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ABSTRACT 

 

 

 

Effect of Antidepressant Prescription in Posttraumatic Stress Disorder:  

Results from Korean National Health Insurance Database 

 

 

 

Kwanghyun Kim 

 

Department of Public Health 

The Graduate School, Yonsei University 

(Directed by Professor Sun Jae Jung) 

 

 

Introduction 

 

 There had been several studies which had tried to assess the association between 

antidepressant medication and cardiovascular disease (CVD), but the direction and 

the magnitude of association suggested in previous literature are inconsistent and 
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inconclusive. In PTSD, which is a result of neurobiological and psychological 

reaction to traumatic events, there is a paucity of evidence to understand the 

association between antidepressants and CVD, and existing evidence conflict with 

each other. Diversity in prescription patterns of antidepressants further complicates 

the analysis, rendering it difficult to assess the cardiovascular effect. As a result, 

only limited and conflicting evidence on CVD effect of antidepressants in PTSD 

exist and the association is not well understood. The objective of this study is to 

analyze the prescription patterns of antidepressants in Korean PTSD patients and 

assess the cardiovascular effect of antidepressant in PTSD. 

 

Methods 

  

 This study utilized Korean National Health Insurance Database (NHID), which is 

a nationally representative database constructed by Korean National Health 

Insurance Service (NHIS) that consists of administrative data for medical service 

utilization in South Korea. A total of 74,168 adult patients diagnosed with PTSD in 

2004 – 2018 were identified from NHID. Participants were excluded from the final 

analysis if information on insurance eligibility was missing (N = 5), received 

antidepressant medication prior to PTSD diagnosis (N = 20,977), diagnosed with 

coronary artery disease prior to PTSD diagnosis (N = 1,719), or followed up for 

less than a month (N = 949), leaving 50,518 participants for final analyses.  



vi 

Insurance claim records for antidepressant medication were obtained from the 

database. Antidepressant medications were classified into 4 types in accordance 

with active ingredient codes: selective serotonin reuptake inhibitor (SSRI), 

serotonin-norepinephrine reuptake inhibitor (SNRI), tricyclic antidepressant (TCA) 

and other antidepressant medication. Participants were categorized into ‘no 

antidepressant, ‘single class’, and ‘multiple classes’ groups by number of 

antidepressant class they had been prescribed during the follow-up. Information on 

antidepressant prescription patterns including duration of prescription, medication 

possession ratio (MPR), and combination of antidepressant classes were collected 

from the database. Coronary artery disease (CAD) with revascularization was 

selected as an outcome variable. Age, sex, insurance premium, Charlson 

comorbidity index, history of hypertension, history of dyslipidemia, psychiatric 

comorbidities, and admission due to psychiatric disorders were selected as 

covariates. 

Descriptive analysis by prescription group was conducted to evaluate the 

characteristics of participants by prescription pattern. Marginal structural model 

(MSM) was constructed to control confounding by indication due to psychiatric 

comorbidities, medical comorbidities, and socioeconomic status. Hazard ratios 

were estimated from MSM with application of time-dependent inverse probability 

weights. Results from MSM were compared to those from conventional time-

dependent Cox regression. Dose-response analysis was conducted to estimate the 
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effect of prescription duration and MPR. For sensitivity analyses, lag-time analysis 

with lag time of 6 and 12 months was conducted to assess the effect of protopathic 

bias. Additionally, to test the possible bias by violation of positivity assumption, 

sensitivity analysis by progressive truncation of the stabilized IP weights was 

conducted: 1 – 99%, 5 – 95%, and 10 – 90%. The analysis was repeated on 

subpopulation who received health checkup to assess the confounding effects of 

lifestyle factors and biomedical indicators. Finally, bounding factors were estimated 

in accordance with the theory of Ding & Vanderweele to assume the potential 

impact of unmeasured confounders on the estimand. 

 

Results 

 

 The number of participants in ‘no antidepressant’, ‘single class’, and ‘multiple 

classes’ were 21,340 (42.24%), 15,970 (31.61%), and 13,208 (26.15%) respectively. 

Mean age of participants at the initial PTSD diagnosis was 43.13 years (standard 

deviation [SD] = 15.46 years), and mean duration of follow-up was 6.86 years (SD 

= 4.26 years). Most prescribed antidepressant class was SSRI, followed by other 

antidepressants, TCA, and SNRI. Mean duration of prescription among treated was 

23.89 months (SD = 39.30 months), and mean MPR among treated was 28.39%. 

(SD = 39.38%) 
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Participants ever prescribed with antidepressants had 1.31 times higher hazard of 

developing CAD with revascularization compared to those who were not. (95% 

confidence interval [CI] 1.18 – 1.46) Participants who received single class of 

antidepressants had 1.18 times higher hazard of CAD, (95% CI 1.04 – 1.33), while 

the hazard ratio of those who received multiple classes of antidepressants was 1.46. 

(95% CI 1.29 – 1.65) Dose-response between number of antidepressant classes and 

risk of CAD was detected, with the hazard ratio being the highest in ‘4 classes’ 

subgroup. (HR = 1.97, 95% CI 1.40 – 2.76) Exposure to SSRI, SNRI, and other 

antidepressants increased the risk of CAD, while SNRI was not associated with 

CAD. 

 Patients with longer duration of antidepressant exposure had higher risk of 

incident CAD: the hazard ratio for developing CAD with revascularization 

increased along with the prescription duration, with HR of ‘6 months or shorter’ 

group being 1.27 (95% CI 1.08 – 1.48) and HR of ‘24 months or longer’ group 

being 1.64 (95% CI 1.42 – 1.91). Polynomial spline also showed dose-response 

pattern in duration – CAD association. Duration of SSRI, TCA, and other 

antidepressants was positively associated with CAD, while duration of SNRI did 

not show significant dose-response pattern. In comparison, dose-response pattern 

in MPR-CAD relationship was nonlinear, with HR of ‘lower than 20%’ group being 

1.39 (1.21 – 1.60) and ‘80% or higher’ group being 1.22. (95% CI 0.93 – 1.60) 
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Results from polynomial spline were also concurrent with stratified analysis, 

showing nonlinear dose-response pattern between MPR and CAD.  

Results from lag-time analysis was not significantly different from those from 

main analysis, indicating that the possible protopathic bias has minute effect on the 

estimate. IP weight truncation did not significantly alter the estimated values, 

suggesting that the impact of possible bias by violation of positivity assumption is 

likely to be minimal. Results from subgroup analysis on those who received health 

checkup were mostly consistent with those from main analysis, suggesting that the 

confounding effects of biomedical indicators and lifestyle factors do not 

significantly alter the estimand. Estimated bounding factors suggest low probability 

of complete nullification by unmeasured confounding, indicating that the 

interpretation of the estimand is unlikely to be altered by residual confounding. 

 

Conclusion 

 

Positive association between antidepressant medication for PTSD and CAD was 

detected. The association was stronger in participants who received multiple classes 

of antidepressants and who were prescribed with antidepressants for longer period. 

Combination of TCAs and SSRIs increased the risk of CAD the most, while SNRI 

did not increase the risk of CAD. The results indicate that antidepressants for PTSD 

treatment increase CAD risk and suggests necessity of proper cardiovascular risk 
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assessment before administration of antidepressant medication. PTSD patients who 

receive antidepressants for an extended period should be carefully monitored to 

prevent major cardiovascular events, as CVD risk is higher is those with long 

exposure to antidepressants. Especially, for PTSD patients receiving both TCAs and 

SSRIs simultaneously, preventive measures against coronary artery disease such as 

therapeutic drug monitoring or medication switching could be considered. 

                                                                    

Keywords: Post-Traumatic Stress Disorder (PTSD), Antidepressive Agents, 

Cardiovascular Disease, Coronary Artery Disease (CAD).
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Ⅰ. INTRODUCTION 

 

1. Background 

 

Post-traumatic stress disorder (PTSD) is a psychiatric disorder that develops when 

individuals are exposed to traumatic events.1,2 PTSD is a relatively common 

disorder with approximately 4-8% of estimated lifetime prevalence.3-5 In Korea, 

estimated lifetime prevalence of PTSD ranged from 1.2 to 1.6%,6,7 but the clinical 

importance of PTSD in Korea is gradually increasing, as the prevalence of PTSD 

has rapidly increased over the past 10 years.7,8  

 PTSD is a disorder that is a result of complex neurobiological reaction after 

exposure to traumatic events, including alterations in neurotransmitters such as 

serotonin,9,10 gamma-aminobutyric acid11,12, and norepinephrine,13 dysregulations 

of hypothalamic–pituitary–adrenal (HPA) axis,14,15 increased sympathetic 

tones,16,17 and consequent inflammatory reaction.17,18 The inflammatory and 

endocrine alterations in patients with PTSD is mainly driven by the re-experiencing 

symptom cluster of PTSD17 and consequential neuronal alteration,18 including 

increased activation of amygdala19-21 and reduced volume of hippocampus.22,23 

Higher resolution imaging techniques have shown that reduction in cornu ammonis 

3 and dentate gyrus of hippocampus are associated with PTSD symptoms.24  
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From these neurobiological changes comes physical consequences and 

comorbidities. A large body of literature suggested that patients with PTSD have 

higher risk of developing cardiovascular disease (CVD) including coronary artery 

disease,25,26 stroke, 27,28 and mortality due to cardiovascular diseases.26,29 Although 

the specific mechanism is yet to be understood, it had been hypothesized that 

increased inflammatory activity30,31 and alteration of HPA axis32,33 increase the risk 

of CVD in patients with PTSD.  

 Patients with PTSD also suffer from psychiatric comorbidities, including mood 

disorder, 34,35 anxiety disorder,36,37 and somatoform disorder, 38,39 and such comorbid 

psychiatric symptoms and disorders are also risk factors of CVD.40,41 Mood 

disorders, for instance, which is one of the most common psychiatric comorbidities 

in PTSD, induces excessive sympathetic and/or diminished parasympathetic 

modulation and inflammatory reactions via inflammatory cytokines.34,35 Anxiety 

disorder, which share a large portion of pathophysiology with PTSD, is also well 

known to be linked with CVD via both behavioral and physiologic changes, such 

as endothelial dysfunctiona11 and autonomic dysfunction.36,37 

There are several treatment options for PTSD that can alleviate symptoms and 

prevent progression, including antidepressant medications42 and several types of 

psychotherapeutic treatments.43,44 Antidepressant medications such as selective 

serotonin reuptake inhibitor (SSRI), serotonin-norepinephrine reuptake inhibitor 

(SNRIs) and tricyclic antidepressant (TCA) are recommended as first-line 
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pharmacologic agents for PTSD and major depressive disorder (MDD),45,46 but 

some studies have suggested that pharmacological agents have limited efficacy in 

establishing remission for both PTSD and depression in certain individuals.47 For 

instance, results from the Sequenced Treatment Alternatives to Relieve Depression 

(STAR*D), which one of the largest and longest clinical trial for treatment of MDD, 

showed that remission rate from MDD after treatment with a first-line 

antidepressant medication was only 36.8%.48  

 As PTSD symptoms is associated with alteration in neurobiological and endocrine 

system, effects of antidepressant medication and psychotherapeutic treatment on 

CVD had been rigorously researched. However, pre-existing evidence on 

association between antidepressant medication and CVD is inconclusive: while 

some researchers had implied that antidepressant medication increases CVD risk,49-

52 there are several studies that had failed to detect any association between 

antidepressant medication and CVD53,54 or had detected protective effect of 

antidepressant medications on CVD.55,56 As such, current evidence is insufficient to 

provide any conclusive interpretation on how antidepressant medication affects 

CVD. This is due to difficulties in estimating cardiovascular effect of antidepressant 

medication. The mixed pattern of association between antidepressant medication 

and CVD also appears to individuals with PTSD: a recent analysis using data from 

143,323 female veterans in the U.S. showed that selective serotonin reuptake 

inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs) are 
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associated with greater risk of ischemic heart disease. In contrast, in a study of 1,079 

U.S. veterans, antidepressant use was not associated with incident CVD.57 As it is, 

current evidence is insufficient for drawing out definitive conclusions for 

antidepressant-CVD associations in PTSD. 
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2. Study Objectives 

 

 The objective of this study is to understand the pattern of antidepressant 

medication prescription in individuals with PTSD, including antidepressant class, 

combination of medications, duration of prescription, and medication possession 

ratio (MPR). Additionally, this study aimed to assess the cardiovascular effects of 

patterns of antidepressant medication prescription in individuals with PTSD. 

