI-II; Beck et al., 1996) or a history of 2 weeks of 
anhedonia and/or low mood; right handedness (Chap-
man & Chapman, 1987); normal or corrected-to-normal 
vision; fluency in written and spoken English; and absence 
of any psychotropic medications or psychotherapy for at 
least 2 weeks. Participants were excluded if they had any 
lifetime history of mania, bipolar disorder, or psychosis 
and if they had experience with psychiatric genotyping. 
Finally, participants were excluded if they tested positive 
for any current drug use as assessed by a urine drug test 

immediately before the procedure. Participants were com-
pensated $100.00 USD for completing the study in addi-
tion to compensation for travel. All participants provided 
written, informed consent before study procedures, and 
the Mass General Brigham Institutional Review Board 
approved the study.

Clinical measures

To assess baseline (pre-saliva test) mood states, participants 
completed a series of self-report inventories:

Beck Depression Inventory‑II (BDI‑II, Beck et al., 1996) The 
BDI-II is a well-validated measure of depressive symptom 
severity. It consists of 21 statements of depression. Par-
ticipants rate their severity of each symptom pertaining to 
the last 2 weeks by using a 0 (minimally symptomatic) to 
3 (maximally symptomatic) scale. Higher BDI-II scores 
denote greater depression severity. BDI-II categories define 
depression severity as follows: minimal (0-13), mild (14-19), 
moderate (20-28), severe (29-63). The BDI-II had excellent 
internal reliability in this sample (α = 0.94).

Quick Inventory of Depressive Symptomatology‑16 (QIDS‑16; 
Rush et al., 2003) The QIDS-16 is a commonly used 16-item 
measure of depressive symptoms, and responses are given on 
a 0-3 response scale. In addition to the total score (α = 0.88), 
the QIDS-16 has three additional scores, pertaining to sleep 
changes, weight changes, and psychomotor changes, which 
are determined by the highest single-item score among a 
subset of responses for these domains.

Beck Hopelessness Scale (BHS; Beck et al., 1974) The BHS 
is a widely used measure of hopelessness and consists of 20 
true/false items. The BHS in this study provided adequate 
internal reliability (α = 0.90).

Ruminative Response Scale (RRS; Treynor et al., 2003) The 
RRS is a 22-item measure of different rumination styles, 
which are rated on a 1 (almost never) to 4 (almost always) 
Likert-type scale. It consists of three subscales, which each 
showed adequate internal reliability in the current study: 
brooding (α = 0.82), reflection (α = 0.77), and depression 
(α = 0.92).

Mood and Anxiety Symptom Questionnaire (MASQ; Watson 
et al., 1995) The short adaptation of the MASQ is a widely 
used 39-item measure of dimensions of anxiety and depres-
sion over the last week. Participants rate on a 1 (Not at all) 
to 5 (Extremely) Likert-type scale about their symptoms 
of anxiety (e.g., “felt tense or high strung”) and depression 
(e.g., “felt like I was having a lot of fun” [reverse-scored]). 
For the current study, we evaluated the anhedonic depression 
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subscale (α = 0.94) and its constituent components, positive 
affect (α = 0.95), and loss of interest (α = 0.87).

Positive and Negative Affect Schedule (PANAS; Watson et al., 
1988) The PANAS is a well-validated measure of trait posi-
tive and negative affect. Participants respond on a 1 to 4 Lik-
ert-type scale to a variety of descriptors of how they gener-
ally feel. In this study, both positive (α = 0.90) and negative 
(α = 0.90) subscales showed adequate internal reliability.

Perceived Stress Scale (PSS; Cohen et al., 1983) The PSS is a 
14-item measure of the subjective experience of stress over 
the past month. Participants respond to a set of items (e.g., 
“In the last month, how often have you been upset because of 
something that happened unexpectedly?”) on a 0 (“Never”) 
to 4 (“Very often”) Likert-type scale. Items on the PSS were 
found to be adequately reliable in this study (α = 0.87).

To assess the impact of biogenetic messaging on percep-
tions about depression, participants completed an additional 
series of self-report inventories following the saliva test:

Negative Mood Regulation Scale (NMR; Catanzaro & Mearns, 
1990) The original 30-item NMR is a measure of beliefs 
about the capacity to regulate emotions, behaviors, and 
thoughts. The full NMR scale was administered, but we used 
the modified scoring outlined by Lebowitz and Ahn (2018), 
which consists of 17 items, in an attempt to replicate their 
findings. The total score was internally reliable (α = 0.80). 
The cognitive subscale showed adequate, albeit low, inter-
nal reliability (α = 0.65), and the general subscale showed 
adequate reliability (α = 0.72); however, the behavioral sub-
scale showed unacceptable internal reliability (α = 0.40).

Implicit Theories Questionnaires (ITQ; Schroder et  al., 
2015) We assessed malleability beliefs for five different 
self-attributes: depression, anxiety, intelligence, emotion, 
and personality. Each of these attributes was measured with 
four items (except for personality, which was measured with 
3 items). Participants are shown a series of fixed-minded 
statements (e.g., “To be honest, you cannot really do much 
to change how anxious you are”) and rate their agreement 
on a 1 (Strongly Disagree) to 6 (Strongly Agree) Likert-
type scale. Items are reverse-scored such that higher scores 
indicate greater growth mindset endorsement. In the current 
study, all subscales were reliable: depression (α = 0.91), 
anxiety (α = 0.98), intelligence (α = 0.94), emotion (α = 
0.78), and personality (α = 0.91).

Perceptions of Depression Scale (PDS; Deacon & Baird, 
2009) The PDS is a scale that was developed to assess dif-
ferent attitudes about depression, including stigma (e.g., “To 
what extent would you feel personally responsible for having 
developed depression?”), prognosis (e.g., “To what extent 

would you believe you could eventually recover from your 
depression?”), and treatment (e.g., “How effective would 
you expect medication to be in treating your depression?”). 
Items are rated on a 0 (Not at all) to 4 (Extremely) Likert-
type scale. All three subscales displayed adequate internal 
reliability: stigma (α = 0.80), prognosis (α = 0.75), and 
treatment (α = 0.75). Higher scores indicate higher stigma 
endorsement, better perceived prognosis, and more optimis-
tic attitudes about treatment, respectively.

