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ABSTRACT

Background New National Institute for Health

and Care Excellence (NICE) guidance endorses the
prescription of statins in larger population groups for
the prevention of cardiovascular and cerebrovascular
morbidity and mortality, especially in people with severe
mental illness. However, the evidence base for their
safety and risk/benefit balance in depression is not
established.

Objectives This study aims to assess the real-world
mortality and adverse events of statins in depressive
disorders.

Methods Population-based, nationwide (England),
between-subject, cohort study. We used electronic health
records (QResearch database) of people aged 18—100
years with first-episode depression, registered with
English primary care practices over January 1998—-August
2020 for 12(+) months, divided into statin users versus
non-users.

Primary safety outcomes included all-cause mortality
and any adverse event measured at 2, 6 and 12 months.
Multivariable logistic regression was employed to control
for several potential confounders and calculate adjusted
ORs (aORs) with 99% Cls.

Findings From over 1 050 105 patients with depression
(42.64% males, mean age 43.23+18.32 years), 21384
(2.04%) died, while 707 111 (67.34%) experienced at
least one adverse event during the 12-month follow-

up. Statin use was associated with lower mortality over
12 months (range aOR, , . 0.66-0.67, range 99%
C10.60 to 0.73) and with lower adverse events over 6
months (range aOR, . 0.90-0.96, range 99% Cl
0.91t0 0.99), but not at 1 year (aOR,, . 0.99, 99% Cl
0.96 to 1.03). No association with any other individual
outcome measure (ie, any other neuropsychiatric
symptoms) was identified.

Conclusions We found no evidence that statin use
among people with depression increases mortality or
other adverse events.

Clinical implications Our findings support the safety
of updated NICE guidelines for prescribing statins in
people with depressive disorders.

BACKGROUND
Statins are a class of cholesterol-lowering drugs
licensed for the prevention and treatment of
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Updated guidance from the National Institute
for Health and Care Excellence will expand the
use of statins for the primary prevention of
cardiovascular and cerebrovascular disease.

= Concerns around neuropsychiatric adverse
events possibly associated with statins are
a barrier to their prescription in people with
mental illness.

= The evidence base supporting the safety and
risk/benefit of statins in people with common
mental disorders such as depression is not
established.

WHAT THIS STUDY ADDS

= Compared with non-use, statin use is associated
with lower mortality and no increased adverse
events, including neuropsychiatric ones, in
people with first-episode depression.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Patients diagnosed with depressive disorders
may benefit from statin prescription, similarly to
other severe mental illnesses.

cardiovascular  and  cerebrovascular  (CVD)
morbidity and mortality.! They are the most
prescribed medications worldwide, and more than
70million prescriptions are dispensed in England
alone, costing around £100 million to the National
Health Service per year.

New draft guidance from the National Institute
for Health and Care Excellence (NICE) advises that
a statin can be offered for the primary prevention of
CVD to people above 40 years of age with a 10-year
CVD event risk of <10% calculated on QRISK3,?
compared with prior =10%.* This offer should
follow an informed discussion between the clini-
cian and the patient about the risk/benefit balance
of statin treatment that takes into account patient
preferences’ and comorbidities such as mental
illness.” For severe mental illness (SMI)—tradi-
tionally including schizophrenia, bipolar disorder
and other psychoses, the importance of addressing
the elevated mortality rates due to physical health
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conditions is established® and reflected in clinical guide-
lines.” ° This is less clear for more common mental disorders
such as depression, despite evidence of robust bidirectional asso-
ciation with chronic ailments including CVD’ and ongoing high
excess deaths associated with CVD, multimorbidity and health
behaviours in people with depressive disorders.®

The overall benefit of statins has recently been challenged
by studies showing small absolute risk reductions for all-cause
mortality (0-0.8%) and CVD events (0.4-1.3%) adjusted for
baseline risk,” which would not overweigh the burden of adverse
events.'® Recurring concerns about adverse events associated
with statin use'! have determined a systematic underuse of these
medications—a phenomenon especially seen in people with
cognitive and mental disorders.'> However, the associations
between statin use and adverse events, particularly neuropsy-
chiatric ones, are not established.”® '* A long controversy on
whether lowering cholesterol could result in increased depres-
sive symptoms and suicide™ '® remains unsettled. Higher depres-
sion rates following statin use have been particularly observed
in people with prior cerebrovascular events.'” ' Preclinical
evidence suggests that statin administration can impair cognitive
abilities while increasing anxiety levels in animals and humans,
which can be explained by complex interactions between several
biological and neuropsychological mechanisms. "’

A clearer definition of the safety profile and risk/benefit
balance of statins is necessary to guide a fully informed prescrip-
tion of these drugs,?’ especially in people with depression who
are more at risk of premature CVD morbidity and all-cause
mortality.” ® Therefore, in this real-world, population-based
cohort study, we investigate the mortality and adverse events
associated with statin use versus non-use in a large, highly
characterised sample of primary care patients with depression
followed up for 12 months.