Overall cardiovascular effects of antidepressant medication, as well as 

cardiovascular effect by medication type, will be evaluated in this study.  
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Ⅱ. Theoretical background 

 

1. Association between PTSD and Cardiovascular Disease 

 

 Post-traumatic stress disorder is a psychiatric disorder that is characterized by 

persistent maladaptive reactions after being exposed to psychological trauma.33 

After being exposed to severe psychological trauma such as natural disaster,58 

military conflict,59 and assault,60 some individuals are influenced by disruption in 

neural circuits such as activation in the bilateral amygdala and thalamus61 and 

decrease in hippocampal volume,62 as well as alteration in neuroendocrine reaction 

such as hypothalamus-pituitary-adrenal (HPA) axis63,64 and sympathetic-adrenal-

medullary (SAM) system.17,64 This neurobiological alteration results in 

characteristic symptoms of PTSD such as hyperarousal, 65 re-experiencing66,67 and 

avoidance.68 People with PTSD also suffers from increased inflammatory 

cytokines18 and dysregulation of metabolism, which results in metabolic disorders 

such as metabolic syndrome69,70 and dyslipidemia.71,72 

 These alterations in metabolism and endocrine system, which are one of the 

probable mechanisms of symptom development in PTSD, also increase the risk of 

metabolic disruption and consequent cardiovascular disease development in 

individuals with PTSD. For instance, inflammatory cytokines such as interleukin-

6, interleukin-1b, and tumor necrosis factor α (TNF- α), play major role in 
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atherosclerotic changes of artery.73 Elevation of serum inflammatory cytokine level 

such as IL-1β,74,75 IL-6,76,77 interferon-γ (IFN- γ),78 and TNF- α,76 had been reported 

from several studies worldwide, and it is hypothesized that inflammatory reactions 

could attribute to increased CVD risk in PTSD.79 

Endocrinological alteration is also a potential cause of CVD in PTSD. There had 

been constant reports of alterations in HPA axis and disrupted cortisol 

regulation,63,64 which could be attributed to stress response in PTSD.80 There had 

been several reports on increased sensitivity of glucocorticoid receptors and 

enhanced negative feedback of the HPA axis in PTSD, 81 but the inconsistency in 

the results exist.82,83 As a result, individuals with PTSD and suffer from higher risk 

of cardiovascular diseases such as coronary heart disease84 and stroke.85,86 Although 

precise mechanism of cardiovascular comorbidity in PTSD is yet to be understood, 

it is postulated that biological reactions suggested above contributes to 

cardiovascular consequences in patients with PTSD.81 

 Another aspect that needs attention is common psychiatric symptoms and 

comorbidities of PTSD. Individuals with PTSD suffer from several comorbidities 

including depressive disorder,87,88 anxiety-related disorders89,90 and bipolar 

disorder.91,92 PTSD and depressive disorder share similar symptoms including sleep 

disturbances, involvement in everyday activities, and difficulties in concentration.93 

It also shares certain pathophysiology of PTSD, including dysregulation in 

sympathetic tones,94-96 platelet aggregation,97,98 and increase in inflammatory 
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cytokines,99-101 which are all related to increased CVD risk. However, the 

overlapping symptoms does not fully explain the comorbidity: research suggested 

a number of shared psychiatric pathophysiology between PTSD and depressive 

disorders, such as maladaptive cognitive alteration102 and shared genetic influence 

for serotonin transporter polymorphism103 are important explanatory factors of 

comorbidity.  

Anxiety disorder is one of the most closely related psychiatric disorders to PTSD, 

and is also well known to be linked with CVD via both behavioral changes, such as 

smoking and decreased physical activity,104-105 and physiologic changes, such as 

endothelial dysfunction106 and autonomic dysfunction.107,108 Research into the 

psychopathology of stress-related disorders revealed several genetic factors that are 

thought to be the common factor of anxiety disorders and PTSD.134  

 Traumatic events are also strongly associated with psychiatric symptom constructs 

that are associated with psychotic disorders110 and somatoform disorder,111 which 

are suggested to be associated with increased risk of CVD.112-114 The existence of 

psychiatric comorbidities and their interaction with neurobiological system further 

complicates the link between PTSD and CVD. 
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2. Antidepressant Medications in PTSD 

 

 It is well known that antidepressants are effective in controlling psychiatric 

symptoms in PTSD. Current treatment guideline for PTSD highlights the 

importance of both psychotherapeutic treatment and antidepressant medication.115 

A meta-analysis showed that SSRIs and SNRIs are efficient for treating patients 

with severe symptoms.116 A systematic review on 28 studies concluded that 

antidepressant discontinuation was associated with higher risk of relapse in anxiety-

related disorders, including PTSD.117 

 There are several regimens that are being used for PTSD treatment, but SSRIs are 

considered to be the first-line treatment.118,119 SSRIs increase serotonin levels in the 

brain by inhibiting reuptake of serotonin from the synapse, which is a 

neurotransmitter that is closely tied with anxiety.120-122 Sertraline, paroxetine, and 

fluoxetine are commonly used,119,123 but other SSRIs such as escitalopram are also 

beneficial for PTSD management.123  

SNRIs block reuptake of both serotonin and norepinephrine, thereby stabilizing 

the norepinephrine and serotonin level in the brain and suppressing PTSD 

symptoms.124 Venlafaxine is often prescribed as a first-line treatment agent for 

PTSD, 45,125 but evidence that supports efficacy of other SNRIs is limited. A network 

meta-analysis showed that while venlafaxine is effective in controlling PTSD 

symptoms, but not associated with treatment discontinuation,126 indicating that 
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venlafaxine alone is insufficient as a first-line treatment agent of PTSD. As a result, 

SNRI is not as often prescribed as SSRI as a first-line antidepressant for PTSD 

treatment.125 

TCAs are usually prescribed as second-line treatment for PTSD.45 TCAs work 

primarily on the norepinephrine system and also have certain degree of 

anticholinergic effects as well.127 Although imipramine and amitriptyline are one of 

the medications that had been used for PTSD earlier than paroxetine, their 

acceptance was lower than other treatment options.128 Results from a network meta-

analysis also showed that amitriptyline imipramine was associated with neither 

symptom relief nor treatment termination.126 However, Puetz, Youngstedt & 

Herring suggested that SSRIs and TCAs showed greater effects on PTSD compared 

to other medications.129 

Other antidepressants that are often used for PTSD treatment include monoamine 

oxidase inhibitors (MAOIs) such as selegiline, mirtazapine, and bupropion. MAOIs 

are also one of the early regimen that had been used for PTSD treatment alongside 

TCAs, and they inhibit the monoamine oxidase, which is an enzyme that breaks 

down monoamines, resulting in higher concentrations of serotonin, norepinephrine, 

and other monoamines.130 Although MAOIs are often used for treating Parkinson’s 

disease, a trial showed that moclobemide, one of the MAOIs, was effective in 

treating PTSD.131 However, the evidence that supports the application of MAOIs 

for PTSD treatment is limited. 
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Mirtazapine is a more recent regimen compared to TCAs and MAOIs. It is 

classified as noradrenergic and specific serotonergic antidepressant, as it acts as an 

antagonist for both α2-adrenergic receptor and serotonergic receptors such as 5-

HT2A and 5-HT2C.132 A double-blind randomized clinical trial suggested that 

mirtazapine showed better performance in treating PTSD and general anxiety 

disorder compared to placebo.133  

 

3. Effect of Antidepressant Medication on Cardiovascular Disease in PTSD 

 

Previous research on association between antidepressant medication and CVD had 

provided conflicting results. Traditionally, antidepressant medications are thought 

to have cardiotoxicity and increase CVD risk.49-52 For instance, result from a sub-

analysis of the Depression Effects on Coronary Artery Disease Events (DECADE) 

study suggested that application of antidepressant medication decreases the risk of 

major cardiovascular event (MACE).134 A meta-analysis on 22 observational 

studies on use of antidepressant and cardiovascular/cerebrovascular disease had 

concluded that use of selective serotonin reuptake inhibitor (SSRI) was associated 

with increased risk of cerebrovascular disease, while use of tricyclic antidepressant 

(TCA) increased the risk of acute heart disease.135  

However, some researchers claim that antidepressant medication does not increase 

the risk of CVD and is, in some cases, even beneficial for prevention: an analysis 
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of data from Reasons for Geographic and Racial Differences in Stroke (REGARDS) 

Study indicated that antidepressant medication is associated with increased risk of 

stroke, coronary heart disease and CVD death.136 Several other studies had also 

reported that they did not detect any association between antidepressant medication 

and CVD53 or had found protective effect of antidepressant medications on 

CVD.55,56 

 This complex association is due to ambivalent action of antidepressant medication. 

On one hand, antidepressant medications relieve depressive symptoms of patients, 

which are major risk factors of CVD development.137-139 It had been suggested that 

depressive symptoms are related to reduced heart rate variability,140,141 increased 

inflammatory cytokines,142-144 and disrupted serum lipid profile.145-147 By relieving 

symptoms, antidepressant medications can block metabolic disturbances 

consequential to depressive symptoms, decreasing the risk of cardiovascular 

diseases.148,149 Additionally, a few protective biological mechanisms of 

antidepressant medications were also suggested. For instance, it had been suggested 

that SSRI inhibits collagen-induced platelet aggregation and activation, which 

result in decreased risk of atherosclerotic diseases.150 

On the other hand, however, there are evidence that suggest cardiotoxicity of 

antidepressant medications. Common antidepressants such as SSRIs and TCAs are 

thought to exacerbate atherosclerosis in coronary and carotid artery.151,152 

Additionally, several previous research results presented that antidepressant 
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medication use is associated with higher risk of cardiac arrythmia such as atrial 

fibrilation153,154 and QT interval prolongation,155,156 which are risk factors of 

thrombotic cardiovascular events such as coronary artery disease and ischemic 

stroke.130,131 Antidepressant medications are also known to be related to type 2 

diabetes and impaired glucose regulation, further increasing CVD risk.157 

 The ambivalent association between antidepressant medication and CVD is further 

complicated by confounding by indication. Individuals with more severe 

psychiatric symptoms are more likely to receive antidepressant medication, and 

they are also at higher risk of developing CVD. As such, there is a high probability 

that association detected from observational studies had been confounded. (Figure 

1) 

 

Figure 1. Directed acyclic graph illustrating time-varying confounding by indication.  

