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ABSTRACT
BACKGROUND: There is growing interest in the antidepressant potential of statins. We tested whether statin use is
associated with cognitive markers previously found to indicate psychological vulnerability to depression within the
context of the COVID-19 pandemic.
METHODS: Between April 2020 and February 2021, we conducted an observational online study of 2043 adults in the
United Kingdom. Participants completed cognitive tasks assessing processes related to depression vulnerability,
including affective bias and reward processing. We also measured working memory, medication use, and current
psychiatric symptoms. Using mixed analysis of covariance and regression models, we compared participants on
statins alone (n = 81), antihypertensive medication alone (n = 126), both medications (n = 111), and on neither
medication (n = 1725).
RESULTS: Statin use was associated with reduced recognition of angry and fearful faces (F1 = 9.19, p = .002; F1 = 6.9,
p = .009) and with increased misclassiﬁcation of these expressions as positive. Increased recognition of angry faces at
baseline predicted increased levels of depression and anxiety 10 months later (b = 3.61, p = .027; b = 2.37, p = .002).
Statin use was also associated with reduced learning about stimuli associated with loss (F1,1418 = 9.90, p = .002). These
indicators of reduced negative bias were not seen in participants taking antihypertensive medication alone, suggesting
that they were related to statin use in particular rather than nonspeciﬁc demographic factors. In addition, we found no
evidence of an association between statin use and impairment in working memory.
CONCLUSIONS: Statin use was associated with cognitive markers indicative of reduced psychological vulnerability
to depression, supporting their potential use as a prophylactic treatment for depression.
https://doi.org/10.1016/j.biopsych.2022.03.009

Statins are widely prescribed cholesterol-lowering medications
(1). Their ability to modulate immune response, as well as
improve blood ﬂow and reduce oxidative damage, is believed
to contribute to additional neuroprotective effects (2).
Increasing evidence indicates that inﬂammatory processes are
associated with the development and maintenance of
depression and the response of depressive symptoms to
different interventions (3,4). As such, there is growing interest
in developing or repurposing interventions with antiinﬂammatory properties (5), including interest in the idea that
statins may provide beneﬁts in management of depressive
disorders. The association between vascular disease and
depression (6,7) provides further interest in the development of
interventions that may target putative shared mechanisms.
Despite early concerns that statins may increase depression
rates (8), converging evidence across large population studies
(9–11), meta-analyses of randomized controlled trials (12,13),
and animal studies (14) consistently indicates that statins are
associated with both reduced risk of developing depression in

healthy participants and reduced depressive symptoms in
patients. To date, no studies have investigated the psychological mechanisms of these antidepressant-like effects.
In 2020, people worldwide faced the challenge of the
COVID-19 pandemic and the unprecedented social restrictions
implemented to curb transmission (15,16). Many people were
confronted with a constellation of psychosocial risk factors for
poor mental health during this time, including loneliness,
ﬁnancial uncertainty, health anxiety, and bereavement (17,18),
with consequent increased rates of psychiatric disorders
(19,20). National lockdowns—including the lockdown implemented by the UK government on March 23, 2020—therefore
provide a unique context for identifying factors, such as
medication use, associated with psychiatric risk and resilience.
Previous studies identifying predictors of mental health
vulnerability during the COVID-19 pandemic have focused on
self-reported psychiatric symptoms; however, the use of
cognitive biomarkers of depression risk may provide greater
sensitivity to early changes in vulnerability, reduce
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susceptibility to demand characteristics, and elucidate underlying mechanisms. Negative affective bias is a key mechanism underlying depression and the action of conventional
antidepressants and is a valuable cognitive biomarker for
evaluating potential antidepressant interventions (21). Similarly, impaired performance on reward learning tasks has been
associated with anhedonia and predicts clinical outcomes in
depression (22).
We carried out a large, online, observational study to test
the hypothesis that statin use would be associated with
reduced negative affective bias and altered sensitivity to
reward/loss during the UK COVID-19 lockdown, indicating
reduced psychological vulnerability to depression. Because
there has also been considerable discussion over whether
statins impair or enhance cognition (23–25), we also measured
working memory.