METHODS
Protocol and full methodology are shown in online supple-
mental file 1.

Database

QResearch is a primary care research registry (https://qresearch.
org/), with anonymised electronic healthcare records of over
35 million patients registered with 1574 general practices in
England, recording demographic data (eg, age), characteristics
(eg, smoking status), death records, adverse events, diagnoses
and prescribed medications.

Cohort construction

The study cohort was built according to the following inclusion/
exclusion criteria to include a homogeneous population with
first-episode depression (ie, no treatment-resistant depression)
followed up for 12 months.

Inclusion criteria: patients aged 18-100 years, newly diag-
nosed with a depressive disorder (ie, study entry date) according
to validated ‘Read codes’*' ** (list in online supplemental file
2), registered with eligible English general practices between 1
January 1998 and 15 August 2020 for at least 12 months.

Exclusion criteria: any prescription of antidepressants before
the study entry date; a lifetime diagnosis of schizophrenia spec-
trum disorder or bipolar disorder; a diagnosis of postpartum
depression within =180 from the first diagnosis of depression;
any prescription of antipsychotics, mood stabilisers or more than
one antidepressant at baseline.

Exposure and comparison groups
The exposure under investigation was the concurrent use at
baseline of any statin compared with non-exposure at baseline to
a statin prescription: statin users versus statin non-users (drugs
licensed in the UK according to the British National Formulary;
list in online supplemental file 3).

Outcomes of interest

The primary safety outcomes included:

» All-cause mortality: proportion of participants who had
died during the eligible time of observation, identified using
death data recorded on their general practice record.

» Any adverse event: proportion of participants with at least
one adverse event (excluding all-cause mortality, list in
online supplemental file 4), according to validated ‘Read
codes’,”! ** selected among those shown to be important to
patients, carers and healthcare professionals in depression.?

Furthermore, we examined the proportion of participants
with individual neuropsychiatric adverse events, recorded via
the same ‘Read codes’ that have been shown to be a potential
concern associated with statin use," ' including: any psychiatric
symptom, anxiety, sleep disturbance, memory impairment, self-
harm, suicidality, completed suicide. We also investigated the
proportion of participants who remitted from their depressive
episode, defined as a Patient Health Questionnaire (PHQ)-9
score <5 during the study period.

All outcomes were measured at 2, 6 and 12 months.

Confounders

Based on prior QResearch studies on depression and statins,
we considered several confounding baseline variables (ie, possible
risk factors associated with both the exposure and outcomes of
interest). Suspected confounders included: age at study entry;
sex; body mass index (BMI); year, type and severity of depres-
sion diagnosis; deprivation status (Townsend deprivation score);
geographical area; smoking status; alcohol intake; ethnic group;
comorbidities (eg, coronary heart disease, stroke, diabetes);
antidepressant category (selective serotonin reuptake inhibitors
(SSRIs), tricyclics, monoamine oxidase inhibitors, other antide-
pressants) and concomitant medications (eg, anticonvulsants,
hypnotics/anxiolytics, antihypertensives) at baseline (list in
online supplemental file ).

2122

Analysis
Baseline characteristics of the study cohort were reported with
descriptive statistics.

Outcomes of interest were explored with multivariable logistic
regression models, clustered by general practices, to compute
ORs with 99% CIs for statin users versus statin non-users (ie,
between-subject design), adjusted (aOR) for the above potential
confounders. Multiple imputation by chained equations was
employed for missing data: for each imputation, 10 imputed
datasets were generated, and coefficient estimates across these
were pooled using Rubin’s rule to calculate results for the
primary full-set analysis (FSA, including imputed data).

As a sensitivity analysis, we reported results for the complete-
case analysis (CCA), which does not include imputed data and
only accounts for cases with no missing variables. Further, FSA
data for statins were compared with those of the regression anal-
yses for aspirin to probe whether results were non-specifically
associated with another medication with comparable indication
(ie, prevention and treatment of CVD) in a similar population.