Association between antidepressant medication and CVD is likely to be confounded by 

confounding effect of psychiatric symptoms and comorbidities, which change throughout 

the course of follow-up. Conventional time-dependent Cox regression fails to adjust for 

time-dependent confounding effects by covariates. 
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Heterogeneities in antidepressant prescription pattern intensifies the difficulties in 

interpretation. SSRIs are considered first-line medications for PTSD, and they are 

the most frequently prescribed antidepressants for PTSD treatment.158,159 Some 

researchers suggest that exposure to SSRIs are suggested to be associated with 

atherosclerosis in coronary and carotid artery,151,152 which leads to coronary artery 

diseases and ischemic stroke.160 In contrast, SSRIs might also provide beneficial 

effects to cardiovascular system, most likely resulting from its side effects on 

appetite and resulting  

SNRIs and tricyclic antidepressants (TCAs) are also prescribed, but the frequency 

of prescription for PTSD treatment is relatively low compared to SSRI.161 Other 

types of antidepressants including tetracyclic antidepressants162 and monoamine 

oxidase inhibitors161 have been suggested to be effective for PTSD treatment and 

are occasionally prescribed to patients. Cardiovascular effects of antidepressants 

are known to differ by medication types,163 so understanding patterns of 

antidepressant prescription is an important part of assessing cardiovascular effects 

of it. However, most previous studies have reviewed the cardiovascular effects of 

antidepressants by class rather than combination, hindering the interpretation. 
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4. Overview of Marginal Structural Model (MSM) 

 

Marginal structural model was first introduced to the field of epidemiology by a 

group of epidemiologists including Robins, Hernán, and Ángel in 2000.66 The 

model was developed for effect estimation of time-dependent exposure on outcome 

in the presence of time-dependent confounders in the pathway of causation.164  

In observation study, the propensity of participants being allocated to certain 

treatment group is different by confounder vectors, both measured and unmeasured. 

In observational study without time-varying confounders, either conventional 

regression model or inverse probability weighting is enough for randomization.165 

However, in existence of time-varying confounding effect, conventional regression 

is not capable of conditional randomization, as conditioning for confounder vectors 

partially conditions of the effect of interest Ak+1.166,169 The main objective of 

marginal structural model in observational study is to properly address confounding 

by indication due to time-varying confounders and provide estimates that are 

approximate to those from randomized controlled trials.167,169 

True weights for counterfactual analysis are unknown but could be estimated by 

applying logistic regression of exposure on the previous exposure vector and the 

confounding vector.170 Probability of individuals being allocated to treatment is 

estimated, and its inverse value is set as IP weight for counterfactual analysis. After 
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multiplying overall probability of exposure in population for weight stabilization, 

stabilized IP weight for individuals could be estimated. 

Although true probability cannot be obtained, the numerator and the denominator 

of the stabilized IP weight can be estimated from pooled logistic regression model.  

Marginal structural model is most effective when applied to cohort study with 

research hypothesis where variables of interest are thoroughly investigated. 

However, several attempts on applying marginal structural model to the nationwide 

health service database to control time-varying confounding effects. For instance, a 

study on Taiwanese National Health Insurance Database utilized MSM to control 

time-varying confounding effects of socioeconomic status.171 Lim et al. applied 

MSM to the second version of the National Health Insurance Service – National 

Sample Cohort of Korea to control time-varying confounding effects from 

comorbidities and socioeconomic status.172 Although it is impossible to guarantee 

the absence of unmeasured confounding effect in observational study,173 MSM is 

able to properly account for measured confounders to enhance comparability and 

provide less biased estimates in observational studies.164,174 

In spite of its ability to marginalize the pathway between the confounding vector 

and exposure, estimand from MSM could still be affected by unmeasured 

confounder in observational studies. As they are not measured throughout the study, 

it is impossible to deduce the exact effect from a given observational dataset, and 

only indirect estimation of its effect on estimand could be done. Ding and 
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Vanderweele developed a method for sensitivity analysis to assess potential 

influence of unmeasured confounding without any assumption on association 

between variables.175 The method applies ‘joint bounding factor’, which is a 

hypothetical factor calculated from maximum value of relative risk of exposure on 

unmeasured confounders and relative risk of unmeasured confounders on outcome. 

If observed relative risk is larger than the joint bounding factor, it could be said that 

true association will still be statistically significant after considering unmeasured 

confounding effect. Ding and Vanderweele provided a proof that this result is also 

applicable to survival analysis with rare outcome, making the sensitivity analysis 

applicable for this study.176,177 
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Ⅲ. MATERIALS AND METHODS 
 

1. Data and Study Participants 

 

This study utilized the Korean National Health Insurance Database (NHID), which 

is a cohort of Korean citizens who utilized medical service covered by Korean 

National Health Insurance System (NHIS). Korean NHIS constructed NHID by 

collecting administrative records of medical service utilization since 2002. The 

database consists of information on insurance eligibility, diagnostic records, claim 

for medication, procedures, and operation, prescription records and health check-

up results. 

A washout period of 2 years was set and collected data from patients diagnosed 

with PTSD in 2004-2018. Adult participants with at least one F43.1 ICD-10 

diagnostic code on administrative records were defined as ‘patients with PTSD’. (N 

= 74,168) Patients without complete record for insurance eligibility (N = 5), 

received antidepressant medication prior to PTSD diagnosis (N = 20,935), followed 

up for shorter than 30 days (N = 949), and diagnosed with coronary artery disease 

prior to PTSD diagnosis (N = 228) were excluded, leaving 51,058 participants for 

the final analysis. (Figure 2)  
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Figure 2. Flow diagram of inclusion and exclusion of participants  

 
2. Measurement 
 

1) Assessment of exposure: antidepressant medication  

 

Insurance claim data for exposure to antidepressant was obtained from NHID. 

Information on pharmaceutical code of ingredients, frequency of intake, and total 

days of intake were obtained. Antidepressant medications were classified into 

‘selective serotonin reuptake inhibitor (SSRI)’, ‘serotonin-norepinephrine reuptake 

inhibitor (SNRI)’, ‘tricyclic antidepressants (TCA)’ and ‘other antidepressants’ 

according to code of ingredients. Participants ever prescribed with antidepressants 

of each class was considered to be exposed to the corresponding antidepressant 

Adult PTSD patients diagnosed in years 2004-2018  
(N = 74,168) 

Missing or erroneous eligibility data (N = 5) 
Prior antidepressant exposure (N = 20,977) 
Prior coronary artery disease (N = 1,719) 
Followed up for less than 1 month (N = 949) 

Adult PTSD patients diagnosed in years 2004-2018  
(N = 50,518) 

Single class 
(N = 15,970) 

No antidepressant 
(N = 21,340) 

Multiple classes 
(N = 13,208) 



20 

class. List of pharmaceutical code of ingredients that indicate antidepressant 

medication included in this study is provided in Appendix 1.  

The duration of medication possession after initial PTSD diagnosis were estimated 

by prescription record. Sum of duration covered by antidepressant prescription of 

each participant was defined as duration of prescription. Overall covered duration 

as well as class-specific duration were estimated from the database. The 

antidepressant class with the longest duration of prescription was defined as main 

treatment class. Participants were categorized into 4 groups in accordance with 

duration of medication possession: short-term (less than 6 months), short-

intermediate (6 – 11 months), long-intermediate (12 – 18 months), and long-term 

(18 months or longer). 

Medication possession ratio (MPR) was calculated as the proportion of durations 

of medication possession in follow-up duration. Overall MPR as well as class-

specific MPR were estimated from the database. Participants were categorized into 

4 groups in accordance with MPR: low (less than 20%), low-moderate (20 – 49%), 

high-moderate (50 – 79%), and high (80% or higher). Duration of medication 

possession and MPR of each antidepressant class were also estimated. 

Participants were categorized into groups in accordance with prescription patterns. 

For main analysis, participants were categorized by initial treatment regimen. Those 

who never received antidepressants were classified as ‘no antidepressant’ group. 

Addition or switching of regimen did not trigger reclassification of participants. For 
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additional analysis, participants were classified in accordance with all medications 

they have ever received. Participants were categorized into ‘no antidepressant’, 

‘single class’, and ‘multiple classes’ groups, and further classified into subgroups 

by combination of prescribed antidepressant medications. 

 

2) Assessment of outcome: coronary artery disease with revascularization 

 

Coronary artery disease (CAD) with revascularization was selected as an outcome 

variable to assess cardiovascular effects of antidepressant medication. To increase 

the validity of diagnosis, operational definition was applied to define cases. 

Participants were considered to be diagnosed with CAD with revascularization if 

all of the followings were true:  

 

(1) Participants had at least one healthcare utilization record with ICD-10 diagnostic 

code for coronary artery disease. List of diagnostic codes used for operative 

definition provided in Appendix 2. 

(2) Participants had undergone procedures and/or surgical interventions for 

coronary artery revascularization. List of procedures and surgical interventions is 

provided in Appendix 3. 

(3) Participants was either hospitalized, deceased, or attended 4 or more outpatient 

sessions due to CAD.178 
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The index date of participant was defined as the date of first diagnosis for PTSD. 

For participants who were diagnosed with coronary artery disease with 

revascularization, the first date to be diagnosed was defined as the terminal point of 

follow-up. For participants who were not diagnosed with coronary artery disease 

with revascularization, the last date of medical service utilization or the date of 

expiration were defined as the terminal point.  

 

3) Assessment of covariates 

 

 Monthly insurance premium was selected as a surrogate variable for 

socioeconomic status, as insurance premium of Korean NHIS increases in 

proportion to monthly income for employee-insured individuals and in proportion 

to income, property, vehicles, and other assets for self-employed insured individuals. 

Medical comorbidities were assessed by Charlson Comorbidity Index (CCI), which 

is a comprehensive index for evaluation of comorbid conditions.179 History of 

hypertension and dyslipidemia, which are not included in CCI calculation, were 

separately reviewed. To adjust for psychiatric symptoms and comorbidities, 

diagnostic records of patients were reviewed and checked if patients were ever 

diagnosed with depressive symptoms/disorders, anxiety-related disorders, 

somatoform disorders, psychotic disorders, and manic episodes/bipolar disorders. 

These psychiatric symptoms and disorders are common comorbidities in PTSD and 
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are potentially associated with selection of treatment modality.180-183 Participants 

with two or more records of medical service utilization with corresponding 

diagnostic codes were considered to be diagnosed with psychiatric comorbidities. 

Diagnostic codes for psychiatric comorbidities are presented in Appendix 4. History 

of psychiatric admission was reviewed and added as a covariate to indirectly 

evaluate the severity of psychiatric symptoms. 

 

3. Statistical Analysis 

  

 Descriptive analysis was conducted to assess the participant characteristics by 

prescription pattern. For continuous variables, analysis of variance (ANOVA) was 

used for comparison. For categorical variables, χ2 test was performed for 

comparison. 

Marginal structural model was constructed for proper adjustment of time-varying 

confounding by indication that could be introduced by psychiatric and medical 

comorbidities. Inverse probability weights for antidepressant prescription were 

calculated by logistic regression for marginal randomization of population. 

Conditional probability of treatment allocation and censoring were estimated, and 

crude probability of treatment allocation was multiplied for standardization of 

weights.164,184 Participants were considered to be exposed to antidepressant classes 

after the initial date of prescription. Time-dependent duration of antidepressant 

prescription and MPR of participants were estimated by each time interval. Detailed 
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statistical methods of IP weight estimation and MSM construction are provided in 

Appendix 5.  

Effects of prescribed antidepressant class, as well as effects of prescription 

patterns, were estimated. Estimand from MSM was compared with that from 

conventional time-dependent Cox regression model. Dose response in duration-

CAD association and MPR-CAD association was tested by stratified analysis and 

polynomial splining. Effects of total duration, as well as class-specific duration, 

were estimated.  