METHODS AND MATERIALS
Study Design and Participants
The Oxford COSIE study (COvid-19, Social Isolation and
Emotion) was conducted online, with 4 phases of data
collection between April 2020 and February 2021. In phase 1,
we recruited 2043 UK adults via an online research participant
pool (Proliﬁc Academic). All participants who completed phase
1 of data collection were recontacted three times over the
following 10 months and invited to take part in subsequent
phases. Of the original sample, 1925 participants (94.2%)
completed phase 2 of data collection, 1832 participants
(89.7%) completed phase 3, and 1707 participants (83.55%)
completed phase 4.
Inclusion criteria were age over 18 years, currently living in
the UK, access to a computer/internet connection, and passing all task-understanding checks at baseline.
This study received ethical approval from the University of
Oxford CUREC (R69299/RE001) on April 17, 2020. Participants
provided informed consent at each time point.

Procedures
Questionnaires and tasks were programed and completed
online using Gorilla (https://gorilla.sc/). Full details can be
found online on OSF (https://osf.io/9yv5j/).

Depression Scale and the 7-item General Anxiety Disorder
Scale at all time points.

Cognitive Tasks. Our primary affective bias task was the
facial expression recognition task (FERT) (26), in which participants identify the expressions of faces presented on screen
(for 500 ms) via a mouse click. Faces show an expression of
fear, happiness, sadness, disgust, anger, or surprise or are
neutral, with variation in the degree of emotion shown (for
screenshots of all tasks, see Figure S2). There were 250 trials
across four blocks, in a ﬁxed pseudorandomized order, with
emotions and actors balanced across blocks.
Additional affective bias tasks included the emotional
categorization task and the emotional recall task (26) (see
Additional Methods in the Supplement). All affective bias tasks
were completed at phases 1, 2, and 3 of data collection, with
different stimuli (words and faces) used at each time point.
During phase 2, participants completed an adapted probabilistic instrumental learning task (PILT) to assess reward
learning (27,28). Participants are simultaneously presented
with two stimuli (abstract symbols) that have reciprocal probabilities (0.7 vs. 0.3) of a gain versus a no gain outcome in gain
trials or a loss versus no loss outcome in loss trials. Participants used their mouse to choose one of the two stimuli
onscreen, following which they received visual feedback on the
trial outcome (gain, loss, or no change in points) and their
current total. They were informed of the probabilistic nature of
the task and told that the aim was to win as many points as
possible. There were 180 trials across three blocks and a new
randomization of trial order for each participant.
During phase 3, participants completed an n-back task to
assess working memory (29). Participants were presented with
a series of letters (for 2000 ms) and asked to respond via a
button press if the presented stimulus matched the stimulus
presented n trials ago and given visual feedback (a tick/cross
for correct/incorrect answers) after each response. One-back,
2-back, and 3-back blocks were included, with 0-back as a
control condition. Each block consisted of 25% target and
75% nontarget letters. There were 160 trials across eight
blocks, consisting of two blocks of each condition, in a ﬁxed
order.
Understanding of the task instructions was assessed before
each task using multiple choice questions (see Additional
Methods in the Supplement), and participants completed
practice trials before each task.

Questionnaires. Participants reported demographic information via multiple choice questions (Figure S1). They were
also asked to report the following: current and past psychiatric
diagnoses (including major depressive disorder [MDD] and
generalized anxiety disorder [GAD] when asked “Do you
currently have a diagnosis of/Have you ever previously been
diagnosed with any of the following?”), current use of medication (statins, antihypertensive medications, and antidepressants) and psychological therapies, weekly intake of alcohol
units, average daily hours of physical activity, and use of cigarettes/tobacco. Changes in employment status, degree of
social distancing, diagnoses, and use of medication or psychological therapy were recorded at all follow-up.
Self-reported symptoms of depression and anxiety were
assessed using the 20-item Center for Epidemiologic Studies
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Statistical Analysis
A full description of the analysis approach and outlier removal
is provided in the Supplement. Data processing and analysis
were conducted in R Studio (version 3.6.0; R Core Team, 2019)
on Windows 10 364 (build 19042). All scripts are available on
OSF.