All statistical analyses were conducted on Stata MP V.16.0.%*
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for at least 12 months

Database: 25,852,019 participants registered on QResearch over 1,574
English general practices, from 1 of January 1998 to 15" of August 2020

24,004,921 participants excluded because they never

A4

A4

had a diagnosis of depressive disorder

1,847,098 participants with a diagnosis of
depressive disorder (“Read code” 3829)

796,993 patients excluded with one or more of the
following exclusion criteria:

- 272,877 with an age <18 or >100 years between 1° of
January 1998 to 15" of August 2020

- 320 reaching an age >100 years during the included
episode

-171,874 had received prescriptions for an
antidepressant before their entry date in the cohort

- 470,933 took antidepressants more than 60 days
before the diagnosis of depression

A

Study cohort: 1,050,105 participants
with first-episode depression

- 960,011 statin non-users

- 90,094 statin users

Figure 1  Cohort construction flow chart.

FINDINGS
Study cohort
The cohort construction is in figure 1. The QResearch dataset
included the electronic health records of 25852019 people
registered with eligible general practices in England between 1
January 1998 and 15 August 2020 for at least 12 months. After
the application of inclusion/exclusion criteria, the study cohort
comprised 1 050 105 patients with a diagnosis of first-episode
depression: 90094 statin users and 960011 statin non-users.
Baseline characteristics of the study cohort are in table 1.
Across the whole sample, 55.06% were classified as suffering
from major depression, 37.08% from minor depression and
7.86% with another ‘Read code’ for depression; the average
depression severity measured with PHQ-9 at baseline was 16.15
(£5.49, moderately severe depression) and 12.94 (%6.76,
moderate depression) at 12-month follow-up. The majority of the
sample self-identified with white ethnicity (63.68%) and resided
in London (24.13%), North West (18.52%) or South Central
(11.92%) areas. The most prescribed antidepressants were SSRIs
(54.94%), while antihypertensives (9.00%), hypnotics (6.68%)
and contraceptives (6.00%) were the most common co-prescrip-
tions. Compared with non-users, statin users included more
males (males: 41.21% vs 57.84%), were older (mean age: 40.90
years vs 68.16 years), had more physical health comorbidities
(particularly cardiovascular, cerebrovascular, metabolic and

"1 -9,751 with a diagnosis of bipolar disorder

- 17,799 with schizophrenia spectrum disorder

- 31,192 patients with a diagnosis of post-partum
depression made within 180 days before or up to 180
days after the first diagnosis of depression

- 6,575 with more than one antidepressant

- 5,692 on antipsychotics

- 189 on mood stabilisers

neoplastic), reported an average lower score of PHQ-9 (16.30
vs 14.33) and were taking more non-psychiatric medications
(on antihypertensives: 56.52% vs 4.54%; on aspirin: 39.86%
vs 2.01%; on anticoagulants: 7.71% vs 0.79%) aside from oral
contraceptives (0.25% vs 6.54%), but fewer antidepressants (on
antidepressants: 65.249% vs 51.99%).

Missing data, imputed for the FSA, are in online supplemental
file 6. PHQ-9 values were the least available (81.26% missing),
followed by alcohol consumption (48.68% missing), ethnic
group (24.97% missing) and BMI (20.70% missing).