Several sensitivity analyses were conducted to test the possible effects of biases 

and check consistency and stability of the estimand. First, lag times of 6, 12, and 

24 months were set consecutively to assess the effect of protopathic bias.185 

Additionally, to test the effect of possible violation of positivity assumption, 

sensitivity analysis by progressive truncation of the stabilized IP weights was 

conducted: 1-99%, 5-95%, and 10-90%. Positivity assumption is one of the core 

assumptions for MSM, indicating that the conditional probability of exposure and 

outcome under certain covariate vector is a nonzero value.164-165 As participants 

with extreme IP weight values have low probability of having counterparts with 

similar IP weight, it is possible that it could cause the violation of positivity 

assumption. By truncating extreme values, possible bias from violation of positivity 

assumption could be assessed.  
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NHID Health checkup database was not used in the main analysis to prevent 

excess exclusion of participants. A subgroup analysis on participants who had 

undergone health checkup was conducted to assess the possible confounding effects 

of lifestyle factors and metabolic profiles. In this subgroup analysis, additional 

covariates including body mass index (BMI), systolic blood pressure, diastolic 

blood pressure, fasting serum glucose level, and total serum cholesterol level were 

added to the covariate set.  

Finally, to check the effect of residual confounders on the estiamnd, bounding 

factors based on Ding & Vanderweele’s theory were calculated for statistically 

significant effect sizes. Large bounding factors suggest that nullification of 

estimand by unmeasured confounding effects are less likely to take place.  

 

4. Ethics Statement 

 

 This study was approved by the Institutional Review Board of Yonsei University 

Health System (IRB number: 4-2021-0836). Informed consent for the present study 

was waived as this study used deidentified NHID data only without any information 

that could be used for identifying individual participants. The authors assert that all 

procedures contributing to this work complied with the ethical standards of the 

relevant national and institutional committees on human experimentation and with 

the 1975 Declaration of Helsinki, as revised in 2008.  
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Ⅳ. Results 

 

1. Characteristics of Participants 

 

Among 50,518 participants included in final analyses, 21,340 participants did not 

receive antidepressant, 15,970 participants received single class of antidepressants, 

and 13,208 participants received multiple classes of antidepressants. Mean age of 

participants who did not receive antidepressants was higher compared to those who 

received them. Proportion of female participants was the highest in ‘single class’ 

group and the lowest in ‘no antidepressant’ group, indicating that age and sex are 

predictors of treatment exposure. Participants who received multiple classes of 

antidepressants paid the least insurance premium, suggesting the association 

between low socioeconomic status and antidepressant prescription.  

Psychiatric comorbidities were significantly associated with antidepressant 

exposure: all psychiatric comorbidities that were assessed in this study were most 

prevalent in participants who received two or more classes of antidepressants. 

Prevalence of admission due to psychiatric disorders was also the highest in 

‘multiple classes’ group. Proportion of participants with history of hypertension and 

dyslipidemia was also higher in those who received antidepressants. 

 The numbers and proportion of participants whose main treatment regimen was 

SSRI, SNRI, TCA, and other antidepressants were 20,151 (39.89%), 1,410 (2.79%), 
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3,615 (7.16%), and 4,002 (7.92%) respectively. The numbers and proportion of 

participants who were ever prescribed with SSRI, SNRI, TCA, and other 

antidepressants were 23,495 (46.51%), 3,929 (7.78%), 8,025 (15.89%), and 11,837 

(23.43%) respectively.  

Mean duration of antidepressant prescription among treated was 23.89 months. 

(SD 39.30 months) Mean duration of prescription for SSRI, SNRI, TCA, and other 

antidepressants among those who received the corresponding antidepressant class 

were 17.98 months (SD 32.44 months), 11.68 months (SD 22.17 months), 15.89 

months (SD 31.24 months), and 16.96 months (SD 31.18 months) respectively. 

Participants of ‘multiple classes’ group tended to receive antidepressants longer 

than ‘single class’ group. Mean MPR of antidepressants among treated was 28.39%. 

(SD 39.38%) Mean value of class-specific MPR for SSRI, SNRI, TCA, and other 

antidepressants among those who received the corresponding antidepressant class 

were 24.43% (SD 33.36%), 16.02% (SD 24.81%), 15.59% (SD 26.42%), and 21.22% 

(SD 30.59%) respectively. Participants of ‘multiple classes’ group tended to have 

higher MPRs than ‘single class’ group. (Table 1) 
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Table 1. Characteristics of participants by prescription pattern (N = 50,518) 
  Full cohort  

(N = 50,518) 
No antidepressant 
(N = 21,340) 

Single class  
(N = 15,970) 

Multiple classes  
(N = 13,208) p-value 

Age, mean (SD) 43.13 (15.46) 43.82 (15.76) 42.31 (15.45) 42.58 (14.94) <0.001 
Men, N (%) 19,170 (37.95) 8,506 (39.86) 5,724 (35.84) 4,940 (37.40) <0.001 
Years of follow-up, mean (SD) 6.86 (4.26) 6.76 (4.29) 6.56 (4.22) 7.42 (4.21) <0.001 
Monthly insurance premium, N (%)     <0.001 

0 (Medicaid receiver) 2,838 (5.62) 746 (3.50) 882 (5.52) 1,210 (9.16)  
<25p 9,953 (19.70) 4,052 (18.99) 3,128 (19.59) 2,773 (20.99)  
25 – 49p 10,671 (21.12) 4,531 (21.23) 3,394 (21.25) 2,746 (20.79)  
50 – 74p 11,841 (23.44) 5,188 (24.31) 3,729 (23.35) 2,924 (22.14)  
≥75p 13,915 (27.54) 6,251 (29.29) 4,418 (27.66) 3,246 (24.58)  
N/A 1,300 (2.57) 572 (2.68) 419 (2.62) 309 (2.34)  

Charlson comorbidity index, N (%)      
0 11,128 (22.03) 4,834 (22.65) 3,613 (22.62) 2,681 (20.30)  
1 13,357 (26.44) 5,588 (26.19) 4,279 (26.79) 3,490 (26.42)  
2 9,152 (18.12) 3,701 (17.34) 2,880 (18.03) 2,571 (19.47)  
3 5,495 (10.88) 2,299 (10.77) 1,688 (10.57) 1,508 (11.42)  
≥4 11,386 (22.54) 4,918 (23.05) 3,510 (21.98) 2,958 (22.40)  

Hypertension, N (%) 9,380 (19.46) 4,290 (20.10) 2,913 (18.24) 2,627 (19.89) <0.001 
Dyslipidemia, N (%) 15,687 (31.05) 6,465 (30.30) 4,712 (29.51) 4,510 (34.15) <0.001 
Psychiatric comorbidities, N (%)a      

Psychotic disorders 2,716 (5.38) 694 (3.25) 743 (4.65) 1,279 (9.68) <0.001 
Manic episodes/bipolar disorders 4,586 (9.08) 961 (4.50) 1,151 (7.21) 2,474 (18.73) <0.001 
Depressive symptoms/disorders 25,709 (50.89) 7,115 (33.34) 8,445 (52.88) 10,149 (76.84) <0.001 
Anxiety-related disorders other than PTSD 25,250 (49.98) 8,488 (39.78) 7,970 (49.91) 8,792 (66.57) <0.001 
Somatoform disorders 6,581 (13.03) 2,311 (10.83) 1,953 (12.23) 2,317 (17.54) <0.001 

Admission due to psychiatric disorder, N (%)a 6,131 (12.14) 1,327 (6.22) 1,776 (11.12) 3,028 (20.93) <0.001 
CAD with revascularization, N (%) 1,543 (3.05) 593 (2.78) 449 (2.81) 501 (3.79) <0.001 
All-cause mortality, N (%) 1,375 (2.72) 560 (2.62) 363 (2.27) 452 (3.42) <0.001 
Class of main treatment regimen, N (%)a     <0.001 

None 21,340 (42.24) 21,340 (100.00) - -  
SSRI 20,151 (39.89) - 11,297 (70.74) 8,854 (67.04)  
SNRI 1,410 (2.79) - 609 (3.81) 801 (6.06)  
TCA 3,615 (7.16) - 2,187 (13.69) 1,428 (10.81)  
Other antidepressants 4,002 (7.92) - 1,877 (11.75) 2,125 (16.09)  

Class of ever prescribed antidepressants, N (%)a     <0.001 
None 21,340 (42.24) 21,340 (100.00) - -  
SSRI 23,495 (46.51) - 11,297 (70.74) 12,198 (92.35)  
SNRI 3,929 (7.78) - 609 (3.81) 3,320 (25.14)  
TCA 8,025 (15.89) - 2,187 (13.69) 5,838 (44.20)  
Other antidepressants 11,837 (23.43) - 1,877 (11.75) 9,960 (75.41)  
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  Full cohort  
(N = 50,518) 

No antidepressant  
(N = 21,340) 

Single class 
(N = 15,970) 

Multiple classes 
(N = 13,208) p-value 

Duration of antidepressant prescription, mean 
(SD)a 23.89 (39.30) - 9.13 (22.82) 41.08 (46.92) <0.001 

None (0), N (%) 21,340 (42.24) 21,340 (100.00) - -  
Short-term (<6), N (%) 17,104 (33.86) - 12,456 (78.00) 4,648 (35.19)  
Short intermediate (6 - 11), N (%) 2,186 (4.33) - 1,005 (6.29) 1,181 (8.94)  
Long intermediate (12 - 23), N (%) 2,108 (4.17) - 812 (5.08) 1,296 (9.81)  
Long-term (>=24), N (%) 7,780 (15.40) - 1,697 (10.63) 6,083 (46.06)  

Duration by class, mean (SD)a      
SSRI (N = 23,495) 17.98 (32.44) - 9.31 (22.25) 26.01 (37.89) <0.001 
SNRI (N = 3,929) 11.68 (22.17) - 5.52 (14.73) 12.81 (23.11) <0.001 
TCA (N = 8,025) 15.89 (31.23) - 8.40 (23.02) 18.70 (33.37) <0.001 
Other antidepressants (N = 11,837) 16.64 (30.57) - 7.32 (19.50) 18.40 (31.93) <0.001 

Medication possession ratio, %, mean (SD)a 28.39 (39.30) - 14.41 (50.84) 44.82 (38.89) <0.001 
None (0), N (%) 21,340 (42.24) 21,340 (100.00) - -  
Low (<20), N (%) 17,969 (35.57) - 12,652 (79.22) 5,317 (40.26)  
Low intermediate (20 - 49), N (%) 3,615 (7.16) - 1,411 (8.84) 2,204 (16.69)  
High intermediate (50 - 79), N (%) 2,825 (5.59) - 790 (4.95) 2,035 (15.41)  
High (≥80), N (%) 4,769 (9.44) - 1,117 (6.99) 3,652 (27.65)  

Medication possession ratio by class, %, mean (SD)a      
SSRI (N = 23,495) 24.43 (33.36)  16.79 (28.69) 31.50 (35.74) <0.001 
SNRI (N = 3,929) 16.02 (24.81)  10.73 (21.67) 16.99 (25.22) <0.001 
TCA (N = 8,025) 15.59 (26.42)  9.05 (20.94) 18.03 (27.81) <0.001 
Other antidepressants (N = 11,837) 21.22 (30.59)  11.54 (23.78) 23.05 (31.37) <0.001 

SD, standard deviation; p, percentile; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant medication.  
a Measured at follow-up termination.
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2. Estimation of Inverse Probability Weights 

 

 Factors associated with antidepressant prescription and their magnitudes of 

association are presented in Table 2. Female gender and low insurance premium 

were positively associated with antidepressant prescription. Participants with 

psychiatric comorbidities, except for psychotic disorders, had higher probability 

of receiving antidepressants. Charlson Comorbidity Index was also positively 

associated with antidepressant administration, while hypertension and 

dyslipidemia were negatively associated with antidepressant prescription. (Table 

2) The mean value of the log-transformed value of the stabilized weights at 

baseline was -0.006 (SD 0.143), and the mean of the log-transformed value of the 

non-stabilized weights at baseline was 0.870. (SD 0.208) (Figure 3) 

Factors associated with probability of allocation to treatment groups (‘no 

treatment’, ‘single class’, and ‘multiple classes’) and their magnitudes of 

association are presented in Table 3. Odds of being allocated to ‘no antidepressant’ 

group was set as a reference value. Odds ratio of female gender was 1.20 (95% 

confidence interval [CI] 1.19 – 1.21) for ‘single class’ group allocation and 1.09 

(95% CI 1.08 – 1.10) for ‘multiple classes’ group allocation. Participants with lower 

insurance premium had higher odds of being allocated to either treatment groups, 

but the association for ‘multiple classes’ group was stronger. Individuals with higher 

CCI were more likely to receive antidepressants, whereas individuals with 
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hypertension had lower probability of antidepressant prescription. For all 

psychiatric comorbidities except for psychotic disorders, odds ratio for being 

allocated to ‘multiple classes’ group was larger than odds ratio for being allocated 

to ‘single class’ group. Charlson Comorbidity Index and hypertension was also 

positively associated with antidepressant administration. The mean value of the log-

transformed value of the stabilized weights was -0.006 (SD 0.143) at baseline and 

-0.009 (SD 0.156) at the fourth time interval. The mean of the log-transformed value 

of the non-stabilized weights was 0.870 (SD 0.208) at baseline and 0.871 (SD 0.239) 

at the fourth time interval (Figure 4). 

