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Norsk Sammendrag (Norwegian Summary)

Hyppige helsetap globalt skyldes hjerte- og karsykdommer (Cardiovasular diseases, CVDs), diabetes,
depresjon og angst. Disse sykdommer overlapper ofte og kan fgre til gkt sykelighet og dgdelighet, samt
gkte samfunnskostnader. Individer med CVDs eller diabetes har en hgyere risiko for a utvikle depresjon og
angst. Dette kan skyldes bade usunne livsstilsfaktorer og biologiske mekanismer som er felles for disse
sykdommene. Nylige studier antyder at visse legemidler ved hjerte- og karsykdommer og diabetes kan ogsa
ha positive effekter pa depresjon. Noen av disse legemidlene ved CVDs er angiotensinkonverterende
enzymhemmere (ACE-I), angiotensin ll-reseptorantagonister (ARBs), acetylsalisylsyre (ASA) og statiner samt
metformin (antidiabetika). Hovedmalet med denne avhandlingen var 3@ undersgke sammenhenger mellom
depresjon- og angstsymptomer, og CVDs eller diabetes prevalens og legemiddelbehandling i en populasjon
over tid. Avhandlingen bestar av tre vitenskapelige artikler (Artikler I-111) basert pa en stor
befolkningsundersgkelse, Helseundersgkelsen i Trgndelag (HUNT). Informasjon om legemiddelbruk blant
HUNT deltakerne fra 2006 til 2019 ble hentet fra Reseptregisteret og er benyttet i Artikkel Il og IIl.

Artikkel I undersgkte prevalensen av depresjon- og angstsymptomer i en populasjon med og uten CVDs
eller diabetes fra 1995 til 2019. Resultatene antyder en mulig reduksjon i prevalensen av depresjon- og
angstsymptomer hos bade individer med og uten disse fysiske sykdommene. Depresjon- og
angstsymptomer var imidlertid generelt hgyere hos populasjonen med CVDs eller diabetes. Sammenhenger
mellom CVDs eller diabetes og gkt prevalens av depresjon- og angstsymptomer, viste generelt reduksjon
over tid med unntak for depresjon og CVDs blant menn.

Artikkel Il undersgkte sammenhenger mellom depresjonssymptomer og legemidler ved CVDs og metformin
blant populasjon med CVDs eller diabetes i HUNT3 og HUNT4. Resultatene antyder at individer med CVDs
som bruker ASA og statiner, sammenlignet med ikke-brukere, har en lavere prevalens av
depresjonssymptomer. Dette gjelder for menn i hele studieperioden og kvinner i HUNT4.

Artikkel Il undersgkte risikoen for oppstart av antidepressiv behandling blant HUNT3 deltakere som brukte
ulike legemidler ved CVDs eller metformin over en 10 ars periode. Studien viser at blant individer i alderen
fra 40 til 70 ar, var behandling med ARBs og CCB som monoterapi, samt ASA eller statin som
kombinasjonsterapi, assosiert med en redusert risiko for oppstart av antidepressiv behandling.

Disse studiene viser at depresjon- og angstsymptomer er vanlige blant populasjon med CVDs eller diabetes,
samt at prevalensen av depresjonssymptomer og risiko for oppstart av antidepressiv behandling varierer
mellom ulike legemiddelgrupper. Ved behandling av CVDs eller diabetes bgr det tas hensyn til depresjon-
og angstsymptomer. Resultatene fra studiene gir ikke tilstrekkelig evidens om mulige positive effekter av
legemidler ved CVDs pa depresjonssymptomer blant individer med CVDs. Videre forskning bgr identifisere
og beskrive spesifikke befolkningsgrupper med CVDs eller diabetes, som kan ha nytte av
legemiddelbehandling ved disse fysiske sykdommer i forebyggingen eller behandlingen av depresjon.
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1. Introduction

Mental health conditions, cardiovascular diseases (CVDs) and diabetes mellitus (DM) are the major causes
of disability and disease burden worldwide (1, 2). Depression and anxiety are common overlapping mental
health conditions more prevalent among individuals with CVDs or DM than in the general population (3, 4),
which lead to higher morbidity and mortality rates than each physical condition alone

(5-7). Available antidepressant agents have limited efficacy (8) and adverse metabolic (9) and
cardiovascular side effect profiles (10) that are unfavourable and even dangerous in CVDs and DM (11, 12).
Emerging evidence points to the link between inflammation and mental health conditions (13), particularly
depression (14, 15), and the potential benefits of anti-inflammatory agents in depression (16-18).
Furthermore, cardiovascular and antidiabetic agents that reduce inflammation may, in addition to their
primary therapeutic indication, prevent or improve depression (16, 19). Reduced depression risk and levels
have been documented for several cardiovascular agents: renin-angiotensin system (RAS) agents (19-21),
acetylsalicylic acid (ASA) (22, 23) and statins (24-26). Metformin, a first-line drug in type 2 DM treatment,
was protective of depression (27-30) and improved depression (29, 31) in diabetic adults. Clinical and
observational evidence on mental health benefits has been most robust for statins (24-26, 32, 33) and
mainly mixed for RAS agents (19, 34, 35), ASA (36-38), and metformin (27, 39). However, methodological
issues such as small samples and strict eligibility criteria of randomized controlled trials (RCTs) (40) limit the
evidence on the effectiveness of these drugs in depression treatment. Alternatively, non-interventional
(“real world”) data (e.g., prescription records, health surveys and others) offer valuable and less explored
sources for identifying new therapeutic approaches on the population level (41, 42). Thus, examining
depression and anxiety symptoms in high-risk populations (e.g., CVDs and DM) on different drug
treatments can be a valuable support to RCTs to identify and inform novel mental health prevention and
treatment strategies. Furthermore, suggested differences in depression and anxiety risks and rates
between cardiovascular and antidiabetic agents highlight the importance of acknowledging the use of these
drugs among CVDs and DM patients (20, 22, 28, 43). The overall aim of this thesis was to investigate the
relationships of depression and anxiety symptoms with CVDs and DM prevalence and drug treatments
using population-based cohorts (HUNT participants) and the Norwegian Prescription Register (NorPD).
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2. Background: Depression and anxiety in cardiovascular diseases (CVDs) and diabetes mellitus (DM)
Mental health conditions, such as depression and anxiety, affect individuals with physical diseases more
often than the general population (44, 45), causing more pronounced health decrements than each disease
alone (46, 47). This thesis focuses on self-reported depression and anxiety symptoms in CVDs and DM. To
better understand this mental-physical comorbidity, a brief overview of CVDs, DM definitions and

epidemiology is included. Thereafter, the main aspects related to depression and anxiety will be presented.

Cardiovascular diseases (CVDs) include heart or blood vessel disorders driven by atherosclerosis (plague
changes). Most risk factors for CVDs are modifiable: hyperlipidemia, hypertension, smoking, unhealthy diet,
low physical activity and diabetes (48), while others include age, sex, genetics, socioeconomic status (e.g.,
education, income) and ethnicity (49). Improved surgical and medical treatments and access to health
services have generally reduced the CVDs prevalence and mortality (50), yet rates vary across regions (51).
CVDs mortality in Norway is below the average level in Western Europe and the lowest compared to other
Nordic countries (52). CVDs have been estimated as the six leading causes of mortality in Norway in the
past decades (53). Today, the fifth part of the entire population in Norway (21%) have CVDs or a high risk of

developing the disease, and about 1.1 million use cardiovascular agents in treatment or prevention (52).

Diabetes mellitus (DM) is a complex metabolic disorder caused by defects in insulin secretion, insulin
action, or both (54). Among several types of diabetes, type 1 DM (T1DM) and type 2 DM (T2DM) are the
most common (55). Overweight and obesity, physical inactivity and an unhealthy diet are major risk factors
for T2DM (56), whereas modifiable risk factors for TIDM are less known (57). T2DM accounts for between
90% and 95% of global diabetes prevalence, with the highest proportions in low- and middle-income
countries (58). Norway and other Nordic countries have a relatively low incidence of diagnosed DM
compared to other countries (59). Public health statistics estimate that 4.7% of the total Norwegian
population (245 000 people) has been diagnosed with diabetes, of which 4% (216 000 people) with T2DM
and 0.7% (28 000 people) with TLDM. Interpretation of these estimates needs caution as many people
could be living with undiagnosed DM and disease detection varies across Norwegian data sources (60).

2



2.1 Depression and anxiety: definitions, pathophysiology, measurement, treatment, and epidemiology
Mental health conditions (also called mental illnesses or disorders) include various disorders that affect
individuals thinking, feeling, mood and behaviour, and depression and anxiety are the most common (61).
On the individual level, both mental health conditions are significant contributors to poor life quality (62),
sick leave and early retirement (63), and a higher risk of other chronic diseases, including CVDs (64) and DM
(65) suicidality (66), and early death (67). Depression and anxiety are leading causes of non-fatal health loss
(measured by years lived with disability (YLDs)) and health burden worldwide (68). In Norway, depression

and anxiety are ranked as the 10-top causes of age-standardized YLDs from 1990 to 2019 (53).

2.1.1 Definitions

The term «depression» often describes a mood disorder characterized by sadness or lowered mood, loss of
interest or pleasure (i.e., anhedonia) and psychomotor retardation (69). In contrast, anxiety commonly
refers to a more exaggerated state of worrying, the feeling of tension, and fear of possible harmful
incidents (70). However, symptoms of depression and anxiety often coexist (71) and include common
pharmacological treatment (72, 73), indicating that dysfunction of the same neurotransmitter pathways
underlies both conditions (74). Moreover, the overlap of depression and anxiety increases with the severity

of the symptoms, making a clear clinical distinction between these two conditions difficult (75).

2.1.2 Pathophysiology

Due to disease complexity and heterogeneity, biological causes of depression and anxiety are still not fully
elucidated (76). The monoamine hypothesis offered a simplified yet most used neurobiological explanation
of depression and anxiety (74), which remained a basic theoretical framework for developing
antidepressant agents (77). This hypothesis postulates that deficiency in monoamine levels, including
serotonin (5-HT), dopamine (DA) or noradrenaline (NA), at functionally essential receptor sites in the brain,
is responsible for depression (74). The therapeutic delay between the initiation of antidepressant therapy
and the observed improvement in depression and anxiety symptoms limits the monoamine hypothesis (78).

Moreover, the limited success of antidepressants that act on neurotransmitters has indicated that



mechanisms of depression and anxiety are wider than neurotransmission (79). Clinical and preclinical
evidence suggests stress response, hypothalamic-pituitary-adrenal (HPA) axis hyperactivity and cortisol
secretion as important mechanisms underlying depression and anxiety (80). Additional mechanisms
involved in the overall pathophysiological condition or specific symptoms of depression and anxiety include
immuno-inflammation and oxidative stress in the central nervous system (81), gene effects (82, 83) and

changes in brain structures (76).

2.1.3 Measurement

Anxiety and depression are expressed through various symptoms (i.e., psychological, somatic, functional
and social) (69, 70), which are generally measured eighter by diagnostic interviews (objectively, by a trained
clinical expert) or self-rating instruments (subjectively, by self-report). To meet the criteria for anxiety or
depression disorders, the symptoms must have persisted over a more extended period, at least two weeks
for depression (84) and one to six months for anxiety disorders (84). Clinical diagnostic interviews, which
cover a great variety of depression and anxiety symptoms, are a gold standard for diagnosing depression or
anxiety, as defined by the current Diagnostic and Statistical Manual of Mental Disorders (DSM) or
International Classification of Diseases (ICD) (84, 85). The severity of depression and anxiety disorders
(mild, moderate or serve) is often determined by symptom levels, persistence and functional impairment

caused by these symptoms (86).

Self-rating instruments for depression and anxiety are not accepted diagnostic tools by DSM and ICD, yet
they are proven screening and evaluation instruments for clinical purposes (87-89). Moreover, in
epidemiological studies, self-rating scales are cost-effective and frequently used for assessing anxiety and
depression symptoms. Commonly used screening scales for depression and anxiety in health studies are
Beck Depression Inventory (BDI) (90), the Centre for Epidemiological Studies Depression Scale (CES-D) (91),
the General Health Questionnaire (GHQ) (92), Hospital and Anxiety Depression Scale (HADS) (93) and the
Patient Health Questionnaire (PHQ)9 (94). Self-rating scales focus on various psychological, somatic and
social symptoms of anxiety and depression (95), and a few meet the diagnostic criteria of the DSM or ICD

4



system (96). Although increasing severity and duration of self-reported symptoms are often related to
increasing the probability of meeting diagnostic criteria for depression and anxiety disorders, self-reported
depression and anxiety do not necessarily reflect the clinical diagnosis of these diseases (97). Thus,
addressing differences in the scope and coverage of the depression and anxiety instruments is essential

when comparing the results of the studies (98).

Prescription data may help detect people suffering from possible depression and anxiety disorders in
population-based cohorts when diagnosis information is unavailable (99). In the two first studies (Papers |
and I1) of this thesis, symptoms of depression and anxiety were assessed by the HADS self-reported scale.
The third study (Paper Ill) used prescription data of antidepressant agents as an indicator for

antidepressant therapy and possible diagnosis of depression.

2.1.4 Treatment

Antidepressants are the mainstay of pharmacological treatment among adults with moderate to severe
depression or mild depression that persists alone or in combination with psychotherapy (72). Due to a lack
of evidence-based efficacy and poor risk-benefit ratio, short-term mild depression is not an indication for
antidepressant therapy (100, 101). Anxiety disorders (e.g., general anxiety disorders and other forms of

anxiety) are also indications for antidepressant therapy (73).

Biological mechanisms for almost all currently marketed antidepressants include an increase in monoamine
neurotransmitter (e.g., serotonin, noradrenaline and dopamine) levels. According to their primary
mechanisms of action, antidepressants can be broadly grouped into the following categories:

1) monoamine neurotransmitter reuptake inhibitors (RIs), 2) monoamine oxidase inhibitors (MAOIs) and 3)
alpha2-adrenoreceptor antagonists and serotonin receptor blockers (102). Rls include selective tricyclic
antidepressants (TCAs), tetracyclic antidepressants (TeCAs), serotonin reuptake inhibitors (SSRI), serotonin
and noradrenaline reuptake inhibitors (SNRIs), noradrenaline and dopamine reuptake inhibitors (NDRlIs)

and noradrenaline reuptake inhibitors (NRIs). RIs express their effects by inhibiting the transporter



responsible for the reuptake of one or more monoamines (102). MAOIs act by inhibiting monoamine
oxidase (MAO) activity, the enzyme that catalyzes the breakdown of the monoamine neurotransmitters
(103). Mirtazapine is a noradrenergic and specific serotonergic antidepressant that acts as a potent alpha2-
adrenoreceptor antagonist and 5-HT2A receptor blocker and reduces the activity of the receptor-negative

feedback pathways leading to an increase in noradrenaline and serotonin transmission (104).

SSRIs are the current first-line drug treatment option for depression (72, 101) due to improved tolerability
and safety profile, broader effectiveness (depression and anxiety), and reduced risk of overdose than TCAs
(102). Despite evidence for higher efficacy than SSRIs (105), SNRIs are not typical first-line depression
treatment (106), mainly due to adverse events (107) and increased suicide risks (108). However, the best
drug choice depends on disease manifestation, drug-related adverse reaction profile, interaction potential,
pharmacological properties, and patient comorbidities and preferences (106). Antidepressant agents can be
a suitable and «best» depression treatment option for some patients, whereas they are ineffective (8) and
even dangerous for others (109). Effective treatment and management of depression thus remain a

challenge in psychiatric practice (110).

2.1.5 Epidemiology

Evidence indicates that depression and anxiety disorders and symptoms affect many of the world's
population; however, estimated prevalence rates vary across world regions and countries (111-113).

The European Study of the Epidemiology of Mental Disorders (ESEMeD) from six countries (Belgium,
France, Germany, Italy, the Netherland, and Spain) estimated the 12-month and lifetime prevalence of
mental disorders at 4.2% and 12.8% for depression and 6.4% and 13.6% for anxiety in 2001 to 2003 (112).
For the same period, a national survey on the adult American population (National Comorbidity Survey-
Replication, NCS-R) estimated the 12-month and lifetime prevalence of depression at 9.5% and 20.8% and
any anxiety disorders at 18.1% and 28.8 % (113). Recent WHO estimates of the 12-month prevalence of
mental disorders in the European Region ranged from 4.3% to 4.5% for depression and 3.8% to 4.0% for

anxiety, with slightly higher rates in Eastern than Western countries (111). Among the Nordic countries, the


https://en.wikipedia.org/wiki/Noradrenergic_and_specific_serotonergic_antidepressant

prevalence of depression disorders showed marginal differences (from 4.7% to 5.6%), whereas the total
rates of anxiety disorders were lowest in Finland (3.2%) and the highest in Norway (7.4%). Both disorders

were more frequent in women than men and older age groups (55-75 years) in all regions (111).

Norwegian public health data indicate that over a year, about one in ten (10%) and one in fifteen (15%)
people will experience depression and anxiety disorders, respectively (114). However, a large Norwegian
population-based study showed that from 1995 to 2019, both depressive and anxiety symptoms increased
in younger adults (13—19 years) but decreased and then remained mainly unchanged in elderly adults

(=60 years), respectively (115). Data from Netherland (116), Germany (117) and Sweden (118) indicated the
same age-specific trend in the prevalence of mental disorders and self-reported anxiety, respectively.
Despite regional variations in estimates, there is general agreement between studies that depression and
anxiety are highly prevalent worldwide and more common in women than men (119, 120). However, there
is an ongoing debate about the growing global trend of these disorders (121, 122). Several studies
examining trends in the prevalence of mental disorders among the populations worldwide found no

evidence of any increase (116, 121, 123).

According to Norwegian Public Health statistics, self-reported psychological symptom prevalence declined

from 1998 to 2005 but increased in 2012 (https://www.norgeshelsa.no/norgeshelsa/). The Danish

population-based study reported a sharp rise (2% to 4.9%) in the prevalence of depression disorders from
2000 to 2006 (124), a trend observed among Finnish women from 2000 to 2011 (125). The increase in the
population living with depression and anxiety over the past decades in the world (68) and in Nordic
countries (124, 125) may result from population growth and ageing rather than the rising global epidemic
of mental disorders (122). Compared to other European countries, the use of antidepressants in Nordic

countries is suggested to be high, corresponding to the depression and anxiety prevalence data (126).


https://norduniversitet-my.sharepoint.com/personal/ivana_bojanic_nord_no/Documents/(https:/www.norgeshelsa.no/norgeshelsa/).

2.2 Depression and anxiety in CVDs and DM - shared biological links

CVDs and DM affect depression and anxiety incidence (and vice versa) via shared biology accompanied by
common modifiable and behaviour risk factors (127-130). While underlying mechanisms between
depression and CVDs are unclear, recent evidence support contributions from serotonergic and
inflammatory pathways toward the comorbidity between these conditions (131). Innate immune
dysfunction followed by chronic low-grade inflammation is also suggested as a bridging link between
depression and DM (127). Other mechanisms by which inflammation promotes the development of
depression, CVDs and DM, involve dysregulation of the hypothalamic-pituitary-adrenal (HPA)-axis (132,

133) and RAS (127, 134).

Serotonergic dysfunction is a mechanism involved in the pathophysiology of mental health conditions (74)
that plays an important role in CVDs morbidity (135). Stress-induced inflammation resulting from HPA-axis
and sympathetic neuro-system (SNS) activation leads to excess cortisol release and pro-inflammatory
cytokine production, which are biological origins of depression (15). Cortisol increases blood pressure and
causes blood vessel damage and plaque build-up, which are well-known early signs of future CVDs (136).
Chronic hypercortisolemia and prolonged SNS activation promote insulin resistance and visceral obesity
and lead to metabolic syndrome and T2DM (137). Accompanied by blood pressure regulation, RAS plays a
significant role in inflammation mainly via action on angiotensin Il receptor type 1 involved in stress
regulation and consequently the secretion of several pro-inflammatory cytokines (138). RAS overactivation
results in endothelial dysfunction and a pro-inflammatory activity that advances the progression of CVDs

(139) and DM (137, 140) and the development of depression (138).

Stress and anxiety, both common symptoms of depression (80), can also increase inflammatory response
(13) and, in turn, promote vascular and metabolic changes leading to CVDs (132) and DM (130),
respectively. Although systematic inflammation was associated with depression and anxiety (13, 141),
studies indicate a stronger association with depression, suggesting disorder-specificity. Higher
concentrations of inflammatory markers are consistently suggested as risk factors for depression (142-146),

8



whereas evidence suggesting the same for anxiety remains unclear (147-149). A recent Mendelian
randomization-based study suggested a potential causal link between an increase in systematic
inflammation and depression but not anxiety (150, 151). Notably, an extensive population-based study of
over 140 000 adults found strong associations of higher CRP levels and genetically-predicted higher IL-6
activity with symptoms of depression but not anxiety, indicating the possibility that inflammation is
disorder-specific and causal related to depression (151). Due to the complexity of inflammatory pathways,
it is still difficult to elucidate the true nature and direction of observed relationship between raised CRP and

IL-6 levels and depression (146, 150, 151).

2.3 Epidemiology of depression and anxiety in CVDs and DM

2.3.1 Depression and anxiety in CVDs

Epidemiological evidence demonstrates a higher risk and prevalence of depression and anxiety in people
with CVDs than in the general population (3, 152-156). WHO cross-sectional study from 17 countries
reported a 2-fold higher risk for depression and anxiety disorders in CVDs than in the no-CVDs population,
the pattern observed across cultures (3). The estimated depression and anxiety prevalence vary across
CVDs sub-populations, instruments (clinical interviews vs self-rating scales) and time points after the event.
About 7-15% of patients with acute myocardial infarction reported mild to moderate depression symptoms,
whereas nearly 20% met the diagnostic criteria for major depression (152). Depression disorders were
found in at least 1 in 5 patients with heart failure (HF) (range 10% for asymptomatic to 40% for serve HF),
whereas prevalence rates were much higher among patients screened with questionnaires (33.6%) (155). A
recent meta-analysis of observational studies of stroke survivors reported a pooled depression prevalence
of 33%, with a significant reduction 1-5 years and more after the event (154), and anxiety from 18-25%,
with minor changes 1-6 months or more after stroke (153). Clinically diagnosed depression is a powerful
predictor of CVDs prognosis and treatment outcome (157) and survival (5, 6) or other complications
followed by CVDs (158). Anxiety is common in CVDs (44, 153, 159, 160) and often occurs early after the
acute event, predicting the later development of depression (161). Alone or with depression, anxiety in

CVDs is associated with an increased risk of mortality (162) and new cardiac events (163, 164). However,



the causal nature of the observed prospective associations of CVDs with depression and anxiety are still

largely unknown (159, 165).

Several traditional cardiovascular risk factors (48) also represent risk factors for depression and anxiety
(129) indicating that shared biological mechanisms and confounding influence the relationships between
CVDs and mental health conditions. The most common risk factors shared with CVDs and depression and
anxiety include smoking (166), physical inactivity (167, 168), alcohol consumption (169, 170) and body mass

index (BMI) (171).

2.3.2 Depression and anxiety in DM

Depression and anxiety are more common in people with DM than in non-diabetic adults (4, 172-175). A
recent meta-analysis of observational studies suggested that nearly one in four (28%, 95%Cl 27-29)
individuals with T2DM worldwide suffer from depression, with prevalence rates higher for self-reported
than clinically diagnosed depression and age group <65 years old (174). Furthermore, depression
prevalence is estimated to be three times higher in people with TIDM and nearly two times higher in those
with T2DM than in non-diabetic populations (175). Anxiety symptoms and anxiety disorders are detected in
40% and 14% of TIDM and T2DM patients (176), which are rates substantially higher than in the general
population (177). There is a general agreement that depression and anxiety prevalence is higher in diabetic
than non-diabetic populations, yet estimates vary across countries (4, 174, 178). A recent meta-analysis
showed that, relative to global estimates, depression prevalence in the T2DM population was lower in
Europe and Africa but higher in Australia and Asia (174). Furthermore, TLDM and T2DM differ in disease
pathophysiology (179) and risk patterns related to psychopathology (130). However, it is unclear whether
the prevalence of anxiety and depression differ significantly according to the type of DM (175, 176, 180).

A few small sample studies reported higher rates of depression and anxiety in populations with TIDM than

in T2DM (180, 181), whereas meta-analyses found no differences in the prevalence rates (175, 176).
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There is a strong link between DM and mental health conditions, and several risk factors contribute to this
relationship. BMI, consumption of hypercaloric diets, sedentary lifestyle, alcohol use and smoking are major
contributors to T2DM (65) that also play a significant role in the pathophysiology of depression and anxiety

(166, 169-171, 182).

2.4 Cardiovascular agents and metformin - drug repurposing candidates for depression

The discovery of new and improved antidepressants has not been fruitful in the past decades (183).
Alternatively, the possibility of finding new targets for depression using drugs from other fields of medicine
that affect biological pathways implicated in depression, so-called drug repurposing, has aroused great
interest in psychiatry (184, 185). This process requires that the drug candidate for repurposing is safe and
that its “off-label” use can be expanded safely with low costs (186). Given the comorbidity and shared
pathogenic mechanisms of CVDs, DM and depression (127, 128), several cardiovascular and antidiabetic
agents have been examined for their putative antidepressant action (19, 187-189). However, it is still
unclear which one of the proposed candidates has therapeutic benefits for depression (39, 190, 191).
Inflammatory nature (13) and overlapping symptoms of depression and anxiety (71) indicate possibilities
for the potential benefits of these drugs on anxiety as well (192, 193). However, the role of inflammation in
anxiety has been less established (147). Therefore, this thesis focuses on the relationship between

depression, CVDs drugs and metformin.

The following chapter will review the evidence for relevant drug classes for CVDs treatment and the first-
line T2DM treatment metformin. Table 1 shows a summary of selected observational studies assessing
associations between the use of cardiovascular or antidiabetic agents and depression. For clarification, the
term “drug” refers to a pharmaceutical drug (also called medication, medicine, pharmaceutical preparation,

and others) as a chemical substance used to treat, prevent, cure, and promote well-being.
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2.4.1 Statins
In past years, there has been an ongoing debate on the role of statins in depression treatment. Statins are
best known as lipid-lowering agents beneficial to cardiovascular health (194). These drugs also have direct

anti-inflammatory actions (195), which may benefit depression (187).

The higher efficacy of statins vs placebo in addition to SSRIs in improving depression symptoms in patients
with depression at eight weeks of treatment has been demonstrated in clinical trials (24). Similarly,
epidemiological evidence shows a reduced risk for hospitalization for depression (196) and post-stroke
depression (197) for using statin adjuvant therapy to SSRI than SSRI alone. There is no documented
difference in the safety profiles between statins (24, 198, 199), except for higher efficacy and onset of
action of the lipophilic agents (24, 200). Statins' efficacy in preventing depression in healthy individuals is
still unclear (201). However, robust clinical evidence demonstrates that their use is associated with lower
depression symptom scores (199) and does not initiate depression symptoms in non-depressed individuals

(24, 199).

Epidemiological studies have indicated that statins alone may be beneficial in preventing depression in the
community and patient populations (23, 33, 202, 203). Reduced incidence of depression disorders during
periods of statin treatment, irrespectively of antidepressive use was found in the Swedish cohort (33). In
contrast, statin use was associated with decreased risk for early and lifetime depression only in patients
with acute coronary syndrome (ACS) (23) or stroke (203), with no specific benefits on mood in a general
population (204-206), findings supported by an updated meta-analysis (207). Furthermore, a sub-group
meta-analysis suggested a lower risk of depression risks for statin users with coronary artery disease but
not for the CVDs population in general and individuals with hypertension or heart failure on statin therapy
(191). Statin use has also been associated with an increased 1-year incidence of depression in stroke

survivors (208).
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Robust clinical evidence suggests statins as a beneficial and safe add-on therapy for depression (17, 24,
187), yet small samples and heterogeneity across studies limit the generalizability of the findings (201, 207).
Observational studies have mainly demonstrated the preventive effects of statins on depression (22, 33,
203). However, the results have been mixed (204-206, 208), indicating that potential beneficial associations

of statins partly depend on the study population characteristics or design.

2.4.2 Acetylsalicylic acid
Acetylsalicylic acid (ASA), also known as aspirin, inhibits cyclooxygenase (COX-1 and COX-2) activity and
prostaglandins synthesis, molecules involved in inflammation (209). Due to its potent anti-inflammatory

properties, ASA may effectively prevent or reduce depression (189).

Several clinical trials have demonstrated that the administration of ASA improves the effect of
antidepressant treatment in patients with depression (16, 210-212). However, evidence has been
inconsistent, suggesting no therapeutic benefits (37, 213, 214) or even adverse effects of ASA adjuvant
therapy for depression (215) and no preventive effect on depression in healthy older adults used alone in

low-dose (37).

Epidemiological studies suggested potential associations between ASA use and the development of
depression in different populations (22, 23, 216). Danish data showed reduced seven-year depression
incidence in population-based adults on low-dose ASA therapy (22), in contrast to the Swedish cohort,
where ASA use was associated with reduced risk for early and late depression in ACS patients but not in
ACS-free individuals (23). However, some epidemiological data failed to demonstrate that ASA use might be
protective against depression in the young cohort (217), general adults (38, 204), and stroke patients (203).
Furthermore, meta-analytic evidence suggested ASA use as a possible risk factor for depression, particularly

with increasing age (36, 218).
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Although low-dose ASA may improve the effectiveness of conventional antidepressant treatment (219),
there is no clinical-based support for its use in the primary and secondary prevention of depression (189).
Observational evidence for low-dose ASA therapy in preventing depression in general (220) and in the CVDs
population (191) is promising but still inconclusive (221). Given the role of inflammation in outcomes of
depression treatment (222), the benefits of ASA in the secondary prevention of depression require further

investigation (223).

2.4.3 Renin-angiotensin system agents

In addition to blood pressure regulation (139), the renin-angiotensin system (RAS) is known modulatory
pathway of central nervous system inflammation (138). ACEl and ARBs are effective antihypertensive
agents with RAS targets (224) that can, by reducing neuroinflammation, exert potential benefits for

inflammatory brain diseases such as depression (19).

To date, no RCTs have assessed the efficacy of RAS agents in treating and preventing depression (19, 225),
except for some clinical data that showed that hypertension treatment with ACEl or ARBs in otherwise

healthy adults is associated with improved mental health domains of quality of life (226).

Extensive population-based register studies indicate that RAS agents offer more advantages for mental
health than other antihypertensive agents (22, 227-229). However, in Chinese patients initiating
antihypertensive treatment, incidence and risk for depression were the lowest for users of ARBs than other
agents but significantly higher in ACEIl than ARBs users (229). Whereas in population-based Danish adults, a
lower risk of depression was observed only for the use of two of six ACEIl or ARBs (20). In contrast, no
statistically significant association between ACEI or ARB use and reduced depression incidents and
depression symptom prevalence was found in the Scottish population (230), and Australian and American

older adults (231), respectively.
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There is promising observational evidence that ACEl and ARBs can exert antidepressive effects by RAS
targets (22, 227-229). However, findings are still unclear (190), with some indications that these drugs may
even be risk factors for depression (232). Limitations of observational data (233) may explain this
controversy regarding RAS agent use and depression (230, 231, 234, 235). Further clinical trials are

necessary to verify the effectiveness of RAS agents in depression treatment and depression.

2.4.4 Calcium-channel blockers, beta-blockers and diuretics

Calcium-channel blockers (CCB) have been explored in psychopharmacology (236) due to the role of
calcium homeostasis dysregulation in the pathophysiology of depression (237, 238), with clinical trials
suggesting their efficacy as an adjuvant to depression treatment (239, 240). Beta-blockers (BB) have been
previously associated with an increased risk of depression (241); however, a recent meta-analysis of RCTs
contradicts these results (242). More robust evidence shows no significant associations between diuretics

and improved depression (190, 191).

Observational studies addressing depression in the population on CCB, BB or diuretic treatment reported
conflicting findings (20, 227, 229, 230, 235). An extensive Danish population-based study found lower 10-
year depression incidence among users of CCB and BB but not diuretics (20). On the contrary, a higher
incidence of new-onset depression was found in Scottish antihypertensive patients treated with CCB, BB or

diuretics (230), results supported by a meta-analysis (191).

Existing clinical and observational data appear to provide no significant association of BB with altered
depression risk, whereas the role of CCB and diuretics in depression remains unclear (190). Despite the
limited clinical evidence base, CCB remain candidates for repurposing in psychiatry because of their
biological plausibility (236, 237) and demonstrated benefits on mood disorders in extensive cohort studies

(20, 227).
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2.4.5 Metformin

Metformin is the first-line hypoglycaemic agent for T2DM (243), which is known to have several non-
glycaemic beneficial effects (244). Emerging evidence suggests the role of metformin in ameliorating
depression in T2DM due to the drug's anti-inflammatory and neuroprotective properties (31, 39, 245-247).
Clinical trials of metformin in subjects with T2DM or prediabetes demonstrated both benefits (31) and lack
of effect on mood (247, 248) with metformin administration compared to placebo. In a multi-centre RCT of
non-diabetic outpatients with diagnosed depression, SSRI combined with metformin yielded a higher

decline, response, and remission rate of depression symptoms than SSRI alone (249).