Group Comparisons. Owing to a high proportion of participants taking statins and antihypertensive medication
concurrently, and to provide a demographically similar comparison group, participants were grouped into those taking
statins only (3.96%, n = 81), antihypertensive medication only
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(6.17%, n = 126), both medications (5.43%, n = 111), and
neither medication (84.43%, n = 1725).
Any group differences in demographic and self-report
measures were identiﬁed using regression models, controlling for age, gender, and ethnicity, and were included in subsequent maximally corrected analyses as covariates
(Tables S2 and S3).

Task Analysis. Facial expression recognition task outcomes were analyzed with mixed analysis of covariance
(ANCOVA), assessing the main effect of medication group
(between-subject factor), emotion of facial expression (withinsubject factor), and the interaction between group and emotion
on task performance. Signiﬁcant interactions were further
analyzed using one-way ANCOVAs focusing on contrasts
between speciﬁc emotions and medication groups.
For the facial expression recognition task, the primary
outcome was unbiased hit rate—a measure of emotion identiﬁcation accuracy that accounts for response bias, i.e., any
general tendency to identify the emotion (30). We also
assessed misclassiﬁcations (the number of times a participant
incorrectly identiﬁed an emotion as an alternative emotion) for
any emotion with a signiﬁcant group difference in unbiased hit
rate. Reaction time (in milliseconds) for trials with correct responses was also assessed. Data from phases 1 to 3 were
combined, with time point added as a covariate, to increase
the number of trials for each condition and reduce potential
noise from task version.
PILT outcomes for loss and gain trials were analyzed separately with one-way ANCOVAs and focused on the last 20 trials
as per analysis of the original task, where learning typically
plateaus (27). Analyses including all trials were also conducted.
The primary outcome was the proportion of trials for which the
participant chose the advantageous stimulus, i.e., whether
participants correctly chose the stimulus with the 0.7 probability
of gaining points in gain trials and the stimulus with the 0.7
probability of not losing points in loss trials. Participants with low
performance (advantageous symbol chosen in under 60% of
trials) were excluded, because they were presumed to not
adequately understand the task structure (n = 295)1.
N-back outcomes were analyzed with mixed ANCOVAs.
The within-subject factor was n-back condition (0-back, 1back, 2-back, 3-back); the primary outcome was hit rate (%).
False alarms (%), misses, and correct rejections were used to
calculate d0 and beta values (30). Reaction time (ms) for trials
with correct responses was also assessed.
Predicting Long-Term Outcomes. Linear regression was
used to assess baseline predictors of follow-up self-reported
depression and anxiety.

Statistical Checks. To assess statistical robustness, we
conﬁrmed all signiﬁcant post hoc ANCOVAs with an equivalent
linear regression model and conducted sensitivity checks,
excluding nonlipophilic statin use, nonbinary gender (due to

small n), PILT understanding check failures2, and poor performers on the emotional categorization task and the
emotional recall task and including all PILT trials. Only results
consistent across analyses are reported below. All results from
uncorrected models, minimally corrected models (correcting
for demographic covariates only), and maximally corrected
models (corrected for all covariates identiﬁed by the above
group comparison analyses) are reported in Table S3, alongside additional analyses investigating the effects of speciﬁc
antihypertensive medications and exploring interactions with
age and gender.

RESULTS
Sample Characteristics
Participants (N = 2043) recruited in phase 1 were 59.52% female, mean age was 45.09 (SD = 14.49, range = 18279) years,
all were UK residents, and the racial diversity of the sample
was largely reﬂective of UK demographics (Table S1). Over a
quarter of participants reported a current psychiatric diagnosis
(9.94% MDD, 9.25% GAD), and approximately a third of participants reported a past psychiatric diagnosis (17.33% MDD,
10.33% GAD). Owing to COVID-19 restrictions, over half of
participants at baseline (59.81%) were leaving their house only
for essential supplies and exercise, 14.68% were shielding
with access to outside space, and 2.01% were shielding
without access to outside space. The most common antihypertensive medications were angiotensin-converting enzyme
inhibitors and b-blockers, and the most common statin medications were lipophilic (simvastatin or atorvastatin).