Table 2. Association between confounding factors and antidepressant prescription. 
 OR 95% CI 

Age 0.99 0.99 – 0.99 
Female 1.15 1.14 – 1.16 
Monthly insurance premium   

0 1.74 1.71 – 1.77 
≤25p  1.13 1.12 – 1.14 
25 – 50p 1.05 1.04 – 1.06 
50 – 75p 1.01 1.00 – 1.02 
≥75p ref 
Not applicable 1.06 1.03 – 1.08 

Charlson Comorbidity Index   
0 ref 
1 1.11 1.10 – 1.12 
2 1.27 1.26 – 1.28 
3 1.37 1.36 – 1.39 
≥4 1.47 1.45 – 1.49 

Hypertension 0.96 0.95 – 0.97 
Dyslipidemia 0.92 0.90 – 0.04 
Psychiatric comorbidities   

Psychotic disorders 0.98 0.95 – 1.00 
Manic episodes/bipolar disorders 1.79 1.74 – 1.84 
Depressive symptoms/disorders 2.31 2.29 – 2.33 
Anxiety-related disorders 1.22 1.21 – 1.23 
Somatoform disorders 1.13 1.12 – 1.15 

Admission due to psychiatric symptoms 2.14 2.10 – 2.17 
OR, odds ratio; CI, confidence interval; SD, standard deviation. 
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A. Stabilized weight 

 
B. Non-stabilized weight 

 
Figure 3. Box plot of log-transformed value of IP weights for antidepressant 
prescription. A: Stabilized weight; B: Non-stabilized weight 
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Table 3. Association between confounding factors and treatment group allocation. 
 Single class Multiple classes 
 OR 95% CI OR 95% CI 

Age 0.99  0.99 – 0.99 0.99 0.99 – 0.99  
Female 1.20 1.19 – 1.21 1.09 1.08 – 1.10 
Monthly insurance premium     

0 1.28 1.26 – 1.31 2.30 2.25 – 2.34 
≤25p  1.04 1.02 – 1.05 1.26 1.25 – 1.28 
25 – 50p 1.01 0.99 – 1.02 1.10 1.09 – 1.11 
50 – 75p 0.98 0.97 – 0.99 1.04 1.03 – 1.06 
≥75p ref ref 
Not applicable 1.08 1.06 – 1.11 1.01 0.99 – 1.04 

Charlson Comorbidity Index     
0 ref ref 
1 1.07 1.06 – 1.08 1.17 1.16 – 1.18 
2 1.18 1.16 – 1.19 1.40 1.38 – 1.42 
3 1.25 1.23 – 1.27 1.55 1.52 – 1.57 
≥4 1.37 1.34 – 1.39 1.62 1.60 – 1.65 

Hypertension 0.93 0.92 – 0.94 0.99 0.98 – 0.99 
Psychotic disorders 1.00 0.98 – 1.03 0.95 0.92 – 0.97 
Manic episodes/bipolar disorders 1.35 1.31 – 1.40 2.17 2.11 – 2.23 
Depressive symptoms/disorders 1.86 1.84 – 1.88 2.93 2.90 – 2.96 
Anxiety-related disorders 1.09 1.07 – 1.10 1.40 1.38 – 1.41 
Somatoform disorders 1.02 1.01 – 1.04 1.25 1.24 – 1.28 
Admission due to psychiatric symptoms 1.66 1.63 – 1.70 2.61 2.56 – 2.66 

*‘No antidepressant’ group was used as a referent group. 
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A. Stabilized weight 

 
B. Non-stabilized weight 

 
 
Figure 4. Box plot of log-transformed value of IP weights for treatment group 
allocation. A: Stabilized weight; B: Non-stabilized weight 
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3. Association between Antidepressant Class and CAD 

 

Antidepressant prescription was positively associated with CAD with 

revascularization. (hazard ratio [HR] = 1.31, 95% confidence interval [CI] 1.18 – 

1.46) Participants exposed to two or more classes of antidepressants had higher risk 

of developing CAD (HR = 1.46, 95% CI 1.29 – 1.65) compared to those prescribed 

with single class of antidepressants. (HR = 1.27, 95% CI 1.12 – 1.44) Hazard ratios 

and 95% CIs for CAD in participants who received 1, 2, 3, and 4 classes of 

antidepressants were 1.18 (1.04 – 1.33), 1.45 (1.26 – 1.67), 1.47 (1.21 – 1.80), and 

1.97 (1.40 – 2.76) respectively. (Table 3, Figure 5) 

Participants whose main treatment modality was SSRI had 1.43 times higher risk 

of developing CAD compared to ‘no antidepressant’ group. (95% CI 1.07 – 1.60) 

Participants whose main treatment modality was SNRI (HR = 0.94, 95% CI 0.77 – 

1.15) did not present higher risk of CAD than ‘no antidepressant’ group. 

Participants whose main treatment modality was TCA had 1.20 times higher hazard 

of CAD, but the statistical significance was of marginal level. (95% CI 0.90 – 1.70) 

Participants who were prescribed with other antidepressants the longest had 1.24 

times higher risk of CAD development compared to those who were not prescribed 

with any antidepressants. (95% CI 1.02 – 1.54; Table 3, Figure 5)  

When analyzed by history of antidepressant prescription, exposure to all 

antidepressant classes except SNRI had statistically significant positive association 
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with CAD with revascularization: Hazard ratios and 95% CIs of ever exposure to 

SSRI, SNRI, TCA, and other antidepressants were 1.47 (1.32 – 1.64), 1.19 (0.98 – 

1.44), 1.29 (1.14 – 1.46), and 1.21 (1.07 – 1.37) respectively. (Table 3, Figure 6) 

 

 
Figure 5. Hazard ratio for CAD with revascularization by number of antidepressant 
classes. 
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Table 4. Association between antidepressant classes and coronary artery disease (N = 50,518). 

  
Incidence rate of CAD  
per 1,000 person-years 

Crude model,  
HR (95% CI) 

Fully adjusted model with 
time-fixed covariates, 
HR (95% CI) 

Fully adjusted model with 
time-fixed covariates, 
HR (95% CI) 

Marginal structural model,  
HR (95% CI) 

No antidepressants 4.12 ref ref ref ref 
Ever prescribed 4.68 1.35 (1.12 – 1.39) 1.17 (1.01 – 1.36) 1.13 (0.97 – 1.31) 1.31 (1.18 – 1.46) 
Number of classes      

Single class 4.28 1.31 (1.13 – 1.51) 1.16 (1.01 – 1.33) 1.14 (0.99 – 1.31) 1.18 (1.04 – 1.33) 
Multiple classes 5.11 1.52 (1.32 – 1.75) 1.26 (1.08 – 1.47) 1.20 (1.02 – 1.41) 1.46 (1.29 – 1.65) 

  2 classes 4.92 1.50 (1.26 – 1.78) 1.23 (0.95 – 1.59) 1.20 (0.92 – 1.55) 1.45 (1.26 – 1.67) 
  3 classes 5.20 1.51 (1.18 – 1.93) 1.27 (1.06 – 1.53) 1.19 (0.98 – 1.45) 1.47 (1.21 – 1.80) 
  4 classes 6.44 1.71 (1.14 – 2.57) 1.30 (0.86 – 1.97) 1.25 (0.84 – 1.86)  1.97 (1.40 – 2.76) 
Main treatment regimen      
 SSRI 4.51 1.30 (1.13 – 1.49) 1.18 (1.02 – 1.36) 1.24 (1.08 – 1.42) 1.31 (1.07 – 1.60) 
 SNRI 3.90 0.96 (0.86 – 1.07) 0.93 (0.61 – 1.41) 0.93 (0.62 – 1.27) 0.94 (0.77 – 1.15) 
 TCA 4.71 1.71 (1.35 – 2.13) 1.40 (1.12 – 1.74) 1.40 (1.13 – 1.72) 1.24 (0.90 – 1.70) 
 Other antidepressants 5.61 1.65 (1.33 – 2.04) 1.25 (1.01 – 1.56) 1.27 (1.03 – 1.57) 1.24 (1.02 – 1.54) 
Ever prescribed      
 SSRI 4.71 1.47 (1.30 – 1.66) 1.26 (1.10 – 1.43) 1.18 (1.04 – 1.34) 1.47 (1.32 – 1.64) 
 SNRI 4.67 0.90 (0.74 – 1.09) 0.97 (0.80 – 1.12) 0.84 (0.69 – 1.02) 1.19 (0.98 – 1.44) 
 TCA 5.12 1.32 (1.17 - 1.50) 1.27 (1.12 - 1.44) 1.35 (1.17 – 1.56) 1.29 (1.14 – 1.46) 
 Other antidepressants 5.22 1.11 (0.93 – 1.33) 1.12 (0.94 – 1.34) 1.09 (0.94 – 1.25) 1.21 (1.07 – 1.37) 

For fully adjusted model, variables listed below were included as covariates: age, sex, monthly insurance premium, Charlson comorbidity index, psychiatric comorbidities, and 
history of psychiatric admission. For marginal structural model, inverse probability weight was estimated by multivariate logistic regression model adjusted by same set of variables 
listed above. HR, hazard ratio; CI, confidence interval; ref, reference. 
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A. By main treatment modality 

 
B. By ever exposure 

 
Figure 6. Hazard ratio for CAD with revascularization by antidepressant classes. A: 
By main treatment modality; B: By ever exposure. 
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Most common combination of antidepressant classes was ‘SSRI only’, (N = 

11,297) followed by ‘SSRI + other antidepressant’ (N = 5,323) and ‘TCA only’. (N 

= 2,187) Prevalence rate of CAD with revascularization was the highest in ‘TCA + 

other antidepressant’ group (6.54 per 1,000 person-year), followed by ‘4 classes’ 

group (6.44 per 1,000 person-year) and ‘SSRI + TCA + Other antidepressant’ group 

(6.02 per 1,000 person-years). In general, combinations that include SSRI and other 

antidepressants showed higher prevalence rate of CAD with revascularization, 

while combinations that include SNRI showed lower prevalence rate. 