Metformin, alone or as a combination therapy, has been associated with reduced risk and incidence of
depression in the population with diabetes (28, 30). However, in the Taiwanese cohort of T2DM subjects,
lower risk and incidence of depression were found in users of metformin and sulfonylureas, but not each
antidiabetic agent alone (250). In contrast, all antidiabetic drug classes, except for dipeptidyl peptidase-4
(DPP-4) inhibitors, showed no significant associations with reduced risk of depression in T2DM patients

from Japan (251).

Despite solid biological support for the potential antidepressive effects of metformin (188, 252, 253),
clinical (27, 39), and observational studies (250, 251) are still unable to conclude metformin's independent
benefits on depression in diabetic populations. Further evaluation of potential therapeutic and preventive

benefits of metformin treatment for depression in clinical and “real-world” settings is warranted.

16



LT

sanainig
(:op]
"92Ua.3)3. UeY) sl JayBIY pamoys (85 v—€T'T 12%S6 ‘82°C YH) 820 ad (8z2)
pue (86°€-ZT'T 10%S56 ‘TT°Z YH) 89 "dn-moj|o} 4eaA-G Bulnp uoissaidap 1oy (ot-ad1) (990 ¥¥T) sguv puepods
uolssiwpe [exdsoy J0j S 1SIMO| ay) pamoys Adesaylouow sgyy 40 |30V uoissaidag spJodau uondudsald sjuaned uoisuspadAy 130V 1oyod aAdadsold (9107) |2 10 |POG
dn-moj|o4 jo sieah QT 1e uonduosaid sgyy
juessaidapnue Jo uolssaidap Juaploul PasealIap Ylm paleidosse (V90N 2p02-01V 130V (z2)
SeM (7£°0-2£°0 12%S6 “EL°0 YH) SBYY 10 13DV ‘(99°0-%9°0 1D%S6 S9°0 ¥H) Jo 01/6-001) (esz9LST) vsv Jiewusg
SUIBIS “(92°0-£°0 1D%S6 SL°0 ¥H) VSV 9SOP-MO| JO SN [eIlUl SA PANUNUOD s1apJosip uoissaidaq elep Jasigal yiesH s)npe paseg-uone|ndod suneis 140Y02 2ARdadsold (6T07) '|e 32 Buissayl
‘uoissaidap AjJea Jou Inq (Aaus Apnis Jo SOV Jayye Jeah 1) ale|
4O 3{S1I PASeaIdU| UB UM Paje1dosse sem asn alySN ‘suonejndod yioq uj
‘uone|ndod Sy-0u ay3 Ul 30U INg SOV (V90N 9p0od-D1y SAIVSN (€2)
ur (Al2A1323ds31 “46°0-98°0 1%S6 ‘06'0 ¥H PUB £6°0-58'0 12%56 ‘68'0 HH) 40 0T/6-Q2I) (098 T6) SlENpIAIpUI SDV-0U VSY Jewuaq
uolissaldap Ajiea Jo sl paseatddp Yim pajeidosse Sem ash Uljels pue ysy s19pJosip uoissaidaq spJ02a. uondidsaid (zv8 T6) swuaned sov suneis 140Y02 3AI23ds0dd  (£TOT) '[E 32 UISIapUY-WNIA
*syuaned 90415 Ul (S6°0
-68°0 1D%S6 ‘Z6°0 ¥H) XSl pasealdap e piemo} Aousapual e pamoys uilels
seasaym ‘(x0.41s Ja1je JeaA TZ) uoissaidap 19su0-21e| J0) (SE'T-LT'T 1D%S6
TE'T YH 10 8Z'T-0Z'T 1D%S6 ‘¥T'T YH) dsk 3y} paseaudul sgIVYSN 40 VS (V90N 9p02-01v SQIVSN (€02)
‘uoleuIqwod ul pasn Ajiewd ‘@xo.1s 1ayye (1eah 1>) 10 0T/6-Q2I1) (SE€Z 09T) S|enpiAipul 8)0.1s-0u YSY JJewusqg
uolssaldap 19suo-Ajiea 1oy sl ay1 paseasdsp sSnip Alojewwejjul-nue ||y sJapJosip uoissaidag spJodau uonduasaid (£8% L¥T) syuaned ayons suneis 140Yy0d aAdadsold (£T02) [ 33 uasiapuy-wnip
(v02)
‘98e 10 x5 JO ssa|p.edal ‘dn-moj|o Jesk-z'G e (AI-Nsa) (Te9T) VSY puepazIMS
1€ UOJsSa1dap JO 9U3PIAUI BY) BINPaJ 10U PIP BUIIISEQ 1B BSN UNE]S 40 YSY siapJiosip uoissaidaq pauiodal-j|as synpe Suljjamp-Allunwwo) suneis 140409 3A1}93ds04d (STOZ) "|e 32 snejy
(s€)
*dn-moj|oy JeaA g 1e swordwAs uoissaidap jo Jusawdojansp (9T 2 @-532) (0£0¥) vsn
104 3{S1 Y}IM UOIIBID0SSE JUedlIUSIS Aj|BJ11SIIRIS OU PAMOYS 3SN YSY uoissaidap pawodai-jas palodau-jes synpe 3uijjamp-Alunwwo) vSY 140Yyo0d aAdadsold (8T07) "2 32 ssauoiap
(01-001) (g€)
's13pJ0sIp AYaIXUe 30U Inq (76°0~£8"0 12%56 ‘T6'0 ¥H) s1apJosip Aaixue (v8€ 6YT T) uspams
UOISS.dap 40 YSI PIONP3J B Y)IM PI]BIIOSSE SEM SN UNElS pue uoissaidag spJodaJ uonduosald $13sN unels paseg-uonendod 140409 3A193ds0ld (0z02) '|e 33 I3]0
*asn juessaidapiue (¥90N 9p0d-D1y (£L6 €6T) s13sn uneis-ou (soz)
10} Bunsn(pe Jaje J0u Ing dn-moj|o} sieah-oz Sulnp sisoudelp uoissaidap 10 01/6-a21) (£L6 €6T) Jiewuag
pue asn Juessaidapiiue JO ysld PISEaIIUl UB 1M PIIRIIOSSe SEM 3Sh UIIeIS sJapJosip uoissaidaq spJ023. uondidsald s1asn unels paseq-uoinendod 1oyod 2Anadsold  (6T0T) ‘|e 19 849gs104-13]y0y
(902)

‘swoldwAs uoissaidap

(8= @-s30)

(v 6T)

VSN 13 eljensny

40 %{S1 33 YuM UoNeIDO0SSE JuedHIUSIS A]|EJ11SIIRIS OU PIMOYS 3SN UNElS uoissaidap pariodal-yjas payiodal-j|as synpe Suljlemp-Alunwwo) suneis |eu013035-550.1) (6T02) '[e 33 lunsn3y
*3)043s 40§ Uuonezi|eydsoy awil-1s41) Ja34e dn-moj|o) (802)
JeaA-T 1e uonduasald unels-ou yym syuaied ax041s uey) uolssaldap oy (6-a21) aseqeieq (8T 1T) uemie]
(S6°T-0€'T 1D%S6 ‘65°T ¥H) ds1 Jaysdiy e pey suneis 3uisn sjuailed ay0is sJapJosip uoissaidag oueINSU| Y3|EdH sjuaned axyons suneis 1oyod aAndadsoay (STOZ) |B 32 Suey
‘uoIssaIdap 4O Sl PASeaIdul ue yIm
P31BID0SSE SEM UIIBISEAIOE SEAIBYM ‘199443 9AI102104d B Pey UneISeAWIS
*a8e JayBIy yum paseassul (V90N 3p02-01V (zo2)
aNpaJ sl pue ‘dn-mo|o} Jeah-g Bulinp (96'0-68'0 12%S6 ‘76'0 40 01/6-Q21) (066 £09 ¥) uspams
HO) UOIsSa1dap JO XS JIMO| B YIIM P3IRIDOSSE SEM SN-0U SA SN UIIRIS s19pJosip uoissaidag sp023. uondidsad synpe paseq-uone|ndod sunes 11040 JA1}23ds01d (#T02) "|e 32 Yoipay
(c434)
jusawainseaw sse|d >._u::OU
s)nsau uiep| JudWaaINSeaW awonNQ ainsodx3 (N) uonendod Apnis 8nug udisep Apnis (4e3A) Joyany

Ayaixue Jo uojssaidap pue syuase d133geIplIue 10 Je|NISEAOIPIED JO 3SN DY} USIMII] SUOIIRIDOSSE SulpJegal SaIPNISs [BUOIIBAISSCO PaIaIas Jo Alewwns pue isiT T d|qeL



8T

*|BAJ2IUI IUBPHUOD D ‘O11BJ PJRZBH :YH ‘O11J SPPO YO 'S2SBISIQ JO UOBINISSE|D [BUOIIBUIRIU| I I

*asop Ajiep pauyaq :qda ‘sjuessaidapiiue Jaylo pue ‘SIoNgIyul y-OVIA ‘I4SS ‘SI0NqIyul 3e1dnal aUIWEOUOW JAIII[AS-UON = 9ON DLV 2P0 [ed1way) 21inadesdy] [ediwoleuy )1y

*95004eE PUE S10)IqIYul (ZL19S) Z utar0ad podsues) as0an|8-wnipos ‘sandojeue (Td19) T apndad ayjij-uoSean|s ‘sionqiyul (ydda) v asepndad |Apndadip ‘sauozel8 ‘pauiquiod sapiul8 NS “(NS) seainjAuoyins = syuase d1wadASodAy B0 :YHO ‘s8nip Alojewwejju! I

-UON :SQIVSN ‘S19%20]q [duuBYD-WNId[E) :g)) ‘SIaX00|q-e1ag :gg ‘PIoe d1|Ad1|eS|A190Y Sy ‘S1300]q Jo1dadal || ulsua1ol8uy :sgyy ‘S1031qIyul SWAzUd SulIaAU0I-UISUOISUY 3DV ‘(INQ) snlljjaw sa1aqelp 7 adAL (NQZL ‘@WolpuAs AJeuoiod 81Ny SOV JagUiNU 22UdJdJaJ = Jal , :SUONBIABIGQY

D1 ‘2]e3s uoissaidag dUIBLIRD GT-SAD ‘SJAPJOSIQ [BIUBIA JO [BNUBIA [BINSI:

s uolssaldap
19Y31Y Y3Im pajeloosse a1am NS pue ulnsul jo sasop JaysiH (£6'0
-88°0 12%S56 ‘26°0 YO) UlWI0f1aW 104 153yS1Y pue (0£°0-7%'0 19%S6 ‘S50

Y0) s401qIyul Z17DS 40) 159MO] YSId 3Y) ‘SJasn-uou 01 pasedwod syusned (V90N @p02-01v (josuod (vsz)
INQZL Ul S uoissaidap Paseasdap Yim paleidosse aIam siodqiyul 10 0T/6-0D1) (800°9TT) s|enpiAIpul NQ-OU ugnsu| -95€2 pajsau) yiewuaq
217195 pue ‘sandojeue T419 ‘SI01qIYuUl ddd ‘(S9SOP MOJ) UILIOBIN sJapJosip uoissaidag spJodaJ uonduasald (669°9TT) sauaned NQZL VHO 1J0Yy0d aAdadsold (2207) "|e 18 uasiapuy-wnipm
*J0u sem juade Yyoea sealaym ‘sieah QT Jano (05°0-ZE0 1D%S6 ‘00 (6-a21)
YH) SI2PIOSIP SAI}IBYE JO 3OUBPIDUI I0) S PISEIIIIP YIIM PIIRIDOSSe SeMm uoissaidap (€S2 29L) ns
JUBWIEBRJI NS YHM PaUIqWIOd UlwIoyiaw ‘dnol dualaal e 03 aAle[RY Suipnaul ‘s19pJoSIp SANIRYY elep doueINSU| YesH synpe paseq-uonejndod  UIWIOABIN 140402 3A193ds04d

*uo|ssa1dap 40y djsli pasealdul
YIIM SUOIIBID0SSE JUBIIHIUSIS PIMOYS Ul[NSul 10 JuaSe J11agelpIIue J3y10 ON

*dn-moj|oj JeaA-QT ay1 Suunp u 2sa.d juessauds (V90N 2p02-01v ulnsuj (82)
10 uolssa1dap 40} (€6°0-LL"0 1D%S6 ‘S80 YH) dSH Pasea1dap yum 410 0T/6-021) (uoniw °g =) VHO Hewuaq
Pa1e120SSE SEM (UOIRUIGLIOD B SE JO 9UO|R) UIWIO0JIdW JO 9N panuiuo) sJapJosip uolssaidaq spJodal uonduasald synpe paseq-uonejndod  UIWIONBIA 140402 2Alvadso.d (0z07) ‘1B 19 Buissay|
(o) S|oi3uod
3 (0TT) sased uoissaidap (og)
“(66°0—C€°0 1D%S6 ‘LS50 ¥O) s1uase anagelpiue 3uisn Jou (5= 51-509) (0sS) wazl VHO eulyd
950U UBY) UOISSaIdap 4O Sl JOMO] B pey ulwioiaw Supjel synpe NazZL uolissaidap papodal-j|as pavodal-jas Yam synpe Suljlsmp-Alunwwio)  UIWIOJBIA |o41u02-8s5e) (6102) "[e 19 UBYD
(152)
“(¢0°0-¥2°0 1 %S6 ‘TE'0 ¥O) v-daq 403 3d39X3 st (01-@21) (¥ ov) ueder
uoissaidap paonpas yum pajeldosse Ajjeansiels sem juase dlzagelpiue oN sJapJosip uoissaidaq SpJodal [edlpaw Juaied ed Nazl VHO  Moyod aAndadsonay (6T0Z) ‘1& 12 O30WIHY
sonaanig
*swoldwAs 420
uolssa.dap Yym pajeldosse Ajauedtjiusis 10U a4am asn g2) pue sgyy 130V (S6T vT) a8 (s€2)
(09'T—LT'T 1D %S6 ‘LE'T HO) swoidwAs uoissaidap Jo ysi paseaJoul ue (8= a-s30) uoisuaadAy yum sgyy YSN 1B eljesisny
Y}M pa3eidosse sem gg Jo asn a3 ‘sanisuapiadAyniue Jayio o3 pasedwo) uoissaidap papodal-j|as panodal-as synpe Suljjemp-Alunwwo) 130V |eu011995-5504) (0202) "|e 1 1unsnsy
(V90N 8p02-01v (8€6 1) s2114NIP JO S43SN MU sonalnig (veT)
'a@a 4o uoneanp Juswieasl ‘Audijiydodi| Jo ssajpieSau ‘uoissaidap Jo sl 10 0T/6-QDI1) (8€6 21) sgyy N
J3MO| B YIIM PIBIDOSSE J0U SBM 35N SgYY/ JO S|3JV ‘S21324nip 03 pasedwio) sJapJosip uolssaidaq spJodal uonduasald SgYV 40 S|IDV JO SI3Sh MaN 130V 140y02 3Alvadsold (zz0T) "|e 19 U10|S UBA
(8L2292)
sJapJosip poow snoias.d sona4nig
*(26°2-S°T 10%56 ‘89°7 YH) 84 104 159y31y pue (TE'T-v0'T 12%56 Yum syuaned uoisuaradAy :op]
‘LT°T YH) SEYV 40 |3DV 40} 1S9MO] Sl 3Y3 YIMm ‘Aj9Adadsal ‘uoissaldap (V90N 2p02-01Y (0€L 8€5) ag (og2)
JUS.INJ3J PUE }3SUO-M3U JO S Pasealdul Ue YIM paleldosse a1am ssnip 10 0T/6-021) sJapJosip poow snoiaa.d sgyv pueoas
aAIsuauadAyiIue |8 ‘A101sly JapJoSIp pOoW Yiim pue Inoyum syusned uj sJapJosip uoissaidaq spJodal uonduasald 1noyum syuaned uoisusriadAy 130V 140402 3AI09ds04d (0z02) |e 12 Meys
sonaJniq
k]
"dn-moj|o} JO sIeah T 38 (V90N 2po2-1v 920 (02)
10U SEM 35N J1124NIP SEaJaYM ‘UoIssaldap JO sa1ed pasealdap Ajpuediusis 10 0T/6-0D1) (06T L¥L €) sgyv yiewuaqg
YUM pajerdosse sem gg ‘gdd ‘SgyV ‘|3DV JO SN [e1lIuUl SA panuiluo) sJapJosip uoissaidag elep Ja1si8ad yjesH s)npe paseq-uone|ndod 130V 140y0d aAdadsold (0202) ‘|e 12 Suissay
sonaanig
's1eaA z Buunp sasouSelp JUs.4iNd34 U 1Sl Y10q 10} (ZZ'T-LT'T 1D%S6 920
‘6T'T YY PUe 6Z'T-E2'T 1D%S6 ‘92T YY) SGYY Uey) 3duapioul Jaysiy e pue (01-001) ‘ag (¢z2)
88 Uey) s19pJosip (T6'0-£8'0 12%S6 68'0 YY) A13Ixue pue (06'0-98'10%S6 siapiosip Aaixue Sp40dal yeay (uorjiw 9°8s) sgyv vsn
‘88°0 YY) UOISSaIdap JO 9IUBPIDUI JBMO| B YIIM PBIBIDOSSE 319M SEID pue uoissaidaq 21u04123|3 sjuaned 130V 110402 3AI09ds0ud (1Z02) ‘|8 32 auinog|o)
's19sN sgyy ueyl sanaanig
Jsu uoissaudap Jaysiy Apuediyiusis e pey siayel |30V saAlsuapadAynue [:}o)e)
|le Suowe s1asn sgyy J0j pUNO) SEM 92UBPIdUI UOISSIdIp 1SIMO| BYL ag (622)
(TT'T-TT'T 10%S6 ‘9T'T ¥H) 82D 404 159MO| pue (€' T-Z€'T 10%56 ‘LE'T (9p02-21v) (60£ 18T) sgyv eulydy

YH) g9 10} 159y81y sem uoissaidap 1o} ysu ay) ‘dnois gyy yum pasedwo) siapJosip uolssaidag B1Ep ddUBINSUI [BIIPBIA sjuaned uoisuayadAiy 130V 10yod aAndadsonay (6T02) "|lE 32 0BD



https://www.sciencedirect.com/topics/medicine-and-dentistry/angiotensin-receptor-antagonist
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3. Aim and objectives of the thesis

In Norway, we have the possibility of combining an extensive amount of data from health studies
with national and local registries. This thesis is purely descriptive using a national prescription
registry combined with a population-based health study. The aim is to increase our knowledge of the
relationships of depression and anxiety symptoms with CVDs and DM prevalence and drug

treatments. More precisely, the objectives of this thesis are:

1) To estimate prevalence and differences in prevalence of depression and anxiety symptoms
among the population with CVDs or DM over time, compared to adults without these

physical conditions (Paper 1).

2) To investigate cross-sectional associations between the use of cardiovascular agents or

metformin and depression symptoms among adults with CVDs or DM over an 11-year

interval (Paper Il).

3) To examine the risk of antidepressant drug initiation among users of cardiovascular agents

or metformin in a population-based cohort with a 10-year follow-up (Paper Ill).
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4. Materials and methods

4.1 Data sources

4.1.1 The HUNT Study

The Trgndelag Health Study (HUNT) is a population-based health study of the adult population (aged
> 20 years) in Trendelag county (former Nord-Trgndelag county, Figure 1). Four surveys have been
conducted so far: HUNT1 (1984-86), HUNT2 (1995-97), HUNT3 (2006-08), and HUNT4 (2017-19), with
response rates of 89.4%, 69.5%, 54.1%, and 54%, respectively. The population in HUNT is considered
representative of general Norwegian adults and ethnically homogenous (predominantly White
Caucasian) with low net migration (about 3%) (255-258). Most participants participated in more than
one of the surveys, resulting in about 126 000 unique individuals in the HUNT database that can be
followed through local and national health registries by personal identification (ID) number.

HUNT data are available for researchers with previous ethical approval (for more information, see

https://www.ntnu.edu/hunt/about-hunt).

9 ;
#%"

Figure 1. Map of Norway and the county of Nord-Trgndelag (created by Jon Olav Sliper)
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HUNT2, HUNT3 and HUNT4 surveys, comprising about 93 860 community-dwelling adults, form the
primary data material for this thesis. The HUNT study has been designed to cover a broad range of
health-related topics through repeated surveys. These surveys included written questionnaires (Q1
and Q2), oral interviews about health-related topics, blood sampling analysis (e.g., glucose,
triglycerides, high-density lipoprotein (HDL) cholesterol, CRP and others) and standardized clinical
examinations (e.g., height, weight, waist and hip circumferences, and blood pressure). Q1 was sent
by mail invitation and handed in on attendance at a screening station, where interviews, clinical
examinations, and blood sampling took place. Q2 was distributed at the screening station and

returned by prestamped mail.

4.1.2 The Norwegian Prescription Database (NorPD)

The NorPD is a national health register of all drug prescriptions dispensed in the Norwegian
pharmacies from 2004. Data include information about the prescriber (i.e. sex, birth year,
profession/speciality), drug user (i.e. sex, birth year), dispensed prescriptions (i.e. dispensing
month/year, the prescriptions number of packages and defined daily dosage (DDD), reimbursement
codes) and drug (i.e. article number, brand name, package size, package unit, drug strength,
Anatomical Therapeutic Chemical (ATC) code, DDD value, DDD unit and prices). Every prescription
contains the user's unique ID number, making it possible to identify all prescriptions chronologically
to each individual. NorPD lacks individual-level information on drugs dispensed to hospitals and
nursing homes. Over-the-counter (OTC) drugs are not registered in NorPD unless dispensed by
prescription. The area of application and prescribed dose is in a free-text format and is not available
for research. Data on the indication for prescriptions are not included, but reimbursement codes
(The International Classification of Diseases, 10t revision; ICD-10 or International Classification of
Primary Care, 2'" revision; ICPC-2) on the prescription may occasionally serve as a proxy for diagnosis.

Details on the NorPD database are available at https://www.fhi.no/en/hn/health-

registries/norpd/norwegian-prescription-database/.
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4.1.3 Linkage of HUNT studies with National Prescription Database (NorPD)
This thesis's available NorPD data included prescriptions from 2006 to 2019 on the population in
Nord-Trgndelag invited to HUNT surveys. After obtaining ethical approval, information from NorPD

was merged with data files of the participants in the HUNT3 or HUNT4 studies (Papers Il and lIl).

4.2 Study population

The HUNT participants who completed the main questionnaires (Q1 and Q2) constituted the
underlying population (i.e., source population) from which the study populations for all three studies
was drawn. The study population in the first study (Paper I) included participants in HUNT2, HUNT3
and/or HUNT4. Among them, 17 581 individuals were participants (i.e., answered Q1 and Q2) in all
three HUNT surveys (HUNT2-4), 28 368 in HUNT2 and HUNT3, and 22 354 in HUNT2 and HUNTA4. In
the second and third study (Papers Il and Il1), we linked NorPD data on dispensed prescriptions from
January 2006 to December 2019 to HUNT3 and HUNT4 participants (i.e., the study population in

Paper II) and HUNT3 participants (i.e., the study population in Paper lll).

Paper |

We started with individuals who participated in at least one of the HUNT 2-4 surveys (HUNT2

N=65 228; HUNT3 N=50 800; HUNT4 N=56 042) and excluded those who provided no valid
information on self-reported depression and anxiety symptoms (outcome), measured by HADS
questionnaires (3 890, 10 284 and 13 939, respectively). Next, we excluded those who provided no
information (i.e., missing all items) on CVDs or DM status (independent variable). Final analytical
samples were analyzed independently by CVDs and DM status (yes/no). Analysis by CVDs status
included 61 284, 40 508, and 40 443 participants from HUNT2, HUNT3 and HUNT4, respectively.
Accordingly, analytical samples of 61 229 participants in HUNT2, 40 504 in HUNT3, and 41 371 in
HUNT4 were analyzed by DM status. Analytical samples of participants with both physical conditions

(CVDs and DM) were too small to achieve the necessary statistical power and precision of results
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(i.e., 204, 164, and 182 among women and 262, 283, and 385 among men in HUNT2, HUNT3, and

HUNT4, respectively) and thus were not analyzed as a separate group.

Paper Il

Of all invited (93 860), 40 516 participants in HUNT3 and 42 103 in HUNT4 had valid HADS scores
(outcome information) and thus fulfilled the inclusion criteria for the study population in this study.
We excluded participants missing all items on CVDs status (8 and 1590) or DM status (11 and 732) in
HUNT3 or HUNT4, respectively. Furthermore, information on dispensed drug prescriptions of the
eligible study participants was collected from NorPD. The analytical samples for the analysis of
cardiovascular agents (exposures) included only participants who reported CVDs in one or both
HUNT surveys (2 574 women and 3 915 men). Accordingly, analysis of metformin (exposure) was
carried out in a analytical sample of participants with DM in HUNT3 or HUNT4 (1 708 women and

1898 men).

Paper 11l

This study population for this study comprised 50 815 participants in HUNT3 whose drug prescription
records were collected from NorPD from 1% January 2006 to the date of study participation (from 3t
October 2006 to 25 June 2008). Individuals who received a prescription of one or more
cardiovascular agents (i.e., ACEl, ARBs, ASA, BB, CCB, diuretics or statins), metformin or
antidepressants six months before their participation date in HUNT3 (baseline) were excluded. Lastly,
we excluded participants aged <40 or >70 years at baseline (n=12 580) and ended up with the sample
of 20 227 individuals for the analyses. Participants aged 40-70 years 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 (other comorbidities, polypharmacy, and death) that

may interfere with the outcome (initiation of antidepressants), participants over 70 years of age
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were not analyzed. The study population was followed for 10 years from enrolment in the HUNT3

study or up to their first dispensed antidepressant prescription.

4.3 Study variables

4.3.1. Independent and exposure variables

Self-reported CVDs and DM status (Papers | and Il)

Self-reported CVDs and DM status were independent variables in the analysis for Paper I, based on
questions (yes/no) on the history of these diseases in HUNT2, HUNT3 and HUNT4. Questions on
heart diseases (myocardial infarct or angina) or stroke were used to define CVDs status (yes/no) in
Paper I. History of heart failure was a question in HUNT3 and HUNT4 and was therefore included in
definition of CVDs status in Paper lll. DM status (yes/no) in Papers | and Il was defined by previous or
current DM, including TIDM, T2DM or other types of DM. Reason for this is that type of DM was not
part of the main questionnaires in HUNT4. One answer to the questions about the history of CVDs or

DM was sufficient for defining the disease status in both studies.

Use of cardiovascular agents and metformin (Papers Il and 1)

Dispensed prescriptions of cardiovascular and antidiabetic agents from January 2006 to December
2019 from NorPD served as a "proxy" for defining the use of these drugs (exposure variables) in
Papers Il and lll. Dispensed prescriptions have been previously confirmed as a reliable measurement
of drug use (259). The selection of drug classes for the analysis was based on their associations with
depression suggested by literature (22, 28, 34, 207) and the number of users in our data that
provided sufficient statistical power. Diuretics as a drug subgroup (ATC C03) were included as a
negative control because these drugs have not been associated with mood disorders (28, 34). The
following cardiovascular agents and metformin, defined according to ATC codes, were analyzed: ACEI
(CO9A), ARBs (CO9C), ASA (BO1A C06), BB (C07), CCB (C08), diuretics (C03), statins, that is HMG-CoA-

reductase inhibitors (C10A A), and metformin (A10B A02). Of all antidiabetic agents used in T2DM
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treatment, only metformin had the number of users for sufficient statistical power. Analysis of other
antidiabetic agents (i.e., sulfonylureas, glucosidase inhibitors, thiazolidinediones, dipeptidyl
peptidase 4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) analogues, and sodium-glucose co-

transporter 2 (SGLT2) inhibitors) included only descriptive statistics in Paper Il.

In Paper Il, we defined drug use as having at least one dispensed prescription nine months before
participation in HUNT3 or HUNT4. In Norway, drugs used for treating chronic diseases are used daily
and typically dispensed in quantities that cover approximately three months' use. In our data, the
period from the first dispensation date (January 2006) to the first participation date in HUNT3
(October 2006) was nine months. Therefore, we chose a fixed-time period of nine months as the
shortest period available to collect drug prescriptions before participation in HUNT3. An initial,
exploratory analysis showed that most of the HUNT3 and HUNTA4 participants identified in NorPD had
from three to four drug dispensations during nine months. As cardiovascular and antidiabetic agents
are used long-term and daily in CVDs and DM, we assumed that one filled (i.e., dispensed)
prescription of these drugs during nine months would be sufficient to define individuals on these

drug treatments.

In Paper lll, we used the first dispensed prescription to define exposure as using one (monotherapy)
or more (polytherapy) cardiovascular agents or metformin. The date of dispensation was month and
year. 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 prescriptions for

metformin or any cardiovascular agents included in this study.
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4.3.2 Outcomes

Anxiety and depression symptoms; The HADS Scale (Papers | and Il)

The Norwegian version of the HADS was available in Q1 in HUNT2 and Q2 in HUNT3 and HUNT4. This
brief-self rating scale (14 items) covers the core psychological dimensions of anxiety and depression
(260) and was designed for screening purposes in non-psychiatric medical patients with somatic
diseases (261). HADS questions are designed to define and distinguish anxiety from depression and
do not address anxiety and depression symptoms that overlap with somatic diseases (i.e., dizziness,
headaches, insomnia, anergia, fatigue and others). The HADS total (HADS-T) includes seven items for
anxiety (HADS-A subscale) and seven for depression (HADS-D subscale), each scoring from 0 (no
symptom present) to 3 (highest symptom levels) on a 4-point Likert scale. The HADS is a valid and
reliable instrument across various samples and settings (87), including the general population (262,

263), patients with CVDs (88), DM (89) and patients at clinics (264).

Participants with at least five of seven completed items on both subscales (i.e., valid HADS
responses) were included in the analysis. We assumed similar responses to the questions not
answered as those answered. Thus, the HADS scores with one or two missing items on each subscale
were replaced sum of completed items multiplied by 7/6 and 7/5, respectively. Recommended cut of
values for describing symptoms are: 8-10 (mild), 11-14 (moderate) and 15-21 (serve) (260). Due to a
low number of individuals with HADS scores 11 and above in our sample, we chose a traditional cut-
off value of eight to define clinically significant symptoms of anxiety and depression (mild to severe).
A categorical approach to HADS is reliable for independently identifying anxiety and depression
symptoms and rating symptom severity among populations with CVDs (88) and DM (89). Moreover,
cut-off eight showed optimal sensitivity and specificity (about 0.80) and a good correlation with a

clinical diagnosis of depression (DSM-IIl and ICD-8/9) (87).
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The first study of this thesis (Paper I) investigated associations of depression and anxiety symptoms

with the disease status (i.e., CVDs and DM). For this purpose, we used HADS subscales independently
and categorized participants according to their scores, as having no symptoms of anxiety (HADS-A <8)
or depression (HADS-D <8) and mild to serve symptoms of anxiety (HADS-A >8) or depression (HADS-

D 28), respectively.

The second study (Paper Il) focused mainly on depression symptoms as an outcome, and thus in our
primary analysis, we applied only HADS-D scores to classify participants as those with no or few
symptoms of depression (scores <8) and mild to severe depression (scores 28). In an additional
analysis, both HADS scales were used to assess depression without anxiety (defined by HADS-D 28 &

HADS-A < 8) as an outcome, and the results were not essentially changed.

initiation of antidepressant use (Paper IlI)

The NorPD database provides diagnostic information from the ICD-10 or ICPC-2 for prescriptions only
after 2008. Hence, we decided to use only antidepressant prescriptions as the outcome and proxy for
possible depression (and/or anxiety) at the diagnostic level in Paper lll. The outcome of this study
was the initiation of antidepressant use, indicated by the first dispensation of antidepressant agents
during the study period. All antidepressants as a drug subgroup (ATC code NO6) were included in the
analysis. Among them, the following groups of antidepressants with ATC codes were the ones with
the most users among the study population: non-selective monoamine reuptake inhibitors (RIs)
(NOBA A), selective serotonin reuptake inhibitors (SSRI) (NO6A B), monoamine oxidase A (MAO-A)

inhibitors (NO6A G02), and other antidepressants (NO6A X).

4.3.3. Other covariates
Other covariates in all studies (Papers I-11l) were based on HUNT questionnaires and included:

sociodemographic characteristics, lifestyle, and clinical measurements.
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Sociodemographic characteristics included: sex (classified as women and men), age (mean and age
groups < 55, 55-64 and > 65 years) and cohabitation status (living with someone vs living alone).
Direct measurements of socioeconomic status (e.g., education level, income) were not included in
HUNT3 and HUNT4 databases.

Lifestyle measurements included: current smoking (yes/no), monthly alcohol consumption (no or low
drinking versus moderate to frequent) and physical activity (inactive versus active). Based on
smoking measurements from HUNT, participants who never smoked or have smoked previously
occasionally were defined as no current smokers, whereas those who smoke daily or occasionally
smoke as current smokers. Alcohol consumption was measured in the last 12 months and described
numerically (i.e., times drinking per month) in HUNT2, whereas categorically in HUNT3 and HUNT4
(i.e., never; no at all in the last year; about once a month; once a week; 2-3 times a month and 2-3
times a week). In this thesis, we defined drinking never or < one time per week was defined as no or
low drinking, while two-three times or > four times per week was moderate to frequent drinking. In
HUNT, physical activity was measured by questions about weekly average hours of light (i.e., no
sweating or heavy breathing) and hard (i.e., sweating and heavy breathing) physical in the last year.
In all studies, we defined the respondents with no physical activity or less than one time per week as
not physically active, while those with more than one time per week of hard or light physical activity
were physically active.