Study outcomes
Tables reporting the number of events for all outcomes per
study group are in online supplemental file 7. A total of 21384
(2.04%) people died, while most (67.34%, N=707 111) experi-
enced at least one adverse event during the 12 months of study
follow-up. Respectively, we observed 262110 (24.96%) records
for any psychiatric symptom, 167274 (15.93%) for anxiety,
19291 (1.84%) for sleep disturbance, 8524 (0.81%) for memory
impairment, 6707 (0.64%) for self-harm, 16427 (1.56%) for
suicidality, 561 (0.05%) for completed suicide and 2364 (0.23%)
patients remitted from the depressive episode by study endpoint.
On the FSA (N=1 050 105) adjusted model (figure 2), statin
use was associated with reduced all-cause mortality at all time
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Table 1 Baseline characteristics of the study cohort
Statin users Statin non-users Al sample
Characteristic N=90 094 N=960 011 N=1 050 105
Sex
Male 52112 (57.84) 395636 (41.21) 447748 (42.64)
Mean age (SD) 68.16 (13.76) 40.90 (16.89) 43.23(18.32)
Read codes for depression
Major depression 34693 (38.51) 543520 (56.62) 578213 (55.06)
Minor depression 34478 (38.27) 354900 (36.97) 389378 (37.08)
Other 20923 (23.22) 61591 (6.42) 82514 (7.86)
PHQ-9 (SD), at baseline N=14 996 N=181 765 N=196 761
14.33 (6.16) 16.30 (5.30) 16.15 (5.39)
At 2 months N=6586 N=81 410 N=87 996
11.45 (6.49) 12.43 (6.42) 12.36 (6.43)
At 6 months N=1942 N=23 754 N=25 696
11.13 (6.90) 12.43 (6.74) 12.34 (6.76)
At 12 months N=1332 N=15 548 N=16 880
11.04 (7.01) 13.10 (6.71) 12.94 (6.76)
Year of diagnosis
1998-2005 9837 (10.92) 269200 (28.04) 279037 (26.57)
2006-2010 29087 (32.29) 199069 (20.74) 228156 (21.73)
2011-2015 27258 (30.26) 227977 (23.75) 255235 (24.31)
2016-2020 23912 (26.54) 263765 (27.48) 287677 (27.40)
Body mass index (SD) N=83 962 N=748 752 N=794 459
28.81 (6.06) 25.90 (5.82) 26.19 (5.91)
Smoking (cigarettes/day)  N=88 601 N=886 223 N=974 824
Non-smoker 42063 (46.69) 451484 (47.03) 493547 (47.00)
Ex-smoker 30120 (33.43) 158453 (16.51) 188573 (17.96)
Light smoker (1-9) 15397 (17.09) 254227 (26.48) 269624 (25.68)
Moderate smoker 658 (0.73) 15676 (1.63) 16334 (1.56)
(10-19)
Heavy smoker (=20) 363 (0.40) 6383 (0.66) 6746 (0.64)
Alcohol (daily units) N=55 788 N=483 096 N=538 884
Non-drinker/trivial (<1) 31348 (34.79) 268172 (27.93) 299520 (28.52)
Light (1-2) 16743 (18.58) 160061 (16.67) 176804 (16.84)
Medium (3-6) 6229 (6.91) 41133 (4.28) 47362 (4.51)
Heavy (7-9) 791 (0.88) 6164 (0.64) 6955 (0.66)
Very heavy (>9) 677 (0.75) 7566 (0.79) 8243 (0.78)
Ethnic group N=75 892 N=712 011 N=787 903
White 64052 (71.09) 604638 (62.98) 668690 (63.68)
Indian 2771 (3.08) 14280 (1.49) 17051 (1.62)
Pakistani 1690 (1.88) 12297 (1.28) 13987 (1.33)
Bangladeshi 1805 (2.00) 9122 (0.95) 10927 (1.04)
Other Asian 1452 (1.61) 11475 (1.20) 12927 (1.23)
Caribbean 1428 (1.59) 11128 (1.16) 12556 (1.20)
Black African 1033 (1.15) 14707 (1.53) 15740 (1.50)
Chinese 209 (0.23) 4040 (0.42) 4249 (0.40)
Other 1452 (1.61) 30324 (3.16) 31776 (3.03)
Townsend deprivation N=89 961 N=956 639 N=1 046 600
score in fifths
1 (least deprived) 21498 (23.86) 189459 (19.74) 210957 (20.09)
2 19795 (21.97) 195682 (20.38) 215477 (20.52)
3 18073 (20.06) 196946 (20.51) 215019 (20.48)
4 15992 (17.75) 188315 (19.62) 204307 (19.46)
5 (most deprived) 14603 (16.21) 186237 (19.40) 200840 (19.13)
Region of England
East Midlands 1896 (2.10) 35684 (3.72) 37580 (3.58)
East of England 2939 (3.26) 33788 (3.52) 36727 (3.50)
London 21985 (24.40) 231438 (24.11) 253423 (24.13)
Continued

Table 1 Continued
Statin users Statin non-users  All sample

Characteristic N=90 094 N=960 011 N=1 050 105
North East 3018 (3.35) 32457 (3.38) 35475 (3.38)
North West 19460 (21.60) 174967 (18.23) 194427 (18.52)
South Central 8542 (9.43) 116641 (12.15) 125183 (11.92)
South East 9157 (10.16) 91659 (9.55) 100816 (9.60)
South West 9471 (10.51) 110000 (11.46) 119471 (11.38)
West Midlands 9309 (10.33) 85637 (8.92) 94946 (9.04)
Yorkshire & Humber 4317 (4.79) 47740 (4.97) 52057 (4.96)