Hazard ratio for CAD with revascularization was the highest in ‘TCA + other 

antidepressant’ group, (HR = 1.64, 95% CI 1.11 – 2.42) followed by ‘SSRI + TCA 

+ other AD’ group (HR = 1.52, 95% CI 1.22 – 1.88) and ‘4 classes’ group. (HR = 

HR = 1.45, 95% CI 1.06 – 2.00) In general, hazard ratio was higher in individuals 

who received SSRI and other antidepressants compared to SNRI. (Table 5) 

Additional analysis on antidepressant combination was conducted with respect to 

main and adjuvant class of antidepressant. Highest hazard ratios were detected in 

‘SSRI + TCA + other antidepressant’ combination, as it was in main analysis. 

Among the combination, the hazard ratio was the highest in ‘main other 

antidepressants + adjuvant SSRI, TCA”, (HR = 2.81, 95% CI 1.72 – 4.60) followed 

by ‘main TCA + adjuvant SSRI, other antidepressants’ (HR = 2.21, 95% CI 1.19 – 

4.10) and ‘main SSRI, adjuvant TCA + other antidepressants. (HR = 1.38, 95% CI 

1.04 – 1.84) ‘Main TCA + adjuvant SSRI’ combination was strongly associated 
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with CAD (HR = 1.63, 95% CI 1.13 – 2.35), while ‘main SSRI + adjuvant TCA’ 

combination did not increase the risk of CAD. (HR = 1.06, 95% CI 0.65 – 1.70) 

When main treatment regimen was SNRI, no increase in hazard was detected 

regardless of adjuvant antidepressants. (Table 6) 

 

Table 5. Hazard ratio for CAD with revascularization by antidepressant class combination. 

Antidepressant combination N (%) 
Incidence rate of CAD 
per 1,000 person-years 

HR (95% CI) 

No antidepressant 21,340 (42.24) 4.12 ref 
1 class    

SSRI only 11,297 (22.36) 4.22 0.90 (0.78 - 1.04) 
SNRI only 609 (1.21) 4.14 0.90 (0.56 - 1.47) 
TCA only 2,187 (4.33) 4.00 1.15 (0.91 - 1.45) 
Other AD only 1,877 (3.72) 4.99 1.38 (1.08 - 1.76) 

2 classes    

SSRI + SNRI 741 (1.47) 4.88 0.97 (0.64 – 1.47) 
SSRI + TCA 2,120 (4.20) 4.84 1.28 (1.02 - 1.61) 
SSRI + Other AD 5,323 (10.54) 4.85 0.99 (0.82 - 1.18) 
SNRI + TCA 121 (0.24) 4.90 1.04 (0.39 - 2.77) 
SNRI + Other AD 304 (0.60) 3.36 0.76 (0.35 - 1.65) 
TCA + Other AD 483 (0.96) 6.58 1.64 (1.11 - 2.42) 

3 classes    

SSRI + SNRI + TCA 266 (0.53) 3.01 0.76 (0.36 - 1.63) 
SSRI + SNRI + Other AD 1,002 (1.98) 3.96 0.85 (0.57 - 1.24) 
SSRI + TCA + Other AD 1,962 (3.88) 6.02 1.52 (1.22 - 1.88) 
SNRI + TCA + Other AD 102 (0.20) 4.79 1.03 (0.38 - 2.83) 

4 classes 784 (1.55) 6.44 1.45 (1.06 - 2.00) 
CAD, coronary artery disease; HR, hazard ratio; CI, confidence interval.  
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Table 6. Hazard ratio for CAD with revascularization by main and adjuvant 
antidepressant class. 

Antidepressant 
combination 

N (%) 
Incidence rate of CAD  
per 1,000 person-years 

HR (95% CI) 

No AD 21,340 (42.24) 4.12 ref 
Main class: SSRI    

SSRI only 11,297 (22.36) 4.22 0.90 (0.78 – 1.04) 
+SNRI 526 (1.04) 5.15 1.05 (0.65 – 1.70) 
+TCA 1,578 (3.12) 4.49 1.15 (0.87 – 1.51) 
+Other AD 4,362 (8.63) 4.72 0.91 (0.75 – 1.11) 
+SNRI+TCA 164 (0.32) 4.16 1.03 (0.46 – 2.34) 
+SNRI+Other AD 598 (1.18) 4.11 0.81 (0.49 – 1.34) 
+TCA+Other AD 1,227 (2.43) 5.51 1.38 (1.04 – 1.84) 
+SNRI+TCA+Other AD 399 (0.79) 5.56 1.30 (0.81 – 2.09) 

Main class: SNRI    

SNRI only 609 (1.21) 4.14 0.90 (0.56 – 1.47) 
+SSRI 215 (0.43) 4.25 1.03 (0.47 – 2.23) 
+TCA 72 (0.14) 3.27 0.84 (0.20 – 3.56) 
+Other AD 209 (0.41) 2.97 0.69 (0.25 – 1.87) 
+SSRI+TCA 39 (0.08) 0.00 * 
+SSRI+Other AD 142 (0.28) 4.24 0.96 (0.35 – 2.61) 
+TCA+Other AD 45 (0.09) 3.07 0.61 (0.07 – 5.35) 
+SSRI+TCA+Other AD 79 (0.16) 5.76 1.19 (0.41 – 3.48) 

Main class: TCA    

TCA only 2,187 (4.33) 4.00 1.15 (0.91 – 1.45) 
+SSRI 542 (1.07) 5.71 1.63 (1.13 – 2.35) 
+SNRI 49 (0.10) 7.32 1.31 (0.35 – 4.89) 
+Other AD 295 (0.58) 4.12 0.99 (0.54 – 1.84) 
+SSRI+SNRI 63 (0.12) 1.71 0.42 (0.06 – 3.24) 
+SSRI+Other AD 327 (0.65) 6.21 1.71 (1.08 – 2.71) 
+SNRI+Other AD 26 (0.05) 8.16 1.64 (0.38 – 7.01) 
+SSRI+SNRI+Other AD 126 (0.25) 9.04 2.21 (1.19 – 4.10) 

Main class: Other AD    

Other AD only 1,877 (3.72) 4.99 1.38 (1.08 – 1.76) 
+SSRI 961 (1.90) 5.35 1.35 (0.96 – 1.88) 
+SNRI 95 (0.19) 4.10 0.90 (0.27 – 3.04) 
+TCA 188 (0.37) 10.37 2.81 (1.72 – 4.60) 
+SSRI+SNRI 262 (0.52) 3.51 0.87 (0.42 – 1.79) 
+SSRI+TCA 408 (0.81) 7.30 1.73 (1.15 – 2.62) 
+SNRI+TCA 31 (0.06) 3.77 0.94 (0.16 – 5.84) 
+SSRI+SNRI+TCA 180 (0.36) 6.71 1.34 (0.70 – 2.57) 

*: Unable to estimate due to complete separation. 

 

4. Association Between Prescription Pattern and CAD 

 

 Dose-response of association by duration of prescription was detected: hazard 

ratio for CAD was the highest in participants prescribed with antidepressants for 24 
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months or longer, (HR = 1.64, 95% CI 1.42 – 1.91) while shorter duration of 

prescription increased the hazard less. (Table 5) Similar trend of association could 

be found when analyzed by antidepressant classes, except for SNRI which did not 

show linear dose-response. (Table 7) In contrast, the dose-response by MPR 

appeared to by nonlinear. The association was the strongest in ‘high-intermediate’ 

group and was the weakest in ‘high’ group, with their HR (95% CI) being 1.64 (1.28 

– 2.16) and 1.22 (0.93 – 1.60) respectively. In general, the hazard of CAD with 

revascularization increased 4% by 10% increase in MPR. (Table 7) Results from 

polynomial spline was concurrent with stratified analysis: longer duration of 

prescription was positively associated with CAD with revascularization, while 

dose-response between MPR and CAD was nonlinear. (Figure 8) 

Similar trends were detected in class-specific analysis apart from SNRI, where 

increased MPR was negatively associated with CAD. Stratified analysis and 

polynomial spline for prescription duration of each antidepressant class showed 

positive dose-response association between duration of SSRI, TCA, and other 

antidepressant prescription and risk of CAD. Among them, the positive dose-

response pattern was most prominent in TCA. Duration of SNRI prescription did 

not show positive dose-response with CAD. (Table 8, Figure 9) Stratified analysis 

and polynomial spline for MPR of each antidepressant class showed non-linear 

dose-response pattern. (Table 9, Figure 10)
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Table 7. Association between antidepressant prescription pattern and CAD with revascularization. 

  
Prevalence rate of CAD, 
per 1,000 person-years 

Crude model,  
HR (95% CI) 

Fully adjusted model with 
time-fixed covariates, 
HR (95% CI) 

Fully adjusted model with 
time-fixed covariates, 
HR (95% CI) 

Marginal structural model, 
HR (95% CI) 

No antidepressants 4.12 ref ref ref ref 
Duration of prescription, months      
 Short-term (<6) 4.05 1.27 (1.08 – 1.48) 1.19 (1.02 – 1.39) 1.19 (1.01 – 1.39) 1.31 (1.12 – 1.53) 
 Short-intermediate (6 – 11) 4.18 1.26 (0.86 – 1.85) 1.16 (0.79 – 1.70) 1.13 (0.78 – 1.65) 1.26 (0.85 – 1.86) 
 Long-intermediate (12 – 23) 5.29 1.21 (0.85 – 1.71) 0.99 (0.70 – 1.41) 0.95 (0.67 – 1.34) 1.17 (0.81 – 1.68) 
 Long (≥24) 5.62 1.64 (1.42 – 1.91) 1.30 (1.11 – 1.54) 1.22 (1.04 – 1.42) 1.68 (1.44 – 1.96) 
 By 1 year increase  1.29 (1.06 – 1.57) 1.17 (0.95 – 1.43) 1.14 (0.94 – 1.37) 1.27 (1.04 – 1.57) 
Medication possession ratio, %      
 Low (<20) 3.86 1.36 (1.18 – 1.57) 1.24 (1.08 – 1.44) 1.26 (1.09 – 1.46) 1.39 (1.21 – 1.60) 
 Low-intermediate (20 – 49) 5.72 1.51 (1.20 – 1.89) 1.20 (0.95 – 1.52) 1.25 (0.99 – 1.57) 1.59 (1.27 – 1.97) 
 High-intermediate (50 – 79) 6.59 1.66 (1.32 – 2.10) 1.30 (1.02 – 1.66) 1.34 (1.05 – 1.70) 1.64 (1.28 – 2.16) 
 High (≥80) 5.95 1.24 (0.96 – 1.60) 1.02 (0.78 – 1.34) 1.05 (0.81 – 1.37) 1.22 (0.93 – 1.60) 
 By 10% increase  1.03 (1.01 – 1.05) 1.01 (0.99 – 1.03) 1.02 (0.99 – 1.04) 1.04 (1.02 – 1.05) 

For fully adjusted model, variables listed below were included as covariates: age, sex, monthly insurance premium, Charlson comorbidity index, psychiatric comorbidities, and 
history of psychiatric admission. For marginal structural model, inverse probability weight was estimated by multivariate logistic regression model adjusted by same set of variables 
listed above. HR, hazard ratio; CI, confidence interval; ref, reference. 
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Table 8. Association between duration of prescription and CAD with revascularization by antidepressant class. 
Duration of prescription, 
months 

Prevalence rate of CAD, 
per 1,000 person-years 

Crude model,  
HR (95% CI) 

Fully adjusted model with 
time-fixed covariates, 
HR (95% CI) 

Fully adjusted model with 
time-varying covariates, 
HR (95% CI) 

Marginal structural model,  
HR (95% CI) 