Body mass index (BMI), computed as weight (in kg) divided by height (in meters) in HUNT, was used
as a general indicator of overweight and obesity but also as a possible risk factor for cardio-metabolic
diseases, depression and anxiety (171). According to the WHO overweight and obesity classification,
we classified participants as underweight to normal (BMI < 25 kg/m2) and overweight to obese (BMI

> 25 kg/m2).
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4.4 Statistical analyses.
All statistical analysis was performed using the Stata statistical software, versions 16 and 17 (© Stat

Corp LP). Statistical significance was set at p <.05, and two-sided tests were used where applicable.

4.4.1 Descriptive statistics (All Papers)

Descriptive statistics included baseline characteristics described in frequencies and percentages
presented across sexes. Differences between group frequencies for categorical variables were
compared using the Chi-square test (Paper Il). Prevalence rates presented in the Figures (Papers | and
II) were age-standardized (using the age categories <55, 55-64 and 2 65 years) by direct
standardization method where the age distribution of participants attending the screening in HUNT3

served as a standard.

4.4.2 Cross-sectional analysis (Papers | and I1)

Cross-sectional associations of depression and anxiety symptoms with disease status (CVDs and DM)
(Paper I) and depression symptoms with cardiovascular agents and metformin (Paper Il) were
analyzed by multilevel logistic analysis. Multilevel models were sex-stratified and specified to account
for repeated measurements on the same participations (non-independent observations). The
measures of associations included absolute [Prevalence differences (PD)] and relative [Prevalence
ratios (PR)] measures with corresponding 95% confidence intervals (95% Cl). Reported estimates
were calculated based on model predictions, where PR represents the ratio between the mean
predicted probability and the PD difference in the mean predicted probability. PR and PD were

calculated for specific age groups.

Paper |
Reported estimates (PR and PD) for symptoms of anxiety and depression among participants with

and without CVDs or DM (reference) were calculated for ages 40, 60 and 80 years (estimates for age
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60 years were presented in the results section in Paper 1). Interaction terms were included between
participation in HUNT survey(s) and the self -reported diseases status to allow the change in CVDs

and DM status to vary across survey years. All models were adjusted for age and age squared.

An initial, exploratory analysis, included sociodemographic variables (i.e., cohabitation) and lifestyle
measurements (i.e., smoking, alcohol consumption, physical activity, and BMI). Further adjustment
for BMI included categorical (cut-off at 25 kg/m?) and continuous approach. Models with BMl as a
continuous variable included restricted cubic splines to test for possible non-linear associations
between the continuous change of BMI and the outcome (anxiety and depression symptoms) at four
prespecified percentiles of BMI distribution (i.e., 5th, 25th, 75th, and 95th) that correspond to
different BMI values (i.e., 20.7 kg/m2, 24.1 kg/m2, 26.3 kg/m2, 28.9 kg/m2, and 34.9 kg/m?2,
respectively). Adjusting for covariates did not substantially alter the results, and, therefore, we

decided to include only age-adjusted models in the final analysis.

Paper 11

The prevalence of depression symptoms (based on HADS-D> 8) was analyzed independently for each
cardiovascular agent and metformin, where analytical samples comprised individuals with “pure
depression symptoms” (i.e., without anxiety symptoms) and those with depression and anxiety
symptoms. The reason for such operationalization of depression was that physical conditions, such as
CVDs and DM, showed stronger associations with mixed anxiety and depression symptoms than each
symptom alone (265). Reported estimates (PR and PD) for depression symptoms for individuals with
any drug prescription vs no drug prescriptions (reference) nine months before participation in HUNT

were calculated for age 55 (mean age of the population in HUNT).

Multilevel models for cardiovascular agents were restricted to participants with CVDs, and models

for metformin to those with DM. This approach aimed to improve, to some extent, the comparability
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between exposed (i.e., drug users) and non-exposed (i.e., no-drug users=reference) participants.
Participants in the HUNT surveys partly comprise the same individuals, thus creating dependency (or
non-independence) among these observations. The multilevel regression models were applied to
account for this feature of HUNT data and contribute to “more correct” estimates and statistical
precision. These models analyze both surveys simultaneously, estimating the outcomes within the
same individual that are likely to be more similar than outcomes for two individuals at random.
However, the used models do not explicitly address for the treatment discontinuation - this would
require a different model specification. The crude models were age adjusted (i.e., age and age
squared). Further analysis included covariates smoking status, chronic diseases and antidepressants
use. Adjustment for antidepressant use and exclusion of participants using antidepressants yielded
similar results. After inclusion of other lifestyle variables and BMI in models results remained largely
unchanged. Thus, the reported final models included smoking status and chronic diseases as relevant

covariates, excluding participants with antidepressant prescriptions before HUNT3 or HUNT4.

4.4.3 Prospective analysis (Paper Il)

We used Cox proportional hazards (PH) models to examine associations between cardiovascular
agents and metformin and the risk of antidepressant use initiation. Diagnostic analysis (e.g., log-log
curves (266) and Schoenfeld residuals (267) suggested a violation of the PH assumption. This issue
was addressed by delaying the start of follow-up for three and six months and one year after
baseline. The result was improved models but essential unchanged results indicating that possible
non-proportionality in the data probably would not substantially influence the interpretation of
study findings. The follow-up time started in HUNT3 (baseline) for all study participants. To prevent
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
defined 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-
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or polytherapy) and were followed to first antidepressant prescription or end of follow-up. In that
way, each participant could contribute to the analysis with person-times twice, once before and once
after being exposed for the first time. Thus, the follow-up period included both pre- and post-
exposure period during which participants could experience the outcome (i.e., they were not
immortal). Models were first adjusted for sex and age as a time-varying covariate (Model 1) and
thereby for HADS-T and BMI at the baseline as continuous variables (Model 2). Further inclusion of
lifestyle variables and chronic diseases as adjustment variables yielded marginal changes to the

results, and therefore these variables were not included in the final analysis (Models 1 and 2).

4.5 Ethical considerations

HUNT data were collected prior to this thesis, and participants gave their written consent for
research on their data and were given the possibility to withdraw from participation at any time. The
Regional Committees for Medical Research and Health Research Ethics in Norway regard the benefits
of HUNT to outweigh any potential disadvantages for individual participants (255-257). All the studies
of this thesis were approved by REK (reference 2019/30292/ REK Nord) and the Norwegian Centre
for Research Data, NSD (reference 30292/NSD). The data used in this thesis were anonymous, used
under the licence of the current studies and not publicly available. This PhD research project received
permission to use HUNT and NorPD data upon application (until 31 July 2023) to answer the project's

purpose.
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5. Main results
5.1 Paper I:
Prevalence trends of depression and anxiety symptoms in adults with cardiovascular diseases and

diabetes 1995-2019: The HUNT studies, Norway

The prevalence of anxiety and depression symptoms were lower in 2017-19 (HUNT4) than in
previous study periods (HUNT2-3) and this applied for adults with and without CVDs and DVj;
however, women reported more anxiety symptoms than men. Moreover, higher levels of depression
symptoms were observed among participants with CVDs than those free from these conditions
across study periods (HUNT2-4). Although positive associations between psychological symptoms
(depression and anxiety) and disease status (CVDs and DM) declined over time, men with CVDs were
consistently more likely to report depression symptoms compared to men with no CVDs. Compared
with men aged 60 years without CVDs, men with CVDs had, on average, a depression symptom
prevalence that was 45% (PR'=1.45, 95CI% 1.33-1.54) and 26% higher (PR=1.26, 95%Cl 1.12-1.39) in
HUNT2 and HUNTA4 respectively. In women aged 60 years with DM, the prevalence of depression
symptoms was on average 36% higher in HUNT2 (PR=1.36, 95%Cl 1.17-1.56) and 24% higher in
HUNT4 (PR=1.24, 95%CI 1.06-1.42) than in women without DM at the same age. The study confirmed
that psychological symptoms are common in the population with CVDs. The results also suggest that

prevalence of depression and anxiety symptoms vary according to CVDs and DM status and sex.

1 The measures of association used to present the main results in Paper | differ from those used in the published article for
this study.
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5.2 Paper ll:
Associations of cardiovascular and antidiabetic drugs with depression symptoms: A cross-sectional

analysis of HUNT studies, Norway

Men with CVDs using ASA had a depression symptom prevalence that was 24% and 33% lower than
men with CVDs not using ASA in HUNT3 and HUNT4 (PR=0.76; 95%Cl 0.59-0.94 and PR=0.67; 95%CI
0.52-0.82, respectively). Within the same sample, statin users had a depression symptom prevalence
that was 30% and 33% lower than non-users in HUNT3 (PR?=0.70; 95%Cl 0.54-0.86) and HUNT4
(PR=0.67; 95%CI 0.51-0.84), respectively. Similar associations between use of statins or ASA and
decreased depression symptom prevalence were detected in women with CVDs in HUNT4 but not in
HUNTS3. The results gave no support that the prevalence of depression symptoms was higher or
lower among users of metformin or other cardiovascular agents included in this study. Our results
indicate possible relationship between the use of ASA or statins and reduced depression symptoms;
however, the potential antidepressive effects of these cardiovascular agents need further

investigation.

2 The measures of association used to present the main results in Paper Il differ from those used in the published article for
this study.
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5.3 Paper lil:
Risk of antidepressant drug initiation among users of cardiovascular agents and metformin.
Findings from the Trgndelag Health Study (HUNT) and Norwegian Prescription Database (NorPD),

Norway

Among 20 227 adults aged 40-70 years at baseline (HUNT3), there were different associations
between the use of cardiovascular agents or metformin and the risk of antidepressant initiation.
ARBs or CCB monotherapy was associated with a 30% and 19% lower risk of antidepressant initiation
compared to reference (HR 0.70; 95%Cl 0.56-0.88 and HR 0.81; 95%Cl 0.61-1.06, respectively).
Furthermore, there was a reduced risk of initiating antidepressant use among ASA or statins
polytherapy users (HR 0.85; 95%Cl 0.68-1.06 and HR 0.80; 95%Cl 0.64-1.10), with a small increased
risk for the ASA monotherapy group. The results yielded no statistical evidence of associations
between ACEI, BB, diuretics or metformin use and increased or decreased risk of antidepressant
initiation. The mixed findings may indicate that some cardiovascular agents may, while others not, be
associated with a lower risk of initiating antidepressant therapy or bias due to the limitations of study

design.
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5.4 Summary of the main findings

Adults with CVDs, and to a lesser extent DM, had generally a higher prevalence of both depression
and anxiety symptoms compared to adults without CVDs or DM. However, these results were more
consistent for CVDs and depression among men. The depression symptom prevalence and risk of

initiating antidepressant therapy varied by type of CVDs treatment. More specific findings were:

e The use of ASA or statins compared to no use of these drugs was associated with a reduced
prevalence of depression symptoms in men with CVDs from HUNT3 (2006-08) to HUNT4

(2017-2019) and women with CVDs in HUNT4.

e Among adults aged 40-70 years at baseline (HUNT3), ARBs and CCB monotherapy and ASA or
statin polytherapy were associated with a lower risk of antidepressant initiation compared to

reference during a 10-year follow-up.

e Compared with non-users, there was no evidence that the prevalence of depression

symptoms was lower or higher among metformin users, nor was there any sign of increased

or decreased risk of antidepressant initiation.
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6. Discussion

There is limited data from the whole population samples that informs about the changes in disease
prevalence over time. The added value of this research includes providing new and up-to-date
knowledge on prevalence of depression and anxiety symptoms, from 1995 to 2019, in community-
dwelling adults among the general Norwegian population (Paper |). Furthermore, this thesis provides
new knowledge on depression symptom prevalence according to cardiovascular agents and
metformin usage at two-time points (Paper Il), and the risk of antidepressant drug initiation among
users of cardiovascular agents or metformin (Paper Ill), in a previously non-investigated population,

and exploring several drug classes concomitantly.

To our knowledge, Paper | is the first study in the general Nordic population to describe the changes
in prevalence of depression and anxiety symptoms in community-dwelling adults with and without

CVDs or DM over the past two decades. Such descriptive prevalence studies are valuable to evaluate
the status and trends of mental health and can aid in the development and strategies of population-
based healthcare. Furthermore, these results are helpful in hypothesis generation and give direction

for further research.

Papers Il and Ill add to the growing literature on associations between depression symptoms and use
of CVDs drugs and metformin by replicating the results of this research phenomenon using
hierarchically different study designs and relevant outcomes. So far, the literature has been
inconclusive, and the evidence in Papers Il and Ill is still not strong enough to make definitive
conclusions. These results highlight the need for further research to understand better whether,

how, and to what extent CVDs drugs and metformin may impact mental health.
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6.1 Comparison with the results from previous studies

The findings in Paper | might indicated a slight decline in overall depression and anxiety symptom
prevalence among study participants (majority aged =65 years), which broadly aligns with prevalence
data from other Nordic countries (116, 118, 268). Although not totally in keeping, prevalence rates
over 22 years in Paper | partly reflect a trend in depression and anxiety prevalence that is suggested
to be stable globally (121) and across countries (117, 123, 269). Consistent findings on a higher
prevalence of anxiety and depression in women than men (270, 271) align with the results from
Paper | for anxiety but not depression. Of note, the HADS-D instrument is considered a generally
robust test for depression symptoms across age groups, yet with minimal sex differences (272).
These psychometric properties is likely to explain the small differences in depression prevalence in
women and men, in contrast to many other studies (116, 269-271). However, increased prevalence
of depression and anxiety symptoms observed in men and women with CVDs and, to a minor degree,
DM, aligns with results from previous cross-sectional studies (273, 274) and corresponds with
previous meta-analytic evidence that the prevalence and risk of these mental conditions (self-
reported or clinically diagnosed) are higher in individuals with than without CVDs (152-155) or DM

(172, 275) of both sexes.

The findings in Paper Il suggest that among the CVDs population, the prevalence of depression
symptoms was lower among ASA or statin users than ASA or stains no-users, whereas there were no
prevalence differences for other cardiovascular agents or metformin. These results broadly support
relevant large register-based Scandinavian studies (22, 23, 33, 203) while partly disagree with
Australian cross-sectional studies of over 14 000 hypertensive adults (235) of cardiovascular agents
and contradict results for metformin from two case-control studies of T2DM individuals (30, 254) and
prospective study of total Danish population (28). Paper Il showed a reduced 10-year risk of
antidepressant drug initiation for adults aged 40-70 years at baseline using ASA or statin polytherapy,

in keeping with prospective studies with corresponding outcomes (22, 23, 202), with more
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consistency for the benefits of statins than ASA suggested by meta-analysis (32, 36, 190). Similar
findings for study participants on ARBs or CCB monotherapy generally correspond to previous
prospective studies using prescription records to measure drug use (20, 22, 227, 228). However, the
results in Paper Ill showed no sound statistical evidence of an association with reduced risk of
antidepressant initiation for ACEl monotherapy. This observation is similar to population-based data
demonstrating ARBs as superior to ACEl in the protection or improvement of depression symptoms
in population-based settings (227, 229); however, biological reasons for these differences are still not
elucidated (276). However, differences in outcome measurement and reference groups challenge

direct comparison and may be reasons for the discrepancy between the findings (228, 230, 234).

6.2 Interpretation of main findings - clinical and public health perspectives

Higher depression and anxiety symptom prevalence from 1995 to 2019 in adults with CVDs or DM
than in the general population in Norway (Paper I) reflect the well-known increased burden of this
physical-mental health comorbidity worldwide (154, 155, 160, 173, 174), pointing to the need for
routinely mental health assessment and management strategies in CVDs and DM clinical practice.
Furthermore, the results show that depression and anxiety symptom load in population with CVDs or
DM differ by sex. Associations between CVDs and increased prevalence of depression symptoms
throughout the study in men but not women correspond to sex-specific symptom courses of post-
CVDs depression, where, unlike women, men experience greater and longer-lasting mental health
burdens after a cardiovascular event (277). In contrast, an increased prevalence of depression
symptoms observed only in women with DM in HUNT2 and HUNT4 may be result of diabetes-related
stress accompanied by depression, which is suggested to be higher in women than men (278). In
addition, almost twice the use of antidepressants among women than men observed in the second
study (Paper Il) confirms the well-established knowledge that women are more likely to seek help for

mental conditions and to be diagnosed and treated for depression than men (279, 280).
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Most importantly, the decision to stratify analyses by gender (Papers | and II) was done a-priory and
not during the analyses phase, hence it was a pre-specified analytical decision to minimize the
influence of possible sex differences on CVDs and depression prevalence based on the previous
literature (116, 174, 269, 271). However, there could be several possible mechanisms underlying the
observed sex differences in the associations between the use of ASA or statins and prevalence of
depression symptoms in the first study period (HUNT3) but not in the second study period HUNT4
(Paper Il). The observed pattern may result from the selection bias into the HUNT surveys, recruiting
increasingly healthier samples from 1995 to 2019 (256, 257, 281). Furthermore, the transition from
ICD-9 (ICD, the Ninth Revision) to ICD-10 (ICD, the Tenth Revision) at the end of HUNT2 (282)
increased the number of disease diagnosis which may, at the same time, lower the diagnostic
thresholds for CVDs and DM and contribute to a higher prevalence and "healthier" population with
these conditions (283). As a result, this revision of the diagnostic criteria might also contribute to a
general decline in HADS-scores and thus, depression and anxiety symptom prevalence in population
with CVDs or DM from HUNT2 to HUNT4 (Paper 1), which again might result in lower depression

symptom levels among ASA or statin users of both sexes in HUNT4 (Paper Il).

It has been also hypothesized that underlying level of inflammation related to physical conditions
may play an important role in antidepressant effects of statins or ASA (23, 203); however their
potential benefits on depression have been suggested in both women and men (284, 285). As so, the
conflicting findings for ASA and statins between sexes (i.e., subgroups) may result from different
prevalence of other underlying conditions or risk factors for depression between women and men
that analysis in this study (Paper Il) could not control for. However, the findings of subgroup analyses
in observational studies that contradict previous research must be interpreted by a great causation
because they may be influenced by bias, confounding, study design, analytical choices and data

material (286). Therefore, generally speaking, the results in Paper Il are not sufficient evidence to
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redefine the hypothesis to state potential antidepressive effects of ASA or statins in women but not

men.

The potential benefits of ASA or statins on depression have previously been suggested in individuals
with more severe types of CVDs (e.g., myocardial infarct, angina, stroke and others) (23, 191, 203),
characterized by higher levels of systemic inflammation than less complicated CVDs such as
hypertension (136). Accordingly, there is the possibility that anti-inflammatory agents, including ASA
and statins, may improve depression symptoms in individuals with increased systematic
inflammation, such as specific CVDs sub-populations (287). Diagnosis, duration and severity of CVDs,
which may be factors underlying observed negative associations of specific CVDs drug classes with
depression symptoms (Paper Il) and antidepressant initiation (Paper lIl), are not included in the
analysis in the studies. However, the underlying assumption in the analysis (Papers Il and Ill) is that
prescriptions of different cardiovascular agents are not subject to prescription bias in terms of
depression symptom level or other mental health conditions at the time of prescription. Evidence of
the potential benefits of cardiovascular and antidiabetic agents on depression is still new and not
widespread. Hence, it is unlikely that such knowledge has influenced the choice of drug prescribed

for CVDs or DM treatment.

The lowest prevalence of depression symptoms (Paper Il) and risk of antidepressant initiation (Paper
I1) for cardiovascular agents with known anti-inflammatory secondary effects (ASA and statins) (19,
34, 187), align with the notion that inflammation could be one of the shared mechanisms of
depression with CVDs (131). Hence, inflammation could be a potential target for prevention and
treatment of these conditions (14, 15). Mental health conditions negatively affect the prognosis and
treatment outcome of CVDs (288), yet cardiovascular agents' possible positive psychological impact

requires further investigation before consideration in clinical practice can be recommended.
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It is important to emphasize that the results of Papers Il and Ill are not sufficient evidence to suggest
any of the studied drug classes as potential candidates for new drug targets in depression treatment
or prevention. The purpose of these studies was purely descriptive, and the limitations of their

designs may lead to selection and information bias, influencing the results.

Epidemiological studies with causal purposes (analytical observational and interventional studies) can
aid in demonstrating causation with different levels of evidence. A well-designed RCTs provide the
most substantial evidence for causal exposure-outcome associations, and causal language in
reporting results from this type of epidemiological study is appropriate (289). This is because their
design avoids confounding, balances differences between exposed and control groups, and
minimises selection bias in the findings of this study. Since it is impossible to rule out the role of
chance, bias or confounding with total certainty in an individual observational (non-experimental)
study, the causal interpretation of the results is, in most cases, inappropriate (290). Using causal
language in reporting results from observational analytic studies (e.g., cohort or case-control studies)
may be appropriate only if the study design ensures no (or minimal) confounding, measurement and
selection bias. However, observational analytic studies using a variety of statistics and strategies
based on designs with distinct strengths and limitations and, in particular, sources and directions of
bias may, if they survive multiple rejection attempts, lead to sufficiently robust causal inferences to

justify policy or practice actions (233).

Depression, CVDs and DM, overlapping inflammatory conditions represent major global health
problems (291, 292), and novel strategies for appropriate and effective prevention and treatment of
these conditions would be of great importance to the general public health. Despite sex-specific
associations between prevalence of depression symptoms and CVDs or DM (Paper 1), these
observations still indicate the importance of mental health monitoring of individuals with CVDs or

DM in general. From a public health perspective, shared aetiological mechanisms could introduce
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novel targets for improved public health strategies with benefits for mental and physical health in
high-risk populations such as those with CVDs or DM. Such strategies could also be universal and
involve non-pharmacological interventions in the general population, for example diets with low

inflammatory index, regular sleeping habits, stress reduction and others (293).

6.3 Methodological considerations

6.3.1 Strengths and limitations of the study designs in Papers I-1lI

The general strengths in all three studies (Papers I, Il and Ill) include large sample sizes and extensive
sets of demographic, lifestyle and health data collected from community-dwelling adults living in a
well-defined catchment area in the past 20 years. This ensured sufficient statistical power in most
analyses, a good description of the study population and adjustment for the most known variables
(i.e., covariates) that affect the outcome and may differ among study populations (i.e., lifestyle
factors, BMI and others). Furthermore, all studies include a well-suited and validated instrument to
measure depression and anxiety symptoms (HADS) that, at certain cut-off levels, shows a good
correlation with the clinical diagnosis of depression and anxiety in the general population and adults

with chronic diseases (87).

The strengths in Papers Il and Il include a linkage between the population-based study HUNT and the
Norwegian Prescription Database (NorPD). This combination of two extensive databases has several
advantages. First, to measure drug use (exposures) by dispensed prescriptions, a valid and reliable
instrument with minimal risk for information bias (259). Second, to investigate the prevalence of
depression symptoms (outcome) according to the use of various cardiovascular agents and
metformin among adults with CVDs or DM at two-time points (Paper Il). Third, to prospectively
collect drug prescriptions and investigate the 10-year risk of antidepressant initiation (outcome)
across several drug classes taking into account baseline levels of relevant health-related factors

(depression symptoms and BMI) not available in prescription databases (Paper Ill). The longitudinal
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design was applied in Paper lll to reassess (replicate) results from Paper Il, allowing an outcome
closer to clinical depression. Finally, the strengths of the designs in Papers Il and Il were that both
studies examined several cardiovascular agents and metformin simultaneously, unlike most studies
within the field that investigated either cardiovascular (206, 230, 231) or antidiabetic agents

separately (28, 43, 250).

A general limitation of the study designs in Papers I-lll include a lack of information on clinical
diagnoses of CVDs, DM, depression and anxiety, the gold standard in clinical assessment and
research on treatment and pharmacotherapies. Moreover, the HADS mainly covers features of
depression and generalized anxiety, the most common symptoms of mental distress, yet does not
capture features of more specific anxiety disorders (e.g., social phobia, obsessive-compulsive
disorder (OCD), panic disorder) or states of abnormally elevated mood (e.g., hypomania and mania)
(260). Further, measurement points 10 years apart prevented the detection of fluctuation in levels of
depression symptoms over time (Papers | and Il). As CVDs and DM in these studies were self-
reported and limited to several diagnoses, underreporting or misclassifying these diseases is likely to
have influenced the results of these studies, possibly toward underestimation. Various diagnosis are
indications for use of antidepressants, including anxiety, OCD, chronic neuropathic pain,
fibromyalgia, and others. Therefore, relying solely on antidepressant prescriptions as a proxy for
clinical depression due to the absence of clinical diagnoses in NorPD, may result in misclassification
of the outcome in Paper lll. Selection bias caused by the selection into the HUNT surveys is a
limitation in all three studies, discussed under 6.3.3 External validity and generalizability.
Importantly, the most studies using information from HUNT are considered “secondary analyses”, as
data was collected for multiple purposes. Thus, findings in Papers I-lll may have limited clinical and
public health implications compared to the studies using diagnosis of CVDs, DM and depression (20,
22,112,113, 116, 250) or data primary collected for the purpose of answering a specific research

questions (112, 116).
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6.3.1 Precision (vs random error)

The considerable sample sizes of HUNT surveys (over 50 000 participants in each survey) allowed for
reasonable high precision (i.e., low random error) of reported estimates (PR, PD and HR) in Papers I-
IIl. The multivariable analysis included only HUNT variables previously described as relevant
covariates for the analysis of the relationships between exposure and outcome of interests, the

approach used to minimize the possibility of detecting significant associations by pure chance.

6.3.2 Internal validity

Selection bias influencing the results in Papers I-1ll could have resulted from the selection (i.e.,
exclusion and inclusion) criteria made in each study. Also, the exclusion of HUNT participants missing
more than two items (i.e., item level missingness) on HADS-A and HADS-D subscale (outcome) and
missing all items on CVDs or DM status (independent variables) will lead to selection bias if the
missingness is not at random (MNAR) (i.e., depends on the values that are missing) whereas might
lead to selection bias if the missingness is at random (MAR) (i.e., depends on observed characteristics

of study participants), influencing the results in Papers | and Il (294).

As MNAR depends on unobserved values, the selection bias caused by missing items on HADS
subscales and CVDs or DM status cannot be determined (in terms of direction or magnitude) or ruled
out from the observed data included in Papers | and Il (294). However, the missing one or two items
on each HADS subscale were handled by mean substitution, the method recommended to minimize
the bias caused by item non-response on the HADS (295). Furthermore, the exploratory analysis in
Papers | and Il did not show a direct pattern between missing response to HADS, CVDs or DM items
and other measured characteristic of study participants (i.e., age, sex, smoking and others),

indicating low risk of bias in the analysis caused by MAR.
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Relative to the number of eligible participants in Papers | and Il, the small proportion of participants
with all missing items on CVDs or DM status (<5%) and sufficiently large number of valid HADS,
suggest low risk of bias caused by missing data (294). It is important to note that the HADS questions
were moved from Q1 (the questionnaire to be filled in before the clinical examination) in HUNT2, to
Q2 (the questionnaire to be filled in after the clinical examination and to be returned by regular mail)
in HUNT3 and HUNT4. Hence, this is the reason for the increased number of missing responses to all
items in Q2, including HADS scales in last two HUNT surveys. Given that the participants were
participating in Q1 and the clinical examination, it is believed that the HADS data from Q2 is missing
at random due to lack of time to answer and return Q2. If HADS data is missing at random, likelihood-
based methods (e.g. mixed models) used in analysis in Papers | and Il will yield unbiased results (296).
The final analysis in Paper | included only adjustment for age; all participants with information on
CVDs or DM and outcomes were included. As such, missing data on other covariates (i.e., smoking,

physical activity, and others) have not affected the reported results in this study.

Although antidepressant prescriptions were exclusion criteria in Papers Il and Ill, participants with a
history of depression diagnosis, non-pharmacological depression treatments, or other indications for
antidepressant therapy might still be present in the analytic samples. It could be expected that this
limitation could have influenced the results, possibly toward underestimation. An adjustment for the
HADS-T in Paper Ill aimed to minimize the influence from the possible inclusion of participants with
increased psychological symptoms at baseline in the analysis. Including younger adults (< 40 years),
in whom CVDs or T2DM is less common, in the analysis would have reduced the power to detect

associations between exposures and outcomes (Paper lll).

Information bias is relevant for the measurement of both outcomes and exposures in this thesis. To
minimize misclassification and reverse causality, the HADS covers psychological symptoms of

depression and anxiety but excludes physical conditions often present in mental conditions (85). As
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HADS questionnaires refer to the last week's feelings (93), recall bias is not likely to influence on the
findings in Papers I-lll. However, the HADS is a screening instrument which introduces the possibility
of a high number of false-positive cases, while the number of false-negative cases is expected to be

low (264). Accordingly, prevalence of HADS-defined depression and anxiety symptoms (outcomes) in

Papers | and Il may be overestimated compared to diagnostic thresholds.

The agreement between self-reported and medical records of diseases with well-established
diagnostic criteria, including CVDs and DM, has proven to be substantial (297). However, the
prevalence of these physical conditions could be underestimated because some individuals were
unwilling to disclose their disease or, in the case of DM, were undiagnosed. The increasing
prevalence of DM across study periods (HUNT2-4) (Paper I) may also indicate possibility of

underreported DM among study participants due to lack of information of their disease status.

A definition of drug use (exposure) was simplified because of the large number of prescription
records in data material and, thus, many possibilities for drug combinations which were difficult to
classify and interpret. This approach to exposure measurement could have influenced the results in
Papers Il and IIl. In Norway, pharmacotherapy for chronic disease is dispensed in quantities to cover
three months use. Paper Il defined drug use as one or more drug dispensation during the last nine
months before participation in HUNT, that should be a sufficient threshold (202). However, study
participants with dispensations of large drug quantities before nine months or those who received
drugs in the secondary healthcare facilities, could cause exposure misclassification, likely non-
differential and possibly bias toward null. Analysis of drug dispensation patterns showed that most
study participants in the exposed groups were dispensed three to four drug prescriptions over nine
months, suggesting that possible misclassification of exposure and bias caused by the definition of
drug use are less likely to affect the findings in Paper Il significantly. Furthermore, a six-month

treatment-free period can be expected to have sufficient sensitivity to capture the individuals not
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using these drugs, as also indicated by the drug dispensation among the exposed participants in

HUNT3 and HUNT4 (Paper Il).

In addition, drug use definition did not differentiate between participants with mono- and
polytherapy (Paper Il) and possible changes in therapy (i.e., switching between drugs or
deprescribing) (Paper lll), which are factors potentially related to increased or decreased depression
symptoms (i.e., outcome). This limitation in exposure measurement could have affected the results
in Papers Il and Ill, potentially leading to underestimation or overestimation of the true associations
between exposure and outcome. Moreover, Papers Il and Il included only antidepressants,
cardiovascular agents and metformin. There is the possibility that other drugs and corresponding
indications could influence results in both directions; however, adjustment for chronic diseases
aimed to some degree minimize this influence. Due to a lack of mortality data, participants included
into exposure groups in Paper Il 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 likely.

Confounding bias is a term reserved for studies with a causal aim. However, a descriptive study may
or may not require covariate adjustments. The decision to execute analytical adjustments essentially
depends on the goal of the descriptive study (298). In this thesis, both adjustments and stratification
were used in the attempt to identify potential differences between the study groups (Paper I-111). All
studies included age adjustment and sex stratifications (Papers | and Il) or sex adjustment (Paper IlI).
Of many available HUNT variables, a number of covariates were used as adjustment variables in the
final models. These included smoking, chronic diseases (Paper Il), HADS-T and BMI (Paper Ill). The
purpose of all studies in this thesis (Papers I-1ll) was to explore and describe differences between
different exposure groups and adjusting for too many covariates may mask important disparities

between these groups. Therefore, the number of variables included in adjustment is expected to be
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appropriate. Additional analysis in Paper lll included age as a time-varying covariate. However, due to
the design of the HUNT study this analysis could not account for the change of HADS-T and BMI or
other time-varying covariates, (e.g., psychological or physical conditions, diseases severity, lifestyle)
and competing risk factors (i.e., death) that could influence the findings in Paper Ill, possibly in both

directions.

Confounding by indication (i.e., clinical indication influencing treatment options) is a complex,
patient-specific source of bias that is difficult to control by non-experimental design. As many factors
underline the choice of drug treatment, dealing with confounding by indication in the «real-world»
settings requires more specific methods than standard statistical analysis (299). The definitions of
CVDs and DM in Papers | and Il were general and included various diagnoses. Therefore, restricting
the analysis to participants with CVD or DM (Paper Il) could not fully minimize differences and
improve comparability between exposed (i.e. drug users) and unexposed (i.e. non-drug users as
reference) participants. Moreover, distinct CVDs diagnoses (i.e., myocardial infarction, angina, stroke
and heart failure) will require different drug treatments. Due to drug indications and clinical
guidelines (300), some CVDs diagnosis could be more frequent among users and less frequent among
non-users (reference) of specific cardiovascular agents. For example, stroke or myocardial infarction
can be expected to be a more common diagnosis among users of ASA, whereas less common among

no-users of ASA, leading to bias in the results, possibly in both directions.