Comorbidities at baseline
Coronary heart disease 30215 (33.54) 16659 (1.74) 46874 (4.46)
Stroke 14949 (16.59) 14335 (1.49) 29284 (2.79)
Diabetes 33644 (37.34) 28496 (2.97) 62140 (5.92)
Epilepsy 1906 (2.12) 13766 (1.43) 15672 (1.49)
Hypothyroidism 7887 (8.75) 27221 (2.84) 35108 (3.34)
Arthritis 22435 (24.90) 51393 (5.35) 73828 (7.03)
Anxiety 8528 (9.47) 108416 (11.29) 116944 (11.14)
Migraine 4004 (4.44) 57199 (5.96) 61203 (5.83)
Cancer 17219(19.11) 63390 (6.60) 80609 (7.68)
Asthma 16543 (18.36) 142556 (14.85) 159099 (15.15)
Renal failure 1820 (2.02) 2439 (0.25) 4259 (0.41)
Liver failure 2329 (2.59) 6714 (0.70) 9043 (0.86)
Osteoporosis 3739 (4.15) 9731 (1.01) 13470 (1.28)
Suicidality 1271 (1.41) 24497 (2.55) 25768 (2.45)

Antidepressant category at

baseline
None 43252 (48.01) 333676 (34.76) 376928 (35.89)
SSRIs 37569 (41.70) 539367 (56.18) 576936 (54.94)
TCAs 3160 (3.51) 43420 (4.52) 46580 (4.44)
MAOIs 8(0.01) 77 (0.01) 85 (0.01)
Other antidepressants 6105 (6.78) 43471 (4.53) 49576 (4.72)

Use of other drugs at

baseline
Antihypertensives 50919 (56.52) 43572 (4.54) 94491 (9.00)
Aspirin 35914 (39.86) 19277 (2.01) 55191 (5.26)
Anticoagulants 6945 (7.71) 7610 (0.79) 14555 (1.39)
NSAIDs 4188 (4.65) 31662 (3.30) 35850 (3.41)
Anticonvulsants 3975 (4.41) 13604 (1.42) 17579 (1.67)
Hypnotics 6782 (7.53) 63313 (6.60) 70095 (6.68)
Bisphosphonates 1219 (1.35) 2407 (0.25) 3626 (0.35)
Contraceptives 224 (0.25) 62808 (6.54) 63032 (6.00)

Values are number of events (percentages) unless stated otherwise.

MAOIs, monoamine oxidase inhibitors; NSAIDs, non-steroidal anti-inflammatory
drugs; PHQ-9, Patient Health Questionnaire-9; SSRIs, selective serotonin reuptake
inhibitors; TCAs, tricyclics.

points (aOR, _ 0.66, 99% CI 0.60 to 0.72; aOR, = 0.66,
99% CI 0.61 to 0.72; aOR, . 0.67, 99% CI 0.65 to 0.73).
A lower number of statin users experienced any adverse events
at 2 and 6 months (respectively aOR, . 0.93, 99% CI 0.91
to 0.96; aOR, . 0.97, 99% CI 0.94 to 0.99), but not at 12
months (aOR,, . 0.99,99% CI 0.96 to 1.03). No differences
were identified at any time point for any psychiatric symptom
(range aOR, , = 0.92-0.97), anxiety (range aOR, ,
1.05-1.07), sleep disturbance (range aOR, ,  ~1.05-1.16),
memory impairment (range aOR, ,  ~0.89-1.32), self-harm
(range aOR, = 0.76-0.82), suicidality (range aOR, ,
1.00-1.02), completed suicide (range aOR

> t2months 0-04—0.82) or
depression remission (range aOR 1.0321.11).

2-12months
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2mo  0.66 (0.60,0.72)
All-cause
mortality 6mo  0.66(0.61,0.72)
12mo 0.67 (0.65,0.73)
—— 2mo 093 (0.91,0.96)
Any
adverse == 6mo 097 (0.94,0.99)
event
o & 2mo 099 (0.96,1.03)
L 2mo  0.97 (0.86, 1.09)
Any
psychiatric @ 6mo 0.94(0.84,1.04)
symptom
@ 2mo  0.92(0.83,1.02)
2mo 107(0.92,1.23)
Anxiety 6mo 107 (093,1.22)
12mo 1.05(0.92,1.20)
2mo 1.16(0.76,1.77)
Sleep 6mo 105 (0.73, 1.50)
disturbance
12mo  1.13(0.85, 1.50)
2mo  1.32(0.79,2.20)
Memory o 6mo 089 (0.61,131)
impairment
L 12mo 098 (0.73,1.31)
® 2mo 076 (0.50, 1.15)
Self-harm C 6mo  0.78 (0.56,1.07)
0 12mo 0.82 (0.62,1.08)
2mo  1.02(0.84,1.23)
Suicidality 6mo 104 (0.89,121)
e 12mo 100 (0.88,1.14)
2mo 0.72(0.18,2.87)
Completed om0 0.54(0.18,1.58)
suicide
L 12mo  0.82(0.35,1.89)
2mo 103 (0.94,1.13)
Depressive
episode 6mo 103 (0.89,1.20)
remission
O 12mo  1.11(0.90, 1.38)
0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30