Future depression scale (Lebowitz & Ahn, 2017) The Future 
Depression Scale consisted of two items: “What do you 
think the odds are (from 0% to 100%) that you will experi-
ence an episode of Major Depression at some point in the 
future?” and “What do you think the odds are (from 0% to 
100%) that your child or children will suffer from Major 
Depression at some point? (If you do not currently have chil-
dren, please answer this question imagining that you have 
one or more children at some point in the future.)”

Credibility and Expectancy Questionnaire (CEQ; Devilly & 
Borkovec, 2000) The CEQ is a 6-item measure assessing 
treatment credibility and expectancy. We administered the 
CEQ two times, once pertaining to medication and once per-
taining to therapy (the order of the CEQ scales was coun-
terbalanced across participants). All scores were internally 
reliable (therapy credibility: α = 0.81; medication credibil-
ity: α = 0.75; therapy expectancy: α = 0.88; medication 
expectancy: α = 0.92). Finally, participants responded to 
one item to assess the likelihood of initiating either therapy 
or medication within the next year on a 0 (Not at all likely) 
to 5 (Extremely likely) Likert-type scale.

Hypothetical Treatment Choice (HTQ, Cochran et  al., 
2008) The HTQ is a single-item assessment of partici-
pant preferences for treatment. The item is as follows: “If 
you struggle with or if you were to struggle with mental 
health problems (e.g., anxiety, depression) and had a choice 
between no treatment, individual therapy, or medication to 
help you with your mental health problems, which would 
you choose?”

Beliefs about the Causes of Depression Scale (BCD; adapted 
from France et al., 2007) The BCD in this study consisted 
of four items corresponding to different etiological beliefs 
about depression. Participants were asked, “How likely is 
it that depression might be caused by the following” and 
given four possible choices: “Recent or ongoing stressful 
experiences”; “Difficult childhood experiences”; “Chemical 
imbalance”; and “Genetic/inherited problems.” Items were 
rated on a 1 (Very unlikely) to 6 (Very likely) Likert-type 
scale. Each item was evaluated independently, so no internal 
reliability information is available.
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Following study completion (immediately before debrief-
ing), participants completed the Experiment Questionnaire/
Manipulation Check, which asked what they believed the 
study was intended to measure and to rate their understand-
ing of, agreement with, and perceived credibility of the 
saliva test on a scale of 1 (“Not at all”) to 6 (“Very much”). 
The latter was used to evaluate whether the saliva test decep-
tion was successful; specifically, scores >3 on this measure 
denoted credibility.

Flanker task

For the Flanker task (Eriksen & Eriksen, 1974), participants 
were seated approximately 70 cm from a computer monitor 
in the EEG booth. Participants were instructed to indicate (as 
quickly and accurately as possible) the direction of a target 
(center) arrow that was flanked by congruent (<<<<<) or 
incongruent (<<><<) arrows.

In the current study, two versions of the Flanker task were 
used. In the first version of the task (PsychoPy v3.0), which 
was completed by 21 subjects, the flanking arrows were pre-
sented alone (100 ms) and were then joined by the central 
arrow (50 ms) for a total stimulus duration of 150 ms. Par-
ticipants completed five blocks of 70 trials (46 congruent, 
24 incongruent), for a total of 350 trials (230 congruent, 120 
incongruent). Due to higher-than-expected error rates on this 
task version, trial timing was slightly modified to improve 
accuracy. In the modified version (E-Prime v2.0), which was 
completed by the remaining 28 subjects, the flanking arrows 
were presented simultaneously with the central arrow (200 
ms). Stimulus presentation was followed by a blank screen 
(950 ms) with an intertrial interval (ITI) that varied ran-
domly from 1,150 ms to 1,650 ms. For this task, participants 
completed 12 blocks of 20 trials (10 congruent, 10 incongru-
ent), for a total of 240 trials (120 congruent; 120 incongru-
ent). To elicit a sufficient number of errors, participants were 
told after each block to respond faster if they achieved >75% 
accuracy and to slow down if their accuracy was <75%. Task 
differences did not emerge in any of our analyses; thus, we 
combined data from both tasks in these analyses. By design 
of the change in task, the overall accuracy for the first task 
(T1: M = 75.87%, SD = 13.77; T2: M = 69.59%, SD = 
15.73%) was significantly lower than the second task (T1: 
M = 89.22%, SD = 6.50; T2: 89.67%, SD = 3.98) (t(42)
s = 4.23 and 6.04, ps < 0.001, respectively). The number 
of errors on the first task (T1: M = 115, SD = 8.74; T2: 
109.70, SD = 15.08) also was higher than the second task 
(T1: M = 8.33, SD = 4.68; T2: M = 5.79. SD = 2.77) (t(42)
s = 51.63 and 33.17, ps < 0.001, respectively). Importantly, 
the Pe and ERN have been found to be reliable with a mini-
mum of six error trials (Olvet & Hajcak, 2009a, 2009b), and 
ERP reliability information is presented in Table S1 in the 

Supplemental Material. The proportion of participants from 
each feedback condition did not differ between task types 
[χ2(1) = 0.55, p = 0.46].