Compared with T2DM, T1DM is a disease with potentially higher risk of depression (175), where the
use of metformin is not primarily indicated. Thus, expected unequal distribution of DM diagnosis and
possible underlying risks of depression between users (exposure group) and non-users (reference) of
metformin may bias the results for this drug, possibly toward underestimation. However, the
available data indicate a much higher prevalence of T2DM than T1DM among participants in HUNT2

and HUNT3. These results correspond with the DM prevalence among the Norwegian population
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based on national health data (60), and a similar prevalence pattern is likely among participants in
HUNT4. Furthermore, the higher prevalence of DM based on general practitioner records than
prevalence of antidiabetic and insulin dispensations in Trgndelag county during HUNT3 (281)
suggests adequate diabetes control by lifestyle changes for many patients with T2DM. As so, the
magnitude of the bias influencing the results for metformin, although possible, may not be
significantly large. Furthermore, participants with CVDs or DM included in the analysis in Paper Il also
may differ by other factors (for example, disease duration and severity, patient preferences and
characteristics, risk factors, family history, and others) that determine the CVDs or DM drug option.
This limitation in the selection of exposure groups can be expected to influence the results in Paper
I, potentially in both directions. However, without available data, it is difficult to determine the exact
direction and magnitude of this bias. As important mental health indicators, type, duration and
severity of CVDs or DM could influence the association between drug use and outcomes in Papers ||
and Ill, which assessment required additional linkage to patient records and was outside the scope of

these studies.

No use of CVDs or DM drugs may also reflect medication non-adherence due to depression. If so, the
associations between cardiovascular agents or metformin and depression symptoms in Paper Il may
be underestimated even when comparing users and non-users of these drugs with the same CVDs or
DM diagnosis. However, the majority of participants with CVD selected for the analysis (Paper I1)
received at least one or more cardiovascular agents, and all participants may have been using other
drugs not included in this study. Although possible, depression-related medication nonadherence

among study participants is not expected to significantly bias the analysis in Paper II.

Immortal time bias can happen in cohort studies when there is a time window between when a
person enters a cohort and when treatment is initiated. The period between study entry and

treatment initiation is called immortal time because a person must remain in the cohort without
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experiencing the outcome long enough to receive the treatment (301). As participants included in
the study population in Paper Il could have experienced the outcome before exposure (i.e., their
time before exposure was not immortal), the risk of immortal time bias in the analysis in this study is

expected to be minimal.

6.3.3 External validity and generalizability

Selection bias caused by selection into the HUNT surveys, as described above, could compromise the
external validity of all studies because the likelihood of participating in the HUNT surveys depended
on age, health conditions (i.e., CVDs, DM and depression symptoms) and lifestyle factors (255-258),
the variables of interest to Papers I-lll. Participation rates in the HUNT differed by age and were
lowest among young (20-29 years) and the highest among middle aged and older adults (40-79 years)
(255-257). Health-related mechanisms were less likely to be the main reasons for non-participation
among the younger population in HUNT (255-258). Given that CVDs or DM are more common among
adults of higher age, the under-representation of the younger (<40 years) health population in HUNT
is less likely to influence the study findings. However, the total CVDs or DM population is likely
underrepresented in study populations in Papers I-Ill because many individuals aged >70 years were
too ill to participate in HUNT (281), influencing reported estimates probably toward underestimation.
Further, nonparticipants in HUNT3 and HUNT4 were characterised by a lower socioeconomic status
and unhealthy lifestyles (i.e., smoking and physical activity), (257, 281), which are important factors
for physical (48, 65) and psychological health (166, 182), potentially underestimating the results in all

these studies.

The overall participation rate fell by over 15 percentage points from HUNT2 to HUNT3, and a
separate nonparticipation study showed a higher prevalence of chronic physical diseases (e.g., CVDs
or DM), depression symptoms, and to a lesser degree, anxiety symptoms among non-participants

than participants (281). As ill health and old age (70+) were among the main reasons for non-
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participation in HUNT (281), the distribution of both exposure and outcomes might differ between
study populations and target population (i.e., general adult population) in Papers I-lll, affecting the
external validity and generalizability of findings in these studies. Thus, both participants defined as
users (exposure group) and non-users (reference) of cardiovascular agents or metformin in Paper Il
may represent "the healthier part" of the CVDs and DM population with a lower prevalence of
depression symptoms than the general adults with these conditions. Consequently, their comparison
might underestimate the true association between these drugs and the prevalence of depression
symptoms in Paper II. Similarly, the risk of initiating antidepressant therapy suggested by the results

in Paper lll might be underestimated by this selection into HUNT.

Participation rates in the HUNT surveys are generally considered high or acceptable (>50%) in most
age groups and highest in the middle-aged and elderly (50-79 years) (255-257), which constitutes the
large part of study populations in all three studies (Papers I-lll). Furthermore, the most common
reasons for non-participation in HUNT surveys were not health-related, but lack of time or
inconvenience among all age groups, or a lack of personal benefits of participation among older
participants (255, 281). Therefore, selection bias into HUNT which likely has influenced the results
(Papers I-11l), is not expected to be substantially large. It is also important to emphasize, that the

sampling procedure and inclusion criteria were almost identical for all HUNT surveys (255-258).

Overall, results in Papers I-lll are primarily generalizable to middle-aged and elderly (50-79 years),
community-dwelling adults, but not to adults in same age group who are sickest, live in institutions
or are hospitalized due to their illness, or those with frequent health care follow-ups who likely
reported no personal benefits of examination in the HUNT (281). Due to the baseline exclusion
criteria (70 years) in Paper lll, the low participation rate and the health-related reasons for non-
participating among the oldest population (> 80 years) (255-257), inference from the results to this
age group requires even more caution. Overall, the ethnically homogeneous population in HUNT

limits the generalizability of study findings (Papers I-1ll) to adults of non-European ancestry.
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Prevalence of anxiety and depression symptoms, CVDs, DM and risk factors for these conditions may
vary between study populations, countries, and cultures. The HADS has proven valid across cultures
and study settings (87). Therefore, it is unlikely that observed prevalence of depression and anxiety
symptoms among adults with and without CVDs and DM in the Norwegian population would radically
differ from other countries. Since CVDs and DM treatment in Norway (302, 303) corresponds to
international guidelines (300, 304), findings related to cardiovascular agents and metformin are
expected to have considerable validity outside Norway. The prescription of antidepressants in
Norway corresponds to other Nordic countries with similar health policies, but might be lower than
in other parts of Europe (126). Thus, differences in factors that may influence drug prescription
patterns and use across countries (e.g., accessibility of drugs, available treatment alternatives,

pharmaceutical economics, healthcare policies and practices) needs to be considered.

6.3.4 Comparison of the study designs in Papers I-1ll with the designs of previous studies

Similar to Paper I, the trend in prevalence of depression and anxiety symptoms in most population-
based studies within the field was measured by self-report (118, 268, 269, 273, 274). These studies
provided mixed evidence of a trend in prevalence compared with no change in the prevalence of
depression and anxiety suggested by several population-based studies using diagnostic interviews
(116, 117, 123). Moreover, several studies (268, 269, 274) have used a more suitable design to
describe the variations in symptom prevalence and symptom levels over time compared to Paper .
For example, an American study measured self-reported depression symptoms on six occasions two
years apart and divided them into three depression categories (mild, moderate and severe) and age

groups (20-39, 40-64 and =65 years)(269). Depression symptoms measured by a single cut-off

approach, used in Paper | and two prevalence studies (273, 274) is common; however often results in
identifying a group with symptoms at a subclinical level compared to clinically significant depression

(depressive disorders)(116, 117).
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A recent cross-sectional study (235) and several register-based cohort studies (23, 203, 228, 254)
examined the association between cardiovascular or antidiabetic agents and depression in adults
with specific CVDs diagnoses, including acute coronary syndrome (ACS) (23), stroke (203), and
hypertension (228, 235) or T2DM (254). This selection of study population in the previous studies
(23, 203, 228, 254) may result in more comparable exposure and reference groups and findings at a
lower risk of bias compared to Papers Il and Ill. On the other hand, two cross-sectional studies of
cardiovascular agents that examined only adults > 70 years old excluding those with a history of
CVDs, established CVDs or severe hypertension (206, 235), provide findings with a very limited

generalizability to the large patient group with established CVDs.

While a few register-based cohort studies have not accounted for any change in drug treatments
during the follow-up (202, 227), other studies applied different approaches to address time-varying
nature of drug prescriptions (20, 22, 28, 33). A large Swedish study used a self-controlled designed to
compare the incidence rate of various psychiatric disorders between periods with and without statin
use within each individual (33). A self-control study designs (e.g., within-individual design) would
offer the advantage of controlling for time-invariant factors (i.e., individual specific underlying factors
and risk such as genetics, psychiatric history and others) and accounting for changes of exposure
after treatment initiation, contrary to study design in Paper Ill (305). Due to the lack of mortality
data, the challenge of using a self-controlled study design in Paper Il will be to deal with death as a
competing risk factor that directly affects treatment status. Previous prospective studies have
controlled for various competitive factors that may interfere with the detection of primary outcomes
(20, 22, 23, 28, 33, 202, 203, 205, 227, 234); however design applied in most of these studies, as in
Paper lll, could not address the influence of relevant time-varying factors on the findings (20, 23, 28,

33, 202, 203).
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Similar to Paper I, non-response of individuals with severe physical and psychological conditions to
health surveys likely leads to selection bias and prevalence underestimation in the previous
population-based studies within the field (116, 117, 123, 268, 269, 273, 274), threatening external
validity of study findings. However, in prospective registry-based studies of cardiovascular or
antidiabetic agents where the study population is all or a large part of the country's population (20,
22,23, 28, 33, 203, 205, 228, 230), this selection bias is minimal or not of concern and is, therefore
an advantage of their designs compared to Papers Il and Ill. Findings from the studies using
diagnostic codes for depression from primary or secondary health records alone (33, 227, 228, 230,
250) or with an antidepressant prescription (20, 22, 28, 205, 234) as an outcome are likely more
transferable to a true diagnosis of depression compared to results relying only on antidepressant
prescriptions as in Paper lll. However, the diagnosis of depression may still be underestimated
among individuals who do not regularly use health services or seek help for their mental health in

Paper Il and other studies within the field (20, 22, 28, 33, 205, 227, 228, 234, 250).

7. Conclusions and further research

The findings in this thesis add to the growing literature regarding the relationships of depression and
anxiety symptoms with CVDs and DM prevalence and drug treatments. The results may indicate
possibility that prevalence of depression and anxiety symptoms declined from 1995 to 2019, whereas
prevalence rates of both symptoms were generally higher in the population with than without CVDs
or DM. However, the prevalence of depression and anxiety symptoms differed by CVDs and DM
status and between sexes, where men with CVDs and, to a lesser extent, women with DM had a
higher depression symptom prevalence compared to no-disease (CVDs or DM) adults of same sex.
Several cardiovascular agents, the majority with anti-inflammatory effects, were statistically
associated with a reduced prevalence of depression symptoms and risk of antidepressant drug

initiation. A reduced prevalence of depression symptoms and risk of antidepressant therapy initiation
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was observed for ASA or statin general use and monotherapy, respectively. ARBs or CCB

monotherapy was associated with a reduced risk of initiating antidepressant use.

Further clarification of the associations between use of cardiovascular agents or metformin and
depression, whether it suggests protective effects or unwarranted concerns about the safety of these
drugs, could have important implications for public mental health. Study designs in Papers Il and IlI
are not appropriate to imply any evidence of causal relationships between use of these drugs and
depression. As such, consistent evidence from large and methodologically robust population-based
studies, including real-world data, is still warranted and may be sufficient for replication or
reassessment of results and can aid in bridging the gap from randomized clinical trials (RCTs).
Observational state-of-the-art study design, an active-comparator new-user (ACNU) design (306)
more closely approximates RCTs than traditional observational study designs (i.e., prevalent-user
design and non-drug user comparator design) and thus, is suggested as a gold standard for examining
drug effectiveness in “real-world” settings. Moreover, a more precise approach to the design of
population-based studies within the field is required to identify and describe the populations
affected by cardiovascular or antidiabetic agents for depression. This may include analysis of specific
target populations with different medical or inflammatory conditions (e.g., obesity, hyperlipidaemia,
or specific CVDs diagnosis), level of inflammation, dose and duration of individual drugs, or specific

depression phenotypes.

56



References

1. Mathers CD, Loncar D. Projections of Global Mortality and Burden of Disease from 2002 to 2030. PLOS Medicine. 2006;3(11):e442.

2. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, et al. IDF Diabetes Atlas: Global estimates of diabetes
prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract. 2018;138:271-81.

3. Ormel J, Von Korff M, Burger H, Scott K, Demyttenaere K, Huang Y-q, et al. Mental disorders among persons with heart disease — results
from World Mental Health surveys. General Hospital Psychiatry. 2007;29(4):325-34.

4. Lin EHB, Von Korff M, Alonso J, Angermeyer MC, Anthony J, Bromet E, et al. Mental disorders among persons with diabetes--results from
the World Mental Health Surveys. J Psychosom Res. 2008;65(6):571-80.

5. Gathright EC, Goldstein CM, Josephson RA, Hughes JW. Depression increases the risk of mortality in patients with heart failure: A meta-
analysis. J Psychosom Res. 2017;94:82-9.

6. van Melle JP, de Jonge P, Spijkerman TA, Tijssen JG, Ormel J, van Veldhuisen DJ, et al. Prognostic association of depression following
myocardial infarction with mortality and cardiovascular events: a meta-analysis. Psychosom Med. 2004;66(6):814-22.

7. Katon WJ, Rutter C, Simon G, Lin EHB, Ludman E, Ciechanowski P, et al. The Association of Comorbid Depression With Mortality in
Patients With Type 2 Diabetes. Diabetes Care. 2005;28(11):2668-72.

8. Al-Harbi KS. Treatment-resistant depression: therapeutic trends, challenges, and future directions. Patient Prefer Adherence.
2012;6:369-88.

9. Meclntyre RS, Park KY, Law CWY, Sultan F, Adams A, Lourenco MT, et al. The Association between Conventional Antidepressants and the
Metabolic Syndrome. CNS Drugs. 2010;24(9):741-53.

10. Mago R, Tripathi N, Andrade C. Cardiovascular adverse effects of newer antidepressants. Expert review of neurotherapeutics.
2014;14(5):539-51.

11. Oktay AA, Akturk HK, Jahangir E. Diabetes mellitus and hypertension: a dual threat. Current Opinion in Cardiology. 2016;31(4):402-9.
12. Bozkurt B, Aguilar D, Deswal A, Dunbar SB, Francis GS, Horwich T, et al. Contributory Risk and Management of Comorbidities of

Hypertension, Obesity, Diabetes Mellitus, Hyperlipidemia, and Metabolic Syndrome in Chronic Heart Failure: A Scientific Statement From the
American Heart Association. Circulation. 2016;134(23):e535-e78.

13. Miller AH. Beyond depression: the expanding role of inflammation in psychiatric disorders. World Psychiatry. 2020;19(1):108-9.

14. Miller AH, Raison CL. The role of inflammation in depression: from evolutionary imperative to modern treatment target. Nat Rev
Immunol. 2016;16(1):22-34.

15. Troubat R, Barone P, Leman S, Desmidt T, Cressant A, Atanasova B, et al. Neuroinflammation and depression: A review. European Journal
of Neuroscience. 2021;53(1):151-71.

16. Adzic M, Brkic Z, Mitic M, Francija E, Jovicic MJ, Radulovic J, et al. Therapeutic Strategies for Treatment of Inflammation-related
Depression. Curr Neuropharmacol. 2018;16(2):176-209.

17. Kohler-Forsberg O, N. Lydholm C, Hjorthgj C, Nordentoft M, Mors O, Benros ME. Efficacy of anti-inflammatory treatment on major
depressive disorder or depressive symptoms: meta-analysis of clinical trials. Acta Psychiatrica Scandinavica. 2019;139(5):404-19.

18. Jones BDM, Daskalakis ZJ, Carvalho AF, Strawbridge R, Young AH, Mulsant BH, et al. Inflammation as a treatment target in mood
disorders: review. BJPsych Open. 2020;6(4):e60.

19. Vian J, Pereira C, Chavarria V, Kohler C, Stubbs B, Quevedo J, et al. The renin-angiotensin system: a possible new target for depression.
BMC Medicine. 2017;15(1).

20. Kessing LV, Rytgaard HC, Ekstrgm CT, Torp-Pedersen C, Berk M, Gerds TA. Antihypertensive drugs and risk of depression: a nationwide
population-based study. Hypertension. 2020;76(4):1263-79.

21. Brownstein DJ, Salagre E, Kohler C, Stubbs B, Vian J, Pereira C, et al. Blockade of the angiotensin system improves mental health domain
of quality of life: A meta-analysis of randomized clinical trials. Aust N Z J Psychiatry. 2018;52(1):24-38.

22. Kessing LV, Rytgaard HC, Gerds TA, Berk M, Ekstrgm CT, Andersen PK. New drug candidates for depression - a nationwide population-
based study. Acta Psychiatr Scand. 2019;139(1):68-77.

23. Wium-Andersen IK, Wium-Andersen MK, Jgrgensen MB, Osler M. Anti-inflammatory treatment and risk of depression in 91,842 patients
with acute coronary syndrome and 91,860 individuals without acute coronary syndrome in Denmark. Int J Cardiol. 2017;246:1-6.

24. De Giorgi R, De Crescenzo F, Rizzo Pesci N, Martens M, Howard W, Cowen PJ, et al. Statins for major depressive disorder: A systematic
review and meta-analysis of randomized controlled trials. PloS one. 2021;16(3):e0249409.

25. Yatham MS, Yatham KS, Ravindran AV, Sullivan F. Do statins have an effect on depressive symptoms? A systematic review and meta-
analysis. J Affect Disord. 2019;257:55-63.

26. Parsaik AK, Singh B, Murad MH, Singh K, Mascarenhas SS, Williams MD, et al. Statins use and risk of depression: a systematic review and
meta-analysis. J Affect Disord. 2014;160:62-7.

27. Moulton CD, Hopkins CWP, Ismail K, Stahl D. Repositioning of diabetes treatments for depressive symptoms: A systematic review and
meta-analysis of clinical trials. Psychoneuroendocrinology. 2018;94:91-103.

28. Kessing LV, Rytgaard HC, Ekstrgm CT, Knop FK, Berk M, Gerds TA. Antidiabetes Agents and Incident Depression: A Nationwide
Population-Based Study. Diabetes Care. 2020;43(12):3050-60.

29. Wang CP, Lorenzo C, Habib SL, Jo B, Espinoza SE. Differential effects of metformin on age related comorbidities in older men with type 2
diabetes. J Diabetes Complications. 2017;31(4):679-86.

30. Chen F, Wei G, Wang Y, Liu T, Huang T, Wei Q, et al. Risk factors for depression in elderly diabetic patients and the effect of metformin on
the condition. BMC Public Health. 2019;19(1):1063.

31. Guo M, MiJ, Jiang Q-M, Xu J-M, Tang Y-Y, Tian G, et al. Metformin may produce antidepressant effects through improvement of
cognitive function among depressed patients with diabetes mellitus. Clinical and Experimental Pharmacology and Physiology. 2014;41(9):650-6.
32. Parsaik AK, Singh B, M. Hassan M, Singh K, Mascarenhas SS, Williams MD, et al. Statins use and risk of depression: A systematic review
and meta-analysis. Journal of Affective Disorders. 2014;160:62-7.

33. Molero Y, Cipriani A, Larsson H, Lichtenstein P, D'Onofrio BM, Fazel S. Associations between statin use and suicidality, depression,
anxiety, and seizures: a Swedish total-population cohort study. The Lancet Psychiatry. 2020;7(11):982-90.

34. Tao S-H, Ren X-Q, Zhang L-J, Liu M-Y. Association between common cardiovascular drugs and depression. Chinese Medical Journal.
2021;134(22):2656-65.

35. LiY, Fan Y, SunY, Alolga RN, Xiao P, Ma G. Antihypertensive Drug Use and the Risk of Depression: A Systematic Review and Network
Meta-analysis. Frontiers in Pharmacology. 2021;12.

36. Kim H-B, Kim J-S, Jung J-G. The association between aspirin use and depression: a systematic review and meta-analysis of observational

studies. Pharmacoepidemiology and Drug Safety. 2020;29(6):613-22.

57



37. Berk M, Woods RL, Nelson MR, Shah RC, Reid CM, Storey E, et al. Effect of Aspirin vs Placebo on the Prevention of Depression in Older
People: A Randomized Clinical Trial. JAMA Psychiatry. 2020;77(10):1012-20.

38. Veronese N, Koyanagi A, Stubbs B, Solmi M, Fornaro M, Fernandes BS, et al. Aspirin and incident depressive symptoms: A longitudinal
cohort study over 8 years. International journal of geriatric psychiatry. 2018;33(2):e193-e8.

39. Woo YS, Lim HK, Wang S-M, Bahk W-M. Clinical evidence of antidepressant effects of insulin and anti-hyperglycemic agents and
implications for the pathophysiology of depression—A literature review. International Journal of Molecular Sciences. 2020;21(18):6969.

40. Grossman J, Mackenzie FJ. The randomized controlled trial: gold standard, or merely standard? Perspect Biol Med. 2005;48(4):516-34.
41. Purpura CA, Garry EM, Honig N, Case A, Rassen JA. The Role of Real-World Evidence in FDA-Approved New Drug and Biologics License
Applications. Clin Pharmacol Ther. 2022;111(1):135-44.

42. Xu H, LiJ, Jiang X, Chen Q. Electronic Health Records for Drug Repurposing: Current Status, Challenges, and Future Directions. Clinical
Pharmacology & Therapeutics. 2020;107(4):712-4.

43, Wium-Andersen IK, Osler M, Jgrgensen MB, Rungby J, Wium-Andersen MK. Diabetes, antidiabetic medications and risk of depression - A
population-based cohort and nested case-control study. Psychoneuroendocrinology. 2022;140:105715.

44, Roy-Byrne PP, Davidson KW, Kessler RC, Asmundson GJG, Goodwin RD, Kubzansky L, et al. Anxiety disorders and comorbid medical
iliness. General Hospital Psychiatry. 2008;30(3):208-25.

45, Egede LE. Major depression in individuals with chronic medical disorders: prevalence, correlates and association with health resource
utilization, lost productivity and functional disability. General Hospital Psychiatry. 2007;29(5):409-16.

46. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and decrements in health: results from the
World Health Surveys. Lancet. 2007;370(9590):851-8.

47. Sareen J, Jacobi F, Cox BJ, Belik SL, Clara I, Stein MB. Disability and poor quality of life associated with comorbid anxiety disorders and
physical conditions. Arch Intern Med. 2006;166(19):2109-16.

48. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study. The lancet. 2004;364(9438):937-52.

49. Nichols M, Townsend N, Scarborough P, Rayner M. Cardiovascular disease in Europe 2014: epidemiological update. Eur Heart J.
2014;35(42):2950-9.

50. Amini M, Zayeri F, Salehi M. Trend analysis of cardiovascular disease mortality, incidence, and mortality-to-incidence ratio: results from
global burden of disease study 2017. BMC Public Health. 2021;21(1):401.

51. Mirzaei M, Truswell AS, Taylor R, Leeder SR. Coronary heart disease epidemics: not all the same. Heart. 2009;95(9):740-6.

52. Norwegian Institute of Public Health. Cardiovascular diseases in Norway [Internet]. Oslo: Norwegian Institute of Public Health; 2009
[updated 2020 Jan 24; cited 2022 May 10]. Available from: https://www.fhi.no/en/op/hin/health-disease/cardiovascular-disease-in-norway---/
53. Clarsen B, Nylenna M, Klitkou ST, Vollset SE, Baravelli CM, Bglling AK, et al. Changes in life expectancy and disease burden in Norway,
1990-2019: an analysis of the Global Burden of Disease Study 2019. The Lancet Public Health. 2022;7(7):e593-e605.

54. Banday Mz, Sameer AS, Nissar S. Pathophysiology of diabetes: An overview. Avicenna Journal of Medicine. 2020;10(04):174-88.

55. Classification of diabetes mellitus. Geneva: World Health Organization; 2019. Licence CC BY NC SA 3.0 IGO

56. Fletcher B, Gulanick M, Lamendola C. Risk Factors for Type 2 Diabetes Mellitus. Journal of Cardiovascular Nursing. 2002;16(2):17-23.
57. Rewers M, Ludvigsson J. Environmental risk factors for type 1 diabetes. Lancet (London, England). 2016;387(10035):2340-8.

58. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, et al. IDF Diabetes Atlas: Global estimates of diabetes
prevalence for 2017 and projections for 2045. Diabetes Research and Clinical Practice. 2018;138:271-81.

59. International Diabetes Federation. IDF Diabetes Atlas, 10th edn. Brussels, Belgium: 2021. Available from: https://www.diabetesatlas.org.
60. Norwegian Institute of Public Health. Diabetes in Norway [Internet]. Oslo: Norwegian Institute of Public Health; 2009 [updated 2017 Aug
18; cited 2022 May 10]. Available from: https://www.fhi.no/en/op/hin/health-disease/diabetes-in-norway---public-health-/

61. World Health Organization. Mental disorders [Internet]. Geneva: World Health Organization; 2022 [cited 2022 Aug 15]. Available from:
https://www.who.int/en/news-room/fact-sheets/detail/mental-disorders.

62. IsHak WW, Mirocha J, James D, Tobia G, Vilhauer J, Fakhry H, et al. Quality of life in major depressive disorder before/after multiple steps
of treatment and one-year follow-up. Acta Psychiatrica Scandinavica. 2015;131(1):51-60.

63. Wedegaertner F, Arnhold-Kerri S, Sittaro N-A, Bleich S, Geyer S, Lee WE. Depression- and anxiety-related sick leave and the risk of
permanent disability and mortality in the working population in Germany: a cohort study. BMC Public Health. 2013;13(1):145.

64. Harshfield EL, Pennells L, Schwartz JE, Willeit P, Kaptoge S, Bell S, et al. Association Between Depressive Symptoms and Incident
Cardiovascular Diseases. Jama. 2020;324(23):2396-405.

65. Yuan S, Larsson SC. An atlas on risk factors for type 2 diabetes: a wide-angled Mendelian randomisation study. Diabetologia.
2020;63(11):2359-71.

66. Rihmer Z. Suicide risk in mood disorders. Current Opinion in Psychiatry. 2007;20(1).

67. Archer G, Kuh D, Hotopf M, Stafford M, Richards M. Association Between Lifetime Affective Symptoms and Premature Mortality. JAMA
Psychiatry. 2020;77(8):806-13.

68. Collaborators GMD. Global, regional, and national burden of 12 mental disorders in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. The Lancet Psychiatry. 2022.

69. Gotlib IH, Hammen CL. Handbook of depression: Guilford Press; 2008.

70. Stein DJ, Hollander E, Rothbaum BO. Textbook of anxiety disorders. Washington, DC: The. 2002.

71. Choi KW, Kim YK, Jeon HJ. Comorbid Anxiety and Depression: Clinical and Conceptual Consideration and Transdiagnostic Treatment. Adv
Exp Med Biol. 2020;1191:219-35.

72. Davidson JR. Major depressive disorder treatment guidelines in America and Europe. J Clin Psychiatry. 2010;71 Suppl E1:e04.

73. Bespalov AY, van Gaalen MM, Gross G. Antidepressant Treatment in Anxiety Disorders. In: Stein MB, Steckler T, editors. Behavioral
Neurobiology of Anxiety and Its Treatment. Berlin, Heidelberg: Springer Berlin Heidelberg; 2010. p. 361-90.

74. Ressler KJ, Nemeroff CB. Role of serotonergic and noradrenergic systems in the pathophysiology of depression and anxiety disorders.
Depress Anxiety. 2000;12 Suppl 1:2-19.

75. Zbozinek TD, Rose RD, Wolitzky-Taylor KB, Sherbourne C, Sullivan G, Stein MB, et al. Diagnostic overlap of generalized anxiety disorder
and major depressive disorder in a primary care sample. Depression and Anxiety. 2012;29(12):1065-71.

76. Besteher B, Gaser C, Nenadic I. Brain Structure and Subclinical Symptoms: A Dimensional Perspective of Psychopathology in the
Depression and Anxiety Spectrum. Neuropsychobiology. 2020;79(4):270-83.

77. Hirschfeld RM. History and evolution of the monoamine hypothesis of depression. J Clin Psychiatry. 2000;61 Suppl 6:4-6.

78. Harmer CJ, Duman RS, Cowen PJ. How do antidepressants work? New perspectives for refining future treatment approaches. The Lancet

Psychiatry. 2017;4(5):409-18.

58


https://www.fhi.no/en/op/hin/health-disease/cardiovascular-disease-in-norway---/
https://www.diabetesatlas.org/
https://www.fhi.no/en/op/hin/health-disease/diabetes-in-norway---public-health-/
https://www.who.int/en/news-room/fact-sheets/detail/mental-disorders

79. Massart R, Mongeau R, Lanfumey L. Beyond the monoaminergic hypothesis: neuroplasticity and epigenetic changes in a transgenic
mouse model of depression. Philos Trans R Soc Lond B Biol Sci. 2012;367(1601):2485-94.

80. Stréhle A, Holsboer F. Stress responsive neurohormones in depression and anxiety. Pharmacopsychiatry. 2003;36 Suppl 3:5207-14.
81. Réus GZ, Fries GR, Stertz L, Badawy M, Passos IC, Barichello T, et al. The role of inflammation and microglial activation in the
pathophysiology of psychiatric disorders. Neuroscience. 2015;300:141-54.

82. Shadrina M, Bondarenko EA, Slominsky PA. Genetics Factors in Major Depression Disease. Front Psychiatry. 2018;9:334-.

83. Purves KL, Coleman JRI, Meier SM, Rayner C, Davis KAS, Cheesman R, et al. A major role for common genetic variation in anxiety
disorders. Molecular Psychiatry. 2020;25(12):3292-303.

84. American Psychiatric Association.Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Arlington, VA, American Psychiatric
Association, 2013. Available from: https://psychiatry.org/psychiatrists/practice/dsm

85. World Health Organisation. International statistical classification of diseases and related health problems. 10th revision, Fifth edition,
2016 ed. Geneva: World Health Organization; 2015. Available from: https://apps.who.int/iris/handle/10665/246208

86. American Psychiatric Association. Practice guideline for the Treatment of Patients With Major Depressive Disorder, Third Edition.

Arlington, VA, American Psychiatric Association, 2010. Available from:
https://psychiatryonline.org/pb/assets/raw/sitewide/practice guidelines/guidelines/mdd.pdf.

87. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression Scale: An updated literature review. J
Psychosom Res. 2002;52(2):69-77.

88. Stafford L, Berk M, Jackson HJ. Validity of the Hospital Anxiety and Depression Scale and Patient Health Questionnaire-9 to screen for
depression in patients with coronary artery disease. Gen Hosp Psychiatry. 2007;29(5):417-24.

89. Sultan S, Luminet O, Hartemann A. Cognitive and anxiety symptoms in screening for clinical depression in diabetes A systematic
examination of diagnostic performances of the HADS and BDI-SF. Journal of Affective Disorders. 2010;123(1):332-6.

90. Beck AT, Steer RA, Brown GK. Manual for the beck depression inventory-II: San Antonio, TX: Psychological Corporation; 1996.

91. Irwin M, Artin KH, Oxman MN. Screening for depression in the older adult: criterion validity of the 10-item Center for Epidemiological
Studies Depression Scale (CES-D). Arch Intern Med. 1999;159(15):1701-4.

92. Jackson C. The general health questionnaire. Occupational medicine. 2007;57(1):79-.

93. Snaith RP, Zigmond AS. The hospital anxiety and depression scale. Br Med J (Clin Res Ed). 1986;292(6516):344.

94. Kroenke K, Spitzer R, Williams J. The patient health questionnaire (phg-9)—overview. J Gen Intern Med. 2001;16:606-16.

95. Kung S, Alarcon RD, Williams MD, Poppe KA, Jo Moore M, Frye MA. Comparing the Beck Depression Inventory-Il (BDI-II) and Patient
Health Questionnaire (PHQ-9) depression measures in an integrated mood disorders practice. Journal of Affective Disorders. 2013;145(3):341-3.
96. Olssgn I, Mykletun A, Dahl AA. The Hospital Anxiety and Depression Rating Scale: a cross-sectional study of psychometrics and case
finding abilities in general practice. BMC psychiatry. 2005;5(1):1-7.

97. Nease DE, Jr., Aikens JE. DSM depression and anxiety criteria and severity of symptoms in primary care: cross sectional study. Bmj.
2003;327(7422):1030-1.

98. Hansson M, Chotai J, Nordstém A, Bodlund O. Comparison of two self-rating scales to detect depression: HADS and PHQ-9. Br J Gen
Pract. 2009;59(566):e283-8.

99. Townsend L, Walkup JT, Crystal S, Olfson M. A systematic review of validated methods for identifying depression using administrative
data. Pharmacoepidemiology and Drug Safety. 2012;21(S1):163-73.

