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Abstract

Cardiovascular disease and diabetes are risk factors for depression, yet the relation-
ship between the drug treatments for these diseases and the risk of antidepressant
initiation remains unclear. This study aimed to examine possible associations between
the use of angiotensin Il receptor blockers (ARBs), angiotensin-converting enzyme
inhibitors (ACEI), acetylsalicylic acid (ASA), beta-blockers (BB), calcium channel block-
ers (CCB), diuretics, or metformin and risk of antidepressant initiation. The Trgndelag
Health Study (HUNTS3), Norway, was linked to the Norwegian Prescription Database
(NorPD). Participants with no prescriptions of cardiovascular agents, metformin, or
antidepressants for at least 6 months before HUNT3 (baseline) were eligible and fol-
lowed for 10years. The exposure was the use of cardiovascular agents or metformin,
defined as mono- or polytherapy from baseline to end of follow-up. The outcome was
the initiation of antidepressant use, indicated by the first drug dispensation during
the study period and expressed as hazard ratios (HRs) with 95% confidence intervals
(ClI). Among 20227 adults aged 40-70years at baseline, we observed different asso-
ciations between cardiovascular agents or metformin and the risk of antidepressant
initiation. ARBs or CCB monotherapy was associated with a lower risk of initiating an-
tidepressant use (HR 0.70; 95%Cl 0.56-0.88 and HR 0.81; 95%Cl 0.61-1.06, respec-
tively) compared to no use of any drugs included in the study (reference). Reduced
risk of antidepressant initiation was among ASA or statin polytherapy users, whereas
there was a small increased risk among participants on ASA monotherapy. In con-
trast, there was no statistical evidence of associations between ACEI, BB, diuretics,

or metformin and increased or decreased risk of antidepressant initiation. Our mixed

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; ASA, acetylsalicylic acid; ATC, Anatomical Therapeutic Chemical classification;
BB, beta-blockers; BMI, body mass index; CCB, calcium channel blockers; Cl, confidence intervals; CVD, cardiovascular diseases; DM, diabetes mellitus; EHR, electronic health
records; HADS, Hospital Anxiety and Depression Scale; HPA, hypothalamic-pituitary-adrenal axis; HRs, hazard ratios; HUNT, Trendelag Health Study; NorPD, Norwegian Prescription
Database; PH, proportional hazards; RAS, renin-angiotensin system; RCTs, randomized controlled trials.
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1 | INTRODUCTION

Depression is a common mental condition and is the leading cause
of disability worldwide.! Depression prevalence varies considerably
across countries?™ and studies consistently report a higher prev-
alence of depression symptoms and disorders among those with
cardiovascular diseases (CVDs) and diabetes mellitus (DM) than the
general population.?>™ Second-generation antidepressive agents
targeting neurotransmitter systems are available; however, they can
lead to adverse drug reactions or events,'°*2 have delayed initia-
tion of efficacy,13 and often have a poor (less than 50%) clinical re-
sponse.'* The discovery of new and improved antidepressants has
not been fruitful in the past decades.' In contrast, finding new anti-
depressants among already available drugs with well-defined safety
profiles (i.e., drug repurposing)!® that affect biological pathways
implicated in depression has aroused great interest.”"*” Moreover,
the hypothalamic-pituitary-adrenal axis (HPA), renin-angiotensin
system (RAS), immuno-inflammation, metabolic processes, and
oxidative stress have been identified as shared pathophysiological
mechanisms of CVDs, DM, and depression.?>?! Cardiovascular??2¢
and antidiabetic agents?’?’ targeting these mechanistic rela-
tionships have been associated with a reduced risk of depression.
Although, it is still unclear which drugs can improve or prevent
depression.2>%0-34