Saliva test

Based on a previously established protocol (Lebowitz & 
Ahn, 2017, 2018), participants completed a sham saliva test. 
Extensive pilot testing with volunteer employees of the hos-
pital before data collection led to the final saliva test proto-
col that allowed for clear instructions and research assistant 
blinding to the condition. The experimenter, who was blind 
to condition assignment, informed participants that they 
would complete a saliva test and provided context. Partici-
pants were then provided with the saliva testing kit (Appen-
dix Fig. 5), which was kept in a brown paper lunch bag and 
included a small container of dextrose-dissolved mouthwash 
and a glucose test strip that participants were told gauged 
salivary levels of 5-Hydroxyindoleacetic acid, a metabolite 
of serotonin. They also were given a laptop computer, which 
included information about the “genetic” test, which stated 
that their saliva would be tested for 5-Hydroxyindoleacetic 
acid, and low levels were associated with increased genetic 
risk for MDD. Then, participants were shown instructions 
on how to self-administer the saliva test. Following Leb-
owitz and Ahn (2017), participants were instructed to rinse 
their mouth with the mouthwash for 7 seconds (to “eliminate 
impurities from your saliva and increase saliva production”) 
and insert the test strip under their tongue for 10 seconds. 
Unbeknownst to participants, the test strip was sensitive 
to glucose (a component of the mouthwash), causing the 
strip to turn brown for all participants. Participants were 
randomly assigned to receive computer feedback indicating 
that the brown test strip signifies that they either (a) have 
a genetic vulnerability to depression [gene-present condi-
tion] or (b) do not have a genetic vulnerability to depression 
[gene-absent condition]. In reality, the genetic/nongenetic 
feedback given to participants had been predetermined by 
another research assistant at the center who was uninvolved 
in the study and kept a password-protected file separate from 
all study staff. At no point in the study did study staff learn 
about the experimental condition for any participant until 
data collection was complete. The saliva test was adminis-
tered immediately after the first flanker task was completed 
(Time 1).

Psychophysiological recording and data reduction

Continuous EEG recordings were conducted in an acousti-
cally and electrically shielded room using a high-density 
(96-channel), EEG data collection system (Brain Products 
GmbH). Participants were instructed to reduce movement 
as much as possible during the recordings. During data 
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collection, Channel 1 (Cz) was used as the online reference 
channel. Offline processing using BrainVision Analyzer 2.0 
(Brain Products) was performed to eliminate EEG artifacts. 
Large muscle activity and EEG activity during breaks was 
manually removed by visual inspection followed by band-
pass filtering with cutoffs of 0.1 and 30 Hz, 24 dB/oct roll-
off. Independent component analysis (ICA) removed blinks, 
eye movements, and electrocardiogram. Corrupted chan-
nels were interpolated using spline interpolation. Electrode 
recordings were re-referenced to the average activity of all 
electrodes.

For resting state analyses, EEG data were recorded dur-
ing four minutes of eyes-closed trials immediately before 
and 10 min after the onset of genetic feedback. Resting state 
source-localization was estimated using standardized low 
resolution brain electromagnetic tomography (sLORETA), 
which calculates localization based on images of standard-
ized current density (Grech et al., 2008). Current source 
density distribution was estimated on a 6,239-voxel grid at 
5-mm spatial resolution. Given the exploratory nature of this 
study, we used whole-brain analyses to evaluate whether the 
genetic feedback had an impact on resting-state EEG activity 
(specifically with regards to the DMN).

For analyses of the ERPs during the flanker task, 
response-locked data were segmented into individual epochs 
beginning 1,500 ms before response onset and continuing 
1,500 ms after the response. Epochs were rejected as arti-
factual if any of the following criteria were met: (a) voltage 
step exceeding 50 μV in 200-ms time intervals, (b) a voltage 
difference of more than 150 μV within a trial, or (c) a maxi-
mum voltage difference of less than 0.5 μV within a 100-ms 
interval. Epochs from responses with reaction times (RTs) 
<150 ms or >3 SDs from the intra-individually computed 
RT distribution were excluded.

For resting EEG analyses, we explored group differences 
(gene-present vs. gene-absent) at each time point (pre- and 
post-feedback) across all frequency bands. For analyses of 
the Flanker task, the Pe was the primary ERP of interest, 
and we evaluated the ERN as a secondary objective. For the 
Pe, a parietally distributed component, the average voltage 
potentials from Channels 34 and 35 were taken to approxi-
mate the Pz electrode, as the EEG cap did not have a true 
Pz electrode. The Pe was then quantified by calculating the 
average amplitude within the 200- to 400-ms post-response 
window on error trials, and the correct-trial counterpart was 
calculated in the same window on correct trials. The ERN 
was quantified as the average voltage at Channel 2 (FCz) in 
the 0- to 100-ms post-response window on error trials, and 
its correct-trial counterpart, the correct-response negativity 
(CRN), was measured in the same time window after cor-
rect trials. Participants with fewer than six error trials were 
excluded from the behavioral and ERP analyses (Olvet & 
Hajcak, 2009a, 2009b).

Procedure

Individuals who were interested in the study completed an 
online eligibility survey (Research Electronic Data Capture; 
REDCap; Vanderbilt University), which included detailed 
questions about mental health history. Eligible participants 
were invited to the laboratory, provided informed consent, 
and were asked to complete a urine drug screen. Following the 
screen, they completed the MINI (~1 h) and the first series of 
self-report questionnaires on a laptop (~30 min). Afterwards, 
the experimenter fitted the EEG cap and gelled each electrode 
onto the scalp (~45 min). Participants completed the Flanker 
task twice (10 min x 2) and a resting state EEG recording was 
performed before each task (8 min x 2; 4 min eyes-closed tri-
als). The saliva test (10 min) was administered between the 
first (Time 1) and second (Time 2) task sessions. To maintain 
consistency, the second round of testing did not resume until 
exactly 10 min had passed from the onset of saliva testing 
(even if participants had finished early). Following the tasks, 
participants completed the second series of self-report ques-
tionnaires on the laptop (~30 min). The EEG cap was removed 
and participants were thoroughly debriefed (5-10 min). In 
accordance with previously established protocols (Lebowitz 
& Ahn, 2017), the experimenter revealed the nature of the 
deception, explained why it was necessary, and outlined the 
concept of random assignment. Before departing, participants 
completed a short quiz consisting of items that asked whether 
genetic testing occurred. If they did not respond accurately, 
the debriefing procedure was repeated until full comprehen-
sion was achieved. Care was taken such that all participants 
knew there was no genetic testing done in the testing session 
before leaving the facility. In total, each study session took 
approximately 4 h to complete.