Group Differences in Demographics and Self-report
Measures
After controlling for age, gender, and ethnicity, signiﬁcant
group differences were found in household income, alcohol
use, weekly physical activity, current antidepressant use, current depression scores, current MDD and GAD diagnoses, and
history of any psychiatric diagnosis (Table S2). Age, gender,
ethnicity, household income, alcohol use, weekly physical
activity, current antidepressant use, current depression scores,
and past psychiatric diagnosis were included as covariates in
all maximally corrected analyses, reported below. See
Table S3 for results of all models.
In an uncorrected model, statin use was negatively associated with baseline depression severity (b = 24.06, p = .004);
however, this association was no longer signiﬁcant when
corrected for demographic covariates (b = 0.86, p = .529).

Group Differences in Task Performance
Facial Expression Recognition Task (n = 2033). Statin
use was associated with reduced recognition of two negative
emotional expressions, angry and fearful faces, and with
misclassiﬁcation of these facial expressions as positive
(Figure 1).
2

1

Low performance on the probabilistic instrumental learning task
was not associated with medication group (c23 [n = 1893] =
0.7523, p = .861).

Completion of facial expression recognition task, emotional
categorization task, and emotional recall task understanding
checks was mandatory at phase 1, and only 1 participant failed
n-back understanding checks, so understanding checks for
these tasks were not used in sensitivity analyses.
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Figure 1. Emotional processing task performance
(facial expression recognition task) by medication
group. (A) Mean unbiased hit rate for each emotion
displayed during facial expression recognition task.
(B) Mean group accuracy for identiﬁcation of angry
faces at each intensity level of anger. (C) Mean group
accuracy for identiﬁcation of fearful faces at each intensity level of fear. ***p , .001. Error bars show 61
standard error.

For unbiased hit rate, there was a signiﬁcant interaction
between facial emotion and medication group (F18 = 5.41,
p , .001) and a signiﬁcant main effect of medication group
(F3 = 3.44, p = .016). In post hoc tests, participants on a statin
alone had a signiﬁcantly lower hit rate for identifying both angry
(F1 = 9.19, p = .002) and fearful (F1 = 6.9, p = .009) facial expressions than participants on neither medication; this reduction was also evident in participants on both a statin and
antihypertensive medication (anger, F1 = 6.48, p = .011; fear,
F1 = 5.66, p = .017) but not in participants on antihypertensive
medication alone (anger, F1 = 1.37, p = .242; fear, F1 = 1.69,
p = .194). No signiﬁcant group differences in hit rate were
found for the other facial expressions. These results remained
consistent in minimally corrected models.
For reaction time, there was no main effect of medication
group (F3 = 1.49, p = .216), but there was a signiﬁcant interaction
between facial emotion and medication group (F18 = 5.01, p ,
.001); post hoc tests indicated that participants on a statin alone
took signiﬁcantly longer to correctly identify angry (F1 = 7.93, p =
.005) and disgusted (F1 = 3.88, p = .049) facial expressions.
Follow-up analysis of misclassiﬁcations for angry (F15 = 3.31,
p , .001) and fearful faces (F15 = 3.47, p , .001) identiﬁed a
signiﬁcant interaction between emotion of the misclassiﬁcation
and medication group; post hoc tests indicated that participants
on a statin alone were signiﬁcantly more likely to misclassify
angry faces as surprised (F1 = 11.52, p , .001).