Evidence investigating the association between cardiovascu-
lar agents and metformin on depression risk among the general
population and those with CVDs or DM has been mixed. Among
the total Danish population (over 3.7 million), depression risk was
reduced among users of angiotensin |l receptor blockers (ARBs) or
angiotensin-converting enzyme inhibitors (ACEIl), calcium channel
blockers (CCB) and beta-blockers (BB), low-dose acetylsalicylic acid
(ASA), and statins.???3 In contrast, among 1.8 million Scottish hyper-
tensive patients, mono- or polytherapy with ACEI, ARBs, CCB, and
BB was associated with an increased risk of new-onset or recurrent
depression compared to no use of these drugs.32 However, a meta-
analysis and systematic review of clinical and population-based
studies suggested that statins may improve depression.?>2%3% |n
contrast, the benefits of ARBs, ACEI, ASA, and CCB on depres-
sion were not confirmed.?>3 So far, the associations between di-
uretics and improved mood disorders, including depression, have
been limited.?®?>%% Furthermore, case-control study of type 2
DM patients found a lower risk of depression among patients using
metformin (N = 110) compared to a non-treated control group,”

findings indicate the possibility that some cardiovascular agents may be associated
with a reduced risk of initiating antidepressant use while others may not. However,

bias due to the limitations of the study design is possible.

antidepressants, cardiovascular agents, depression, metformin, neurosciences,
pharmacoepidemiology, psychiatric disorders, psychiatry

whereas a meta-analysis of the small number of pilot randomized
controlled trials (RCTs) yielded no evidence of this drug's clinical
benefits for depression.3!

Electronic health records (EHRs) (e.g., hospital data and pre-
scription records) combined with health surveys are a novel source
for identifying potential drug repurposing signals‘16 From this per-
spective, observational EHRs-based studies can provide valuable
“real-world evidence” of associations between drug use and health
outcomes.®¢ In Norway, we can combine extensive data from the
national prescription registry with health surveys. This study aimed
to assess cardiovascular agents and metformin as potential risk
or protective factors for the initiation of antidepressant therapy,
used as a proxy for the possible diagnosis of depression. Among
over 20000 adults, we wanted to examine whether and to what
extent initiating therapy of cardiovascular agents or metformin is
associated with risk of antidepressant initiation during a ten-year

follow-up period.

2 | METHODS
2.1 | Datasources

We used data from the Trgndelag Health Study (HUNT), Norway,
linked to the Norwegian Prescription Database (NorPD). The HUNT
Study is a population-based health study that comprises adult resi-
dents (220years old) of Trgndelag County (of around 190000 in-
habitants) in Norway. Four surveys have been conducted so far: the
HUNT1 (1984-86), the HUNT2 (1995-97), the HUNT3 (2006-08),
and the HUNT4 (2017-19), with a response rate of 77212 (89.4%),
65237 (69.5%), 50807 (54.1%), and 56078 (54%), respectively. The
HUNT population is considered representative of general Norwegian
adults.” The questions in HUNT include items on health conditions,
including self-reported psychological symptoms, lifestyle, and soci-
odemographic characteristics. Details about the study are described
elsewhere.®®

NorPD contains electronic records of all prescription drugs dis-
pensed by pharmacies in Norway since 2004 (https://www.fhi.no/
en/hn/health-registries/norpd/). Drugs are classified according to
the World Health Organization Anatomical Therapeutic Chemical
classification (ATC) system.39 This study included information from
NorPD on the participant (i.e., sex and birth year), dispensed pre-
scriptions (i.e., monthly and yearly dispensing) and drugs (ATC code).
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2.2 | Study population