Data analysis

For the demographics survey, three participants from the 
gene-absent and one participant from the gene-present condi-
tion did not complete income-related questions. Ethnicity and 
marital status questions were not completed by one participant 
in the gene-absent and gene-present conditions, respectively. 
Furthermore, one participant in the gene-present group did not 
complete the BDI-II. All post-saliva test self-report measures 
were completed by the full sample. Finally, two participants 
from each feedback condition were excluded from behavioral 
and ERP analyses on account of having fewer than six errors 
in the Flanker task (Olvet & Hajcak, 2009a, 2009b) (final 
sample sizes: n = 23 gene-absent; n = 22 gene-present).

All self-report measures were analyzed using either a 
chi-square (χ2) test for categorical variables (e.g., sex, 
race/ethnicity, BDI-II category) or an independent samples 
t-test for continuous variables (e.g., age, BDI-II score). 
For the CEQ, a two-way mixed-model analysis of variance 
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(ANOVA) was conducted with Condition (gene-absent, 
gene-present) as the between-subjects factor and Treatment 
Credibility/Expectancy (therapy, medication) as the within-
subjects factor. For the Flanker task, accuracy (% correct) 
and RT (ms; correct trials only) were recorded for each trial 
type (congruent, incongruent) as primary indices of cogni-
tive control. To assess Flanker interference effects, three-
way, mixed-model ANOVAs were performed for accuracy 
and RT using Time (Time 1 [pre-saliva test], Time 2 [post-
saliva test]), and Trial Type (congruent, incongruent) as 
within-subjects factors and Condition (gene-absent, gene-
present) as the between-subjects factor. For ERP analyses, 
three-way Time*Condition*Accuracy (correct, incorrect) 
ANOVAs were performed for the Pe and ERN, respectively. 
Given that some participants completed a modified version 
of the Flanker task, we used Task Type (Task 1 [PsychoPy], 
Task 2 [E-Prime]) as an additional between-subjects factor 
for the behavioral and ERP analyses. These analyses were 
conducted in addition to analyses of the full sample.

Pairwise comparisons were reported for significant 
interactions using Bonferroni multiple-significance-
test corrections. The Bonferroni correction was applied 
across all tests in the current study. Whenever necessary, 
Greenhouse Geisser corrections were used for violations 
of sphericity in mixed-model ANOVAs. Finally, Cohen’s 
d was reported for effect size.

Results

Demographic characteristics

Demographic information is summarized in Table 1. The 
gene-absent and gene-present groups did not differ by age 
[t(47) = 0.30, p = 0.77] [Cohen’s d = 0.09], sex at birth 
[χ2(1) = 0.98, p = 0.32] [Phi(φ) = 0.14], income [χ2(5) = 
0.85, p = 0.97] [φ = 0.13], ethnicity/race [χ2s(1) < 2.00, 
ps > 0.16] [φ = 0.04], or marital status [χ2(1) = 0.36, p 
= 0.55] [φ = 0.09]. The groups did not differ by highest 
level of completed schooling [χ2(7) = 5.48, p = 0.24] 
[φ = 0.33]; however, the gene-absent group reported a 
higher number of years spent in school [t(45) = 2.11, p 
= 0.04] [d = 0.62]. Importantly, results did not change 
when education (number of years) was used as a covariate 
for each analysis.

Clinical characteristics

Clinical information is summarized in Table 2 (MINI) and 
Table 3 (self-report). As ascertained by the clinical interview 
(Table 2), the proportion of participants with a current or past 
major depressive episode, or those in remission, did not differ 

between conditions (χ2s < 0.42, ps > 0.52). Similarly, the 
number of lifetime major depressive episodes [t(40) = 1.25, p 
= 0.22] and the age of onset [t(35) = 0.45, p = 0.66] also did 
not differ between conditions. Furthermore, the proportion of 
participants with an anxiety disorder, substance use disorder, 
or eating disorder did not differ between conditions (χ2s < 
3.07, ps > 0.08), nor did the severity (ts < 1.00, ps > 0.33) or 
age of onset (ts < 2.61, ps > 0.05) for these diagnoses. In terms 
of self-reported clinical characteristics (Table 3), the gene-
absent and gene-present groups did not differ by BDI-II score 
[t(46) = 0.58, p = 0.57] or BDI-II categories [χ2(3) = 1.28, p 
= 0.73], nor did they differ by scores on the QIDS, BHS, RRS, 
MASQ, PANAS, or PSS [all ts(47) < 0.64, ps > 0.40].

Effects of biogenetic messaging on self‑reported 
perceptions of depression

Saliva test ratings There were no group differences in ratings 
of understanding, credibility, or agreement with the saliva test 
[all ts(47) < 0.70, ps > 0.49]. There also was no correlation 

Table 1  Demographic information

Gene-absent
n = 25

Gene-present
n = 24

Age, mean (SD) 23.32 (5.52) 22.88 (4.88)
Sex at birth, no. (%)
   Female
   Male

9 (36)
16 (64)

12 (50)
12 (50)

Income, no. (%)
   <$50,000
   $50,000-$100,000
   >$100,000

10 (40)
5 (20)
7 (28)

8 (33)
6 (25)
9 (38)

Education (# years), mean (SD) 14.85 (1.78)* 13.77 (1.72)
Education (highest level), no. (%)
   High school
   Some college
   Junior college
   Four-year college
   Graduate/professional school

5 (20)
6 (24)
1 (4)
11 (44)
2 (8)

4 (17)
13 (54)
0 (0)
6 (25)
1 (4)

Ethnicity, no. (%)
   Hispanic/Latino
   Non-Hispanic/Latino

4 (16)
20 (80)

4 (17)
20 (83)

Race, no. (%)
   White
   Asian
   American Indian/Alaska Native
   Black/African American
   Native Hawaiian/other Pacific 

Islander
   Other

13 (52)
7 (28)
2 (8)
2 (8)
0 (0)
4 (16)

16 (67)
9 (38)
1 (4)
0 (0)
0 (0)
0 (0)

Marital status, No. (%)
   Never married
   Married
   Divorced

22 (88)
2 (8)
0 (0)

23 (96)
1 (4)
0 (0)
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between credibility and BDI-II score in either feedback con-
dition [rs < 0.08, ps > 0.71], suggesting depression severity 
was not related to skepticism about the legitimacy of the test.