Figure 2 Study outcomes, full-set analyses (N=1 050 105), adjusted model. Green: beneficial association, red: harmful association, grey: no
association. For depressive episode remission, an aOR >1 favours statin users, while for all outcomes, an aOR <1 favours statin users. 2mo, 2 months;

6mo, 6 months; 12mo, 12 months; aOR, adjusted OR.

In statin users, results from the sensitivity analysis on the
CCA (N=88 227) adjusted model also showed lower all-cause
mortality (range aOR, ,  0.70-0.78) and any adverse events
(range aOR, = 0.92-0.97), but with wide CIs that crossed the
line of no association. Consistently with the FSA, any psychiatric
symptom (range aOR, , ~ 0.98-0.99), anxiety (range aOR,
1.02-1.04), sleep disturbance (range aOR, , . ~0.95-
s tomonde 0-99-1.10), completed
> t2monhe 0-33—0.83) and depression remission

0.89-1.19) were not different. However, a

12months

1.02), suicidality (range aOR
suicide (range aOR
(range aOR

2-12months

decrease in self-harm episodes (aOR,  0.25, 99% CI 0.08
to 0.73) and higher memory impairment (aOR,, . 1.13,99%
CI 1.04 to 1.23) in statin users at 12 months only was observed
(tables including all analyses (FSAs and CCAs, both adjusted and
unadjusted) are in online supplemental file 8).

Outcomes for the sensitivity analysis on aspirin (online supple-
mental file 9) only partially overlapped with those of statins:
aspirin use was associated with worse all-cause mortality at 12
months (aOR, ~ ~1.15, 99% CI 1.07 to 1.24) and adverse
events at all time points (aOR 1.07, 99% CI 1.07 to

2months
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1.11; aOR, _ 1.12, 99% CI 1.07 to 1.17; aOR,,  1.18,
99% CI 1.12 to 1.24), though also fewer anxiety reports over
the follow-up period (aOR, .~ 0.90, 99% CI 0.84 to 0.96;
aOR_ . 0.91,99% CI 0.86 to 0.97; aOR, . 0.91,99% CI
0.85 t0 0.96).

12months

DISCUSSION

This study examined an array of safety outcomes associated
with statins in a large cohort of 1 050 105 patients with a new
diagnosis of depressive disorder followed up for 12 months in
real-world conditions. The FSA-adjusted model showed that
statin use, compared with non-use, was associated with lower
all-cause mortality and at least comparable risk of adverse events
over the follow-up period. Results differed from those of the
sensitivity analysis on aspirin use, which instead displayed higher
mortality rates and adverse events compared with aspirin non-
use. No differences for any neuropsychiatric adverse events were
observed between statin users and non-users. A sensitivity anal-
ysis of the 88227 cases with no missing data (CCA) supported
the latter lack of associations but for lower self-harm and higher
memory impairment at 12 months, and was linked with lower
risk of mortality and total adverse events, although not statisti-
cally significant, which was likely due to the smaller sample size.