This study included HUNTS3 participants whose drug prescription
records were collected from NorPD through a unique personal
number. Based on available NorPD data from January 1st 2006, to
the date of participation in HUNT3 (from 3 October 2006 to 25
June 2008), we identified and excluded individuals who received
a prescription of one or more cardiovascular agents (i.e., ACEI,
ARBs, ASA, BB, CCB, diuretics, or statins), metformin, or antide-
pressants. The date of drug dispensation was defined by month
and year. Individuals with no dispensed prescriptions of drugs in-
cluded in this study during 6 months before their participation date
in HUNT3 (baseline) were eligible, from which we excluded partici-
pants aged <40 or>70years at baseline (n = 12580). Participants
aged 40-70years were assumed to be most likely (i.e., at risk) to
experience the exposure and outcome and were therefore included
in the analysis. Due to a high number of competing risk factors (i.e.,
other comorbidities, polypharmacy, and death) that may interfere
with the outcome (initiation of antidepressants), participants over
70years of age were not analyzed. The remaining 20227 individu-
als were included in the study population. Figure 1 shows the flow
chart of the study participant selection process. The study popula-
tion was followed for 10years from enrolment in the HUNT3 study
or up to their first dispensed antidepressant prescription, which-

ever occurred first.

Participants in HUNT3
(2006-08)

N=50 815

Participants with drug prescriptions* delivered

v

< 6 months before HUNT3 participation

N=18 008
Eligible participants
N=32 807
Exclusion of participants aged
> <40 or >70 years in HUNT3 (baseline)
N=12 580
v
Study population
N= 20 227

FIGURE 1 Flow chart showing selection process of study
population. *Prescriptions of cardiovascular, antidiabetic, and
antidepressant agents.
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2.3 | Exposure

The exposure was defined as the use of one (monotherapy) or more
(polytherapy) cardiovascular agents or metformin, based on the avail-
able data on the first dispensed prescription (defined by month and
year). Dispensed prescriptions have been previously confirmed as a
reliable measurement of drug use.*° Selection of drug classes for the
analysis was based on their associations with depression suggested

by the literature?2-2%2?

and the number of users in our data that pro-
vided sufficient statistical power. Diuretics as a drug subgroup (ATC
CO03) were included as a negative control because these drugs have
not been associated with mood disorders.?>2> The following cardio-
vascular agents and metformin, defined according to ATC codes, were
analyzed: ACEI (CO%A), ARBs (CO9C), ASA (BO1A C06), BB (C07), CCB
(C08), diuretics (C03), statins, that is, HMG-CoA-reductase inhibitors
(C10A A), and metformin (A10B A02). The exposure status of study
participants was defined by their first drug dispensation after the start
of follow-up: (1) monotherapy- for participants who received a single
drug class by their first dispensation (2) polytherapy- for participants
who received more than one drug class by their first dispensation and
(3) no-drug use (reference)- for participants with no dispensed prescrip-

tions for metformin or any cardiovascular agents included in this study.

24 | Outcome

The outcome was the initiation of antidepressant therapy during
the study period. The NorPD database provides diagnostic informa-
tion from the ICD-10 or ICPC-2 for prescriptions only after 2008.
Therefore, only antidepressant prescriptions were used as the
outcome and proxy for possible depression (and/or anxiety) at the
diagnostic level in this study. We used the first dispensation of an
antidepressant agent to identify antidepressant therapy initiation.
All antidepressants as a drug subgroup (ATC code NOé6) were in-
cluded in the analysis. Among them, the following antidepressant
agents with ATC codes were the ones with highest number of users
among the study population: non-selective monoamine reuptake in-
hibitors (NO6A A), selective serotonin reuptake inhibitors (NO6A B),
monoamine oxidase A inhibitors (NO6A G02), and other antidepres-
sants (NO6A X).