Probabilistic Learning Task (n = 1636). Statin use was
associated with reduced learning about loss, with participants
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less likely to avoid stimuli with a high probability of loss
(Figure 2).
For gain trials, there was no main effect of medication group
on choice of the high probability stimulus (F3,1610 = 0.06, p =
.979). For loss trials, there was a signiﬁcant main effect of
medication group on choice of the high probability stimulus
(F3,1610 = 4.73, p = .003); post hoc tests found that those on
statins alone were more likely to choose the stimulus with a
high probability of loss (F1,1418 = 9.90, p = .002), and this was
not consistently seen in the other medication groups. These
results remained consistent in minimally corrected models and
when analyses included either data from all trials or the last 20
trials.

Working Memory (N-back; n = 1767). Statin use was not
associated with any reduction in working memory (Figure S3).
For hit rate, there was no main effect of group (F3 = 1.60,
p = .187), but there was a signiﬁcant interaction between n-back
type and medication group (F6 = 3.77, p , .001); post hoc tests
found signiﬁcantly reduced hit rates in the 1-back condition for
those on antihypertensive medication alone (F1,1536 = 11.38, p ,
.001) and signiﬁcantly reduced hit rates for those on both a statin
and antihypertensive medication in the 2-back condition (F1,1521 =
12.65, p , .001). Compared with those on neither medication, no
differences were found in the statin group (1-back, F1,1494 = 0.29,
p = .589; 2-back, F1,1494 = 0.54, p = .462; 3-back, F1,1494 = 1.22,
p = .270). For false alarms, there was no main effect of medication
group (F3 = 0.25, p = .863) or interaction between n-back type and
medication group (F6 = 1.939, p = .073).
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Figure 2. Reward learning task performance
(probabilistic instrumental learning task) by medication group. (A) Mean percentage of trials during
which participants choose the advantageous stimuli
in a reward learning task (probabilistic instrumental
learning task). (B) Learning curve showing proportion
of participants in each group choosing the symbol
associated with a high probability of loss or gain, trial
by trial. High probability stimuli are advantageous in
gain trials and not advantageous in loss trials. **p ,
.01. Error bars show 61 standard error.

Similar patterns were seen for misses, correct rejections, d0 ,
and beta (Table S3). For all outcomes, there was no group
difference on the 0-back control condition and no main effect
of group or interaction for reaction time. All results remained
consistent in minimally corrected models.

Predicting Long-Term Mental Health Outcomes
Baseline statin use did not predict self-reported depression
(b = 1.35, p = .216) or anxiety (b = 20.35, p = .505) at phase 4.
However, reduced recognition of angry faces at baseline was
associated with lower levels of self-reported depression
(b = 3.61, p = .027) and anxiety (b = 2.37, p = .002) at phase 4
and lower increases in severity between baseline and follow-up
for both depression (b = 3.61, p = .027) and anxiety (b = 2.37,
p = .002) (Figure 3). Medication use and anger recognition were
not signiﬁcant predictors of self-reported depression or anxiety
at earlier follow-up (Table S3). However, a growth curve analysis in which depression and anxiety were modeled as longitudinal outcomes across all time points found that recognition
of angry faces signiﬁcantly predicted the intercepts for both
depression (b = 1.064, p = .046) and anxiety (b = 0.682, p =
.007).
Pathway analyses in which statin use predicted recognition
of angry faces and recognition of angry faces predicted followup depression or anxiety found that (as above) the associations between recognition of angry faces and statin use,
follow-up depression, and follow-up anxiety (statin use,
b = 20.052, p = .002; depression, b = 3.797, p = .014; anxiety,