All-cause mortality

While the benefit of statins on all-cause mortality in the general
population is being re-examined,® * ' we found a relative
odds reduction between 33% and 34% across all time points
in this large sample of primary care patients with depression.
This finding has relevance to public health in the context of
the 10-25 years of ‘mortality gap’, largely driven by physical
comorbidities, in people with mental illness including depressive
disorders.” ® The updated tool for CVD risk scoring (QRISK3)
now comprises items regarding the presence of SMI and the use
of atypical antipsychotics. SMI usually involves schizophrenia,
bipolar disorder and other psychoses, which tend to be the focus
of CVD risk prediction studies.”” However, the QRISK3 devel-
opment and validation cohort of people with SMI also included
a high proportion of patients with moderate and severe depres-
sion (81.349%),%° which does not reflect the definition used in
primary care electronic clinical systems.®> NICE concludes that
QRISKS3 should be used for people with ‘however defined severe
mental illness’ and that clinical judgement should guide risk
interpretation.” Our findings that statin use is associated with
reduced all-cause mortality in people with depressive disorders
support the inclusion of depression within the ‘severe mental
illness” item of CVD risk prediction tools used in primary care,
such as QRISK3, and call for an update of relevant UK govern-
ment reports regarding the definition of physical health comor-
bidities and SML°® in line with other countries such as New
Zealand.” Specialised psychiatry services may consider imple-
menting routine CVD risk screening for all patients diagnosed
with depression within the at-risk age range of 40-74 years
old,”” and regular cardiometabolic monitoring of individuals
diagnosed with depressive disorders may be appropriate, as it is
the case for other SMIs. More research is needed to understand
and overcome potential barriers to statins’ uptake in people with
depression.'?

Overall, statins could helpfully treat or prevent cardiovas-
cular and cerebrovascular conditions, thus lowering prema-
ture mortality in individuals with depression who are more at
risk due to poor dietary habits and sedentary behaviour.”® In
our study, this association was evident over a follow-up of 12

months, but statins are usually taken lifelong. An earlier epide-
miological study of incident SSRI users (as compared with our
sample of patients diagnosed with depression) with a follow-up
of 642058 person-years did not identify any association between
concomitant SSRI and statin use, compared with SSRI use alone
and changes in all-cause mortality (N=872 216, adjusted HR
1.04, 95% CI 0.96 to 1.12),%® which highlights the need for
longer studies to corroborate our observations.

Adverse events

Findings for adverse events, which were lower in statin users
compared with non-users, confirm the safety of statins in the
general population, while also raising the possibility of a short-
term protective association in this sample of people with depres-
sion. In line with this, a meta-analysis of randomised controlled
trials in depressed participants had not observed any differ-
ence between statin treatment and placebo on adverse events
(N=289, relative risk 1.07, 95% CI 0.66 to 1.73).”

In our sample of depressed participants, we did not find
evidence either confirming or refuting an association between
statin use and neuropsychiatric adverse events (including anxiety,
sleep disturbance, self-harm and suicidal behaviour, memory
impairment) or remissions of the depressive episode. In contrast
with some preclinical evidence raising concerns about possible
anxiogenic properties of statins,'” our results for anxiety align
with those of other clinical studies that had not found these
deleterious effects.’” The commonly reported sleep abnormali-
ties associated with statins'® were not seen in this subgroup of
individuals diagnosed with depression, therefore more likely
to experience sleep difficulties. Likewise, the lack of associa-
tion between statins and self-harming or suicidal behaviour,
in a population who is more susceptible to experience these,
further reduces previous concerns about increased impulsivity
and suicidality in statin users.’’ In fact, the sensitivity analysis
on complete cases only (CCA) suggested that self-harm at 12
months was lower in depressed subjects using statins, which is in
keeping with similar results previously described in patients with
schizophrenia and bipolar disorder.’* Similar caution should be
applied to the isolated finding that memory impairment was
worse for statin users on the sensitivity CCA at 12 months.
While more evidence is being gathered on this matter, with not
always consistent results,'* some concerns about the potentially
harmful effects of statins on cognitive function persist.

Regarding depressive episode remission, other epidemiolog-
ical studies have thus far provided conflicting results, including
higher (N=7 481 000, OR 1.22, 95% CI 1.20 to 1.25)* or
lower (N=1 149 384, HR 0.91, 95% CI 0.88 to 0.94)*" depres-
sion risk in individuals taking statins. Aside from differences
in their design, inconsistencies among all these findings might
be explained by the selection of different study populations
and endpoints as well as difficulties in controlling for possible
confounders due to the lack of detailed information about the
sample characteristics in the datasets. Moreover, unlike our
present study, none of these other investigations had been specif-
ically conducted on people with a primary diagnosis of depres-
sion but probed a general population of statin users.