100. Bauer M, Pfennig A, Severus E, Whybrow PC, Angst J, Méller H-J. World Federation of Societies of Biological Psychiatry (WFSBP)

Guidelines for Biological Treatment of Unipolar Depressive Disorders, Part 1: Update 2013 on the acute and continuation treatment of unipolar
depressive disorders. The World Journal of Biological Psychiatry. 2013;14(5):334-85.

101. Nasjonale retningslinjer for diagnostisering og behandling av voksne med depresjon i primaer- og spesialisthelsetjenesten [Internet].
Oslo: Helsedirektoratet; 2009. [updated 2022 13 June]. Available from: https://www.helsedirektoratet.no/retningslinjer/voksne-med-depresjon.
102. Jennings L. Antidepressants. In: Grossberg GT, Kinsella LJ, editors. Clinical Psychopharmacology for Neurologists: A Practical Guide. Cham:
Springer International Publishing; 2018. p. 45-71.

103. Edmondson DE, Mattevi A, Binda C, Li M, Hubdlek F. Structure and mechanism of monoamine oxidase. Curr Med Chem.
2004;11(15):1983-93.

104. Anttila SAK, Leinonen EVJ. A Review of the Pharmacological and Clinical Profile of Mirtazapine. CNS Drug Reviews. 2001;7(3):249-64.

105. Papakostas Gl, Thase ME, Fava M, Nelson JC, Shelton RC. Are antidepressant drugs that combine serotonergic and noradrenergic

mechanisms of action more effective than the selective serotonin reuptake inhibitors in treating major depressive disorder? A meta-analysis of
studies of newer agents. Biol Psychiatry. 2007;62(11):1217-27.

106. Kendrick T, Taylor D, Johnson CF. Which first-line antidepressant? The British journal of general practice : the journal of the Royal College
of General Practitioners. 2019;69(680):114-5.

107. de Silva VA, Hanwella R. Efficacy and tolerability of venlafaxine versus specific serotonin reuptake inhibitors in treatment of major
depressive disorder: a meta-analysis of published studies. International Clinical Psychopharmacology. 2012;27(1).

108. Rubino A, Roskell N, Tennis P, Mines D, Weich S, Andrews E. Risk of suicide during treatment with venlafaxine, citalopram, fluoxetine,
and dothiepin: retrospective cohort study. BMJ. 2007;334(7587):242.

109. Masand PS, Gupta S. Long-term side effects of newer-generation antidepressants: SSRIS, venlafaxine, nefazodone, bupropion, and
mirtazapine. Ann Clin Psychiatry. 2002;14(3):175-82.

110. Vaaler AE, Fasmer OB. Antidepressant drugs—clinical practices must change. Tidsskrift for Den norske legeforening. 2013.

111. World Health Organization. Depression and other common mental disorders: global health estimates. World Health Organization; 2017
[cited 2022 May 10]. License: CC BY-NC-SA 3.0 IGO. Available from: https://apps.who.int/iris/handle/10665/254610

112. Investigators TEM, Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha TS, et al. Prevalence of mental disorders in Europe: results
from the European Study of the Epidemiology of Mental Disorders (ESEMeD) project. Acta Psychiatrica Scandinavica. 2004;109(s420):21-7.

113. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime Prevalence and Age-of-Onset Distributions of DSM-IV
Disorders in the National Comorbidity Survey Replication. Archives of General Psychiatry. 2005;62(6):593-602.

114. Folkehelseinstituttet. Psykisk helse i Norge [Internet]. Oslo: Folkehelseinstituttet, Omrade for psykisk og fysisk helse; 2018 [cited 2022
May 10]. ISBN: 978-82-8082-878-1. Available from: https://www.fhi.no/publ/2018/psykisk-helse-i-norge/.

115. Krokstad S, Weiss DA, Krokstad MA, Rangul V, Kvalgy K, Ingul JM, et al. Divergent decennial trends in mental health according to age

reveal poorer mental health for young people: repeated cross-sectional population-based surveys from the HUNT Study, Norway. BMJ Open.
2022;12(5):e057654.

116. de Graaf R, Ten Have M, van Gool C, van Dorsselaer S. Prevalence of mental disorders and trends from 1996 to 2009. Results from the
Netherlands Mental Health Survey and Incidence Study-2. Social psychiatry and psychiatric epidemiology. 2012;47(2):203-13.

59


https://psychiatry.org/psychiatrists/practice/dsm
https://apps.who.int/iris/handle/10665/246208
https://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
https://www.helsedirektoratet.no/retningslinjer/voksne-med-depresjon
https://apps.who.int/iris/handle/10665/254610
https://www.fhi.no/publ/2018/psykisk-helse-i-norge/

117. Bretschneider J, Janitza S, Jacobi F, Thom J, Hapke U, Kurth T, et al. Time trends in depression prevalence and health-related correlates:
results from population-based surveys in Germany 1997-1999 vs. 2009-2012. BMC Psychiatry. 2018;18(1):394.

118. Kosidou K, Magnusson C, Mittendorfer-Rutz E, Hallgvist J, Hellner Gumpert C, Idrizbegovic S, et al. Recent time trends in levels of self-
reported anxiety, mental health service use and suicidal behaviour in Stockholm. Acta Psychiatrica Scandinavica. 2010;122(1):47-55.

119. Steel Z, Marnane C, Iranpour C, Chey T, Jackson JW, Patel V, et al. The global prevalence of common mental disorders: a systematic
review and meta-analysis 1980-2013. International journal of epidemiology. 2014;43(2):476-93.

120. Ferrari AJ, Charlson FJ, Norman RE, Patten SB, Freedman G, Murray CIL, et al. Burden of Depressive Disorders by Country, Sex, Age, and
Year: Findings from the Global Burden of Disease Study 2010: e1001547. PLoS Medicine. 2013;10(11):e1001547.

121. Baxter AJ, Scott KM, Ferrari AJ, Norman RE, Vos T, Whiteford HA. Challenging the myth of an “epidemic” of common mental disorders:
trends in the global prevalence of anxiety and depression between 1990 and 2010. Depression and Anxiety. 2014;31(6):506-16.

122. Richter D, Berger K. Are mental disorders increasing? Update of a systematic review on repeated cross-sectional studies. Psychiatrische
Praxis. 2013;40(4):176-82.

123. Kessler RC, Demler O, Frank RG, Olfson M, Pincus HA, Walters EE, et al. Prevalence and treatment of mental disorders, 1990 to 2003.
New England Journal of Medicine. 2005;352(24):2515-23.

124. Andersen |, Thielen K, Bech P, Nygaard E, Diderichsen F. Increasing prevalence of depression from 2000 to 2006. Scandinavian Journal of
Public Health. 2011;39(8):857-63.

125. Markkula N, Suvisaari J, Saarni SI, Pirkola S, Pefia S, Saarni S, et al. Prevalence and correlates of major depressive disorder and dysthymia
in an eleven-year follow-up—Results from the Finnish Health 2011 Survey. Journal of affective disorders. 2015;173:73-80.

126. Vilhelmsson A. Depression and antidepressants: a nordic perspective. Front Public Health. 2013;1:30-.

127. Moulton CD, Pickup JC, Ismail K. The link between depression and diabetes: the search for shared mechanisms. The Lancet Diabetes &
Endocrinology. 2015;3(6):461-71.

128. Penninx BWJH. Depression and cardiovascular disease: Epidemiological evidence on their linking mechanisms. Neuroscience &
Biobehavioral Reviews. 2017;74:277-86.

129. De Hert M, Detraux J, Vancampfort D. The intriguing relationship between coronary heart disease and mental disorders. Dialogues Clin
Neurosci. 2018;20(1):31-40.

130. de Groot M, Golden SH, Wagner J. Psychological conditions in adults with diabetes. Am Psychol. 2016;71(7):552-62.

131. Mulle JG, Vaccarino V. Cardiovascular Disease, Psychosocial Factors, and Genetics: The Case of Depression. Progress in Cardiovascular
Diseases. 2013;55(6):557-62.

132. Shao M, Lin X, Jiang D, Tian H, Xu Y, Wang L, et al. Depression and cardiovascular disease: Shared molecular mechanisms and clinical
implications. Psychiatry Research. 2020;285:112802.

133. Champaneri S, Wand GS, Malhotra SS, Casagrande SS, Golden SH. Biological basis of depression in adults with diabetes. Curr Diab Rep.
2010;10(6):396-405.

134. Balogh DB, Molnar A, Hosszu A, Lakat T, Hodrea J, Szabo AJ, et al. Antidepressant effect in diabetes-associated depression: A novel
potential of RAAS inhibition. Psychoneuroendocrinology. 2020;118:104705.

135. Vikenes K, Farstad M, Nordrehaug JE. Serotonin Is Associated with Coronary Artery Disease and Cardiac Events. Circulation.
1999;100(5):483-9.

136. Libby P, Ridker PM, Maseri A. Inflammation and Atherosclerosis. Circulation. 2002;105(9):1135-43.

137. Tsalamandris S, Antonopoulos AS, Oikonomou E, Papamikroulis GA, Vogiatzi G, Papaioannou S, et al. The Role of Inflammation in
Diabetes: Current Concepts and Future Perspectives. Eur Cardiol. 2019;14(1):50-9.

138. Mohite S, Sanches M, Teixeira AL. Exploring the Evidence Implicating the Renin-Angiotensin System (RAS) in the Physiopathology of
Mood Disorders. Protein Pept Lett. 2020;27(6):449-55.

139. Fountain JH, Lappin SL. Physiology, Renin Angiotensin System: StatPearls Publishing, Treasure Island (FL); 2021 2021.

140. Simdes e Silva AC, Ferreira RN, Miranda AS. The Renin Angiotensin System and Diabetes. In: Kartha CC, Ramachandran S, Pillai RM,
editors. Mechanisms of Vascular Defects in Diabetes Mellitus. Cham: Springer International Publishing; 2017. p. 275-91.

141. Jeon SW, Yoon H-k, Kim Y-K. Role of Inflammation in Psychiatric Disorders. In: Kim Y-K, editor. Frontiers in Psychiatry: Artificial
Intelligence, Precision Medicine, and Other Paradigm Shifts. Singapore: Springer Singapore; 2019. p. 491-501.

142. Osimo EF, Baxter U, Lewis G, Jones PB, Khandaker GM. Prevalence of low-grade inflammation in depression: a systematic review and
meta-analysis of CRP levels. Psychological medicine. 2019;49(12):1958-70.

143. Kéhler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS, et al. Peripheral cytokine and chemokine alterations in depression:
a meta-analysis of 82 studies. Acta Psychiatrica Scandinavica. 2017;135(5):373-87.

144, Haapakoski R, Mathieu J, Ebmeier KP, Alenius H, Kivimaki M. Cumulative meta-analysis of interleukins 6 and 1, tumour necrosis factor a
and C-reactive protein in patients with major depressive disorder. Brain, Behavior, and Immunity. 2015;49:206-15.

145. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A Meta-Analysis of Cytokines in Major Depression. Biological
Psychiatry. 2010;67(5):446-57.

146. Valkanova V, Ebmeier KP, Allan CL. CRP, IL-6 and depression: A systematic review and meta-analysis of longitudinal studies. Journal of
Affective Disorders. 2013;150(3):736-44.

147. Costello H, Gould RL, Abrol E, Howard R. Systematic review and meta-analysis of the association between peripheral inflammatory
cytokines and generalised anxiety disorder. BMJ Open. 2019;9(7):e027925.

148. Glaus J, von Kanel R, Lasserre AM, Strippoli MF, Vandeleur CL, Castelao E, et al. The bidirectional relationship between anxiety disorders
and circulating levels of inflammatory markers: Results from a large longitudinal population-based study. Depress Anxiety. 2018;35(4):360-71.
149. Lee STH. Inflammation, depression, and anxiety disorder: A population-based study examining the association between Interleukin-6 and
the experiencing of depressive and anxiety symptoms. Psychiatry Research. 2020;285:112809.

150. Milaneschi Y, Kappelmann N, Ye Z, Lamers F, Moser S, Jones PB, et al. Association of inflammation with depression and anxiety: evidence
for symptom-specificity and potential causality from UK Biobank and NESDA cohorts. Molecular Psychiatry. 2021;26(12):7393-402.

151. Ye Z, Kappelmann N, Moser S, Davey Smith G, Burgess S, Jones PB, et al. Role of inflammation in depression and anxiety: Tests for
disorder specificity, linearity and potential causality of association in the UK Biobank. EClinicalMedicine. 2021;38:100992.

152. Thombs BD, Bass EB, Ford DE, Stewart KJ, Tsilidis KK, Patel U, et al. Prevalence of depression in survivors of acute myocardial infarction.
Journal of General Internal Medicine. 2006;21(1):30-8.

153. Burton CAC, Murray J, Holmes J, Astin F, Greenwood D, Knapp P. Frequency of Anxiety after Stroke: A Systematic Review and Meta-
Analysis of Observational Studies. International Journal of Stroke. 2013;8(7):545-59.

154. Hackett ML, Pickles K. Part I: Frequency of Depression after Stroke: An Updated Systematic Review and Meta-Analysis of Observational

Studies. International Journal of Stroke. 2014;9(8):1017-25.

60



155. Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression in heart failure a meta-analytic review of prevalence, intervention
effects, and associations with clinical outcomes. J Am Coll Cardiol. 2006;48(8):1527-37.

156. Guo J, Wang J, Sun W, Liu X. The advances of post-stroke depression: 2021 update. J Neurol. 2022;269(3):1236-49.

157. Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression in Heart Failure. Journal of the American College of Cardiology.
2006;48(8):1527-37.

158. Headrick JP, Peart JN, Budiono BP, Shum DHK, Neumann DL, Stapelberg NJC. The heartbreak of depression: ‘Psycho-cardiac’ coupling in
myocardial infarction. Journal of Molecular and Cellular Cardiology. 2017;106:14-28.

159. Celano CM, Villegas AC, Albanese AM, Gaggin HK, Huffman JC. Depression and Anxiety in Heart Failure: A Review. Harv Rev Psychiatry.
2018;26(4):175-84.

160. Knapp P, Dunn-Roberts A, Sahib N, Cook L, Astin F, Kontou E, et al. Frequency of anxiety after stroke: An updated systematic review and
meta-analysis of observational studies. International Journal of Stroke. 2020;15(3):244-55.

161. Celano CM, Mastromauro CA, Lenihan EC, Januzzi JL, Rollman BL, Huffman JC. Association of baseline anxiety with depression persistence
at 6 months in patients with acute cardiac illness. Psychosomatic medicine. 2012;74(1):93-9.

162. Watkins LL, Koch GG, Sherwood A, Blumenthal JA, Davidson JR, O'Connor C, et al. Association of anxiety and depression with all-cause
mortality in individuals with coronary heart disease. ) Am Heart Assoc. 2013;2(2):e000068.

163. Roest AM, Martens EJ, Denollet J, de Jonge P. Prognostic association of anxiety post myocardial infarction with mortality and new cardiac
events: a meta-analysis. Psychosom Med. 2010;72(6):563-9.

164. Frasure-Smith N, Lesperance F. Depression and anxiety as predictors of 2-year cardiac events in patients with stable coronary artery
disease. Archives of general psychiatry. 2008;65(1):62-71.

165. Dhar AK, Barton DA. Depression and the Link with Cardiovascular Disease. Front Psychiatry. 2016;7.

166. Fluharty M, Taylor AE, Grabski M, Munafo MR. The Association of Cigarette Smoking With Depression and Anxiety: A Systematic Review.
Nicotine Tob Res. 2017;19(1):3-13.

167. Achttien R, van Lieshout J, Wensing M, van der Sanden MN, Staal JB. Symptoms of depression are associated with physical inactivity but
not modified by gender or the presence of a cardiovascular disease; a cross-sectional study. BMC Cardiovascular Disorders. 2019;19(1):95.

168. Brunes A, Augestad LB, Gudmundsdottir SL. Personality, physical activity, and symptoms of anxiety and depression: the HUNT study. Soc
Psychiatry Psychiatr Epidemiol. 2013;48(5):745-56.

169. Conner KR, Pinquart M, Gamble SA. Meta-analysis of depression and substance use among individuals with alcohol use disorders. Journal
of Substance Abuse Treatment. 2009;37(2):127-37.

170. Kushner MG, Abrams K, Borchardt C. The relationship between anxiety disorders and alcohol use disorders: a review of major
perspectives and findings. Clin Psychol Rev. 2000;20(2):149-71.

171. Mansur RB, Brietzke E, Mcintyre RS. Is there a "metabolic-mood syndrome"? A review of the relationship between obesity and mood
disorders. Neurosci Biobehav Rev. 2015;52:89-104.

172. Chireh B, Li M, D'Arcy C. Diabetes increases the risk of depression: A systematic review, meta-analysis and estimates of population
attributable fractions based on prospective studies. Preventive Medicine Reports. 2019;14:100822.

173. Chaturvedi SK, Manche Gowda S, Ahmed HU, Alosaimi FD, Andreone N, Bobrov A, et al. More anxious than depressed: prevalence and
correlates in a 15-nation study of anxiety disorders in people with type 2 diabetes mellitus. Gen Psychiatr. 2019;32(4):e100076.

174. Khaledi M, Haghighatdoost F, Feizi A, Aminorroaya A. The prevalence of comorbid depression in patients with type 2 diabetes: an
updated systematic review and meta-analysis on huge number of observational studies. Acta Diabetol. 2019;56(6):631-50.

175. Roy T, Lloyd CE. Epidemiology of depression and diabetes: A systematic review. Journal of Affective Disorders. 2012;142:58-S21.

176. Grigsby AB, Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. Prevalence of anxiety in adults with diabetes: A systematic review. J
Psychosom Res. 2002;53(6):1053-60.

177. Baxter AJ, Scott KM, Vos T, Whiteford HA. Global prevalence of anxiety disorders: a systematic review and meta-regression. Psychological
Medicine. 2013;43(5):897-910.

178. Lloyd CE, Roy T, Nouwen A, Chauhan AM. Epidemiology of depression in diabetes: International and cross-cultural issues. Journal of
Affective Disorders. 2012;142:522-S9.

179. Zaccardi F, Webb DR, Yates T, Davies MJ. Pathophysiology of type 1 and type 2 diabetes mellitus: a 90-year perspective. Postgraduate
Medical Journal. 2016;92(1084):63-9.

180. Maia AC, Braga Ade A, Brouwers A, Nardi AE, Oliveira e Silva AC. Prevalence of psychiatric disorders in patients with diabetes types 1 and
2. Compr Psychiatry. 2012;53(8):1169-73.

181. Cakmak S, Gen E. Relationship between quality of life, depression and anxiety in type 1 and type 2 diabetes. Dusunen Adam: Journal of
Psychiatry & Neurological Sciences. 2020;33(2).

182. Rebar AL, Stanton R, Geard D, Short C, Duncan MJ, Vandelanotte C. A meta-meta-analysis of the effect of physical activity on depression
and anxiety in non-clinical adult populations. Health Psychol Rev. 2015;9(3):366-78.

183. Blackburn TP. Depressive disorders: Treatment failures and poor prognosis over the last 50 years. Pharmacology Research &
Perspectives. 2019;7(3):e00472.

184. Ebada ME. Drug repurposing may generate novel approaches to treating depression. Journal of Pharmacy and Pharmacology.
2017;69(11):1428-36.

185. Mohammad Sadeghi H, Adeli |, Mousavi T, Daniali M, Nikfar S, Abdollahi M. Drug Repurposing for the Management of Depression:
Where Do We Stand Currently? Life (Basel). 2021;11(8):774.

186. Pushpakom S, lorio F, Eyers PA, Escott KJ, Hopper S, Wells A, et al. Drug repurposing: progress, challenges and recommendations. Nature
Reviews Drug Discovery. 2019;18(1):41-58.

187. Kim S-W, Kang H-J, Jhon M, Kim J-W, Lee J-Y, Walker AJ, et al. Statins and Inflammation: New Therapeutic Opportunities in Psychiatry.
Front Psychiatry. 2019;10(103).

188. El Massry M, Alaeddine LM, Ali L, Saad C, Eid AA. Metformin: A Growing Journey from Glycemic Control to the Treatment of Alzheimer's
Disease and Depression. Curr Med Chem. 2021;28(12):2328-45.

189. Berk M, Dean O, Drexhage H, McNeil JJ, Moylan S, O'Neil A, et al. Aspirin: a review of its neurobiological properties and therapeutic
potential for mental iliness. BMC Med. 2013;11:74.

190. Tao S-H, Ren X-Q, Zhang L-J, Liu M-Y. Association between common cardiovascular drugs and depression. Chinese Medical Journal.
2021;134(22).

191. Zhang L, Bao Y, Tao S, Zhao Y, Liu M. The association between cardiovascular drugs and depression/anxiety in patients with
cardiovascular disease: A meta-analysis. Pharmacol Res. 2022;175:106024.

192. Repova K, Aziriova S, Krajcirovicova K, Simko F. Cardiovascular therapeutics: A new potential for anxiety treatment? Medicinal Research

Reviews. 2022;42(3):1202-45.

61



193. Ji S, Wang L, Li L. Effect of metformin on short-term high-fat diet-induced weight gain and anxiety-like behavior and the gut microbiota.
Frontiers in endocrinology. 2019;10:704.

194. Gould AL, Davies GM, Alemao E, Yin DD, Cook JR. Cholesterol reduction yields clinical benefits: meta-analysis including recent trials.
Clinical Therapeutics. 2007;29(5):778-94.

195. Milajerdi A, Larijani B, Esmaillzadeh A. Statins influence biomarkers of low grade inflammation in apparently healthy people or patients
with chronic diseases: A systematic review and meta-analysis of randomized clinical trials. Cytokine. 2019;123:154752.

196. Kohler O, Gasse C, Petersen L, Ingstrup KG, Nierenberg AA, Mors O, et al. The effect of concomitant treatment with SSRIs and statins: a
population-based study. American Journal of Psychiatry. 2016;173(8):807-15.

197. Kim SW, Bae KY, Kim JM, Shin IS, Hong YJ, Ahn Y, et al. The use of statins for the treatment of depression in patients with acute coronary
syndrome. Translational Psychiatry. 2015;5(8):e620-e.

198. Salagre E, Fernandes BS, Dodd S, Brownstein DJ, Berk M. Statins for the treatment of depression: A meta-analysis of randomized, double-
blind, placebo-controlled trials. Journal of Affective Disorders. 2016;200:235-42.

199. Yatham MS, Yatham KS, Ravindran AV, Sullivan F. Do statins have an effect on depressive symptoms? A systematic review and meta-
analysis. Journal of Affective Disorders. 2019;257:55-63.

200. Abbasi SH, Mohammadinejad P, Shahmansouri N, Salehiomran A, Beglar AA, Zeinoddini A, et al. Simvastatin versus atorvastatin for

improving mild to moderate depression in post-coronary artery bypass graft patients: A double-blind, placebo-controlled, randomized trial. Journal
of Affective Disorders. 2015;183:149-55.

201. Kéhler-Forsberg O, Otte C, Gold SM, @stergaard SD. Statins in the treatment of depression: Hype or hope? Pharmacology & Therapeutics.
2020;215:107625.

202. Redlich C, Berk M, Williams LJ, Sundquist J, Sundquist K, Li X. Statin use and risk of depression: a Swedish national cohort study. BMC
psychiatry. 2014;14(1):1-9.

203. Wium-Andersen IK, Wium-Andersen MK, Jgrgensen MB, Osler M. Anti-inflammatory treatment and risk for depression after first-time
stroke in a cohort of 147 487 Danish patients. Journal of Psychiatry and Neuroscience. 2017;42(5):320-30.

204. Glaus J, Vandeleur CL, Lasserre AM, Strippoli M-PF, Castelao E, Gholam-Rezaee M, et al. Aspirin and statin use and the subsequent

development of depression in men and women: Results from a longitudinal population-based study. Journal of Affective Disorders. 2015;182:126-
31.

205. Kéhler-Forsberg O, Gasse C, Petersen L, Nierenberg AA, Mors O, @stergaard SD. Statin treatment and the risk of depression. Journal of
Affective Disorders. 2019;246:706-15.

206. Agustini B, Mohebbi M, Woods RL, McNeil JJ, Nelson MR, Shah RC, et al. Association Between Statin Use and Depressive Symptoms in a
Large Community-Dwelling Older Population Living in Australia and the USA: A Cross-Sectional Study. CNS Drugs. 2019;33(7):685-94.

207. Lee M-C, Peng T-R, Lee C-H, Wang J-Y, Lee J-A, Chen S-M, et al. Statin use and depression risk: A systematic review and meta-analysis.
Journal of Affective Disorders. 2021;282:308-15.

208. Kang JH, Kao LT, Lin HC, Tsai MC, Chung SD. Statin use increases the risk of depressive disorder in stroke patients: a population-based
study. J Neurol Sci. 2015;348(1-2):89-93.

209. Vane J, Botting R. The mechanism of action of aspirin. Thrombosis research. 2003;110(5-6):255-8.

210. Mendlewicz J, Kriwin P, Oswald P, Souery D, Alboni S, Brunello N. Shortened onset of action of antidepressants in major depression using
acetylsalicylic acid augmentation: a pilot open-label study. International Clinical Psychopharmacology. 2006;21(4).

211. Zdanowicz N, Reynaert C, Jacques D, Lepiece B, Dubois T. Selective Serotonergic (SSRI) Versus Noradrenergic (SNRI) Reuptake Inhibitors
with and without Acetylsalicylic Acid in Major Depressive Disorder. Psychiatr Danub. 2017;29(Suppl 3):270-3.

212. Sepehrmanesh Z, Fahimi H, Akasheh G, Davoudi M, Gilasi H, Ghaderi A. The effects of combined sertraline and aspirin therapy on
depression severity among patients with major depressive disorder: A randomized clinical trial. Electron Physician. 2017;9(11):5770-7.

213. Savitz JB, Teague TK, Misaki M, Macaluso M, Wurfel BE, Meyer M, et al. Treatment of bipolar depression with minocycline and/or aspirin:
an adaptive, 2x2 double-blind, randomized, placebo-controlled, phase IIA clinical trial. Translational Psychiatry. 2018;8(1):27.

214. Berk M, Mohebbi M, Dean OM, Cotton SM, Chanen AM, Dodd S, et al. Youth Depression Alleviation with Anti-inflammatory Agents
(YoDA-A): a randomised clinical trial of rosuvastatin and aspirin. BMC Med. 2020;18(1):16.

215. Ghanizadeh A, Hedayati A. Augmentation of citalopram with aspirin for treating major depressive disorder, a double blind randomized

placebo controlled clinical trial. Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-
Inflammatory and Anti-Allergy Agents). 2014;13(2):108-11.

216. Hu K, Sjolander A, Lu D, Walker AK, Sloan EK, Fall K, et al. Aspirin and other non-steroidal anti-inflammatory drugs and depression,
anxiety, and stress-related disorders following a cancer diagnosis: a nationwide register-based cohort study. BMC Med. 2020;18(1):238.
217. Molero P, Ruiz-Estigarribia L, Lahortiga-Ramos F, Sdnchez-Villegas A, Bes-Rastrollo M, Escobar-Gonzalez M, et al. Use of non-steroidal

anti-inflammatory drugs, aspirin and the risk of depression: The “Seguimiento Universidad de Navarra (SUN)” cohort. Journal of Affective Disorders.
2019;247:161-7.

218. Wu Q, Feng J, Pan CW. Risk factors for depression in the elderly: An umbrella review of published meta-analyses and systematic reviews.
J Affect Disord. 2022;307:37-45.

219. Ng QX, Ramamoorthy K, Loke W, Lee MWL, Yeo WS, Lim DY, et al. Clinical Role of Aspirin in Mood Disorders: A Systematic Review. Brain
Sci. 2019;9(11).

220. Ng QX, Ramamoorthy K, Loke W, Lee MWL, Yeo WS, Lim DY, et al. Clinical Role of Aspirin in Mood Disorders: A Systematic Review. Brain
sciences. 2019;9(11):296.

221. Slomski A. Aspirin Fails to Prevent Depression in Older Adults. JAMA. 2020;324(8):733-.

222. Arteaga-Henriquez G, Simon MS, Burger B, Weidinger E, Wijkhuijs A, Arolt V, et al. Low-Grade Inflammation as a Predictor of

Antidepressant and Anti-Inflammatory Therapy Response in MDD Patients: A Systematic Review of the Literature in Combination With an Analysis
of Experimental Data Collected in the EU-MOODINFLAME Consortium. Front Psychiatry. 2019;10:458.

223. Yatham MS, Yatham SS. Should aspirin be tested for secondary prevention of depression? Bipolar Disorders. 2020;22(8):868-9.

224. Robles NR, Cerezo |, Hernandez-Gallego R. Renin-angiotensin system blocking drugs. J Cardiovasc Pharmacol Ther. 2014;19(1):14-33.
225. Roman M, Irwin MR. Novel neuroimmunologic therapeutics in depression: A clinical perspective on what we know so far. Brain, behavior,
and immunity. 2020;83:7-21.

226. Brownstein DJ, Salagre E, Kéhler C, Stubbs B, Vian J, Pereira C, et al. Blockade of the angiotensin system improves mental health domain
of quality of life: A meta-analysis of randomized clinical trials. Australian & New Zealand Journal of Psychiatry. 2018;52(1):24-38.

227. Colbourne L, Luciano S, Harrison PJ. Onset and recurrence of psychiatric disorders associated with anti-hypertensive drug classes. Transl
Psychiatry. 2021;11(1):319.

228. Boal AH, Smith DJ, McCallum L, Muir S, Touyz RM, Dominiczak AF, et al. Monotherapy With Major Antihypertensive Drug Classes and Risk

of Hospital Admissions for Mood Disorders. Hypertension. 2016;68(5):1132-8.

62



229. Cao YY, Xiang X, Song J, Tian YH, Wang MY, Wang XW, et al. Distinct effects of antihypertensives on depression in the real-world setting:
A retrospective cohort study. Journal of Affective Disorders. 2019;259:386-91.

230. Shaw RJ, Mackay D, Pell JP, Padmanabhan S, Bailey DS, Smith DJ. The relationship between antihypertensive medications and mood
disorders: analysis of linked healthcare data for 1.8 million patients. Psychological medicine. 2021;51(7):1183-91.
231. Agustini B, Mohebbi M, Woods RL, McNeil JJ, Nelson MR, Shah RC, et al. The association of antihypertensive use and depressive

symptoms in a large older population with hypertension living in Australia and the United States: a cross-sectional study. Journal of human
hypertension. 2020;34(11):787-94.

232. LiY, FanY, Sun, Alolga RN, Xiao P, Ma G. Antihypertensive Drug Use and the Risk of Depression: A Systematic Review and Network
Meta-analysis. Front Pharmacol. 2021;12:777987.

233. Hammerton G, Munafo MR. Causal inference with observational data: the need for triangulation of evidence. Psychological Medicine.
2021;51(4):563-78.

234. van Sloten TT, Souverein PC, Stehouwer CD, Driessen JH. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
and risk of depression among older people with hypertension. J Psychopharmacol. 2022;36(5):594-603.

235. Agustini B, Mohebbi M, Woods RL, McNeil JJ, Nelson MR, Shah RC, et al. The association of antihypertensive use and depressive

symptoms in a large older population with hypertension living in Australia and the United States: a cross-sectional study. Journal of Human
Hypertension. 2020;34(11):787-94.

236. Dubovsky SL. Applications of calcium channel blockers in psychiatry: pharmacokinetic and pharmacodynamic aspects of treatment of
bipolar disorder. Expert Opinion on Drug Metabolism & Toxicology. 2019;15(1):35-47.

237. Normann C, Frase S, Haug V, von Wolff G, Clark K, Miinzer P, et al. Antidepressants Rescue Stress-Induced Disruption of Synaptic
Plasticity via Serotonin Transporter-Independent Inhibition of L-Type Calcium Channels. Biol Psychiatry. 2018;84(1):55-64.

238. Bergantin LB. The Interactions Between Alzheimer's Disease and Major Depression: Role of Ca(2+) Channel Blockers and Ca(2+)/cAMP
Signalling. Curr Drug Res Rev. 2020;12(2):97-102.

239. Taragano FE, Bagnatti P, Allegri RF. A double-blind, randomized clinical trial to assess the augmentation with nimodipine of
antidepressant therapy in the treatment of "vascular depression". International Psychogeriatrics. 2005;17(3):487-98.

240. Taragano FE, Allegri R, Vicario A, Bagnatti P, Lyketsos CG. A double blind, randomized clinical trial assessing the efficacy and safety of

augmenting standard antidepressant therapy with nimodipine in the treatment of ‘vascular depression’. International Journal of Geriatric
Psychiatry. 2001;16(3):254-60.

241. Fitzgerald JD. Propranolol-induced depression. Br Med J. 1967;2(5548):372-3.

242. Riemer TG, Villagomez Fuentes LE, Algharably EAE, Schafer MS, Mangelsen E, Furtig MA, et al. Do B-Blockers Cause Depression?:
Systematic Review and Meta-Analysis of Psychiatric Adverse Events During B-Blocker Therapy. Hypertension. 2021;77(5):1539-48.

243. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of Hyperglycemia in Type 2 Diabetes: A

Patient-Centered Approach: Position Statement of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes
(EASD). Diabetes Care. 2012;35(6):1364-79.

244, Abdelgadir E, Ali R, Rashid F, Bashier A. Effect of Metformin on Different Non-Diabetes Related Conditions, a Special Focus on Malignant
Conditions: Review of Literature. Journal of clinical medicine research. 2017;9(5):388-95.