b = 2.214, p = .002) were signiﬁcant, but there was no direct
signiﬁcant association between statin use and follow-up
depression (b = 1.592, p = .140) or anxiety (b = 0.002,
p = .998). The models, incorporating all covariates, led to
reasonable parameters of model ﬁt (depression, comparative
ﬁt index = 0.984, Tucker-Lewis index = 0.963; anxiety,
comparative ﬁt index = 0.980, Tucker-Lewis index = 0.954).
DISCUSSION
In a diverse sample of over 2000 participants, including 192
participants taking statin medication, statin use was associated with reduced negative affective bias and reduced learning
about loss. This pattern of task performance (associated with
reduced vulnerability to depression) provides support for the
possible use of statins as a prophylactic depression intervention, particularly in high-stress scenarios, and adds to growing
evidence of their antidepressant properties (9–13). In addition,
these ﬁndings provide a potential psychological mechanism to
explain reported associations between statin use and reduced
risk of depression or depressive symptoms.
Statin use was associated with reduced negative affective
bias in the recognition of facial expressions. Speciﬁcally, participants on statins showed reduced recognition of angry and
fearful faces, instead classifying these negative facial expressions as positive. Negative affective bias is a key cognitive
mechanism targeted by common antidepressants such as
selective serotonin reuptake inhibitors (31) and has previously
been shown to predict clinical outcomes in depression (32).
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Figure 3. Baseline predictors of depression and
anxiety at follow-up. Analysis was conducted on
continuous measures of anger recognition. For these
plots, participants were split into those above (high)
and below (low) the median anger recognition performance. (A) Mean depressive symptoms at 10month follow-up, split by those with high and low
anger recognition at baseline. (B) Mean change in
depressive symptoms between baseline and 10month follow-up, split by those with high and low
anger recognition at baseline. (C) Mean anxiety
symptoms at 10-month follow-up, split by those with
high and low anger recognition at baseline. (D) Mean
change in anxiety symptoms between baseline and
10-month follow-up, split by those with high and low
anger recognition at baseline. *p , .05, **p , .01.
Error bars show 61 standard error. CESD, Center for
Epidemiologic Studies Depression Scale; GAD7, 7item General Anxiety Disorder scale.