SSRI      
 None (0) 4.23 ref ref ref ref 
 Short-term (<6) 4.29 1.30 (1.11 – 1.51) 1.22 (1.04 – 1.43) 1.26 (1.08 – 1.47) 1.34 (1.15 – 1.57) 
 Short-intermediate (6 – 11) 4.75 1.02 (0.68 – 1.54) 0.93 (0.61 – 1.41) 0.96 (0.64 – 1.46) 1.07 (0.70 – 1.64) 
 Long-intermediate (12 – 23) 5.58 1.39 (1.00 – 1.94) 1.17 (0.83 – 1.64) 1.22 (0.87 – 1.71) 1.28 (0.89 – 1.82) 
 Long (≥24) 5.62 1.47 (1.24 – 1.75) 1.24 (1.03 – 1.49) 1.26 (1.05 – 1.52) 1.51 (1.26 – 1.80) 
 By 1 year increase  1.06 (1.03 – 1.08) 1.03 (1.01 – 1.06) 1.03 (1.01 – 1.06) 1.06 (1.03 – 1.08) 
SNRI      
None (0) 4.43 ref ref ref ref 

 Short-term (<6) 4.72 0.99 (0.77 – 1.28) 0.88 (0.68 – 1.14) 1.00 (0.78 – 1.27) 1.00 (0.77 – 1.30) 
 Short-intermediate (6 – 11) 7.06 1.69 (1.02 – 2.81) 1.46 (0.88 – 2.44) 1.41 (0.89 – 2.25) 1.65 (0.96 – 2.84) 
 Long-intermediate (12 – 23) 4.50 0.87 (0.45 – 1.67) 0.76 (0.39 – 1.46) 0.82 (0.46 – 1.45) 0.94 (0.48 – 1.84) 
 Long (≥24) 3.45 0.88 (0.54 – 1.42) 0.69 (0.43 – 1.12) 0.57 (0.35 – 0.93) 0.85 (0.51 – 1.44) 
 By 1 year increase  0.98 (0.90 – 1.07) 0.94 (0.86 – 1.03) 0.94 (0.86 – 1.02) 0.98 (0.90 – 1.08)  
TCA      
 None (0) 4.28 ref ref ref ref 
 Short-term (<6) 4.45 1.47 (1.23 – 1.74) 1.34 (1.13 – 1.16) 1.34 (1.13 – 1.60) 1.39 (1.21 – 1.60) 
 Short-intermediate (6 – 11) 6.91 2.08 (1.59 – 2.72) 1.55 (1.20 – 2.08) 1.58 (1.20 – 2.07) 2.04 (1.55 – 2.69) 
 Long-intermediate (12 – 23) 6.11 1.37 (0.87 – 2.15) 1.23 (0.78 – 1.94) 1.28 (0.81 – 2.02) 1.43 (0.89 – 2.27) 
 Long (≥24) 5.80 1.67 (1.27 – 2.26) 1.42 (1.04 – 1.94) 1.39 (1.02 – 1.90) 1.62 (1.17 – 2.25) 
 By 1 year increase  1.10 (1.06 – 1.13) 1.07 (1.03 – 1.10) 1.06 (1.03 – 1.10) 1.09 (1.06 – 1.13) 
Other antidepressants      
 None (0) 4.19 ref ref ref ref 
 Short-term (<6) 4.82 1.30 (1.10 – 1.53) 1.17 (0.99 – 1.39) 1.19 (1.01 – 1.42) 1.33 (1.13 – 1.58) 
 Short-intermediate (6 – 11) 5.89 1.17 (0.79 – 1.72) 1.06 (0.72 – 1.58) 1.07 (0.72 – 1.58) 1.19 (0.80 – 1.78) 
 Long-intermediate (12 – 23) 4.18 0.94 (0.61 – 1.45) 0.82 (0.53 – 1.27) 0.85 (0.55 – 1.32) 0.87 (0.55 – 1.40) 
 Long (≥24) 6.23 1.55 (1.27 – 1.89) 1.25 (1.01 – 1.55) 1.39 (1.02 – 1.90) 1.58 (1.28 – 1.95) 
 By 1 year increase  1.07 (1.04 – 1.10) 1.04 (1.01 – 1.07) 1.06 (1.03 – 1.10) 1.09 (1.06 – 1.13) 

For fully adjusted model, variables listed below were included as covariates: age, sex, monthly insurance premium, Charlson comorbidity index, psychiatric comorbidities, and history of psychiatric 
admission. For marginal structural model, inverse probability weight was estimated by multivariate logistic regression model adjusted by same set of variables listed above. HR, hazard ratio; CI, 
confidence interval; ref, reference.
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Table 9. Association between MPR and CAD with revascularization by antidepressant class. 

Class-specific MPR, % 
Prevalence rate of CAD, 
per 1,000 person-years 

Crude model,  
HR (95% CI) 

Fully adjusted model with 
time-fixed covariates, 
HR (95% CI) 

Fully adjusted model with 
time-varying covariates, 
HR (95% CI) 

Marginal structural model,  
HR (95% CI) 

SSRI      
 None (0) 4.23 ref ref ref ref 
 Low (<20) 4.17 1.39 (1.21 – 1.60) 1.27 (1.10 – 1.46) 1.30 (1.13 – 1.50) 1.42 (1.23 – 1.63) 
 Low-intermediate (20 – 49) 5.52 1.36 (1.06 – 1.73) 1.15 (0.89 – 1.47) 1.18 (0.92 – 1.52) 1.41 (1.10 – 1.81) 
 High-intermediate (50 – 79) 6.06 1.26 (0.95 – 1.68) 1.05 (0.78 – 1.40) 1.08 (0.80 -1 .45) 1.27 (0.94 – 1.71) 
 High (≥80) 6.04 1.15 (0.83 – 1.59) 1.05 (0.76 – 1.46) 1.10 (0.79 – 1.53) 1.16 (0.83 – 1.63) 
 By 10% increase  1.03 (1.00 – 1.06) 1.01 (0.98 – 1.04) 1.01 (0.99 – 1.04) 1.03 (1.00 – 1.06) 
SNRI      
None (0) 4.43 ref ref ref ref 

 Low (<20) 4.74 1.14 (0.92 – 1.40) 1.02 (0.82 – 1.26) 0.99 (0.78 – 1.24) 1.18 (0.95 – 1.46) 
 Low-intermediate (20 – 49) 4.35 0.80 (0.48 – 1.33) 0.68 (0.41 – 1.13) 0.65 (0.37 – 1.15) 0.77 (0.45 – 1.34) 
 High-intermediate (50 – 79) 5.54 0.82 (0.39 – 1.74) 0.68 (0.32 – 1.44) 0.76 (0.34 – 1.70) 0.81 (0.36 – 1.82) 
 High (≥80) 3.06 0.40 (0.10 – 1.02) 0.40 (0.10 – 1.50) 0.34 (0.09 – 1.37) 0.45 (0.11 – 1.83) 
By 10% increase  0.93 (0.86 – 1.01) 0.91 (0.84 – 0.99) 0.91 (0.84 – 1.00) 0.93 (0.86 – 1.02) 

TCA      
None (0) 4.28 ref ref ref ref 

 Low (<20) 4.52 1.53 (1.31 – 1.79) 1.38 (1.18 – 1.62) 1.28 (1.11 – 1.48) 1.49 (1.27 – 1.75) 
 Low-intermediate (20 – 49) 5.86 1.30 (0.91 – 1.84) 1.06 (0.74 – 1.51) 1.14 (0.81 – 1.61) 1.31 (0.91 – 1.89) 
 High-intermediate (50 – 79) 9.17 2.75 (2.02 – 3.74) 2.17 (1.59 – 2.98) 1.94 (1.41 – 2.66) 2.59 (1.85 – 3.64) 
 High (≥80) 6.20 1.27 (0.72 – 2.24) 1.07 (0.61 – 1.90) 0.92 (0.54 – 1.46) 1.24 (0.67 – 2.27) 
 By 10% increase  1.09 (1.05 – 1.13) 1.06 (1.02 – 1.09) 1.06 (1.02 – 1.09) 1.09 (1.05 – 1.13) 
Other antidepressants      
None (0) 4.19 ref ref ref ref 

 Low (<20) 4.70 1.31 (1.13 – 1.53) 1.20 (1.02 – 1.40) 1.18 (1.01 – 1.37) 1.33 (1.14 – 1.56) 
 Low-intermediate (20 – 49) 5.55 1.21 (0.92 – 1.62) 1.01 (0.74 – 1.38) 0.95 (0.68 – 1.33) 1.22 (0.90 – 1.66) 
 High-intermediate (50 – 79) 8.15 1.72 (1.29 – 2.29) 1.47 (1.08 – 2.01) 1.53 (1.12 – 2.09) 1.74 (1.28 – 2.35) 
 High (≥80) 6.19 1.14 (0.77 – 1.70) 0.99 (0.64 – 1.52) 0.93 (0.64 – 1.36) 1.15 (0.75 – 1.76) 
 By 10% increase  1.07 (1.02 – 1.13) 1.01 (0.98 – 1.04) 1.02 (0.99 – 1.05) 1.07 (1.02 – 1.12) 

For fully adjusted model, variables listed below were included as covariates: age, sex, monthly insurance premium, Charlson comorbidity index, psychiatric comorbidities, and history of psychiatric 
admission. For marginal structural model, inverse probability weight was estimated by multivariate logistic regression model adjusted by same set of variables listed above. HR, hazard ratio; CI, 
confidence interval; ref, reference.
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A. Duration of antidepressant prescription 

 

B. MPR 

 
Figure 7. Association between prescription patterns and CAD with 
revascularization. A: duration of antidepressant prescription; B: MPR. 
 
  

0.5

1

1.5

2

2.5

0 (ref) <6 6 - 11 12 - 23 ≥24

H
az

ar
d 

ra
tio

Duration of antidepressant prescription (months)

0.5

1

1.5

2

2.5

0 (ref) <20 20 - 49 50 - 79 ≥80

H
az

ar
d 

ra
tio

MPR (%)



47 

A. Duration of antidepressant prescription 

 
B. MPR 
 

 
Figure 8. Polynomial spline for dose-response between prescription patterns and 
hazard ratio for CAD. A: duration of antidepressant prescription; B: MPR.
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A. SSRI 

 
 
B. SNRI 
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C. TCA 

 
D. Other antidepressants prescription 

 
 
Figure 9. Dose response between class-specific duration of prescription and CAD with 
revascularization. A: SSRI; B: SNRI; C: TCA; D: Other antidepressants. 
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A. SSRI 

 

B. SNRI 
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C. TCA 

 
D. Other antidepressants 

 
 
Figure 10. Dose response between class-specific MPR and CAD with revascularization. 
A: SSRI; B: SNRI; C: TCA; D: Other antidepressants. 
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5. Sensitivity Analyses 

 

 Appendices 6 – 7 present the results from lag-time analysis with lag time of 6, 12, 

and 24 months, which was conducted to assess the magnitude of protopathic bias. 

In all assessments, the estimand did not significantly shift from the original 

estimand regardless of lag time, indicating that the impact of possible protopathic 

bias to the estimand is not likely to be significant.  

 Appendices 8 – 9 present the results from progressive IP weight truncation, which 

was conducted to assess the effect of possible violation of positivity assumption by 

removing extreme values. Results from truncations introduced no significant 

changes in estimand, both for antidepressant class assessment and prescription 

pattern assessment. The results from progressive IP weight truncation suggest that 

the probability of violation of positivity assumption is low in this analysis. 