245. Ying MA, Maruschak N, Mansur R, Carvalho AF, Cha DS, Mcintyre RS. Metformin: repurposing opportunities for cognitive and mood
dysfunction. CNS Neurol Disord Drug Targets. 2014;13(10):1836-45.

246. AlHussain F, AlRuthia Y, Al-Mandeel H, Bellahwal A, Alharbi F, Alimogbel Y, et al. Metformin Improves the Depression Symptoms of
Women with Polycystic Ovary Syndrome in a Lifestyle Modification Program. Patient Prefer Adherence. 2020;14:737-46.

247. Krysiak R, Drosdzol-Cop A, Skrzypulec-Plinta V, Okopien B. Sexual Functioning and Depressive Symptoms in Women with Diabetes and
Prediabetes Receiving Metformin Therapy: A Pilot Study. Exp Clin Endocrinol Diabetes. 2017;125(01):42-8.

248. Ackermann RT, Edelstein SL, Narayan KMV, Zhang P, Engelgau MM, Herman WH, et al. Changes in Health State Utilities With Changes in
Body Mass in the Diabetes Prevention Program. Obesity. 2009;17(12):2176-81.

249. Abdallah MS, Mosalam EM, Zidan AA, Elattar KS, Zaki SA, Ramadan AN, et al. The Antidiabetic Metformin as an Adjunct to
Antidepressants in Patients with Major Depressive Disorder: A Proof-of-Concept, Randomized, Double-Blind, Placebo-Controlled Trial.
Neurotherapeutics. 2020;17(4):1897-906.

250. Wahlgvist ML, Lee M-S, Chuang S-Y, Hsu C-C, Tsai H-N, Yu S-H, et al. Increased risk of affective disorders in type 2 diabetes is minimized
by sulfonylurea and metformin combination: a population-based cohort study. BMC medicine. 2012;10:150-.
251. Akimoto H, Tezuka K, Nishida Y, Nakayama T, Takahashi Y, Asai S. Association between use of oral hypoglycemic agents in Japanese

patients with type 2 diabetes mellitus and risk of depression: A retrospective cohort study. Pharmacology Research & Perspectives.
2019;7(6):e00536.

252. Papachristou S, Papanas N. Reduction of Depression in Diabetes: A New Pleiotropic Action of Metformin? Diabetes Ther. 2021;12(4):965-
8.

253. Fang W, Zhang J, Hong L, Huang W, Dai X, Ye Q, et al. Metformin ameliorates stress-induced depression-like behaviors via enhancing the
expression of BDNF by activating AMPK/CREB-mediated histone acetylation. Journal of Affective Disorders. 2020;260:302-13.

254. Wium-Andersen IK, Osler M, Jgrgensen MB, Rungby J, Wium-Andersen MK. Diabetes, antidiabetic medications and risk of depression — A
population-based cohort and nested case-control study. Psychoneuroendocrinology. 2022;140:105715.

255. Holmen J, Midthjell K, Kriiger @, Langhammer A, Holmen TL, Bratberg GH, et al. The Nord-Trgndelag Health Study 1995-97 (HUNT 2):
objectives, contents, methods and participation. Norsk epidemiologi. 2003;13(1):19-32.

256. Krokstad S, Langhammer A, Hveem K, Holmen T, Midthjell K, Stene T, et al. Cohort Profile: The HUNT Study, Norway. International
Journal of Epidemiology. 2012;42(4):968-77.

257. Asvold BO, Langhammer A, Rehn TA, Kjelvik G, Grgntvedt TV, Sgrgjerd EP, et al. Cohort Profile Update: The HUNT Study, Norway 2022
[cited dyac095. Available from: https://doi.org/10.1093/ije/dyac095.

258. Holmen J, Midthjell K. The Nord-Trgndelag health survey 1984-86 : purpose, background and methods : participation, non-participation
and frequency distributions. Oslo: SIFF, Helsetjenesteforskning; 1990.

259. Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB, Sgrensen HT. The Nordic Countries as a Cohort for
Pharmacoepidemiological Research. Basic & Clinical Pharmacology & Toxicology. 2010;106(2):86-94.

260. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. 1983;67(6):361-70.

261. Johnston M, Pollard B, Hennessey P. Construct validation of the hospital anxiety and depression scale with clinical populations. J
Psychosom Res. 2000;48(6):579-84.

262. Djukanovic I, Carlsson J, Arestedt K. Is the Hospital Anxiety and Depression Scale (HADS) a valid measure in a general population 65—

80 years old? A psychometric evaluation study. Health and Quality of Life Outcomes. 2017;15(1):193.

63



263. Mykletun A, Stordal E, Dahl AA. Hospital Anxiety and Depression (HAD) scale: Factor structure, item analyses and internal consistency in
a large population. British Journal of Psychiatry. 2001;179(6):540-4.

264. Olssgn |, Mykletun A, Dahl AA. The hospital anxiety and depression rating scale: A cross-sectional study of psychometrics and case finding
abilities in general practice. BMC Psychiatry. 2005;5(1):46.

265. Stordal E, Bjelland I, Dahl AA, Mykletun A. Anxiety and depression in individuals with somatic health problems. The Nord-Trgndelag
Health Study (HUNT). Scandinavian journal of primary health care. 2003;21(3):136-41.

266. Hess KR. Graphical methods for assessing violations of the proportional hazards assumption in cox regression. Statistics in Medicine.
1995;14(15):1707-23.

267. Therneau TM, Grambsch PM. Proportional hazards tests and diagnostics based on weighted residuals. Biometrika. 1994;81(3):515-26.
268. Calling S, Midl6v P, Johansson S-E, Sundquist K, Sundquist J. Longitudinal trends in self-reported anxiety. Effects of age and birth cohort
during 25 years. BMC psychiatry. 2017;17(1):1-11.

269. Yu B, Zhang X, Wang C, Sun M, Jin L, Liu X. Trends in depression among Adults in the United States, NHANES 2005-2016. Journal of
Affective Disorders. 2020;263:609-20.

270. Grenier S, Payette MC, Gunther B, Askari S, Desjardins FF, Raymond B, et al. Association of age and gender with anxiety disorders in older
adults: A systematic review and meta-analysis. Int J Geriatr Psychiatry. 2019;34(3):397-407.

271. Wang K, Lu H, Cheung EFC, Neumann DL, Shum DHK, Chan RCK. “Female Preponderance” of Depression in Non-clinical Populations: A
Meta-Analytic Study. Frontiers in Psychology. 2016;7(1398).

272. Stordal E, Bjartveit Kriiger M, Dahl NH, Kriiger @, Mykletun A, Dahl AA. Depression in relation to age and gender in the general
population: the Nord-Trgndelag Health Study (HUNT). Acta Psychiatrica Scandinavica. 2001;104(3):210-6.

273. Alvarez-Cisneros T, Roa-Rojas P, Garcia-Pefia C. Longitudinal relationship of diabetes and depressive symptoms in older adults from
Mexico: a secondary data analysis. BMJ Open Diabetes Research and Care. 2020;8(2):e001789.

274. Chobufo MD, Khan S, Agbor VN, Rahman E, Foryoung JB, Jolayemi A, et al. 10-Year trend in the prevalence and predictors of depression
among patients with heart failure in the USA from 2007-2016. International journal of cardiology. 2020;301:123-6.

275. Smith KJ, Béland M, Clyde M, Gariépy G, Pagé V, Badawi G, et al. Association of diabetes with anxiety: a systematic review and meta-
analysis. J Psychosom Res. 2013;74(2):89-99.

276. Chrissobolis S, Luu AN, Waldschmidt RA, Yoakum ME, D'Souza MS. Targeting the renin angiotensin system for the treatment of anxiety
and depression. Pharmacology Biochemistry and Behavior. 2020;199:173063.

277. Buckland SA, Pozehl B, Yates B. Depressive Symptoms in Women With Coronary Heart Disease: A Systematic Review of the Longitudinal
Literature. J Cardiovasc Nurs. 2019;34(1):52-9.

278. Perrin N, Davies M, Robertson N, Snoek F, Khunti K. The prevalence of diabetes-specific emotional distress in people with Type 2
diabetes: a systematic review and meta-analysis. Diabetic Medicine. 2017;34(11):1508-20.

279. Shi P, Yang A, Zhao Q, Chen Z, Ren X, Dai Q. A hypothesis of gender differences in self-reporting symptom of depression: implications to
solve under-diagnosis and under-treatment of depression in males. Front Psychiatry. 2021;12:589687.

280. Addis ME, Hoffman E. Men's depression and help-seeking through the lenses of gender. The psychology of men and masculinities.
Washington, DC, US: American Psychological Association; 2017. p. 171-96.

281. Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J. The HUNT study: participation is associated with survival and depends
on socioeconomic status, diseases and symptoms. BMC medical research methodology. 2012;12(1):1-14.

282. Povl Munk-Jgrgensen ABAADKLELKT. Implementation of ICD-10 in the Nordic countries. Nordic Journal of Psychiatry. 1999;53(1):5-9.
283. Ellis RP, Hsu HE, Song C, Kuo T-C, Martins B, Siracuse JJ, et al. Diagnostic Category Prevalence in 3 Classification Systems Across the
Transition to the International Classification of Diseases, Tenth Revision, Clinical Modification. JAMA Network Open. 2020;3(4):e202280-e.

284. Williams L, Pasco JA, Mohebbi M, Jacka FN, Stuart AL, Venugopal K, et al. Statin and Aspirin Use and the Risk of Mood Disorders among
Men. International Journal of Neuropsychopharmacology. 2016;19(6).

285. Pasco JA, Jacka FN, Williams LJ, Henry MJ, Nicholson GC, Kotowicz MA, et al. Clinical implications of the cytokine hypothesis of
depression. Psychotherapy and psychosomatics. 2010;79(5):323-5.

286. Gelman A, Loken E. The garden of forking paths: Why multiple comparisons can be a problem, even when there is no “fishing expedition”
or “p-hacking” and the research hypothesis was posited ahead of time. Department of Statistics, Columbia University. 2013;348:1-17.

287. Brundin L, Achtyes E. Has the time come to treat depression with anti-inflammatory medication? Acta Psychiatrica Scandinavica.
2019;139(5):401-3.

288. Lichtman JH, Froelicher ES, Blumenthal JA, Carney RM, Doering LV, Frasure-Smith N, et al. Depression as a risk factor for poor prognosis

among patients with acute coronary syndrome: systematic review and recommendations: a scientific statement from the American Heart
Association. Circulation. 2014;129(12):1350-69.

289. Twisk JW. Analysis of data from randomized controlled trials. A practical guide Cham: Springer. 2021.

290. Hernan MA. The C-word: scientific euphemisms do not improve causal inference from observational data. American journal of public
health. 2018;108(5):616-9.

291. World Health Organization. Depression [Internet]. Geneva: World Health Organization; 2021 [updated 2021 Sep 13; cited 2022 Aug 15].
Available from: https://www.who.int/news-room/fact-sheets/detail/depression.

292. World Health Organization. WHO reveals leading causes of death and disability worldwide: 2000-2019 [Internet]. Geneva: World Health

Organization; 2020 [updated 2020 Dec 9; cited 2022 Aug 15]. Available from: https://www.who.int/news/item/09-12-2020-who-reveals-leading-
causes-of-death-and-disability-worldwide-2000-2019

293. Pinto RD, Pietropaoli D, Monaco A, Desideri G, Ferri C, Grassi D. Non-pharmacological strategies against systemic inflammation:
molecular basis and clinical evidence. Current Pharmaceutical Design. 2020;26(22):2620-9.

294. Parent MC. Handling item-level missing data: Simpler is just as good. The Counseling Psychologist. 2013;41(4):568-600.

295. Bell ML, Fairclough DL, Fiero MH, Butow PN. Handling missing items in the Hospital Anxiety and Depression Scale (HADS): a simulation
study. BMC research notes. 2016;9(1):1-10.

296. Vittinghoff E, Glidden DV, Shiboski SC, McCulloch CE. Regression methods in biostatistics: linear, logistic, survival, and repeated measures
models. 2006.

297. Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer RJ. Agreement between self-report questionnaires and medical record data

was substantial for diabetes, hypertension, myocardial infarction and stroke but not for heart failure. Journal of Clinical Epidemiology.
2004;57(10):1096-103.

298. Fox MP, Murray EJ, Lesko CR, Sealy-Jefferson S. On the Need to Revitalize Descriptive Epidemiology. American Journal of Epidemiology.
2022.
299. Joseph KS, Mehrabadi A, Lisonkova S. Confounding by Indication and Related Concepts. Current Epidemiology Reports. 2014;1(1):1-8.

64


https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news/item/09-12-2020-who-reveals-leading-causes-of-death-and-disability-worldwide-2000-2019
https://www.who.int/news/item/09-12-2020-who-reveals-leading-causes-of-death-and-disability-worldwide-2000-2019

300. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Béck M, et al. 2021 ESC Guidelines on cardiovascular disease prevention in
clinical practice: Developed by the Task Force for cardiovascular disease prevention in clinical practice with representatives of the European Society
of Cardiology and 12 medical societies With the special contribution of the European Association of Preventive Cardiology (EAPC). European Heart
Journal. 2021;42(34):3227-337.

301. Suissa S. Immortal Time Bias in Pharmacoepidemiology. American Journal of Epidemiology. 2007;167(4):492-9.

302. Helsedirektoratet. Nasjonal faglig retningslinje for forebygging av hjerte- og karsykdom [Internet]. Oslo: Helsedirektoratet; 2017
[updated 2018 March 5; cited 2022 June 15]. Available from: https://www.helsedirektoratet.no/retningslinjer/forebygging-av-hjerte-og-karsykdom
303. Helsedirektoratet. Behandling med blodsukkersenkende legemidler ved diabetes [Internet]. Oslo: Helsedirektoratet; 2017 [updated 2019

Dec 20; cited 2022 June 25]. Available from: https://www.helsedirektoratet.no/retningslinjer/diabetes/behandling-med-blodsukkersenkende-
legemidler-ved-diabetes.

304. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases developed in collaboration with the EASD: The Task Force for diabetes, pre-diabetes, and cardiovascular diseases of the
European Society of Cardiology (ESC) and the European Association for the Study of Diabetes (EASD). European Heart Journal. 2019;41(2):255-323.

305. Petersen |, Douglas |, Whitaker H. Self controlled case series methods: an alternative to standard epidemiological study designs. bmj.
2016;354.
306. Yoshida K, Solomon DH, Kim SC. Active-comparator design and new-user design in observational studies. Nature Reviews Rheumatology.

2015;11(7):437-41.

65


https://www.helsedirektoratet.no/retningslinjer/forebygging-av-hjerte-og-karsykdom
https://www.helsedirektoratet.no/retningslinjer/diabetes/behandling-med-blodsukkersenkende-legemidler-ved-diabetes
https://www.helsedirektoratet.no/retningslinjer/diabetes/behandling-med-blodsukkersenkende-legemidler-ved-diabetes




Paper |






Bojani¢ et al. BMC Psychol (2021) 9:130

https://doi.org/10.1186/540359-021-00636-0 BMC PsyC hol Ogy

RESEARCH Open Access

: . ®
Prevalence trends of depression and anxiety =
symptoms in adults with cardiovascular

diseases and diabetes 1995-2019: The HUNT
studies, Norway

Ivana Bojani¢'”, Erik R. Sund"??, Hege Sletvold' and Ottar Bjerkeset'*

Abstract

Background: Symptoms of depression and anxiety are common in adults with cardiovascular diseases (CVDs) and
diabetes mellitus (DM). The literature on depression and anxiety in CVDs and DM populations is extensive; however,
studies examining these relationships over time, directly compared to adults without these conditions, are still lack-
ing. This study aimed to investigate trends in depression and anxiety symptom prevalence over more than 20 years in
adults with CVDs and DM compared to the general population.

Methods: We used data from the population-based Trendelag Health Study (HUNT), Norway, including adults

(= 20 years) from three waves; the HUNT2 (1995-97; n = 65,228), HUNT3 (2006-08; n = 50,800) and HUNT4 (2017-19;
n = 56,042). Depressive and anxiety symptom prevalence was measured independently by the Hospital Anxiety and
Depressions scale (HADS) in sex-stratified samples. We analyzed associations of these common psychological symp-
toms with CVDs and DM over time using multi-level random-effects models, accounting for repeated measurements
and individual variation.

Results: Overall, the CVDs groups reported higher levels of depression than those free of CVDs in all waves of the
study. Further, depressive and anxiety symptom prevalence in adults with and without CVDs and DM declined from
HUNT2 to HUNT4, whereas women reported more anxiety than men. Positive associations of depression and anxiety
symptoms with CVDs and DM in HUNT2 declined over time. However, associations of CVDs with depression symp-
toms remained over time in men. Moreover, in women, DM was associated with increased depression symptom risk
in HUNT2 and HUNT4.

Conclusions: Depression and anxiety symptoms are frequent in adults with CVDs. Further, our time trend analysis
indicates that anxiety and depression are differentially related to CVDs and DM and sex. This study highlights the
importance of awareness and management of psychological symptoms in CVDs and DM populations.

Keywords: Cardiovascular diseases, Diabetes mellitus, Depression symptoms, Anxiety symptoms, Prevalence, Multi-
level models

Introduction

Cardiovascular diseases (CVDs) and diabetes melli-
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people die from CVDs each year, representing 31% of all
global deaths [1]. The global population with DM in 2013
is estimated at 382 million (ages 20 to 79), the number
expected to rise to 592 million by 2035 [2]. Simultane-
ously, a growing prevalence of depression and anxiety has
been reported worldwide. In 2017, more than 264 mil-
lion people of all ages worldwide suffered from depres-
sion [3]. The rates varied across studies and countries,
yet a systematic review from 2016 concluded that the
anxiety prevalence was generally high (3.8—-25%) and par-
ticularly in women (5.2—-8.7%) and individuals from Euro-
pean countries (3.8-10.4%) [4]. Higher prevalence rates
and risk of depression and anxiety in women compared
to men have been well documented [5, 6]. However,
whether depression and anxiety prevalence is increasing
over time is still debated [7, 8].

CVDs and DM populations are often affected by higher
depression and anxiety symptom load than the general
population [9, 10]. Research suggests common biological
pathways of CVDs and DM with depression and anxiety,
focusing on the autonomic and hypothalamic-pituitary-
adrenal (HPA) axis and immuno-inflammatory dysregu-
lation [11, 12]. Depression and anxiety have different
clinical manifestations; however, these psychological
conditions often overlap [13] and appear together with
CVDs and DM [9, 10], further increasing the burden of
symptoms in these wide-spread physical illnesses [14].

Worldwide, studies consistently report on increased
prevalence rates and risk of depression and anxiety in
adults with CVDs compared to people free from these
conditions [9, 15-20]. WHO has estimated the preva-
lence of clinical depression in CVDs populations to range
between 3 and 9% worldwide [9] in the last two decades,
yet rates between 35 and 46% in China [15] and rates
as high as 47% have been reported from Iran [18]. A
recent meta-analysis found that of 10,785 acute myocar-
dial patients, approximately one of five were diagnosed
with major depression, whereas one of three reported
mild to moderate symptoms of depression [19]. A study
using data on population-based adults from 17 countries
demonstrated a higher odds ratio (OR) for depression
(adjusted OR 2.1; 95% CI 1.9-2.5) and anxiety (adjusted
OR 1.4; 95% CI 1.0-1.9) in participants with CVDs
than those with no such conditions [9]. Likewise, symp-
toms of depression and anxiety are frequently present
in adults with DM [21-23]. Epidemiological evidence
suggests that the prevalence of depression is more than
three times higher in adults with type 1 DM and almost
twice as high in adults with type 2 DM [21]. In line with
this, a meta-analysis of longitudinal studies showed that
people with DM had an average of 30% higher risk of
developing depression than those without [24]. A recent
systematic review shows that anxiety disorders and
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anxiety symptoms are present in 14% and 40% of patients
with DM [22]. These findings correspond to a system-
atic review that reported positive associations between
DM and both anxiety disorders (pooled OR 1.20; 95% CI
1.10-1.30) and elevated anxiety symptom levels (pooled
OR 1.48; 95% CI 1.02-1.93) [25].

Unfortunately, depression and anxiety symptoms often
go undetected and untreated in CVDs and DM popula-
tions [26, 27]. In turn, this may contribute to poor treat-
ment outcome of the primary disease [28, 29], reduced
quality of life [30, 31] and increased health care costs
[32, 33]. Recently, there has, therefore, been a growing
interest in CVDs and DM populations’ psychological
conditions and how to improve the clinical practice of
detection and treatment [34, 35]. Despite the increasing
literature on depression and anxiety in adults with CVDs
and DM, studies examining secular trends in depression
and anxiety symptom levels are lacking. Thus, this study
aims to investigate the development of depression and
anxiety symptom levels in CVDs and DM groups, using
population-based data from three waves of the Trgnde-
lag Health Study (HUNT) over more than two decades
(HUNT2, HUNT3, and HUNT4). The objectives of this
study are: (1) to describe depression and anxiety symp-
tom load in the populations according to CVDs and DM
status (2) to investigate time trends of these psychologi-
cal symptoms over 22-years, and to (3) examine the asso-
ciations of CVDs and DM with depression and anxiety
symptom risk.

Methods

Study population

The HUNT Study is a repeated, serial-entry health
study of an entire population residing in Nord-Tren-
delag county (recently included in the larger Trondelag
County), Norway, carried out in four waves: HUNT1
(1984-86), HUNT2 (1995-97), HUNT3 (2006-08),
and HUNT4 (2017-19). The serial-entry participa-
tion means that all county inhabitants eligible to par-
ticipate (aged 19 years and more) were invited every
10 years—regardless of whether they had participated
before or not. This study used data from the HUNT2,
HUNT3 and HUNT4 waves, where all county adults
(aged > 20 years) received questionnaires (Q1) to fill out
before the clinical screening test. A second questionnaire
(Q2) was distributed to be filled out and returned by mail
after clinical examination. Of all invited, the number of
respondents whose data material was available to this
study was 65,228 (69.5%) in HUN'T2, 50,800 (54.1%) in
HUNTS3, and 56,042 (54%) in HUNT4. The number of
participants and the respective participation rates (in %)
is per point of data collection, as the number of eligible
adults in the county changed over time. Information on
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the participation of cohorts over time is available on the
HUNT official website [36]. The population in HUNT is
considered representative of general Norwegian adults
[37]. All HUNT participants gave their written con-
sent for research on their data. This study was approved
by the Regional Committees for Medical Research and
Health Research Ethics in Norway (reference2019/30292/
REK Nord) and the Norwegian Centre for Research Data
(reference 30292/NSD).

Data material

This study used data from the main questionnaires (Q1
and Q2) covering a wide range of variables on health
condition, lifestyle, sociodemographic characteristics,
and clinical measurements. The participants yielding
valid data on self-reported depression and anxiety ques-
tions (outcome) and CVDs and/or DM status (exposure)
were eligible, while those with missing values on both
exposures were excluded. The study population was ana-
lyzed by diseases status (CVDs and DM) independently
in sex-stratified samples. Analysis by CVDs status was
carried out in 61,284 participants from HUNT2, 40,508
participants from HUNT3 and 40,443 participants from
HUNT4, including individuals with and without CVDs.
Samples analyzed by DM status were 61,229 participants
from HUNT?2, 40,504 participants from HUNT3 and
41,371 participants from HUNT4, including individu-
als with and without DM. Samples of individuals with
both CVDs and DM were too small (i.e., 204, 164 and
182 among women and 262, 283 and 385 among men in
HUNT2, HUNT3 and HUNT4, respectively) to provide
the necessary statistical power and were therefore not
analyzed as a separate group. Figure 1 shows the flow
chart of the study participants selected for this study.

Measurements

Outcome variables: Anxiety and Depression symptoms

The Hospital Anxiety and Depression Scale (HADS)
was used to assess symptoms of depression and anxiety.
The HADS is a brief self-report questionnaire consisting
of 14 items, seven for anxiety subscale (HADS-A) and
seven for depression subscale (HADS-D), each scored
on a Likert-scale from 0 (no symptoms) to 3 (symptoms
maximally present) [38]. For this study, valid ratings of
the HADS-D and HADS-A were defined as at least five
completed items on both subscales. The score of those
who filled in five or six items was based on the sum of
completed items multiplied by 7/5 or 7/6, respectively.
We assessed anxiety and depression with the categorical
approach, using a conventional cut-off threshold of 8 on
both the HADS subscales. This cut off value is found to
provide optimal sensitivity and specificity (about 0.80)
and a good correlation with the case of clinical depression
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based on DSM-III and ICD-8/9 diagnostic criteria [39].
Additionally, these conventional cut-offs are often used
for decision-making purposes, such as rating the sever-
ity of depression or the need for treatment [40]. Reliabil-
ity was examined by ordinal and traditional Cronbach’s
alpha and performed well on both HADS-A and HADS-
D subscales (ordinal alpha was 0.92 and 0.88; Cronbach’s
alpha was 0.87 and 0.81, respectively) [41]. The HADS-
subscales has been confirmed as reliable for detecting
symptoms of anxiety and depression independently and
describing symptom severity among the CVDs and DM
populations [42, 43].

Exposure variables

CVDs status was measured with questions on the history
of heart diseases (myocardial infarct or angina) or stroke
(yes/no). Question on heart failure was excluded from
HUNT?2, and thus, this condition was not used in the def-
inition of CVDs in this study. History of diabetes, includ-
ing type 1 DM, type 2 DM and other DM types, were
criteria for defining DM (yes/no). Missing data on CVDs
and DM were defined as an absence of the diseases.

Other independent variables

Sociodemographic characteristics of the study sample
included: sex (classified as women and men), age (mean
and age groups < 55, 55—-64 and > 65 years) and cohabi-
tation status (living with someone vs living alone). The
HUNTS3 database lacks direct data describing socioeco-
nomic status (e.g., education level). Therefore, we used
the lifestyle variable "current smoking" (yes/no) as an
indicator of socioeconomic status in multivariate analy-
sis. Other lifestyle measurements included monthly alco-
hol consumption (no or low drinking versus moderate to
frequent) and physical activity (inactive versus active).
Alcohol consumption in HUNT2 was described numeri-
cally (i.e., times drinking per month) whereas in HUNT3
and HUNT4 with categories. In this study, never or
< one time per week was defined as no or low drinking,
while drinking two-three times or > four times per week
was moderate to frequent drinking. In HUNT, leisure-
time physical activity was measured by questions about
light (i.e., no sweating or heavy breathing) and hard (i.e.,
sweating, and heavy breathing) physical activity per week.
We defined the respondents with no physical activity or
less than one time per week as not physically active, while
those with more than one time per week of hard/let phys-
ical activity were physically active. Of clinical anthropo-
metric measurements, we used Body mass index (BMI)
as a general indicator of overweight and obesity, which
are significant risk factors for cardio-metabolic diseases
[44], depression [45] and anxiety [46]. Body mass index
(BMI) included two categories: underweight to normal
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HUNT2 participants Valid HADS
(1995-97) questionnaires
N=65 228 N=61338

Missing answers to the
HADS questions
N=3890

Valid HADS
questionnaires

HUNTS3 participants
(2006-08)

N=50 800 N=40 516

HUNT4 participants Valid HADS
(2017-19) questionnaires
N=56 042 N=42103

Missing answers to the
HADS questions
N=13939

Final samples analyzed
by CVDs status
N=61284

Missing data on
CVDs status N=54

Final samples analyzed
by DM status
N=61229

Missing data on
DM status N=109

Final samples analyzed
by CVDs status
N=40 508

Final samples analyzed
by DM status
N=40 504

Final samples analyzed
by CVDs status
N=40 443

Missing data on
CVDs status N=1660

Final samples analyzed
by DM status
N=41 371

Missing data on
DM status N=732

Fig. 1 Flow chart showing the selection criteria® for participants. *Hospital Anxiety and Depression Scale (HADS) questionnaires, cardiovascular
diseases (CVDs) and diabetes mellitus (DM) Status. CVDs status defined as CVDs or no-CVDs; DM status was defined as DM or no-DM

(< 25 kg/m?) and overweight to obese (> 25 kg/m?),
defined according to WHO BMI cut-off for overweight
and obesity classification [47].

Statistical analysis

The prevalence of self-reported anxiety and depres-
sion symptoms was evaluated using cross-sectional
data from three HUNT surveys performed with an
11-years’ interval. Descriptive statistics regarding base-
line characteristics included frequencies and percent-
ages. The study population’s characteristics stratified by
sex are presented for the sample with a report on CVDs
(Table 1) and DM status (Table 2) separately. The groups
with positive disease status in Tables 1 and 2 are bolded.
Prevalence of depression and anxiety was described sepa-
rately by disease status and across sexes. Estimates were

age-standardized (using the age categories < 55, 55—64
and > 65 years) by the direct standardization using the
age distribution of participants attending the screening
in HUNTS3 as the standard population. The associations
of self-reported depression and anxiety with CVDs and
DM were analyzed using multi-level logistic models.
Multi-level models were specified to account for repeated
measurements on the same participants (i.e., non-inde-
pendent observations). To derive risk ratios (RR) and risk
differences (RD), we used predictions from the multi-
level models. Specifically, the RR was formed as the ratio
between the mean predicted probability, whereas RD
was the difference in mean predicted probability. We
calculated RR and RD for three specific ages, 40, 60 and
80. We present findings for age 60 in the results section
and age 40 and 80 in the supplementary information
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(see Additional files 1 and 2 for CVDs and DM analysis,
respectively). Associations of diseases status (i.e., CVDs
and DM) and self-reported depression and anxiety are
reported with 95 per cent confidence intervals (95% CI).
All statistical models were sex-stratified. The models
considered first age adjustment (age and age squared),
followed by the inclusion of other sociodemographic var-
iables (i.e., smoking and cohabitation) and finally, lifestyle
measurements (i.e., alcohol consumption, physical activ-
ity and BMI). First we adjusted for BMI using categorical
approach with cut-off at 25 kg/m? Second, we used BMI
as a continuous variable with restricted cubic splines
and tested for possible non-linear associations between
the continuous change of BMI and the outcome (anxiety
and depression symptoms) at four prespecified locations
according to percentiles of BMI distribution (i.e., 5th,
25th, 75th and 95th) that correspond to different BMI
values (i.e., 20.7 kg/m?, 24.1 kg/m?, 26.3 kg/m?, 28.9 kg/
m?, and 34.9 kg/m? respectively).Statistically significant
associations of self-reported depression and anxiety with
CVDs (Table 3) and DM (Table 4) are highlighted in bold.
The statistical software STATA® (version 16) was used in
the analysis.

Results

Study population characteristics

Table 1 shows the HUNT2, HUNT3 and HUNT4
study participants’ characteristics within sex-stratified
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samples according to CVDs status. Overall, the preva-
lence of CVDs was relatively stable from HUNT2 to
HUNT4 (range from 7.3 to 8.7%) and higher in women
than men. CVDs groups consistently reported higher
rates of depression than the no-CVDs group across age,
sexes and study waves, yet for anxiety, this pattern was
only observed in women and limited to the first two
waves of the study. In contrast, DM prevalence consist-
ently increased from HUNT2 to HUNT4 (range from
2.8 to 6.2%), with rates slightly higher in men than
women, whereas differences in depression and anxiety
symptom load between DM and no-DM groups were
less prominent (Table 2). Participants reporting disease
(i.e., CVDs or DM) were often 65 years and older, non-
smokers, physically active, reported no to low monthly
alcohol consumption and were more often overweight
or obese.

Figure 2 shows the age-standardized anxiety and
depression symptom prevalence of participants with
CVDs compared to the no-CVDs group for the study
period 1995-2019. Within CVDs groups, the symptom
of depression decreased consistently in women whereas
initially declined and subsequently increased in men, the
trends resulting in an overall decrease in both sexes over
the total study period (from HUNT2 to HUNT4). On
the other hand, the trend in depressive symptom preva-
lence in groups with no CVDs was stable. Anxiety symp-
tom prevalence declined in the first (1995-2008) and

Depression symptom prevalence in % (95%Cl) |~ 2‘\’/’3‘/“5 Anxiety symptom prevalence in % (95%Cl)
—_— s
40 @ Women |40
@» Men
35 35
30 30
25 25
20 20
15 15
10 10
5 5
0 T T 0 . v
HUNT2 HUNT3 HUNT4 HUNT2 HUNT3 HUNT4
(1995-97) (2006-08) (2017-19) (1995-97) (2006-08) (2017-19)
Fig. 2 Trends in depression and anxiety symptom prevalence® according to cardiovascular diseases (CVDs) status, the HUNT 1995-2019.
?Age-standardized using the age distribution of participants attending a screening in HUNT3 as the standard population. HUNT, The Trendelag
Health Study
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increased in the last study period (2008—2019) across all
study groups and sexes, resulting in an overall decrease
in participants with CVDs and relative stability in groups
without this condition. Women reported higher anxiety
scores than men, a trend observed across all study groups
and periods.