2.5 | Other covariates

Sociodemographic characteristics included: sex and age (mean and
age groups 40-54 and 55-70vyears). Lifestyle measurements in-
cluded questions on current smoking (yes/no), physical activity per
week (inactive versus active), and monthly alcohol consumption (no
or low versus moderate to frequent). Physical activity was defined as
light if it did not involve sweating or breathlessness. The participants
were categorized as active (one time per week of hard/light physi-
cal activity) or inactive (no physical activity or less than one time
per week). Alcohol consumption never or <one time per week was
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defined as no or low drinking, while drinking from two to three times
or 2 four times per week was defined as moderate to frequent drink-
ing. Chronic diseases (yes/no) were determined with the question:
“Do you suffer from a long-lasting (at least one year) illness or injury
of a physical or psychological nature that impairs your functioning in
your daily life?”. The Hospital Anxiety and Depression Scale (HADS)
was used to assess psychological symptoms of anxiety (HADS-A sub-
scale) and depression (HADS-D) during the past week and describe
symptom change (HADS-T) from HUNT2 to HUNT3. Questions on
HADS have a 4-point Likert scale response option from O (no symp-
toms) to 3 (highest symptom level). We used total scores (HADS-T)
by summing up valid HADS-A and HADS-D, defined as a response
on five or more items. The missing response among participants who
filled in 5 or 6 items was replaced with the sum of completed items
multiplied by 7/5 or 6/5, respectively. The HADS-D subscale is a reli-
able instrument for detecting symptoms of depression (with or with-
out anxiety) and describing symptom severity among both general
and clinical populations.***? Clinical measurements included height
(m) and weight (kg) used to determine body mass index (BMI; kg/m?).

2.6 | Dataanalysis

We used Cox proportional hazards (PH) models to examine asso-
ciations between cardiovascular agents and metformin and the risk
for antidepressant therapy initiation. Estimates were presented as
hazard ratios (HRs) with corresponding 95% confidence intervals
(CI). The preliminary test of proportionality of hazard, using log-log
curves®® and Schoenfeld residuals,** suggested that the PH assump-
tion may be violated. We addressed this issue by delaying the start
of follow-up for three and six months and one year after baseline.
Our models improved but yielded essentially the same results, indi-
cating that possible non-proportionality in our data would not sub-
stantially influence the interpretation of our results. The follow-up
time started in HUNT3 (baseline) for all study participants. To pre-
vent introduction of immortal time bias to analysis, the follow-up
time was restarted (split) at the first dispensation date (month/year)
of cardiovascular agents or metformin (exposures). Participants de-
fined as no-drug users (reference) at baseline were first followed
to their first drug prescription; then their unexposed person time
ended. Thereafter, they changed exposure status (to either mono- or
polytherapy) and were followed to first antidepressant prescription
or end of follow-up. Thus, the follow-up period included both pre-
and post-exposure period during which participants could experi-
ence the outcome (i.e., they were not immortal).

Models were first adjusted for sex and age as a time-varying co-
variate (Model 1), thereby HADS-T and BMI at baseline as continu-
ous variables (Model 2). The point estimates (Models 1) remained
fairly robust after the adjustment (Models 2). Further adjustment for
lifestyle and chronic diseases yielded minimal changes to the results,
and these variables were not included in the main analysis (Models
1 and 2).

3 | RESULTS

The baseline characteristics of study participants according to the
use of cardiovascular agents and metformin, monotherapy (mono),
or polytherapy (poly) during the follow-up are shown in Table 1. The
number of drug users (Table 1) is cumulative for the entire follow-up
period. Users of various drug classes differed by sex, except for diu-
retics polytherapy, where there was an equal sex distribution. Men
were more likely to be users of metformin and most cardiovascular
agents, while BB, statin, and diuretic monotherapy users were more
likely to be women. The mean age of the study participants ranged
from 51-58years, with most participants being non (current) smok-
ers, physically active, and no or low alcohol consumers. Compared
to reference, mono and polytherapy users of various drug classes
showed marginal differences in self-reported chronic diseases, BMI
(mean range 26.9-31.0 kg/m?), and HADS-T score change from
HUNT2 to HUNT3 (7.0 to 6.6). The initiation of antidepressant use
was more common among the reference group than among partici-
pants using mono or polytherapy for all drug classes.