Emotion regulation and malleability beliefs There were no 
group differences on mood regulation (NMR), or beliefs 
about intelligence, anxiety, and depression [ts(47) < 1.37, 
ps > 0.18]. Contrary to hypotheses, emotions were rated 
as more changeable in the gene-present compared to gene-
absent condition [t(47) = 2.28, p = 0.03 (Cohen’s d = 0.65)].

Beliefs about the etiology of depression As shown in 
Fig. 1C, there were no group differences in perceptions 
of environmental contributions to depression; specifi-
cally, the perception that depression is caused by recent 
or ongoing stress or difficult childhood experiences 
[ts(47) < 0.25, ps > 0.80]. As evidence of the manipu-
lation’s effectiveness, the gene-present condition rated 
biological contributions as significantly more likely to 
cause depression than did the gene-absent group, with 
higher ratings for chemical imbalance [t(47) = 2.14, p = 
0.04 (d = 0.61)] and genetics [t(47) = 2.11, p = 0.04 (d 
= 0.60)] as significant causes of depression. The gene-
present group did not show lower scores on the PDS for 
stigma, prognosis or treatment [ts(47) < 1.02, ps > 0.31] 
(Fig. 1D). Relatedly, there were no group differences 
in perceptions about the future (Fig. 1E); specifically, 

self-reported likelihood of a future major depressive epi-
sode or that their children would eventually suffer from 
MDD [ts(47) < 1.15, ps > 0.26]. None of the nonsig-
nificant effects were altered when excluding those who 
discredited the saliva test [ts < 1.19, ps > 0.25]. These 
data are inconsistent with our pre-registered hypothesis 
that the genetic condition would lead to poorer percep-
tions of the future.

Treatment ratings Figure 1F shows perceptions of treat-
ment credibility and expectancy as measured by the CEQ. 
For both credibility and expectancy, there was a main 
effect of Treatment, such that therapy was rated more 
favorably than medication across both feedback con-
ditions [Fs > 13.46, ps < 0.001]. There were no main 
effects of Condition or Treatment*Condition interactions 

Table 2  Clinical characteristics of the sample from the MINI-5

These data were ascertained by a clinical interview using the Mini-
International Neuropsychiatric Interview DSM-5 (MINI-5). 1Percent-
ages do not add up to 100, because some participants with a current 
major depressive episode also had a past episode (i.e., current and 
lifetime). No participants in either condition met criteria for bipo-
lar disorder, mania, or psychosis, as per exclusion criteria. Severity 
scores were calculated on a 4-point Likert-type scale. Anxiety disor-
der = panic disorder, agoraphobia, social anxiety disorder, obsessive 
compulsive disorder, generalized anxiety disorder. Eating disorder = 
bulimia, binge eating.

DSM-5 diagnosis Gene-absent
n = 25

Gene-present
n = 24

Major depressive  disorder1

   Current (%)
   Remission (%)
   Lifetime (%)
   No. of episodes, mean (SD)
   Age of onset, mean (SD)

9 (36)
3 (12)
20 (80)
2.86 (2.96)
16.24 (4.41)

8 (33)
2 (8)
20 (87)
5.32 (8.35)
15.65 (3.50)

Anxiety disorder (%)
   Age of onset, mean (SD)

9 (36)
13.00 (3.63)

8 (33)
15.86 (8.71)

Substance/alcohol use disorder (%)
   Severity, mean (SD) (/4)
   Age of onset, mean (SD)

7 (28)
2.08 (0.80)
18.50 (0.58)

6 (25)
2.17 (0.98)
18.40 (1.82)

Eating disorder (%)
   Severity, mean (SD) (/4)

2 (8)
1.67 (2.08)

2 (8)
2.50 (1.73)

Table 3  Self-reported clinical characteristics at baseline

Note All clinical information was collected prior to the saliva test 
manipulation. One participant in the gene-present group did not com-
plete the BDI-II. There were no statistically significant group differ-
ences on any baseline clinical scales. BDI-II Beck Depression Inven-
tory-II; QIDS Quick Inventory of Depressive Symptomatology; BHS 
Beck Hopelessness Scale; RRS Ruminative Response Scale; MASQ 
Mood and Anxiety Symptom Questionnaire; PANAS Positive and 
Negative Affect Schedule; PSS Perceived Stress Scale

Measure Gene-absent
n = 25

Gene-present
n = 24

BDI-II, Mean (SD) 19.72 (12.63) 17.65 (12.01)
BDI-II Category, No. (%)
  Minimal 10 (40) 10 (42)
  Mild 4 (16) 4 (17)
  Moderate 5 (20) 2 (8)
  Severe 6 (24) 7 (29)

QIDS, Mean (SD)
  Sleep 2.00 (0.91) 2.04 (0.86)
  Weight 1.36 (0.95) 1.13 (0.99)
  Psychomotor 0.96 (0.75) 1.13 (1.03)
   Total 10.08 (5.29) 10.34 (5.96)

BHS, Mean (SD) 8.28 (4.53) 7.71 (5.84)
RRS, Mean (SD)
  Brooding 2.20 (0.79) 2.07 (0.70)
  Reflection 2.06 (0.75) 2.10 (0.54)
  Depression 2.39 (0.75) 2.27 (0.59)

MASQ, Mean (SD)
    Anhedonic Depression 69.84 (15.15) 68.83 (16.34)
      Positive Affect 51.24 (10.83) 51.71 (10.80)
      Loss of Interest 18.60 (6.34) 17.13 (6.76)

PANAS, Mean (SD)
  Positive Affect 2.41 (0.75) 2.37 (0.82)
  Negative Affect 1.98 (0.79) 1.94 (0.82)

PSS, Mean (SD) 22.84 (6.65) 21.63 (6.97)
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[Fs < 0.51, ps > 0.48], suggesting genetic feedback 
did not modulate perceptions of depression treatment. 
The final item on the CEQ, which asked likelihood of 

initiating treatment, was not different between experimen-
tal groups for therapy (t(47) = 0.56, p = 0.58) or medica-
tion (t(47) = 0.98, p = 0.33).