Similarly, Fig. 3 shows the age-standardized preva-
lence of symptoms of anxiety and depression in partici-
pants according to DM status. Within DM groups of both
sexes, depressive symptom prevalence showed an overall
decline in the first period yet increased slightly in women
and remained largely unchanged in men throughout the
study period. Such trend resulted in an overall depres-
sive symptom decrease in men with DM and rela-
tive symptom stability in women with this condition.
From HUNT2 to HUNTS3, anxiety symptom prevalence
declined across all study groups and sexes and subse-
quently increased again in HUNT4, so that anxiety prev-
alence rates in DM groups remained largely unchanged
in women and declined in men. As in CVDs analyses,
depression symptom prevalence remained relatively sta-
ble in no-DM participants of both sexes, whereas anxiety
symptoms increased in the first and declined in the last
period.

Associations of cardiovascular diseases and diabetes

with depression and anxiety symptoms at age 60

Table 3 shows associations of CVDs with symptoms
of depression and anxiety at age 60 years for men and
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women in HUNT2, HUNT3 and HUNT4. Overall, the
risk differences between individuals with and without
CVDs declined over time for both sexes yet remained
statistically significant in men. Among women, RD
for depression decreased from 0.08 (95% CI 0.07-0.1)
in HUNT2 to 0.05 (95% CI 0.04—0.07) in HUNT3. In
HUNT4, there was no statistical evidence for any differ-
ence between those with and without CVDs on either
depression or anxiety symptoms among women. Men
with CVDs in HUNT4 had a 26% higher risk for symp-
toms of depression than males with no CVDs, with an
absolute RD of 0.03 (95% CI 0.01-0.04). In contrast, there
was no statistical evidence for any difference between
CVDs groups and anxiety symptoms among men in
HUNT4.

Table 4 shows that among adults at the age of 60
with DM in HUNT2, the risk for depression and anxi-
ety symptoms above cut-off levels was raised by 36%
compared to no-DM groups as a reference, with an RD
of 0.04 (95% CI 0.02-0.07). There was no difference
between DM and anxiety or depression risks in either
sex in HUNTS3, whereas 11 years later (HUNT4), DM
was associated with a 24% increased risk for depres-
sion and 13% increased risk for anxiety in women but
not in men. Further adjustment for sociodemographic
and lifestyle variables yielded minimal changes in risk
estimates in both CVDs and DM analysis (Tables 3, 4),
and thus, these variables were not included in the final
model.

Depression symptom prevalence in % (95%Cl) = Anxiety symptom prevalence in % (95%Cl)
...... no-
40 — b 40
@» Women
35 @ Men 35
30 i 30
25 25
20 : 20
15 15
10 : 10
5 5
0 . . . : 0 -, . ' .
HUNT2 HUNT3 HUNT4 HUNT2 HUNT3 HUNT4
(1995-97) (2006-08) (2017-19) (1995-97) (2006-08) (2017-19)
Fig. 3 Trends in depression and anxiety symptom prevalence® according to diabetes mellitus (DM) status, the HUNT 1995-2019. *Age-standardized
using the age distribution of participants attending a screening in HUNT3 as the standard population. HUNT, The Trendelag Health Study
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Table 3 Associations of CVDs with depression and anxiety symptoms in HUNT2 (1995-97), HUNT3 (2006-08) and HUNT4 (2017-19),

multi-level logistic analysis

HUNT2 (1995-97) HUNT3 (2006-08)

HUNT4 (2017-19)

HUNT2 (1995-97) HUNT3 (2006-08) HUNT4 (2017-19)

RR (95% Cl) RR (95% ClI) RR (95% CI) RD (95% CI) RD (95% CI) RD (95% CI)
Depression
Women 1.72(1.55-1.88) 1.57 (1.37-1.76) 1.10 (0.94-1.26) 0.08 (0.07-0.10) 0.05 (0.04-0.07) 0.01 (= 0.01t0 0.03)
n=45726
Men 1.45(1.33-1.57) 1.25(1.12-1.38) 1.26 (1.12-1.39) 0.06 (0.04-0.07) 0.03 (0.01-0.04) 0.03 (0.01 to 0.04)
n=39012
Anxiety
Women 1.39(1.28-1.49) 1.28(1.15-1.40) 1.03 (0.93-1.14) 0.09 (0.07-0.11) 0.05 (0.03-0.07) 0.01 (= 0.011t0 0.03)
n = 45,95
Men 1.37 (1.25-1.48) 1.28(1.12-1.43) 1.07 (0.95-1.19) 0.06 (0.04-0.08) 0.03 (0.01-0.04) 0.01 (= 0.01t0 0.03)
n=38754

Adjusted for age and age squared. Risk Ratio (RR) and Risk Difference (RD) between individuals reporting CVDs and no-CVDs (ref) at age 60
CVDs, Cardiovascular diseases; HUNT, The Trendelag Health Study; RR, Risk ratio; RD, Risk difference; Cl, Confidence Interval

Table 4 Associations of DM with depression and anxiety symptoms in HUNT2 (1995-97), HUNT3 (2006-08) and HUNT4 (2017-19),

multi-level logistic analysis

HUNT2 (1995-97) HUNT3 (2006-08)

HUNT4 (2017-19)

HUNT2 (1995-97)
RD (95% CI)

HUNT3 (2006-08)
RD (95% ClI)

HUNT4 (2017-19)
RD (95% CI)

RR (95% Cl) RR (95% ClI) RR (95% Cl)
Depression
Women 1.36 (1.17-1.56) 1.18(0.98-1.38) 1.24(1.06-1.42)
n = 452844
Men 1.22 (1.04-1.40) 1.07 (0.90-1.24) 1.09 (0.94-1.23)
n=39,095
Anxiety
Women 1.12(1.00-1.25) 1.05(0.91-1.19) 1.13(1.02-1.24)
n=45219
Men 1.21(1.04-1.38) 1.13(0.93-1.33) 1.12(0.97-1.26)
n=38838

0.04 (0.02-0.07) 0.02 (- 0.00t00.04)  0.02(0.01 to 0.04)

0.03 (0.01-0.05) 0.01(=0.01t00.03) 001 (—0.01t00.03)

0.03(-0.00t00.06) 001 (—0.02t00.03) 0.03(0.01-0.05)

0.03 (0.01-0.06) 0.01(=0.01t00.03)  0.02 (- 0.00 to 0.04)

Adjusted for age and age squared. risk ratio (RR) and risk difference (RD) between individuals reporting DM and no-DM (ref) at age 60
DM, diabetes mellitus; HUNT, The Trandelag Health Study; RR, risk difference; RD, risk ratio; Cl, confidence interval

Discussion

Findings from three waves (1995-2019) of this pop-
ulation-based study of more than 140,000 adults
showed higher depression and anxiety symptom prev-
alence in groups with CVDs and DM than no-disease
groups, and differences were generally more pro-
nounced in CVDs than DM. Overall, there was a gen-
eral decline in depression symptom prevalence in the
same period for all study groups. Anxiety symptom
prevalence decreased initially and increased in the last
decade across study groups and sexes; still, there was
an overall symptom reduction in participants with and
without CVDs or DM. These trends are not in keep-
ing with a meta-analysis that suggested no change in
the global prevalence of depression and anxiety in the
general populations in 21 world regions between 1990
and 2010 [7]. Nevertheless, our results partially reflect

patterns of depression and anxiety prevalence in other
Scandinavian countries [48-50] and confirm existing
evidence of the higher prevalence of depressive and
anxiety symptoms in populations with CVDs or DM
than in the general adults [9, 10].

Prevalence of depression and anxiety symptoms according
to cardiovascular disease and diabetes status

Depression and anxiety symptoms and disorders often
overlap with CVDs and DM [17, 24, 25, 51] and are more
frequent in people with these wide-spread physical con-
ditions than in the general population [9, 10]. Largely in
line with our findings, worldwide population-based sur-
vey data from 17 countries, showed that the prevalence
of clinically diagnosed depression and anxiety is generally
higher in CVDs and DM populations than those with no
such conditions, consistently across countries, sexes, and
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age [9, 10]. However, although not directly comparable,
the depressive symptom prevalence in CVDs groups for
the period 2006—-08 (HUNT3) in our data was closer to
the prevalence reported for the corresponding period in
the recent US studies—ranging from 15.8 to 18.3% [52,
53], than the pooled depressive symptom prevalence in
community-dwelling adults with CVDs in China and
Iran ranging from 35 to 47% [15, 18]. Thus, our findings
broadly agree with the evidence on the prevalence of
depression (i.e., self-reported or clinically diagnosed) in
the people with CVDs and the general public to be lower
in Western countries than in non-Western world region
[54, 55].

Secular trends in the prevalence of depression and anxiety
symptoms

Although it is well established that depression and anxi-
ety prevalence is generally higher in people with chronic
medical conditions than those without, findings on time
changes in depression and anxiety symptom prevalence
in the general population and groups with CVDs or DM
have been inconsistent. Epidemiological studies from
the last two decades have observed an overall increase in
depression and anxiety prevalence in the general popula-
tion [48, 56, 57] and CVDs and DM populations [10, 57,
58]. In contrast, other studies report that these mental
conditions are on the rise in general adult populations [7,
59, 60] and populations with CVDs and DM [23, 53, 61].

In contrast to our findings, studies from the USA
showed that depressive symptom prevalence increased
in the general population from 2005 to 2016 [57], while
no change was found in community-dwelling adults with
heart disease (aged 2080 years) in the same period [53].
Moreover, our prevalence rates of non-disease groups
align with the literature review and meta-analysis of
studies on the global prevalence of depression and anxi-
ety symptoms, revealing relative stable rates from 1990
through 2005 to 2010 [7]. However, the overall decline
of depression symptoms across CVDs/DM groups in this
study corresponds to a general reduction in the pooled
global prevalence of depression symptoms and disor-
ders observed in various outpatient groups from 1995
to 2010, from 83 cross-sectional studies mainly from
Europe, Asia and North America [54]. This change was
partly explained by improved treatment and awareness of
these psychological conditions [54]. Similarly, the decline
in depressive symptom rates was observed in a popula-
tion-based sample of Mexican adults with DM (aged
> 50 years) from 2001 to 2015 [23].

A decrease in anxiety symptom prevalence from 1995
to 2008 in our data is not in keeping with a meta-analy-
sis that relied on data from 44 countries and concluded
no change in the global prevalence of anxiety in adults
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(clinically diagnosed or self-reported) for the period
1990-2010 [8]. On the other hand, Swedish findings from
1980 to 2005 showed a general increase in self-reported
anxiety rates among adults aged 16—-63 years [48]. Nev-
ertheless, the same study also observed a decline in
anxiety symptom prevalence in the oldest female groups
(aged 64-71 years), in line with trends observed in our
data. Similarly, another population-based Swedish study
that examined time trends in self-reported anxiety from
1997 to 2006 reported an increase in participants aged
< 24 years, whereas a decrease or stable estimates in the
other adult groups (25 years and more) from 2001 and
onwards [49]. A study of national representative Dutch
adults (aged 18-64 years) observed no change in the
prevalence of clinically diagnosed anxiety and depression
from 1995 to 2009 [50].

Variations in instruments and criteria, sampling, study
location/country, and characteristics of underlying popu-
lations make it difficult to directly compare and interpret
study findings [62, 63]. In sum, changes in depression and
anxiety symptom prevalence for the period 1995-2019
(HUNT2 to HUNT4) within a national representative
sample of Norwegian adults are in keeping with com-
parable studies reporting on depression and anxiety
symptom trends in the same age groups in other Scan-
dinavian countries [48, 50]. Moreover, anxiety symp-
tom rates for the period 2006-19 (HUNT3 to HUNT4)
showed a marked increase across all study groups and in
both sexes. The increase in anxiety symptoms has been
linked to the global rise in psychological stressors such as
work-life stress [64], urbanization [65] and social media
use [66] observed in past decades. However, understand-
ing the extent to which our findings on increasing anxiety
prevalence reflect the growing trend in stress-related risk
factors for anxiety, particularly within specific subgroups,
requires further investigation. On the other hand, the
overall reduction in symptoms of depression and anxi-
ety in our study over two decades may, in addition to
the above-mentioned cohort effect, to some degree be
a result of altered lifestyle behaviour (i.e., non-smoking,
physical activity and no-low alcohol use) of study par-
ticipants becoming "healthier" from HUNT2 to HUNTS3,
particularly in those with a diagnosis of CVDs and DM,
which in turn could have contributed to improved mental
health outcomes [67-69]. However, the overall decrease
or relative stability of mental health symptoms in our
data may reflect an overall improved public recognition
of common mental conditions, particularly in groups
with wide-spread physical conditions or increased aware-
ness of people with such diseases to seek mental health
help [60, 70].

Importantly, the diagnostic criteria for several physi-
cal illnesses have changed around the time of HUNT2
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[71]. These changes lowered the thresholds for CVDs
and DM diagnosis, contributing to higher prevalence and
a "healthier" population with these conditions [72, 73].
This change might, at least partly, contribute to the gen-
eral decline of the existing depression symptom burden
across the three HUNT surveys and the drop in anxiety
symptoms from HUNT 2 to HUNT3. Nevertheless, these
changes have most likely affected CVDs and DM popu-
lations similarly in most of the world—both in terms of
physical and mental symptom burden.

Higher prevalence, severity, and burden of anxiety
and depression have consistently been documented in
women compared to men in general, CVDs and DM pop-
ulations [5, 6, 21, 22, 52]. Our study confirmed existing
evidence that anxiety symptoms were more common in
women than in men, irrespectively of CVDs or DM sta-
tus. In contrast, the analysis of our data generally yielded
marginal sex-differences in depressive symptom preva-
lence, except in the CVDs population in HUNT4, where
men reported more depression than women. This can
largely be attributed to the psychometric properties of
the HADS-D subscale, also confirmed in a previous study
of the HUNT?2 cohort [74].

Associations of anxiety and depression symptoms

with cardiovascular diseases and diabetes

In our study, CVDs or DM was positively associated
with depression and anxiety symptom risk in HUNT2
(1995-97). However, over 22 years, these associations
declined, except for CVDs and symptoms of depres-
sion in men that remained across studies. Moreover, in
women, DM was associated with an increased risk of psy-
chological symptoms, greater for depression than anxiety
in HUNT2 and HUNT4.

The findings that CVDs are significantly associated
with symptoms of depression and anxiety are consistent
with literature showing that these psychological symp-
toms are common after CVDs [16, 20, 75]. A literature
review and meta-analysis of studies examining several
vascular risk factors of late-life depression (clinically
diagnosed or self-reported) found positive associations
of CVDs with depression (pooled OR 1.76; 95% CI 1.52—
2.04) [68]. Similarly, a meta-analysis reporting on post-
stroke anxiety found self-reported anxiety in one of five
stroke survivors [16]. The strength and significance of the
associations of CVDs with depression and anxiety symp-
toms in our data changed over time across sexes, the
results inconsistent compared to previous research. How-
ever, research has addressed that psychological reactions
following CVDs events differ in women and men. Results
from a meta-analysis of studies examining depression
after CVDs diagnosis/events across sexes suggested that
women experience a higher level of depression initially
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after a coronary heart event than men. However, in most
women, symptoms tend toward improving over time,
whereas men typically reported more long-lasting dis-
tress and depressive symptom burden [76].

It has been documented that several psychological
conditions related to diabetes, such as stress followed by
the diagnosis, feeling of the burden caused by demand-
ing lifestyle and self-care behavior, fear of hypoglycemia,
diabetes complication, and invasive procedures, may
impose depression and anxiety [77]. Moreover, a meta-
analysis showed that DM is associated with, on average,
a 30% increased risk for both self-reported and clinically
diagnosed depression [24], which partly correspond to
our findings. However, these associations remained sta-
tistically significant only in women in two study waves
about 20 years apart. These findings agree with a litera-
ture review on diabetes stress, an emotional state char-
acteristical for type 2DM, that reported diabetes stress is
more frequent in women than men and often followed by
depression [78].

Strengths and limitations

This study has several strengths. First, it used an inter-
nationally renowned health database to examine changes
in depression and anxiety symptoms over more than
20 years in people with CVDs, DM, and adults residing in
the same area without these diseases. Second, the study
sample is relatively large and comprises an adult popula-
tion representative of the general Norwegian adult popu-
lation. Of note, HADS was specifically designed to detect
anxiety and depression in patients with cardiovascular/
physical conditions. Therefore, it covers core psychologi-
cal symptoms of depression and anxiety, yet excludes all
physical conditions (i.e., dizziness, fatigue, insomnia, and
others) frequently present in both mental and physical
disorders to avoid misclassification and reverse causality
[13,79].

This study also has some limitations. Depression and
anxiety symptoms were based on self-rating rather than
clinical interviews. This makes direct comparison with
studies of diagnostic categories of anxiety and depression
difficult. However, it is quite time consuming to perform
diagnostic interviews, and this method is hardly feasible
in large scale studies such as HUNT. In addition, using
self-reported instruments with cut-off values to meas-
ure anxiety and depression levels might represent a pos-
sible source of bias, and using continuous scores could
have utilized the available information along the whole
range of the HADS scale. Thus, the definitive diagnosis of
depression must be based on the results from the clinical
interviews and the assessment of functional and somatic
symptoms. However, the HADS instrument has been
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used in various settings, and cut-off levels have been well
defined in the literature [39].

Furthermore, decreasing participation rates from
HUNT?2 to HUNTS3 (i.e., on average, by 15.4%) may also
have influenced the results. However, it should be noted
that participation rates alone do not necessarily indicate
selection bias [80]. Further, CVDs and DM were self-
reported, which introduce the possibility that reporting
bias and misclassification may have affected our results.

Overall, this study’s results can mainly be generalized
to middle-aged and elderly community-dwelling adults
[37]. The overall prevalence rates of CVDs, DM, anxiety
and depression, are likely underestimated as some indi-
viduals were too ill to participate. However, we argue that
this study provides valid, up-to-date information on time
trends in anxiety and depression symptoms in a nation-
ally representative sample of adults over 22 years, across
CVDs and DM status and age.

Conclusion

We observed a declining trend in symptoms of depres-
sion and anxiety for the last two decades, irrespectively of
age, sex, and CVDs or DM status. Women reported con-
sistently more anxiety than men, whereas associations of
CVDs with depression symptom remained over time in
men. However, our findings indicate that depression and
anxiety symptom load is still higher in people with CVDs
or DM than in the general public. Anxiety and particu-
larly depression are negatively associated with help-seek-
ing, adherence to treatment and outcomes of CVDs and
DM. Therefore, more attention to those with coexisting
mental health problems during the treatment of these
physical diseases should be warranted. Further research
should focus on how the treatment of depression and
anxiety might improve CVDs and DM outcomes, and
vice versa.
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Abstract

Background Cardiovascular agents, including angiotensin-converting enzyme inhibitors, angiotensin II receptor inhibitors,
acetylsalicylic acid, statins, and metformin, have demonstrated benefits for depression. However, there is scant evaluation
of these drugs’ antidepressant properties in large population settings.

Objective This study aimed to examine cross-sectional associations between depression symptoms and the use of cardio-
vascular agents and metformin in populations with cardiovascular diseases or diabetes mellitus.

Methods Participants in the Trgndelag Health Study 2006-08 (HUNT3, n = 40,516) and 2017-19 (HUNT4, n = 42,103)
were included and data on their drug use from 2006 to 2019 was retrieved from the Norwegian Prescription Database.
The outcome was self-reported depression symptoms defined by the Hospital Anxiety and Depression Scale. Associations
between cardiovascular agents or metformin use and self-reported depression were analyzed by multi-level logistic regres-
sion in sex-stratified samples.

Results Among men with cardiovascular diseases, use of acetylsalicylic acid was associated with reduced depression symp-
toms compared with acetylsalicylic acid non-users (reference) in HUNT3 and HUNT4 [risk ratio = 0.76; 95% confidence
interval 0.59-0.94, risk ratio = 0.67; 95% CI 0.52-0.82, respectively]. Similarly, male statin users had a lower likelihood of
reporting depression than statin non-users in HUNT3 (risk ratio = 0.70; 95% confidence interval 0.54-0.86) and HUNT4
(risk ratio = 0.67; 95% confidence interval 0.51-0.84). Associations between statins or acetylsalicylic acid use and reduced
depression symptoms were detected in women with cardiovascular diseases in HUNT4. We found no statistical support for
associations between other cardiovascular agents or metformin use and a reduced or increased depression symptom risk.
Conclusions Results suggest negative associations between acetylsalicylic acid or statin use and depression symptoms.
However, longitudinal cohort studies and randomized controlled trials are required to confirm the antidepressant effects of

these drugs.

Acetylsalicylic acid or statin use was associated with a

1 Introduction

The prevalence of cardiovascular diseases (CVDs), diabe-
tes mellitus (DM), and depression has been steadily rising

and contributes heavily to the global burden of disease [1,
2], death, and disability [3]. Furthermore, individuals with
CVDs or DM tend to be more prone to psychological condi-
tions such as depression, both at symptomatic and diagnos-
tic levels, than adults in general [4, 5]. Depression in those
patients with CVDs or DM often leads to poorer treatment
outcomes [6, 7], lower quality of life [8, 9], excess mortality
[10], and increased healthcare costs [11, 12], compared with
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reduced risk of depression symptoms compared with
non-use of these cardiovascular agents.

The use of other cardiovascular agents or metformin
showed no statistical evidence for a relationship with
depression symptom risk.

This study suggests the potential benefit of acetylsali-
cylic acid or statins for depression treatment. Further
population-based studies with extended follow-up of the
same subjects and studies with an experimental design
are needed to firmly establish the antidepressant effects
of cardiovascular and antidiabetic agents in people with
cardiovascular diseases and diabetes mellitus.
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patients without depression. The importance of improved
prevention and treatment of depression among patients with
CVDs and DM is recognized and highlighted in clinical
practice guidelines [13, 14].

Unfortunately, psychological conditions, including
depression, often remain undetected and inadequately treated
in populations with CVDs or DM [15, 16]. Sexual dysfunc-
tion, sedation, and weight gain are frequent side effects of
antidepressant agents that often lead to poor adherence to
these drugs [17]. Furthermore, some antidepressants can be
associated with uncommon adverse drug reactions, such as
QT interval prolongation, increased pulse, and hypertension
[18, 19], which are problematic for people with pre-existing
CVDs or DM [20, 21]. Therefore, there remains a need for
novel depression treatments with an improved adverse-
effect profile. Moreover, the growing burden of depression
in populations with CVDs or DM makes it necessary to find
an integrative approach to prevent and treat depression in
these patient groups.

A growing body of literature suggests close but complex
relationships between depression and physical diseases such
as CVDs and DM [22, 23]. Some evidence points to shared
pathophysiologies of depression, CVDs, and DM (such as
hypothalamic-pituitary-adrenal axis, immuno-inflammatory,
metabolic, and oxidative stress) that results in peripheral
and central low-grade inflammation [22, 24]. Thus, inflam-
matory pathways may be an additional target in depression
treatment [25-27]. Consequently, various anti-inflammatory,
cardiovascular, and antidiabetic agents have been explored
for putative antidepressant effects [24, 28-32]. To date,
clinical and observational studies addressing relationships
between pharmacotherapies for CVDs or DM and depression
symptoms have been limited and inconsistent.

Several cardiovascular agents may be beneficial for
depression. A review of the literature on drugs targeting the
renin-angiotensin system (RAS) showed that angiotensin-
converting enzyme inhibitors (ACE-I) and angiotensin
II receptor blockers (ARBs) were associated with lower
depression symptom levels or depression disorders, while
other antihypertensive agents were not [27]. Moreover,
RAS-acting agents have been associated with a reduced
likelihood of hospitalization for mood disorders [33],
decreased use of antidepressant agents [34], and improved
mental health [35]. Other studies, however, reported neither
increased nor reduced depression symptoms or disorders
associated with RAS agent use [36, 37]. Investigation of
associations between other cardiovascular agents, includ-
ing calcium channel blockers (CCB) and beta-blockers (BB)
with depression symptoms, have also yielded mixed results
[36, 38]. Similarly, by reducing inflammation, treatment
with inhibitors of cyclooxygenase, including acetylsalicylic
acid (ASA) [28], or cholesterol-lowering drugs (statins)
[31, 39], have potential antidepressant effects. The use of
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metformin, a first-line antidiabetic agent for type 2 DM treat-
ment, has shown a promising improvement in depression in
adults with DM [40-43]. However, evidence on the puta-
tive antidepressant effect of metformin remains limited and
inconclusive [44].

Observational research suggests that cardiovascular
agents and metformin might benefit depression, yet exist-
ing findings are conflicting. Furthermore, whether and to
what degree these drugs can exert antidepressant effects in
community settings remains unclear. Studies investigating
the relationships of various cardiovascular and antidiabetic
agents within large population-based samples with concur-
rent depression symptoms over time are still lacking. There-
fore, this study aimed to examine the association between
various cardiovascular and antidiabetic agents and depres-
sion symptom risk among adults participating in the large
population-based health study, the Trgndelag Health Study
(HUNT). Dispensed drug prescriptions of HUNT partici-
pants from the Norwegian Prescription Database (NorPD), a
register of all dispensed prescriptions in Norway, allowed us
to investigate the use of several drug classes with an 11-year
interval adjusted for relevant confounders.

2 Methods
2.1 Study Population

The HUNT is a large population-based health study of com-
munity-dwelling adults living in Trgndelag County, Norway,
that comprises four cross-sectional surveys: the HUNT1 sur-
vey (1984-6), the HUNT2 survey (1995-7), the HUNT3 sur-
vey (2006-8), and the HUNT4 survey (2017-19). All adult
inhabitants (aged > 20 years) were invited to participate in
all surveys, and the number of participants (response rate)
was 77,212 (89.4%) in HUNT1, 65,237 (69.5%) in HUNT2,
50,807 (54.1%) in HUNTS3, and 56,078 (54%) in HUNT4.
The number of eligible adults in the county for the study
has changed over time, and the presented number of partici-
pants with participation rates (in %) is for the data collection
point. The population in HUNT is considered representative
of general Norwegian adults and is ethnically homogenous
with low migration [45]. All HUNT participants gave their
written consent for research on their data. More information
on the HUNT database is described elsewhere (https:/www.
ntnu.edu/hunt/databankhttps:/www.ntnu.edu/hunt/datab
ank). We used data from HUNT3 and HUNT4 surveys to
derive a study population whose dispensed drug prescrip-
tions were collected from NorPD. Of the total, 40,516 par-
ticipants in HUNT3 and 42,103 in HUNT4 who answered
the main questionnaires (Q1 and Q2) and yielded valid data
on self-reported psychological symptoms (i.e., anxiety and
depression) were eligible to study. Among them, over 23,000
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Valid HADS
questionnaires

HUNT3 participants
(2006-08)

N=50 800 N=40 516

Valid HADS

HUNT4 participants o 5
questionnaires

(2017-19)

N=56 042 N=42 103

Missing answers to the
HADS questions
N=13 939

Fig. 1 Flow chart showing the selection criteria for study participants
based on valid Hospital Anxiety and Depression Scale (HADS) ques-
tionnaires for selecting the study participants. Participants with five
or more answers on the HADS-Depression subscale (HADS-D) and
HADS-Anxiety subscale (HADS-A) questionnaires were included

participants participated in both studies. Samples analyzed
included only participants who self-reported CVDs or DM
status. Cardiovascular disease status was measured via ques-
tions on a history of myocardial infarction, angina, stroke, or
heart failure (yes/no). History of type 1 DM, type 2 DM, and
other DM types were defined as DM (yes/no). Participants
who answered at least one question were classified as hav-
ing CVDs or DM or not. Figure 1 shows the flow chart of
the study participant selection process. HUNT participants
gave their written consent for research on their data. This
study was approved by the Regional Committees for Medi-
cal Research and Health Research Ethics in Norway (refer-
ence 2019/30292/REK Nord) and the Norwegian Centre for
Research Data (reference 30292/NSD).

2.2 Data Material

This study used data on health conditions, including self-
reported psychological symptoms, lifestyle, and sociodemo-
graphic characteristics from HUNT3 and HUNT4 surveys
combined with the NorPD. The NorPD is a national database
that contains information about all drugs dispensed by pre-
scription at pharmacies to all inhabitants in Norway (about
4.8 million) since 2004 (https://www.fhi.no/en/hn/health-
registries/norpd/). In Norway, all citizens, independent of
socioeconomic status, have unrestricted access to health
services, including partial or complete reimbursement of
purchased drugs. The NorPD data material for this study
included information on the participant (i.e., project ID and

sex), dispensed prescriptions (i.e., monthly and yearly dis-
pensing), and drug (i.e., Anatomic Therapeutic Chemical
[ATC] code). Data collected from the HUNT questionnaires
were linked to information on dispensed prescriptions of car-
diovascular and antidiabetic agents drawn from the NorPD
from January 2006 through December 2019 through a per-
sonal identification number.

2.3 Outcome Variable: Depression Symptoms

The main outcome variable in this study was self-reported
depression symptoms. The clinical expression of depression
differs from anxiety; however, both conditions show a con-
siderable symptom overlap, and their concurrent assessment
is recommended [46]. The Hospital Anxiety and Depression
Scale (HADS) is a brief self-report questionnaire for depres-
sion and anxiety symptoms. The HADS consists of 14 items,
seven for anxiety (HADS-A subscale) and seven for depres-
sion (HADS-D subscale), each scored on a Likert scale from
0 (no symptoms) to 3 (symptoms maximally present) [46].
At least five completed items on both HADS subscales (i.e.,
valid HADS questionnaires) were required for inclusion in
this study. The score of participants who filled in five or six
items was based on the sum of completed items multiplied
by 7/5 or 7/6, respectively. There was a cut-off threshold of
8 (for normal to mild symptoms) on the HADS-D subscale;
thus, depression and anxiety symptoms in our samples were
not mutually exclusive. The rationale behind this approach is
that symptoms of depression and anxiety often overlap [46],
and mixed symptoms are common in populations with other
somatic symptoms [47]. This cut-off value provides optimal
sensitivity and specificity (about 0.80) and correlates well
with clinical depression based on Diagnostic and Statistical
Manual of Mental Disorders, Third Edition and International
Classification of Diseases, Eighth Revision/Ninth Revisionl
diagnostic criteria [48]. The HADS-D subscale is a reliable
instrument for detecting symptoms of depression (with or
without anxiety) and describing symptom severity among
both general and clinical populations [49, 50]. Reliability
was examined by ordinal and traditional Cronbach’s alpha
and performed well on both HADS-A and HADS-D sub-
scales (ordinal alpha was 0.92 and 0.88; Cronbach’s alpha
was 0.87 and 0.81, respectively) [51].

2.4 Exposure Variable: Drug Use

Filled prescriptions of cardiovascular and antidiabetic
agents were used as proxies for these drugs’ consumption,
which were confirmed as a reliable measurement of drug
use [52]. Drugs were defined according to the World Health
Organization (WHO) ATC classification system [53]. The
study included the prescription of drugs with the follow-
ing ATC codes: BO1A C06 (ASA), C03 (Diuretics), C07
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(BB), C08 (CCB), CO9A (ACE-I), CO9C (ARBs), C10A
A (HMG-CoA-reductase inhibitors or statins), A10B A02
(Metformin), A10B B (Sulfonylureas), A10B F (Glucosi-
dase inhibitors), A10B G (Thiazolidinediones), A10B
H (Dipeptidyl peptidase 4 (DPP-4) inhibitors), A10B J
(Glucagon-like peptide-1 (GLP-1) analogues), and A10B
K (Sodium-glucose co-transporter 2 (SGLT?2) inhibitors).
Cardiovascular agents, including ACE-I, ARBs, ASA, BB,
CCB, statins, and diuretics, were analyzed among partici-
pants with CVDs, whereas metformin was analyzed among
participants with DM. The choice of cardiovascular and anti-
diabetic agents to analyze was also based on the available
number of users in our data material, which was sufficient
to provide power for the statistical analysis. The number of
participants using other antidiabetic agents than metformin
was too small to provide precise prevalence estimates (95%
confidence interval [CI]) and optimal statistical models.
Therefore, these agents were excluded from the prevalence
analysis and the multilevel logistic analysis. Associations of
each ATC drug class (exposure) with anxiety and depres-
sion symptoms (outcome) were analyzed independently. In
Norway, prescriptions have a validity period of 1 year from
the date of issue. However, drugs used for treating chronic
illnesses usually are typically dispensed at pharmacies in
quantities corresponding to approximately 3 months’ use.
In this study, individuals with one or more drug prescrip-
tions dispensed during the 9 months before participation in
HUNT3 or HUNT4 were defined as drug users in HUNT3
and HUNT4, respectively.

2.5 Other Covariates

Sociodemographic characteristics of the study sample
included: sex (classified as women and men), age (mean
and age groups < 55, 55-64, and > 65 years), and cohabita-
tion status (living with someone vs living alone). Lifestyle
measurements included “current smoking” (yes/no), physical
activity (inactive vs active), and monthly alcohol consump-
tion (no or low drinking vs moderate to frequent). Consuming
alcohol never or one or less times per week was defined as
no or low drinking, while drinking from two to three times
or four or more times per week was defined as moderate to
frequent drinking. In HUNT, leisure-time physical activity
was measured by questions about light (i.e., no sweating or
heavy breathing) and hard (i.e., sweating and heavy breath-
ing) physical activity per week. We defined the respondents
with no physical activity or less than one time per week as not
physically active, while those with more than one time per
week of hard/light physical activity were physically active.
Chronic diseases (yes/no) were measured with the question:
“Do you suffer from a long-lasting (at least 1 year) illness
or injury of a physical or psychological nature that impairs
your functioning in your daily life?”. Clinical measurements
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included body mass index, categorized as underweight or
normal (< 25 kg/m?) or overweight or obese (> 25 kg/m?)
according to the World Health Organization defined cut-off
for overweight and obesity classification [54]. Antidepres-
sant use included prescriptions of drugs with the following
ATC codes: NO6A A (Non-selective monoamine reuptake
inhibitors), NO6A B (Selective serotonin reuptake inhibitors
(SSRI), NO6A G02 (Monoamine oxidase A [MAOA] inhibi-
tors), and NO6A X (Other antidepressants).