Limitations

Due to the observational design of this study, a lower internal
validity can be anticipated as compared with an equivalent
randomised controlled trial. We divided patients in an exposed
and a comparison group depending on statin use at baseline;
therefore, statin prescription had not been initiated at the time
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of entry in the study cohort (ie, when a new diagnosis of depres-
sion occurred). It could have occurred and stopped before study
entry in statin non-users and may have been interrupted at any
time point, as we followed an intention-to-treat principle (see
protocol in online supplemental material 1)—these factors may
however be responsible of selection bias. An alternative design
that could be usefully employed in further studies would involve
the identification of incident statin users in this population with
first-episode depression and the use of a target trial emulation
framework. Further, as for all analyses of electronic health
records, undercoding/miscoding may occur, though the use of
Read codes is established for studies on QResearch.!” Several
baseline differences (eg, age, sex, comorbidities and concomi-
tant medication use) could be observed between the two study
cohorts, as expected for a comparison between statin users
versus non-users; therefore, comparisons between these groups
are challenging. However, our large and heterogeneous study
population can ensure a wide overlapping across confounders,
which supports the use of multiple logistic regression to control
for these variables. We could not perform an additional propen-
sity score matching analysis since this would not allow to use
our imputation procedure,** which may itself introduce bias. For
depression severity (ie, PHQ-9 scores), alcohol use, ethnicity and
BMI, a significant amount of data was missing and had to be
imputed on the FSA. Specifically, PHQ-9 scores were only avail-
able for a minority of the sample (online supplemental mate-
rial 6), and the large imputation procedure may have not fully
captured and thus adequately adjusted for the severity of the
depressive episode on the FSA. Altogether, these factors can lead
to confounding by indication, which we attempted to control
via multivariable logistic regressions that adjust for numerous
potentially confounding variables.? However, confounding
variables may have differed between the physical and mental
health outcomes measured. Furthermore, residual confounding
remains a possibility for this study design. Because confounding
cannot be completely removed, the higher short-term mortality
in non-statin users versus statin users could be attributed to more
deaths due to newly diagnosed depression rather than deaths due
to CVDs or statins. Overall, limitations of the available database
and of the study design employed advise caution in the interpre-
tation of all our findings, and further confirmatory studies are
necessary.

On the other hand, we could conduct a real-world assessment
of the adverse outcomes associated with statin use in a large
population of people with depression—including those with
multiple comorbidities and co-occurring treatments oftentimes
excluded from clinical trials, thus increasing the external validity
of our results. However, statins are generally prescribed lifelong
in the UK (https://www.nhs.uk/conditions/statins/); hence, it is
possible that certain long-term benefits or harms would have not
been observable during the 12-month follow-up. Similarly, our
findings cannot be generalised beyond 12 months. We recog-
nise that all-cause mortality measured within a 12-month time
frame could be considered an uncommon occurrence; however,
given the sizeable and diverse study cohort, we were still able to
describe and analyse such rare event.

The primary safety outcomes (ie, all-cause mortality and
proportion of participants with at least one adverse event) were
assessed at three different time points (ie, at 2, 6 and 12 months)
on the FSA, for a total of six main comparisons. Our assessment
of the association estimates was conservative, since we used
99% CIs compared with more commonly reported 95% ones,
in view of the large study sample and the several other compar-
isons for secondary outcomes and sensitivity analyses. Multiple

comparisons might lead to an inflation of falsely positive results,
but this possibility seems less relevant in the context of our find-
ings generally showing little to no difference between the study
groups on most of the additional analyses, while correcting for
multiple comparisons would have spuriously lessened the chances
of highlighting increases in adverse events. We did not use a
time-to-event analysis, such as Cox proportional-hazard model,
because the proportional-hazard assumption for the outcomes
measured was not plausible when checked against available data.
We used instead multiple logistic regression at prespecified time
points, which does not rely on those assumptions while also
allowing comparison with previous clinical trials.*’

Our study focused on a homogeneous sample of people with
a first episode of depression, often seen within primary care. It
does not provide evidence, however, for those patients who have
had several depressive episodes and trialled different courses
of antidepressants—a condition known as ‘treatment-resistant
depression’. Further research is needed to inform the prescrip-
tion of statins in this population. Also, we did not assess for
potentially diverse adverse event profiles associated with the use
of different statins and concomitant medications. Clinical and
preclinical evidence suggests that the effects of statins differ both
centrally and peripherally depending on their lipophilicity'®;
therefore, our findings are not conclusive with regard to any
individual statin, co-occurring drug use and their interactions.

Clinical implications

This real-world, population-based cohort study found that
statins are associated with increased adverse events or overall
mortality in people with depressive disorder. Taken together,
our results do not substantiate prior concerns about statin-
associated adverse outcomes.”” Instead, they contribute to a
clearer evidence base which, if supported by further randomised
studies, can inform the discussion between clinicians and people
with depression about the risk/benefit balance of initiating statin
treatment, in agreement with updated NICE guidelines.’
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