Fig. 1  Mean (+SEM) post-feedback perceptions of depression mal-
leability, etiology, and treatment. (A) No group differences emerged 
within the general, cognitive or behavioral subscales of  the Negative 
Mood Regulation Scale (NMR). (B) For the Implicit Theories Ques-
tionnaire (ITQ),  emotions were rated as more malleable in the gene-
present compared with the gene-absent group; however, there were 
no group differences for depression, anxiety, intelligence, or personal-
ity. (C) For perceptions of depression etiology, the gene-present group 
rated biological, but not environmental,  contributions as significantly 
more likely to cause depression than did the gene‐absent group. (D) 

For  the Perceptions of Depression Scale (PDS), there were no group 
differences in perceptions of stigma, prognosis, or treatment. (E) In the 
Future Scale, there were no group differences in perceptions about the 
likelihood of experiencing a future major depressive episode (MDE) or 
that their children would suffer from major depressive disorder (MDD). 
(F) For the Credibility and Expectancy Questionnaire  (CEQ), both 
feedback conditions rated therapy as more credible and effective than 
medication.  Statistical significance: *p < 0.05; **p < 0.01; ***p < 
0.001
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Relatedly, when asked to choose between therapy, medi-
cation or no treatment (HTQ Scale; data not shown graphi-
cally), the majority of participants in both conditions chose 
therapy (gene-absent: n = 21; gene-present: n = 14) over 
medication (gene-absent: n = 2; gene-present: n = 4) or no 
treatment (gene-absent: n = 2; gene-present: n = 6). There 
were no differences between conditions in treatment prefer-
ence (χ2 = 4.05, df = 2, p = 0.13). No additional effects 
emerged when excluding those who discredited the saliva 
test [Fs < 0.36, ps > 0.55; χ2(2) = 4.62, p = 0.10]. Together, 
these data are inconsistent with our pre-registered hypoth-
eses regarding differential treatment perceptions between the 
two groups.

Effects of biogenetic feedback on resting EEG

To test our pre-registered hypothesis regarding resting-
state EEG, we used LORETA software to evaluate whether 
the genetic and control conditions differed in resting-state 
EEG power before versus after the intervention. A 2 x 2 
independent and paired samples t-test design was imple-
mented using the Statistics package within LORETA. The 
model was specified as such: Genetic (T2 – T1) minus 
Control (T2 – T1), with larger t values corresponding 
to greater current source density after the genetic feed-
back. Our pre-registered hypothesis was that receiving the 
genetic feedback would lead to more activity in default 
mode network regions. This hypothesis was not supported 
in an exploratory whole-brain analysis using the seven dif-
ferent EEG frequency bands for resting-state data (delta, 
theta, alpha1, alpha2, beta1, beta2, beta3). Specifically, no 
significant results were found for any frequency band, cor-
recting for 6,000 comparisons (p < 0.05), as none of the 
comparisons met or exceeded the critical t-value of 4.64 
(all ts < 3.90). No effects emerged when restricting analy-
ses to those who rated the saliva test as credible (critical t 
= 5.36, all ts < 4.65).

Effects of biogenetic feedback on behavioral 
correlates of cognitive control

Accuracy and RT results are presented in Fig. 2. A main 
effect of Time emerged for both accuracy [F(1,42) = 7.76, 
p = 0.008] and RT [F(1,42) = 92.32, p < 0.001]. Overall, 
accuracy was higher at Time 1 compared with Time 2; 
however, RT was faster at Time 2 compared with Time 
1. These data are consistent with a speed-accuracy trade-
off (faster RT and poorer accuracy) in Time 2, likely due 
to fatigue. A main effect of Trial Type also emerged for 
accuracy [F(1,42) = 74.83, p < 0.001] and RT [F(1,42) = 

315.99, p < 0.001], such that incongruent accuracy was 
lower and RT was slower compared with congruent accu-
racy and RT. There were no main effects of Condition (ps 
> 0.56). These findings suggest that the task elicited the 
expected interference effects, but there was no effect of 
genetic feedback.

Effects of biogenetic feedback 
on electrophysiological correlates of cognitive 
control

Pe As shown in Fig. 3, a large positive deflection was 
observed in the 200-400 ms post-response window on error 
trials, consistent with the presence of a Pe. Indeed, a main 
effect of Accuracy emerged [F(1,42) = 122.89, p < 0.001], 
revealing a larger Pe for errors compared with correct 
responses. No additional main effects emerged (ps > 0.53). 
Critically, no interactions emerged (ps > 0.14), suggesting 
genetic feedback did not modulate the Pe. These findings are 
inconsistent with our pre-registered hypothesis that the Pe 
would be increased after the gene-present condition.

ERN As shown in Fig. 4, a sharp negative deflection emerged 
in the 0-100 ms window on error trials, consistent with an 
ERN effect. Indeed, a main effect of Accuracy emerged 
[F(1,42) = 70.82, p < 0.001], revealing a larger (more 
negative) ERN amplitude for errors compared to correct 
responses, highlighting a robust ERN elicited by the task. 
However, no significant interactions emerged (ps > 0.32), 
suggesting genetic feedback did not modulate the ERN. No 
additional effects emerged when restricting analyses to those 
who rated the test as credible [Fs < 2.21, ps > 0.15].