2.6 Statistical Analysis

The prevalence of self-reported depression symptoms was
evaluated using cross-sectional data from HUNT3 and
HUNT4 performed approximately 11 years apart. Descrip-
tive statistics regarding baseline characteristics included
frequencies and percentages. The study population’s char-
acteristics were stratified by sex. Categorical variables were
compared using a y° test between groups of participants at
the 0.05 significance level. Depression symptoms prevalence
rates shown in Fig. 2 were age standardized (using the age
categories < 55, 55-64, and > 65 years) by direct standardi-
zation using the age distribution of participants attending the
screening in HUNT3 as the standard population. Each drug
class and the risk of depression symptoms were analyzed
by multilevel logistic models, using a cut-off of 8 on the
HADS-D subscale. Anxiety status based on the HADS-A
subscale was not specified in the model, and our analytic
samples included individuals with pure depression and those
with depression and anxiety symptoms. The rationale behind
such an approach was that somatic health problems such
as CVDs or DM showed stronger associations with mixed
anxiety and depression symptoms than each symptom alone
[55]. Of note, the authors of the HADS scale recommended
that HADS-D and HADS-A subscales should be used sepa-
rately [56]. Multilevel models were specified to account for
repeated measurements on the same participants (i.e., non-
independent observations), given that over 23,000 partici-
pated in both surveys. The used models take into account that
the outcomes within the same individual are likely to be more
similar than for two randomly selected individuals, whereas
they do not explicitly address changes in the exposure (e.g.,
treatment discontinuation, change of drug, and others). By
using model predictions, we calculated relative risk ratios
(RRs) and absolute risk differences (RDs) for having depres-
sion symptoms for individuals with any dispensed drug pre-
scription versus no drug prescriptions (reference category) 9
months before HUNT as the reference. Associations of drug
use and self-reported depression were reported with 95%
CIs. A multivariable analysis of cardiovascular agents was
restricted to participants with CVDs, whereas an analysis
of metformin was restricted to participants with DM. The
rationality for this approach was to improve comparability
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Fig.2 Depression symptom prevalence (Hospital Anxiety Depres-
sion-subscale Depression [HADS-D] > 8) among participants with
cardiovascular diseases (CVDs; myocardial infarction/angina/stroke/
heart failure) or diabetes mellitus (DM) stratified by sex, presented
in total, and by prescriptions of cardiovascular agents and metformin,
9 months before HUNT3 or HUNT4 participation. Age standard-

between exposed (i.e., drug users) and non-exposed (i.e., no
drug users = reference) participants and to control for poten-
tial confounding by these physical conditions. All statistical
models were stratified by sex. The crude models considered
only age adjustment (age and age squared).

Further analysis included adjustment for smoking status,
chronic diseases, and antidepressant use. To minimalize the
potential influence of pre-existing depression, we excluded
participants using antidepressants yielding very similar
results. The inclusion of other lifestyle variables and body
mass index in models did not change our results. Thus, the
reported final models included smoking status and chronic
diseases as potential confounders, whereas participants with
antidepressant use were excluded. The statistical software
Stata® (Version 17) was used in the analysis. All models
performed in this study are shown in the supporting infor-
mation (Table 1 of the Electronic Supplementary Material).

3 Results
3.1 Study Population Characteristics

In total, 40,516 participants from HUNT3 and 42,103 from
HUNT4 were enrolled in the study. Table 1 shows the soci-
odemographic, lifestyle and health characteristics, drug use,
and depression symptoms among participants in HUNT3 and
HUNT4 surveys, stratified by sex. The age distribution was
relatively similar across three age groups in both periods and
sexes, with most participants in the age group < 5 5 years.

Men
CVDs population —
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ARBs p——
ASA p—
BB p—
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Diuretics — -
Statins —
Metformin —-—
0 5 10 15 20 25
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ized using the age distribution of participants attending a screening
in HUNTS3 as the standard population. ACE-I angiotensin-converting
enzyme inhibitors, ARBs angiotensin II receptor blockers, ASA ace-
tylsalicylic acid, BB beta-blockers, CCB calcium channel blocker, CI
confidence interval, HUNT The Trgndelag Health Study

The prevalence of CVDs was approximately 13.0% in men
and 6.0% in women during the study. Likewise, the propor-
tion of DM participants was higher among men (5.4% in
HUNT?3 and 7.5% in HUNT4) than women (4.0% in HUNT3
and 5.1% in HUNT4). Depression symptom prevalence rates
were slightly higher in men than women. The prevalence of
cardiovascular agent use ranged between drug classes and
sexes, for example, 2.8% of women used ACE-I in HUNT3,
while 5.2% of men used ACE-I in HUNT4, and the preva-
lence of statin use was 12.5% among women in HUNT3 and
21.1% among men in HUNT4. Overall, the prevalence of
cardiovascular agents and metformin use was higher in men
than women, except for diuretics. In contrast, twice as many
women than men used antidepressants. Most participants
lived with someone, were non-smokers, physically active,
reported no to low alcohol consumption and no chronic dis-
eases, and were overweight to obese.

Figure 2 shows the depression symptoms prevalence
among participants with CVDs or DM in total and for users
of various cardiovascular agents and metformin. Among CVD
groups, overall depression symptom prevalence was 17.9% in
women and 16.2% in men in HUNT3, and 12.5% in both sexes
in HUNTA4. The depression prevalence rates among partici-
pants using cardiovascular agents varied considerably, from
23.6% among women using diuretics to 10.6% and 10.2% in
users of ASA and statins in HUNTS3, respectively. Depression
prevalence ranged from 12.4 to 13.4% in women with DM and
was 13.5% in men with DM in HUNT3 and HUNT4, respec-
tively. Among them, about 14% of metformin users reported
depression in the same period in both sexes.
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Table 1 Sociodemographic,
lifestyle and health
characteristics, drug use, and
depression symptoms among
participants in HUNT3 and
HUNT4 surveys, stratified by
sex
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HUNTS3 (2006-8) HUNT4 (2017-19)
N=40,516 N =42,103
Total n (%) Women Men ‘Women Men
n=22,688 n=17,828 n = 24,098 n = 18,005
(56.0) (44.0) (57.2) (42.8)
Age (years)
Mean (SD) 53.6 (16.0) 55.3 (15.0) 54.9 (17.2) 57.3 (16.4)
<55 11,825 (52.1) 8318 (46.7) 11,560 (48.0) 7382 (41.00)
55-64 5161 (22.8) 4623 (25.9) 4929 (20.5) 3904 (21.7)
> 65 5702 (25.1) 4887 (27.4) 7609 (31.5) 6719 (37.3)
Cohabitation
Living with someone 17,928 (79.0) 14,832 (83.2) 18,183 (75.5) 14,602 (81.1)
Living alone 4760 (21.0) 2996 (16.8) 5915 (24.5) 3403 (18.9)
Current smoking
No 16,673 (73.5) 13,597 (76.3) 21,349 (88.6) 16,449 (91.4)
Yes 5392 (23.8) 3800 (21.3) 2500 (10.4) 1440 (8.00)
Missing 623 (2.7) 431 (2.4) 249 (1.0) 116 (0.6)
Physical activity
Inactive® 865 (3.8) 1061 (6.0) 815 (3.4) 800 (4.5)
Active® 21,424 (94.4) 16,513 (92.6) 22,744 (94.4) 16,882 (93.8)
Missing 399 (1.8) 254 (1.4) 539(2.2) 323 (1.7)
Alcohol consumption
No or low® 15,180 (66.9) 9616 (53.9) 19,853 (82.4) 13,074 (72.6)
Moderate to frequemd 6827 (30.1) 7894 (44.3) 3783 (15.7) 4672 (26.0)
Missing 681 (3.00) 318 (1.8) 462 (1.9) 259 (1.4)
Depression®
No 20,680 (91.2) 15,930 (89.4) 21,874 (90.8) 16,109 (89.5)
Yes 2008 (8.8) 1898 (10.6) 2224 (9.2) 1896 (10.5)
CVDs
No 21,252 (93.7) 15,575 (87.4) 21,544 (89.4) 15,070 (83.7)
Yes 1431 (6.3) 2250 (12.6) 1533 (6.4) 2366 (13.1)
Missing 5(0.0) 3(0.0) 1021 (4.2) 569 (3.2)
DM
No 21,776 (96.0) 16,856 (94.6) 22,436 (93.1) 16,366 (90.9)
Yes 904 (4.0) 968 (5.4) 1217 (5.1) 1352 (7.5)
Missing 8(0.0) 4 (0.0 445 (1.8) 287 (1.6)
Chronic diseases
No 12,688 (56.7) 10,234 (57.4) 13,066 (54.2) 10,223 (56.8)
Yes 9324 (41.1) 7292 (40.9) 10,596 (44.0) 7589 (42.2)
Missing 496 (2.2) 302 (1.7) 436 (1.8) 193 (1.0)
BMI' (kg/m?)
Underweight to normal 8651 (38.1) 4363 (24.5) 9266 (38.4) 4721 (26.2)
Overweight to obese 13,956 (61.5) 13,409 (75.2) 14,644 (60.8) 13,148 (73.0)
Missing 81 (0.4) 56 (0.3) 188 (0.8) 136 (0.8)
Drug use®
ACE-I
No 22,056 (97.2) 17,039 (95.6) 23,332 (96.8) 17,076 (94.8)
Yes 632 (2.8) 789 (4.4) 766 (3.2) 929 (5.2)
ARBs
No 21,519 (94.9) 16,904 (94.8) 22,300 (92.5) 16,318 (90.6)
Yes 1169 (5.1) 924 (5.2) 1798 (7.5) 1687 (9.4)
ASA
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Table 1 (continued)

HUNTS3 (2006-8) HUNT4 (2017-19)
N=40,516 N=42,103
Total n (%) Women Men ‘Women Men
n=22,688 n=17,828 n = 24,098 n = 18,005
(56.0) (44.0) (57.2) (42.8)
No 20,602 (90.8) 15,219 (85.4) 21,882 (90.8) 15,191 (84.4)
Yes 2086 (9.2) 2609 (14.6) 2216 (9.2) 2814 (15.6)
BB
No 20,421 (90.0) 15,561 (87.3) 22,012 (91.3) 15,881 (88.2)
Yes 2267 (10.0) 2267 (12.7) 2086 (8.7) 2124 (11.8)
CCB
No 21,318 (94.0) 16,498 (92.5) 22,218 (92.2) 15,974 (88.7)
Yes 1370 (6.0) 1330 (7.5) 1880 (7.8) 2031 (11.3)
Diuretics
No 21,125 (93.1) 16,798 (94.2) 22,995 (95.4) 17,303 (96.1)
Yes 1563 (6.9) 1030 (5.8) 1103 (4.6) 702 (3.9)
Statins
No 19,856 (87.5) 14,983 (84.0) 20,492 (85.0) 14,211 (78.9)
Yes 2832 (12.5) 2845 (16.0) 3606 (15.0) 3794 (21.1)
Metformin
No 22,159 (97.7) 17,227 (96.6) 23,397 (97.1) 17,164 (95.3)
Yes 529 (2.3) 601 (3.4) 701 (2.9) 841 (4.7)
Other antidiabetic agents
No 22,631 (99.8) 17,745 (99.5) 24,014 (99.7) 17,905 (99.4)
Yes 57 (0.02) 83 (0.5) 84 (0.3) 100 (0.6)
Antidepressants
No 20,394 (89.9) 16,939 (95.0) 21,516 (89.3) 17,073 (94.8)
Yes 2294 (10.1) 889 (5.0) 2582 (10.7) 932 (5.2)

ACE-I angiotensin-converting enzyme inhibitors, Antidepressants non-selective monoamine reuptake
inhibitors, ARBs angiotensin II receptor blockers, ASA acetylsalicylic acid, BB beta-blockers, BMI body
mass index, CCB calcium channel blockers, CVDs cardiovascular diseases (myocardial infarct/angina/
stroke/heart failure), DM diabetes mellitus, HADS-D Hospital Anxiety and Depression-subscale Depres-
sion, HUNT The Trgndelag Health Study, Other antidiabetic agents sulfonylureas, glucosidase inhibitors,
thiazolidinediones, dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1 receptor agonists, sodium-
glucose co-transporter 2 inhibitors, selective serotonin reuptake inhibitors, monoamine oxidase A inhibi-
tors, and other antidepressants, SD standard deviation

“Inactive = never or no light/hard physical activity per week; light physical activity (no sweating or heavy
breathing) vs hard physical activity

bActive = less than once or more light/hard physical activity per week

“No or low drinking = never or one or less times/week

9Moderate (two to three times/week) to frequent (four or more times/week)

“Depression symptoms defined by HADS-D > 8

'BMI underweight to normal: BMI < 25 kg/m?; overweight to obese: BMI > 25 kg/m?

eDrug use defined as one or more dispensed drug prescriptions during 9 months before participations in
HUNT3 or HUNT4 surveys

3.2 Associations Between Drug Use and Depression identified associations remained essentially unchanged

Symptoms

after adjustment for potential confounders (i.e., age, smok-
ing, and chronic diseases) and after excluding individuals

Multilevel logistic models (Table 2) that included partici-
pants with CVDs showed that the use of statins or ASA
was associated with a lower depression symptom risk com-
pared with non-users of these cardiovascular agents. The

using antidepressants. Men with CVDs using statins had a
30-33% lower likelihood of reporting depression than no
users in HUNT3 and HUNT4, respectively (RR = 0.70; 95%
CI0.54-0.86, RD = — 0.05; 95% CI — 0.08 to — 0.01) and
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Table 2 Associations between drug use (reference = non-users) and depression symptoms among participants with CVDs and/or DM in HUNT3

and HUNT4 studies. RR and RD with 95% CI

HUNT3 (2006-8) HUNT4 (2017-19) HUNT3 (2006-8) HUNT4 (2017-19)
Drug class RR*(95% CI) RR®(95% CI) RR®*(95% CI) RR®(95% CI) RD®(95% CI) RD"(95% CI) RD?(95% CI) RD® (95% CI)
ACE-1
Women  1.17 (0.83—-  1.38(0.89—-  1.16 (0.76— 138 (0.84— 0.03(=0.02 0.05(=001 0.02(=0.02 0.03(-0.01to
1.51) 1.88) 1.55) 1.91) to 0.07) t0 0.10) to 0.06) 0.08)
Men 1.06 (0.80-1- 1.03(0.75-  1.07 (0.80— 1.02(0.73-  0.01(—0.03  0.00(-0.03 0.01(-0.02 0.00(—0.03to
32) 1.31) 1.35) 1.31) to 0.04) to 0.04) to0 0.04) 0.04)
ARBs
Women  1.10 (0.76-  1.19(0.70-  1.04 (0.68— 1.30 (0.79-  0.01(-=0.03to 0.02(—0.04t0 0.00 (-0.03to 0.03 (- 0.02 to
1.44) 1.68) 1.40) 1.81) 0.06) 0.08) 0.04) 0.07)
Men 1.05(0.75-  1.14(-0.77to  1.05 (0.79— 1.12(0.82-  0.01(-0.03to 0.02(—0.03t0 0.01 (-0.03to 0.01 (- 0.02 to
1.36) 1.50) 1.31) 1.42) 0.05) 0.06) 0.04) 0.05)
ASA
Women  0.85(0.71-  0.85 (0.59- 0.81 (0.62— 0.70 (0.47- —0.02(=0.05 —-0.02 —0.02 (= 0.05 —0.03 (- 0.06
1.00) 1.10) 1.01) 0.94) to 0.00) 0.06-0.02)  t00.00) to — 0.00)
Men 0.74 (0.59-  0.76 (0.59- 0.66 (0.52— 0.67 (0.52- —0.04(-0.07 —0.04(=0.07 —-0.06(-0.08 —0.05(-0.08
0.89) 0.94) 0.80) 0.82) to—0.01) to — 0.00) to —0.03) to — 0.02)
BB
Women  1.18 (0.91-  1.26(0.88—  0.78 (0.57— 0.78 (0.52—  0.02(-0.01to 0.03 (—0.01to —0.03(—0.05 -0.02(-0.05
1.46) 1.64) 1.00) 1.03) 0.06) 0.07) to 0.00) to 0.01)
Men 0.83 (0.67-  0.78 (0.61-  0.99 (0.79- 0.93(0.72- -0.03(-0.05 -0.03(-0.06 —0.00(-0.03 -0.01(-0.03
1.00) 0.96) 1.19) 1.14) to 0.00) to — 0.00) to 0.02) to 0.02)
CCB
Women  1.03(0.85-  1.13(0.76-  0.79 (0.56- 0.69 (0.41-  0.01(-=0.02to 0.02(-0.03to —0.03 (-0.06 —0.03 (—0.06
1.21) 1.50) 1.03) 0.98) 0.03) 0.06) to 0.00) to — 0.00)
Men 1.09 (0.84—  1.03 (0.76— 1.09 (0.84- 1.12(0.85-  0.01 (=0.02t0 0.00 (=0.03t0 0.01 (-0.02t0 0.01 (-0.02 to
1.34) 1.31) 1.33) 1.40) 0.05) 0.04) 0.04) 0.05)
Diuretics
Women  1.35(1.04-  1.31(0.91- 1.32(0.93— 1.28 (0.82—-  0.05(0.01-  0.04(=0.01to 0.03 (-0.01to 0.03 (- 0.02 to
1.67) 1.70) 1.71) 1.74) 0.09) 0.08) 0.07) 0.07)
Men 136 (1.05-  1.31(0.97- 1.34 (1.00- 1.12(0.79-  0.05(0.01-  0.04(=0.00to 0.04 (0.00-  0.01 (-0.02to
1.67) 1.64) 1.67) 1.45) 0.09) 0.08) 0.08) 0.05)
Statins
Women  0.83 (0.64—  0.99 (-0.69to 0.75 (0.54— 0.66 (0.44— —0.03(=0.06 —0.00(-0.04 —0.03(—0.06 —0.04(-0.07
1.02) 1.29) 0.95) 0.87) to0 0.01) to 0.04) to — 0.00) to—0.01)
Men 0.73 (0.58-  0.70 (0.54—  0.67 (0.52— 0.67 (0.51- —0.04(-0.07 —0.05(-0.08 —0.05(-0.09 —0.05(-0.09
0.88) 0.86) 0.82) 0.84) to — 0.01) to—0.01) to —0.02) to — 0.02)
Metformin
Women  1.39 (0.89—  1.70 (0.87— 1.12 (0.79- 126 (0.79-  0.04(-=0.00to 0.04 (0.00-  0.01(0.02-  0.02 (= 0.01 to
1.88) 2.53) 1.45) 1.73) 0.08) 0.08) 0.05) 0.06)
Men 1.18 (0.77-  1.33(0.79-  0.85 (0.60— 0.95(0.66- 0.02(-=0.02to 0.03 (-0.01to —0.02 (-0.05 —0.01 (0.04—
1.58) 1.87) 1.09) 1.24) 0.05) 0.06) t0 0.01) 0.03)

ACE-I angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers, ASA acetylsalicylic acid, BB beta-blockers, CCB cal-
cium channel blockers, CI confidence interval, CVDs cardiovascular diseases, DM diabetes mellitus, HF heart failure, HUNT Trgndelag Health
Study, MI myocardial infarction, RD risk difference, RR risk ratio

?Adjusted for age and age squared, women, n = 2574, men, n = 3915 for all cardiovascular agents; women, n = 1708, men, n = 1898 for met-

formin

®Adjusted for age and age squared, smoking, impairment due to long-lasting diseases and participants with antidepressant use were excluded;

women, n = 2027, men, n = 3540 for all cardiovascular agents; women, n = 1382, men, n = 1723 for metformin

RR and RD between individuals with drug prescriptions and without drug prescriptions (reference) 9 months before participation in HUNT sur-
veys at age 55 years

Depression symptoms defined by Hospital Anxiety and Depression Scale-Depression subscale > 8
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RR =0.67; 95% CI10.51-0.84; RD = — 0.05; 95% CI — 0.09
to — 0.02). Within the same sample, the use of ASA was
associated with, on average, a 24% and 33% lower depres-
sion symptom risk in HUNT3 and HUNT4, respectively.
Furthermore, similar associations of statins or ASA with,
on average, a 33-34% lower depression symptom risk were
detected in HUNT4 among women (RR = 0.66; 95% CI
0.44-0.87, RD = — 0.04; 95% CI — 0.07 to — 0.01 and RR
=0.70; 95% CI 0.47-0.94, RD = — 0.03; 95% CI — 0.06
to — 0.00, respectively). In contrast, there was no statistical
evidence suggesting associations between other cardiovascu-
lar agents (i.e., ACE-I, ARBs, and diuretics) and metformin
with a reduced depression symptom risk. Our data showed
associations between lower depression symptom risk and
the use of CCB in women in HUNT4 and BB among men
in HUNT3 with CVDs; however, these associations were
attenuated in the analysis, including participants with pure
depression symptoms (HADS-D >8 and HADS-A < 8) as
the outcome. Overall, we found no statistical evidence for
an increased risk of depression for any of the drug classes
included in the analysis.

4 Discussion

This large population-based study of 58,000 individuals
from two HUNT surveys showed that among participants
with CVDs, the use of ASA and statins was associated with
a reduced risk of depression symptoms compared with non-
users of these drugs. Our data provided no statistical support
that the use of other cardiovascular agents or metformin was
associated with reduced or increased depression symptom
risk among the population with CVDs or DM, respectively.

Overall, the findings from this study align with and fur-
ther strengthen existing evidence suggesting that among
people with CVDs, pharmacological treatment with statins
or ASA [28, 57-59] might alleviate depression symptom
burden. A meta-analysis of seven observational studies
from five countries (N = 9187 participants) reported a 32%
reduced likelihood of depression among statin users com-
pared with non-statin users [57]. Similarly, and supportive
of our findings, two population-based Scandinavian studies
demonstrated negative associations of statin use with depres-
sion disorders and symptoms [28, 58]. A prospective cohort
study of over 4.6 million Swedish adults found that any sta-
tin use vs no-statin use reduced the odds of depression by
8% [58]. Another large Danish study examining ~30% of
the adult population found that statin use was associated
with a decreased rate of incident depression at the 5-year
follow-up [28]. The difference in study design (prospective)
and depression instrument (clinical diagnosis) restricts direct
comparison of studies by Redlich et al. [58] and Kessing

et al. [28] with our findings. Still, both studies have some
similarities to ours, such as population-based samples from
Scandinavian countries and analysis accounted for CVDs.
In line with our results, two observational studies from Den-
mark have also suggested that ASA use may benefit depres-
sion [28, 59]. A cohort study of 91,842 patients with the
acute coronary syndrome (ACS) and a matched population
with no ACS found that patients with ACS using ASA or
statins had a decreased risk of depression compared with
no-ACS drug users at 1 and up to 12 years follow-up [59].
Similarly, a study reported a decreased risk of incident
depression among adult ASA users, with no-ASA users as
a reference and adjusting for CVDs and depression as pos-
sible confounding factors [28]. Recent large randomized
controlled trials of ASA in older adults did not support
these epidemiological findings [60, 61], although a recent
randomized controlled trial of rosuvastatin, in particular,
and ASA (Aspirin®) in youth depression showed a possible
signal in favor of statin but not aspirin use [31].

Generally, previous research supports associations
between ASA or statin use and the reduced depression
symptoms from our analysis. However, this study found
that negative associations were consistent among male indi-
viduals, but only in HUNT4 among female ASA or statin
users. This inconsistency may partly reflect the sex differ-
ences in study participants’ characteristics detected in our
data, which should be considered in the interpretation of the
results. Post hoc analysis of sex effects is also vulnerable to
a type 1 error. Our previous study that investigated trends
in depression and anxiety symptom prevalence over more
than 20 years in adults with CVDs and DM compared to
the general population showed that CVDs were consistently
associated with increased depression symptom risk in men
but not women [62]. In this study, the prevalence of CVDs
and depression symptoms, together with statin or ASA use,
was higher among men than women. Of note, the use of anti-
depressants was nearly two times higher in women than men,
which suggests that depression is more likely to be diagnosed
and treated in women than men who are > 50 years [63].

These results contrast with other observational studies
that found no statistical evidence for a relationship between
statin use and depression symptoms [64, 65]. However, the
authors of these studies emphasized the possibility that par-
ticipant characteristics, particularly the inclusion of indi-
viduals with fewer medical comorbidities, could influence
the findings [64, 65]. Additionally, meta-analytic evidence
based on observational data showed associations between
ASA use and increased depression risk [30]. However, the
meta-analysis included large-sample studies, participants
aged > 65 years, high-dose ASA users, diverse depression
instruments (self-report vs clinical diagnosis), and study
populations (CVDs vs no-CVDs).
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Aside from ASA or statins, this study provided no statisti-
cal support for associations of other cardiovascular agents or
metformin with reduced depression symptoms. Other obser-
vational studies challenge our results [33, 38, 40, 41, 43]. A
large national health study from Denmark (n = 3,747,190)
demonstrated a decreased depression incidence among
adults with hypertension treated with RAS agents compared
with other treatment groups [38]. Likewise, a Scottish study
of 525,046 patients with hypertension suggested antidepres-
sant effects of RAS agents vs other antihypertensive mono-
therapies at a 5-year follow-up [33]. The study found that
the risk of hospital admission was 53% lower for ACE-I
or ARB users than in the non-treated group, whereas two
times higher for CCB and BB users than for patients treated
with the RAS agents [33]. In a Taiwanese population-based
cohort study of 800,000 subjects, Wahlqvist et al. showed a
higher risk of depression in people with DM than in healthy
controls, which was reduced by using metformin and the
combination of metformin and a sulfonylurea [43].

Given the study design and outcome measurement, our
results are consistent with recent population evidence of
antihypertensive drug use and depression. A cross-sectional
analysis of 14,195 population-based Australian and Ameri-
can older adults (median age > 75 years) with hyperten-
sion free from other CVDs showed no associations between
ACE-I or ARBs and self-reported depression [36]. Unlike
the study of Agustini et al. [36], hypertension was not part
of the criteria for CVDs in our study as self-reported data
on the history of hypertension were not collected in HUNT.
Angiotensin-converting enzyme inhibitors and ARBs are
among the first-line antihypertensives in Norway, com-
monly used in the primary prevention of CVDs in combina-
tion with various non-medical lifestyle interventions (e.g.,
regular physical activity, healthy diet, smoking cessation,
and others) [13], which may moderate relationships between
drug use and depression symptoms. However, there is still a
possibility that not using hypertension in definition of CVDs
may have altered the analysis of ACE-I or ARBs and the
outcome in our data.

Population-based studies have suggested that metformin
treatment may improve depression [40, 41], and there are
pilot studies suggesting a beneficial effect of metformin in
depression [32]. Unlike previous studies but supportive of
our results, a recent meta-analysis of randomized controlled
trials found no evidence for the consistent benefit of met-
formin on depression symptoms [44]. There may be several
reasons for the discrepancy between our results and previ-
ous observational studies. The prevalence of DM increased
from HUNT3 to HUNT4 surveys, which may indicate under-
reported DM in HUNT3. However, the proportion of met-
formin use did not increase accordingly, despite metformin
being the sole first-line agent in the treatment of type 2 DM.
Furthermore, owing to DM being a progressive disorder,
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most affected adults proceed with combined antidiabetic
treatment to manage blood glucose levels. Diabetes and
depression also share common risk factors including obe-
sity and physical inactivity such that the use of metformin
might be a proxy of operative risk factors for depression.
This might mask any potential benefit of metformin. Among
participants with DM, prescriptions of other antidiabetic
drugs were markedly lower than metformin, indicating either
the first-line treatment status of metformin or that this popu-
lation may represent a “healthier” group of the DM popula-
tion, also supported by the mean age of the population in
this study.

4.1 Strengths and Limitations

The major strength of this study is the large study samples
drawn from the two extensive population-based surveys
combined with registry-based drug dispensation that reduced
selection and recall bias in drug exposure data. Combining
the two large databases, HUNT and NorPD provided con-
siderable statistical power, suitable for detecting drug use
associations with depression symptoms that otherwise could
not be easily detected. Our analyses used dispensed prescrip-
tions as proxies for drug use, which are considered superior
to information on drug use collected from medical records
or self-reported questionnaires [52]. Although drug dispen-
sation may not reflect the drug’s actual consumption, it is
regarded as a valid and reliable indicator of drug use [66].
The proportion with invalid or missing drug prescription
registration in this study population was minimal. Possible
confounding by indication was handled by restricting the
multivariate analysis to the population with CVDs or DM,
excluding participants using antidepressants and adjusting
for potential risk factors such as other chronic diseases.
There is also some weakness in the use of these data
sources. First, this study used self-reported depression
symptoms as the outcome measurement, based on the
HADS-D subscale. Although this instrument is confirmed to
have high validity compared with the diagnostic interview
[49], under-reporting or over-reporting of depression is still
possible, compared to diagnostic categories of depression.
In addition, CVDs and DM were self-reported, which intro-
duced the possibility of reporting bias and misclassifica-
tion of these diseases. However, given the differences in
symptoms, diagnostic procedures and the time course of
these two physical conditions, we assume reliability and
validity are higher for CVDs than DM self-reporting. Sec-
ond, patient-level data on drug use in hospitals and other
institutions are not routinely collected, which may, to
some degree, have affected our results. Third, NorPD lacks
information about the diagnosis or severity of the condi-
tions treated. Omitting the duration and severity of CVDs
and DM as significant risk factors for depression from the
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analysis may affect our results. The indication for use and
the prescribed doses are included, but only in free text,
which is not easily used for analysis. The reimbursement
code may function as a proxy for diagnosis in some cases
[67]. For example, since March 2008, prescribers in Norway
have had to use either the Tenth Edition of the International
Classification of Diseases codes or the International Classi-
fication of Primary Care codes as the reimbursement codes
for prescriptions. Participants using antidepressant agents
were excluded from the analysis to minimize the influence
of a pre-existing depression diagnosis on the results. How-
ever, it is important to acknowledge that various indications
for antidepressants and non-pharmacological treatments for
depression (i.e., psychotherapy) may limit the use of antide-
pressants as the single proxy for the diagnosis of depression.

Furthermore, this study investigated drug use within drug
classes. Pharmacological and anti-inflammatory effect differ-
ences vary between individual drugs within one drug class,
which can affect their association with depression [38]. We
also used a simplified approach to measure exposure that did
not address the differences between study participants’ sus-
tained and intermittent drug use or treatment discontinuation.
In addition, this study did not include combination therapy
(i.e., concomitant drug use). The rationality of this decision
was study design and many possibilities for drug combina-
tions in our data that were challenging to define and interpret.
Moreover, our data included only prescriptions for antide-
pressants and drugs for CVDs and DM, which did not allow
us to investigate drugs for other conditions (i.e., polyther-
apy) used by study participants. Alternatively, we adjusted
for other chronic diseases that may indicate the use of drugs
other than cardiovascular or antidiabetic agents. However,
all of the above limitations regarding exposure measurement
complicate the clinical interpretation of our results.

Finally, given the cross-sectional study design, our
results show an association without suggesting any causal-
ity between the use of ASA or statins and a reduced risk of
depression. The use of preventive medications such as statins
may be a proxy of health literacy and self-efficacy, and there-
fore of other adaptive health behaviors. Conversely, a drug
such as metformin is a treatment for established DM that
itself is driven by adverse lifestyle risks such as a poor diet
and physical inactivity, which are independent risk factors
for depression. Moreover, an inverse relationship in results
may be possible, meaning that previous depression among
the participants in our study may have affected their drug use.

5 Conclusions

In this large cross-sectional study of the Norwegian adult
population, treatment with ASA or statins was associ-
ated with reduced depression symptoms among men with

CVDs, while other classes of cardiovascular agents were
not. Women with CVDs benefitted from using ASA or
statins regarding depression symptoms in the HUNT4 sur-
vey; however, this relationship was not statistically evident
in HUNT3. Over 11 years, the prevalence of depression
symptoms decreased among the CVD group and increased
among the DM group, while drug use increased for most
drug classes. However, metformin usage was not related
to depression symptom levels among men and women
with DM. It is necessary to point out that the symptoms of
depression in our study refer to depression with and without
anxiety. However, the analysis of depression without anxiety
(defined by HADS-D > 8 and HADS-A < 8) showed essen-
tially the same results. These findings extend our knowledge
about the psychological aspects of CVDs and DM, which are
physical conditions ranked in the World Health Organiza-
tion’s top ten global causes of death and disability [3]. More-
over, this study contributes to novel perspectives of CVDs
and DM drug treatment that may be relevant to preventing or
reducing depression symptoms among populations affected
by these conditions. Whether long-term pharmacotherapy
for CVDs or DM alone or in combination with antidepres-
sant therapy can help prevent the development of depression
symptoms among these patient groups needs further inves-
tigation using prospective and experimental study designs.
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