Of the total, 3194 participants (15.8%) received their first antide-
pressant prescription during the follow-up. Table 2 shows adjusted
HRs with 95%Cl (specified by Models 1 and 2) of antidepressant ini-
tiation according to cardiovascular agents and metformin mono or
polytherapy during a 10-year follow-up. HRs adjusted for age (time-
varying covariate), sex, HADS-T, and BMI (Models 2) with 95%Cl
of antidepressant initiation according to cardiovascular agents and
metformin mono or polytherapy during a 10-year follow-up are
shown in Figure 2.

Among the study population, ARBs or CCB monotherapy was
associated with a 30% and 19% lower risk (HR) of antidepressant
initiation compared to no use of any drugs in the study (HR 0.70;
95%Cl 0.56-0.88 and HR 0.81; 95%Cl 0.61-1.06, respectively).
Furthermore, ASA or statins polytherapy was associated with re-
duced risk of antidepressant initiation compared to reference (HR
0.85; 95%Cl 0.68-1.06 and HR 0.80; 95%Cl 0.64-1.10). For those
using ASA as monotherapy, there was a small evaluated risk (HR 1.27;
95% Cl 1.02-1.57) of antidepressant initiation. Our results showed
no signs of associations between ACEI, BB, diuretics, or metformin

and increased or decreased risk of initiating antidepressant use.

4 | DISCUSSION

In a sample of over 20000 community-dwelling adults, we observed
mixed results regarding various classes of cardiovascular agents or
metformin as a potential risk or protective factor for the initiation
of antidepressant use. ARBs monotherapy and, to a lesser extent,
CCB monotherapy, ASA or statin polytherapy were associated with
reduced risk of the initiation of antidepressant use, while a small but
elevated risk was found among ASA monotherapy users. Neither
diuretics nor metformin showed any apparent association with the

increased or decreased risk of initiating antidepressant use.
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TABLE 2 Adjusted Hazard Ratios (HRs) with 95% confidence interval (Cl) of antidepressant initiation according to cardiovascular agents
and metformin mono- or polytherapy during a 10 year follow-up.

Drug class Person years Outcome/total study population

ACEI
Mono 1876.5 36/397
Poly 1378.5 34/267
Reference 155928.1 2332/11758

ARBs
Mono 5510.4 101/1181
Poly 1129.9 22/217
Reference

ASA
Mono 3770.2 109/655
Poly 5713.5 106/1054
Reference

BB
Mono 3691.3 88/667
Poly 3248.7 58/579
Reference

CCB
Mono 3045.8 73/694
Poly 1036.2 25/204
Reference

Diuretics
Mono 5758.8 125/790
Poly 1075.5 19/158
Reference

Statins
Mono 6209.7 148/1132
Poly 5629.1 104/1057
Reference

Metformin
Mono 1350.6 26/237
Poly 390.4 8/68
Reference

Model 1

0.70 (0.55-1.05)
1.14 (0.81-1.61)
1

0.73(0.59-0.89)
0.87(0.57-1.32)
1

1.34(1.10-1.64)
0.89 (0.73-1.09)
1

1.00(0.81-1.25)
0.89 (0.68-1.16)
1

0.92(0.72-1.16)
1.04 (0.70-1.55)
1

1.07 (0.89-1.28)
0.88(0.56-1.39)
1

0.99 (0.83-1.17)
0.86 (0.70-1.06)
1

0.92(0.63-1.36)
0.98 (0.49-1.97)
1

Model 2

0.84(0.59-1.20)
1.07 (0.73-1.58)
1

0.70 (0.56-0.88)
0.77 (0.46-1.28)
1

1.27 (1.02-1.57)
0.85(0.68-1.06)
1

0.95(0.74-1.21)
0.86 (0.64-1.15)
1

0.81(0.61-1.06)
1.16 (0.75-1.78)
1

0.98 (0.80-1.20)
0.90 (0.56-1.45)
1

0.95 (0.78-1.15)
0.80(0.64-1.10)
1

0.98 (0.66-1.46)
0.61 (0.23-1.63)
1

Model 1: Adjusted for age as time-varying covariate and sex.
Model 2: Model 1 plus adjusted for HADS-T and BMI (continuous).