Additional Bayesian analyses for the self-report, behav-
ioral, and ERP measures are presented in the Supplemental 
Material (Table S2). They demonstrate that there was mod-
erate evidence for the null hypothesis in most cases.

Discussion

This study was designed to examine how receiving genetic 
feedback about depression impacted beliefs, expectations, 
and brain activity. Contrary to our hypotheses, personalized 
genetic feedback about depression had few immediate effects 
on participants’ beliefs about depression, treatment expec-
tancies, or neural activity during a cognitive task. However, 
genetic feedback did increase the belief that depression has 
a biological origin (i.e., chemical imbalance or genetic pre-
disposition) and unexpectedly increased participants’ growth 
mindset of emotions. We discuss possible explanations for 
the null findings and why they necessitate further research 
in this field.
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We did not replicate a prior finding that biogenetic feedback 
promotes pessimism about the ability to alleviate or overcome 
depressive symptoms (as measured by the NMR; Kemp et al., 
2014; Lebowitz & Ahn, 2018). Notably, the current study 
employed a similar saliva test as Lebowitz and Ahn (2018), 
but a key difference between the studies was the depression 
severity of the sample. In the current study, we recruited indi-
viduals with current and past MDD symptoms (allowing for 
BDI < 13 if past MDD was reported), resulting in a mixed 
sample of those with symptomatic and remitted depression. By 
contrast, Lebowitz and Ahn (2018) exclusively recruited indi-
viduals with symptomatic depression and a BDI-II > 13. Inter-
estingly, effects of NMR disappeared when restricting analyses 
to low-scoring BDI-II participants (see Lebowitz & Ahn, 2018 
supplemental materials), perhaps reflecting reduced sensitivity 

to genetic feedback among those with minimal depression. In 
theory, effects of genetic feedback on depression beliefs might 
be more salient among symptomatic individuals with signifi-
cant current depression, but this was not supported by the cur-
rent findings. In fact, additional post-hoc analyses revealed no 
effect of NMR when restricted to high BDI-II scorers or when 
using BDI-II as a covariate in these analyses (data not shown). 
A more plausible explanation for the discrepant findings might 
reflect a lack of statistical power. Indeed, some argue that sam-
ples smaller than 20 per condition are not powerful enough 
to detect effects in experimental psychology, contributing to 
Type II errors (Simmons et al., 2011). Although our sample 
sizes were sufficient in this context (n = 24-25 per condition), 
a G*Power analysis (Faul et al., 2007) revealed that a total 
sample of N = 190 (n = 95 per condition) would be required to 

Fig. 2  Mean (+SEM) accuracy and reaction time (RT) for congruent 
and incongruent trials in the Flanker task before (Time 1) and after 
(Time 2) receiving biogenetic feedback. For both the gene-absent and 

gene-present groups, accuracy was higher and RT was faster for congru-
ent compared with incongruent trials. There were no group differences 
between the two time points. Statistical significance: ***p < 0.001
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achieve the small-medium effect size of 0.41 reported in Leb-
owitz and Ahn (2018). Thus, these discrepancies (as well as the 
inability to replicate the NMR effect) might reflect insufficient 
statistical power, perhaps underscoring a broader problem in 
psychological research (Simmons et al., 2011). Alternatively, 
the effects of biogenetic messaging may be small, consistent 
with meta-analytic review (Kvaale et al., 2013).

Interestingly, perceptions of self-stigma did not dif-
fer based on feedback type, contradicting a previous find-
ing that biological explanations about depression etiology 
reduce self-stigma compared with cognitive-behavioral 
explanations (Lee et al., 2016). However, the finding that 
biogenetic feedback did not reduce self-stigma is consistent 
with other studies (Kemp et al., 2014; see Kvaale et al., 2013 

Fig. 3  Error positivity (Pe). Response-locked, grand‐averaged Pe 
waveforms at electrode site Pz  for the (A-B) gene-absent and (C-D) 
gene-present conditions before (Time 1) and after (Time 2) biogenetic 
feedback. Pe was larger for errors than correct responses in both feed-
back conditions at each time point. Lines represent correct responses 

(blue), errors (red) and difference waves (error - correct) (black). The 
vertical line at time zero reflects response onset. Scalp topographies 
show difference  waves for Pe amplitude in the 200-400 ms post-
response time window
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for a meta-analysis) and suggests that biological explanations 
of depression do not always affect perceptions of stigma, as 
previously thought (for more, see Deacon & Baird, 2009). 
As a caveat, depression self-stigma can be influenced by a 
complex array of factors (e.g., symptom severity, race, coping 
abilities), as well as a protracted process of internalizing per-
ceptions of public stigma (Kanter et al., 2008; Link & Phelan, 

2001). Although one explanation for this null finding is that 
participants did not have enough time to process and internal-
ize the newly acquired genetic information to have an impact 
on stigma, a previous study using a different saliva test feed-
back paradigm did find immediate post-feedback impacts on 
stigma (Kemp et al., 2014), suggesting this finding is nuanced 
and potentially sensitive to the precise manipulation.