In our sample, increased negative affective bias (indicated
by greater recognition of angry faces) at baseline was associated with increased depressive and anxious symptoms 10
months later, supporting the clinical and predictive relevance
of our ﬁndings and of measuring affective bias more broadly.
Growth curve analysis indicated that negative bias signiﬁcantly
predicted changes in self-reported mental health over the
study period but negative bias did not predict these scores at
individual earlier follow-ups. For context, over the ﬁrst three
data collection phases, the UK was relaxing pandemic restrictions, and our sample reported improvement in mental
health with signiﬁcant decreases in depression severity at both
phase 2 and phase 3. In contrast, phase 4 was during a period
of increased restrictions in winter months of early 2021, with
self-reported depression severity at the highest level
throughout data collection, and so potentially represents the
time point with greatest mental health risk. This may be where
we see the effects of psychological vulnerability, as indicated
by negative affective bias, become particularly relevant.
Statin use was also associated with reduced learning
about loss in a learning task. Speciﬁcally, participants on
statins showed reduced avoidance of stimuli associated with
high likelihood of loss. Reduced reward sensitivity has been
predominantly considered the core impairment in depression
(33); however, heightened loss sensitivity has also been reported (34), and conventional antidepressants have previously
been found to increase the ability to disregard negative
interference (35) and speciﬁcally reduce loss sensitivity (36).
Our identiﬁed association between statin use and reduced
sensitivity to loss may therefore provide further support for
consideration of statins as a promising intervention in
depression.
In addition, while previous literature has reported mixed
ﬁndings for the cognitive effect of statins (23–25), we found no
association between statin use and any reduction in working
memory on an n-back task, only impaired performance in
participants taking antihypertensive medication. This concurs
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with other studies reporting that statins do not impair cognitive
ability (24).
Taken collectively, our ﬁndings are most consistent with a
pattern of reduced negative bias as opposed to cognitive
impairment. If participants on statins were showing general
reductions in cognitive ability, we would expect to see reduced
recognition of facial expressions across both negative and
positive facial expressions, reduced learning about both rewards and losses, and reduced working memory performance.
In contrast, the reduction in the recognition of facial expressions was speciﬁc to negative faces and the misclassiﬁcations
of these negative facial expressions was as positive, indicating
a positive affective bias. Additionally, there was no impaired
learning in reward conditions and no impairment on even the
most challenging condition of the working memory task (some
analyses indicated improved performance but this was not
consistent; Table S3).
The mechanisms by which statins may reduce depression
risk are unclear, and previous research has predominantly
focused on physiological mechanisms. Preclinical studies
support an anti-inﬂammatory effect of statins on both the
central and peripheral nervous system, including in brain regions such as the hippocampus; however, there are also effects on blood ﬂow, neurotransmission, and markers of
plasticity (37). This study suggests that cognitive changes in
emotional processing are particularly associated with statin
use and may play a role in their protective action in depression.
Several studies have reported that negative affective bias
(such as bias toward angry and sad faces) is associated with
elevated inﬂammatory markers, such as C-reactive protein
(38). In addition, experimentally induced stress, shown to
elevate interleukin 1b and interleukin 6 (inﬂammatory cytokines) levels, has been associated with subsequent increases
in negative attentional bias (39,40), with similar ﬁndings of
increased sensitivity to loss in a PILT when vaccine challenge
was used to manipulate inﬂammation (41). Consistent with this,
neuroimaging studies have demonstrated that experimentally
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increasing inﬂammation is associated with increased activation
in response to negative social cues or facial expressions in
brain regions such as the amygdala and anterior cingulate
cortex (42–44); reduced activation in these regions, in
response to negative faces, has been shown to predict therapeutic response to antidepressants (32). In addition, reducing
inﬂammation via therapies such as anti–tumor necrosis factor
a has been associated with increased attentional bias toward
positive words (45). Therefore, it is possible that our observed
association between statin use and reduced negative affective
bias may occur via reductions in inﬂammatory cascades,
which in turn have been associated with indirect effects on
serotonin and hypothalamic-pituitary-adrenal axis function via
cytokine regulation (46). In the light of the extreme social
disruption seen throughout this study, it is worth noting that
inﬂammation-based theories of depression typically highlight
social stress as a particularly relevant cause of inﬂammation
(47).
A limitation of this study is that, despite having an overall
sample of 2043 participants, the number of participants taking
statin and/or antihypertensive medication was smaller (318
participants), preventing potential subanalyses of interest. The
use of online data collection is another potential limitation,
relying on self-report measures and lacking the controlled lab
setting typically desired for cognitive tasks. We took several
steps to mitigate this risk, including requiring mandatory successful completion of task-understanding checks at baseline,
repeating these checks at all time points, including engagement checks during self-report measures, conducting sensitivity analyses to ensure results were not unduly affected by
poor performance, and maintaining regular communication
with the cohort to foster engagement. An additional limitation
is that the reward learning task and working memory task were
not included at all time points due to practical restraints,
limiting our ability to assess baseline group differences or
consistency over time.
One concern when interpreting these observational data is
that nonspeciﬁc differences between the groups might have
driven our ﬁndings. We addressed this in two main ways, ﬁrst
by controlling for demographic differences (age, gender,
ethnicity, and household income) and other potential confounders (past psychiatric history, antidepressant use, and
current depression severity) in our analysis, and second by
comparing participants on statins with participants on antihypertensive medication, who provided an additional control
group with a similar demographic and elevated cardiovascular risk. Critically, the differences in facial expression
recognition were only seen in participants taking statins
and not in participants taking antihypertensive medication,
and the differences in reward learning were also only
consistently seen in participants taking statins, providing
strong evidence that our ﬁndings are speciﬁc to use of statin
medication.
In summary, we report results from an online, observational
study indicating that statin use is associated with reduced
psychological vulnerability to depression, as demonstrated by
reduced negative affective bias and reduced sensitivity to loss.
These reductions in psychological risk factors for depression
corroborate several sources of evidence indicating that statins
may be protective against depression. Depression is a

common and disabling psychiatric disorder, and rates of
depressive symptoms in the general population have only been
exacerbated during the COVID-19 pandemic, making the need
for cheap, novel interventions particularly acute. A priority for
future research is conﬁrming these ﬁndings with controlled,
randomized studies to establish the utility of statin treatment in
depression, their potential prophylactic effects during highstress periods, and the physiological and cognitive mechanisms involved.
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