Reference = participants with no dispensed prescriptions of metformin or any cardiovascular agents included in this study.

Outcome = the first antidepressant prescription during a 10-year follow-up.

Our findings appear broadly aligned with observational,?2%3:34

[18:45-47 studies suggesting a reduced risk of de-

preclinical, and clinica
pression among ARB, CCB, and statin users while partially supporting
epidemiological evidence of the associations between ASA and de-
pression.?22334 Consistent with our results, the Danish population-
based studies showed a lower 10-year incidence of depression
measured by clinical diagnosis or antidepressant prescription among
continuous users (i.e., with >3 cumulative prescriptions) of ACEI,
ARBs or CCB® or statins?? compared with individuals with 1-2 pre-
scriptions of these drugs. In contrast, our data did not confirm asso-

ciations between BB and depression found among Danish adults.®®

The large register-based study suggested that low-dose and
high-dose ASA were associated with reduced and increased inci-
dence of depression (based on clinical diagnosis or antidepressant
prescription), respectively.22 These results may, to some degree,
align with our data, showing the associations between ASA poly-
therapy and reduced risk of antidepressant initiation. However, the
definition of exposures, reference group, and study design used by
Kessing et al.?? differ from ours, which challenges a direct compari-
son of findings between the studies.

Furthermore, an investigation of prescription data of over 58
million Americans aged 18-90years showed a lower incidence of
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FIGURE 2 Adjusted Hazard Ratios

(HRs) with 95% confidence intervals (Cls) 1.75
for the initiation of antidepressant use
according to cardiovascular agents and 1.50
metformin mono- or polytherapy during
a 10-ten year follow-up. Participants with 1.25
no dispensed prescriptions for metformin o
or any cardiovascular agents included in § 1.00 *
this study as a reference. 2
S 075
[
a
0.50
0.25
0 b
ACEI

2-year clinically diagnosed depression for individuals treated with
ARBs than those with CCB (controls) but higher for those treated
with BB than CCB.%* A comparative analysis of ARBs and ACEI
by Colbourne et al.3* found that the risk of depression diagnosis
was lower among ARBs users; the results support ours. There are
studies suggesting CCB mechanism of action on nervous system
activity through inflammation®® and calcium signalling®® and as-
sociations between CCB and improved outcomes among people
with serious mental illnesses other than depression.50 Despite
the theoretical basis for the antidepressive effect of CCB, evi-
dence that exposure to this drug may benefit depression is still
minimal and inconsistent.?®2>325! Considering the weak associ-
ations of the CCB monotherapy with reduced risk of antidepres-
sant initiation, our results broadly align with these findings.
Relative to comparison groups and study design, associations of
cardiovascular agents with risk of antidepressant initiation detected

in our data are mixed compared with the existing literature.?22334

12223 selected participants with only

For example, Kessing et a
1-2 drug prescriptions during follow-up as a reference to control
potential confounding due to hypertension. In contrast, the refer-
ence group for each drug class analyzed in this study included par-
ticipants with no prescriptions for any of the drug classes included
in the study. Our findings suggest that cardiovascular agents and
metformin are differently associated with risk of antidepressant ini-
tiation, with exposure to ARBs or CCB monotherapy and ASA or sta-
tin polytherapy being associated with reduced risk. These findings
might be partly explained by various mechanisms of action (via the
drug's anti-inflammatory or central nervous system action), possibly
also by the study design and settings.