Fig. 4  Error-related negativity (ERN). Response‐locked, grand-
averaged ERN waveforms at electrode site FCz for the (A-B) gene-
absent and (C-D) gene-present conditions before (Time 1) and after 
(Time 2) biogenetic feedback. ERN was larger for errors than cor-
rect responses in both feedback conditions at each time point. Lines 

represent correct responses (blue), errors (red), and difference waves 
(error - correct) (black). The vertical line at time zero reflects 
response onset. Scalp topographies  show difference waves for ERN 
amplitude in the 0-100 ms post-response time window
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Biogenetic feedback in the current study did not increase 
expectations or preferences for medication over therapy as pre-
viously shown (Kemp et al., 2014). Interestingly, both feedback 
conditions showed a strong preference for psychotherapy over 
medication, as well as a belief that therapy was more credible 
and effective than medication. Prior research has shown that 
treatments are considered more effective if the perceived etiol-
ogy (e.g., low serotonin levels) is congruent with the treatment 
focus (e.g., selective serotonin reuptake inhibitors; Iselin & 
Addis, 2003). In the current study, a strong preexisting prefer-
ence for therapy across both conditions may have superseded 
any immediate influence of genetic feedback on choice behav-
ior. This is supported by the fact that only a small number of 
individuals in either condition reported a preference for medi-
cation (gene-absent: 8%, gene-present: 17%); in fact, a similar 
proportion of people reported a preference not to undergo any 
form of treatment as did a preference for medication. By con-
trast, most participants showed a preference for psychother-
apy, which accords with a meta-analysis showing a threefold 
preference for psychotherapy in both treatment-seeking and 
nonseeking individuals (McHugh et al., 2013). Future studies 
should systematically evaluate and control for preexisting treat-
ment expectancies, shedding light on whether preferences are 
acutely swayed by genetic feedback (Kemp et al., 2014) or if 
inherent biases are unyielding to these manipulations.

Unexpectedly, the gene-present condition was associated 
with greater endorsement of the growth mindset of emotions, 
suggesting participants who had just received positive genetic 
feedback about depression felt they could change their emo-
tions more. This finding runs counter to most previous studies 
examining the impacts of biogenetic messages and beliefs on 
perceptions of emotional control. However, in the absence of 
effects on mindsets of anxiety, depression, and intelligence 
(and all other belief-related outcomes in this study), this find-
ing is somewhat difficult to interpret. Previous findings sug-
gest that the mindset of anxiety, over and above the mindset 
of emotion, predicts treatment outcomes, emotion regulation 
strategies, and symptoms of anxiety and depression (Schroder 
et al., 2015, 2019). Understanding the practical significance of 
this finding will be important for future studies to investigate.

The manipulation had no significant impact on either resting-
state indices of rumination (e.g., default mode network areas) 
nor neural correlates of cognitive control. The current study is 
the first to examine neural consequences of genetic feedback, 
limiting our ability to interpret the null findings within the con-
text of a broader literature. As one possibility, temporal restric-
tions may have impeded immediate neurophysiological effects 
of the feedback. Participants completed the flanker task approx-
imately 10 minutes after learning their personalized results, 
which might have been insufficient to allow for internalization 
and impacts on cognitive control. However, several studies have 
shown rapid effects of mood/mindset induction paradigms on 
the Pe (Larson et al., 2013; Schroder et al., 2014) and ERN 

(Olvet & Hajcak, 2012). Alternatively, biogenetic messaging 
might not broadly affect all psychological attributes, warrant-
ing further research into domain-specific effects. The flanker 
task relies heavily on selective attention and executive control 
and may thus not target the emotional processing potentially 
impacted by genetic feedback.

The current study had several strengths, including the use of 
a previously validated sham saliva test, well-validated measures 
of resting-state EEG, cognitive control, and the use of clinical 
interviews, and self-report measures. Moreover, this was the 
first study ever to examine the neural correlates of genetic feed-
back, and our design and hypotheses were pre-registered prior 
to data collection. However, the findings should be interpreted 
in the context of important limitations. As outlined previously, 
our study was likely underpowered to detect the rather small 
effects of genetic manipulations (Kvaale et al., 2013). The small 
sample size also might be problematic given the number of 
tests that were conducted in the study; however, our preregis-
tered hypotheses helped to narrow the focus of these tests and 
we used robust Bonferroni corrections to correct against false 
positives. Relatedly, concerns surrounding response priming 
precluded a within-subjects assessment of the self-report data. 
Specifically, we only measured post-feedback effects to main-
tain the integrity of our genetic manipulation. Furthermore, our 
sample was racially and ethnically homogenous and heavily 
represented by participants identifying as white (>50% per con-
dition). This is relevant because, according to past research, 
minoritized patients are significantly less likely to endorse bio-
logical causal attributions for depression (Khalsa et al., 2011; 
Schnittker et al., 2000) and more likely to prefer therapy over 
medication (Givens et al., 2007). Second, we implemented two 
versions of the Flanker task, with half of our sample completing 
a more challenging version (Task 1). Statistically, our effects 
did not differ based on task type; however, it is possible that the 
more difficult task elicited changes in mood. Finally, experi-
mentally manipulating genetic feedback is a relatively novel 
and underused method in this field, necessitating further insight 
into participants’ perceptions and beliefs about sham genetic 
tests. Interestingly, our results did not change when excluding 
those who discredited (i.e., did not believe) the genetic test. 
Recent findings lend support to this phenomenon. Specifically, 
treatment preferences did not differ between those who were 
and were not skeptical of a sham “depression screening test” if 
they were given a biological explanation for depression (Salem 
et al., 2019). Paradoxically, skeptics given a biopsychosocial 
explanation for depression were more likely to accept therapy 
compared to medication, but there were no differences in treat-
ment preference among nonskeptics (Salem et al., 2019). As 
the authors note, this unexpected finding requires replication 
to further understand its meaning and practical significance 
(Salem et al., 2019). To be sure, the budding literature on sham 
genetic test results and its impact on beliefs, preferences, and 
decision-making is nuanced.
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Conclusions

There are mounting concerns surrounding the recent shift 
in public narratives about biogenetic explanations of mental 
illness. Among those with depression, these messages have 
reportedly increased prognostic pessimism and reduced con-
fidence in treatment outcomes. In the current study, biogenetic 
feedback did not alter beliefs or expectancies about depression, 
nor did it affect neural correlates of cognitive control. As this 
area of inquiry is relatively new, our findings should be inter-
preted within the context of study limitations. We advocate 
for future research to replicate prior findings and investigate 
domain-specific effects of genetic feedback on neurophysiol-
ogy. Understanding how biogenetic messaging affects percep-
tions and expectancies about depression could inform clinical 
interventions that mitigate its potential negative consequences.
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Supplementary Information The online version contains supplemen-
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