4.1 | Strengths and limitations

Strengths of this study include the large population-based sample,
the ability to link a health survey to EHR and the examination of

ARBs ASA BB ccB

A 9of 12
NOPET (6 s

Diuretics | Statins |Metformin

B = monotherapy @ = polytherapy

several drug classes over an extended follow-up time. Given the
high burden of depression among people with CVDs and DM, our
study also addresses a clinically relevant topic. However, several
limitations need to be considered when interpreting these results.
As other population-based studies, participation in HUNT sur-
veys is likely to select the «healthier» part of the adult population,
where individuals with severe chronic conditions, such as CVDs,
DM, depression, and anxiety symptoms, and those in hospitals and
nursing homes are likely underrepresented.Sz’53 As a result, the
frequency of risk factors for the development of CVDs, DM, and
depression may be lower among individuals in this study than the
random sample of adults aged 40-70years. Hence, this selection
bias may cause the true relationship between the exposure and out-
come to be underestimated. Revision of clinical guidelines over the
past years54 has resulted in lower diagnostic and pharmacotherapy
treatment thresholds for CVDs and DM, resulting in a “generally
healthier part of the population” diagnosed and treated for these
diseases.”® At least to some extent, such a change may have under-
estimated our findings.

This study selected participants with no dispensed prescrip-
tions for cardiovascular agents, metformin, and antidepressants six
months before baseline. Exploratory analysis in a previous study®’ and
chronic drug treatments for CVDs and DM indicate that a six-month
treatment-free period can be expected to have sufficient sensitivity
to capture the individuals not using these drugs. By such design, par-
ticipants diagnosed and treated for depression earlier in life or those
on non-pharmacological depression treatments might still be included
in the analysis. This limitation could be expected to influence results,
possibly in the direction of underestimation. An adjustment for the
HADS-T aimed to minimize the influence of the possible inclusion of
participants with increased psychological symptoms at baseline in the
analysis. However, this analysis did not account for change in HADS-T
and BMI and other time-varying factors (e.g., psychological or phys-
ical conditions, disease severity, lifestyle) and competing risk factors
(i.e., death) that could influence the findings. Due to a lack of mortality
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data, participants included in exposure groups in this study would have

contributed with person times during the whole follow-up even if they
died. Given that higher mortality is expected among participants with
CVDs or DM, an underestimation of the true associations is possible.

Furthermore, physical conditions such CVDs and DM are indi-
vidual risk factors for depression, where drug treatments for these
comorbidities (e.g., cardiovascular or antidiabetic agents) might be a
proxy for increased and decreased depression risk, influencing our
results in both directions. Another challenge was distinguishing par-
ticipants into mono- or polytherapy groups. We used a simplified
approach and classified the study participants according to their
first prescription during the follow-up, which likely overestimated
the number of monotherapy users and probably reported estimates
for this exposure group. Moreover, this study design could not cap-
ture changes in exposure over time (i.e., from mono- to polytherapy
and vice versa, changes between drug classes or drug discontinua-
tion), which is likely to bias our results, potentially in both directions.
Because of the multiple indications for antidepressants, relying
solely on antidepressant prescriptions as a proxy for depression may
have misclassified the outcome. Therefore, the findings for drugs in-
cluded in this study cannot be transferred directly to the diagnosis of
depression. Likewise, cardiovascular agents and metformin may also
have multiple indications with varying underlying depression risks,
potentially influencing our findings in both directions.

All abovementioned may, to some degree, affect our findings by
over-or underestimating the risk of antidepressant initiation among
users of drugs included in this study. Finally, diversity in study pop-
ulations, health care systems, treatment guidelines, and validity and
reliability in EHRs and health survey data complicate the comparison
between studies and should be considered in the generalizability of

our findings.

4.2 | Conclusions

This study found mixed evidence regarding antidepressant initia-
tion among users of metformin and/or various classes of cardio-
vascular agents as mono- or polytherapy. ARBs monotherapy use,
in particular, was associated with a reduced risk of initiating an-
tidepressant use. Ultimately, whether and to what degree these
drug classes de- or increase the risk for depression should be eval-
uated by observational studies using methodologically robust de-
signs, for example, self-controlled designs®® or active-comparator
new-user design,”” and such evidence can play an important role in

candidate agent selection.
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