 Appendix 10 – 11 shows characteristics of participant subgroup who had received 

health checkup. (N = 37,558) The mean age of the subgroup was 46.34 years, which 

was significantly higher than the mean age of the full cohort. Among 37,558 

participants of the subgroup, 16,295 participants (43.39%) did not have any records 

of antidepressant prescription, 11,762 participants (31.32%) received single class 

of antidepressants, and 9,501 participants (25.30%) received multiple classes of 

antidepressants. Descriptive analysis on the subgroup showed that antidepressant 

prescription is positively associated with cigarette smoking and alcohol 
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consumption. In contrast, differences in laboratory test results such as systolic blood 

pressure, diastolic blood pressure, fasting blood glucose, and total serum cholesterol 

were minimal, albeit being statistically significant. (Appendix 10) 

 Individuals who did not receive health checkup paid less insurance premium and 

had more medical and psychiatric comorbidities. They were also more likely to be 

prescribed with antidepressant medication. The proportion of participants exposed 

to antidepressants was also higher in those who did not receive health checkup. 

However, the proportion of participants who were diagnosed with CAD with 

revascularization was higher in those who received health checkup. (Appendix 11) 

 Appendix 12 shows the comparison between the estimand from the subgroup 

analysis and it from the main analysis. The hazard ratio of antidepressant 

prescription on CAD with revascularization was 1.34 (95% CI 1.19 – 1.51) in 

subgroup analysis, which was not significantly different from the estimate of main 

analysis. (HR = 1.31, 95% CI 1.18 – 1.46) Positive dose-response between number 

of antidepressant classes and CAD with revascularization was also detected in this 

subgroup analysis, although the estimated hazard ratio of ‘4 classes’ subgroup was 

relatively smaller (HR = 1.54, 95% CI 0.93 – 2.56) compared to that of main 

analysis. (HR = 1.97, 95% CI 1.40 – 2.76) In analysis by main treatment regimen, 

the hazard ratio of SSRI was larger in subgroup analysis (HR = 1.45, 95% CI 1.28 

– 1.65) than in main analysis (HR = 1.31, 95% CI 1.07 – 1.60), but other estimates 
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did not differ significantly. In analysis by ever exposure, duration of prescription, 

and MPR, no significant difference was detected. (Appendix 13) 

 Appendix 13 present the bounding factors HRAU and HRUY, which are minimum 

amplitude of association between unmeasured confounder, exposure, and outcome 

to completely explain away the estimated effect size. For instance, to completely 

explain the hazard ratio of antidepressant exposure on CAD with revascularization, 

the joint bounding factor 
ோோಲೆ×ோோೆೊ

ோோಲೆାோோೆೊିଵ
  should be larger than 1.31. One of the 

possible combinations of bounding factors (HRAU, HRUY) is (1.5, 3.5): in this 

scenario, the effect size of unmeasured confounder – exposure association is 1.5, 

and the effect size of unmeasured confounder – outcome association is 3.5. While 

hazard ratio of 1.5 is likely to be detected, hazard ratio of 4 is highly unlikely. 

Therefore, the estimated bounding factors suggest that unmeasured confounding 

effect is unlikely to nullify the estimated effect size.  Other bounding factors for 

estimated effect sizes also suggested that total nullification by unmeasured 

confounding effects is implausible.  
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Ⅴ. DISCUSSION 

 

1. Discussion of the Study Methods 

 

 The objective of this study was to investigate prescription patterns of 

antidepressants after diagnosis of PTSD and evaluate the overall and class-specific 

cardiovascular effects of antidepressant prescription. This includes evaluation of 

duration of medication possession and MPR, testing the dose response in 

association, and conducting stratified analysis by antidepressant combinations. 

 As application of antidepressant is associated with both psychiatric symptoms and 

cardiovascular disease, there is a risk of confounding by indication embedded in the 

study design. The results showed that participants exposed to antidepressants have 

higher risk of experiencing CAD with revascularization during the follow-up. 

Antidepressant prescription was also associated with higher risk of psychiatric 

comorbidities and psychiatric hospitalization, suggesting higher symptom severity 

in those treated with antidepressants. 

Confounding effects of time-varying confounders, the most important of which 

being medical and psychiatric comorbidities, is also a major source of bias when 

poorly controlled. It is not possible to control for the time-varying confounding 

effect by conventional regression, as its conditions on part of the effect of interest. 

166 Application of baseline IP weight also does not provide adequate marginalization, 
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as past vectors for exposure and covariates affect both the future exposure and 

outcome.167 

To overcome this and conduct proper marginalization, marginal structural model 

was applied. Calculation of inverse probability weight based on potential predictors 

of treatment allocation and constructing pseudo-population based on IP weights 

enable controlling for confounding by indication by emulating concept of 

randomized controlled trial.164, 186 In this study, measured time-dependent 

confounders include socioeconomic status, psychiatric comorbidities, medical 

comorbidities, and history of psychiatric admission. Originally additional 

adjustment by variables from health checkup database was considered, but there 

was a probability of introducing additional selection bias due to low rate of 

participation to health checkup. As an alternative measure to medical condition, 

Charlson Comorbidity Index was calculated at each time interval.  

There are several methodological limitations of this study. Similar to other MSM, 

the assumption of no unmeasured confounding is not empirically verifiable. The 

unmeasured confounders that could significantly affect the estimand include 

inflammatory cytokine level, serum cortisol and epinephrine level, serum 

leukocytes and lymphocytes level, and health behaviors. Most of the unmeasured 

confounding derives from the limitations of the NHID, which is an administrative 

database rather than a well-defined cohort. Although it is highly likely that a set of 

covariates that we have included in MSM is enough to achieve exchangeability, no 
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empirical methods can completely rule out the possibility of unmeasured 

confounding effect. To test the magnitude of possible bias by unmeasured 

confounding, sensitivity analysis method developed by Ding & Vanderweele was 

applied, and the result showed that unmeasured confounding with comparably large 

magnitude association between both exposure and outcome is needed to 

significantly bias the estimates. Also, as the main analysis  

 Misclassification and misdiagnosis are also potential threats to the accuracy of the 

estimand. Particularly, diagnostic accuracy of PTSD had been a subject of debate, 

but there is no consensus on the direction of misdiagnosis.187 As previous 

investigation indicates, it is possible that misclassification or misdiagnosis in 

Korean NHID could introduce misclassification bias to the estimand.188 To improve 

diagnostic accuracy, definitions of psychiatric disorders that had been formerly used 

by the Korean NHIS was applied to the study.189-191    

 Another important limitation of this study is that psychometric measures, such as 

scores from PTSD Checklist for DSM-5 (PCL-5) scale and Generalized Anxiety 

Disorder-7 item (GAD-7), are not provided in the database. Therefore, it is 

impossible to properly determine the severity and types of PTSD symptoms. For 

indirect assessment of psychiatric symptoms was done by reviewing diagnostic 

codes for psychiatric comorbidities and hospitalization record due to psychiatric 

disorders. 
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 Finally, as NHID consists of healthcare utilization records that are covered by 

Korean NHIS, effects of antidepressant prescription that are not covered by Korean 

NHIS could not be estimated from this study, which might introduce 

misclassification bias to the results. However, it could be postulated that the effect 

of possible misclassification bias on the results is minimal, since according to 

Korean Ministry of Health and Welfare, 94.2% of total antidepressant consumption 

was covered by Korean NHIS in year 2018.192  

 

2. Discussion of the Results 

 

1) Summary of the results 

 

 Overall, exposure to antidepressant medication appeared to be a risk factor of 

incident CAD with revascularization in PTSD patients. Dose-response pattern by 

number of antidepressant classes was detected in the analysis, with patients who 

received all 4 classes presenting the highest hazard ratio for CAD with 

revascularization. While SNRI was not significantly associated with CAD, all other 

classes of antidepressants increased the risk of CAD.  

Risk of incident CAD with revascularization was dependent of combination of 

antidepressants: combinations that included TCA and other antidepressants were 

strongly associated with CAD, while combinations with SNRI tended to have 
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weaker association with CAD. The association was the strongest in participants 

whose main treatment modality was TCA, and those treated mainly with SSRI 

showed the weakest significant association. 

While exposure to antidepressant medication was an important predictor of CAD, 

total duration of prescription was a better predictor of incident CAD than MPR: 

while positive dose-response pattern was detected in duration-CAD association, the 

pattern was less definite in MPR-CAD association. Results from polynomial spline 

reaffirmed the dose-response pattern of the association, indicating that total 

duration of prescription rather than MPR better predicts the risk of CAD. When 

analyzed by antidepressant class, the association between duration of SNRI and 

CAD was unclear, while positive dose-response pattern was detected in other 

classes of antidepressants. 

 Results from lag-time analysis did not significantly differ from main analysis, 

suggesting that the effect of protopathic bias was well controlled by MSM. 

Progressive IP weight truncation did not significantly alter the results, indicating 

that violation of positivity assumption is not likely to affect the interpretation. 

Estimated bounding factors suggested that unmeasured confounding effect by itself 

could not explain the estimated effect away completely.  
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2) Interpretation of the results 

 

 As prevalence of psychiatric disorders increased and importance of proper 

management against psychiatric disorders grew, so did the interest of researchers in 

medical comorbidities of psychiatric disorders and adverse effects of treatment. 

Particularly, a large number of studies had been dedicated to understanding 

cardiovascular comorbidities in psychiatric disorders25-28,193,194 and their 

association with antidepressant medication.49-51,195,196 However, evidence from 

previous studies on cardiovascular effect of antidepressants was inconsistent and 

thus inconclusive on direction of cardiovascular effects of antidepressants. 

 PTSD is a psychiatric disorder that results from multiple neurobiological response 

to traumatic events,9-18 and therefore comorbidities, both psychiatric and medical, 

are common in PTSD.25-28,34-39 As a result, antidepressants in PTSD imposes wide 

spectrum of pharmacologic effects, ranging from symptom relief148,149 to 

exacerbation of atherosclerosis,151,152 which impose mixed impact on 

cardiovascular disease. The complexity of association is further increased by 

psychiatric comorbidities of PTSD, such as mood disorder,34,35 anxiety disorder,36,37 

and somatoform disorder,38,39 as they are both associated with antidepressant 

prescription pattern and CVD, introducing confounding by indication to the 

analysis model. These symptoms and disorders change over the course of treatment, 

thereby introducing time-dependent nature to the confounding effect. Additionally, 
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heterogeneity in antidepressant classes and medication possession also contributes 

to the difficulties in analyzing the cardiovascular effect of antidepressants in PTSD.    

This study tried to account for probable confounding effects and biases, including 

confounding by indication, protopathic bias, and residual confounding, and to 

estimate cardiovascular effects of antidepressants in PTSD in Korean population. 

This study utilized Korean NHID, which is one of the Korean databases with the 

highest external validity, as it consists of all administrative records of medical 

service utilization that are covered by Korean NHIS. As a result, estimand of this 

study could be widely applied to Korean population. In addition, by controlling for 

time-dependent confounding by indication, this study tried to provide estimand 

which are closer to real-world effect compared to those from conventional analysis. 

One of the important findings of this study could be found from class-specific and 

combination-specific analysis, where cardiovascular effects of different medication 

combinations have been tested. Results from this study indicate that antidepressant 

combinations that includes TCAs have strong association with CAD in PTSD, 

while combinations with SNRIs show less apparent association. This suggests that 

prescribing TCAs to PTSD patients with high CVD risk should be avoided and 

alternative treatment options should be considered. Previously several studies have 

reported cardiotoxicity of TCAs, including arrythmia,197 QT prolongation,198 and 

thromboembolism.199 The cardiotoxic effects of TCAs were consistently detected 

in this study as well, indicating the cardiovascular risk of TCA application in PTSD.   
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SNRIs, on the other hand, appeared not to be associated with CAD in PTSD. A 

systematic review on cardiovascular effect of duloxetine showed that increase in 

heart rate and blood pressure due to duloxetine administration is subclinical.200 

Another cohort study had also reported that all classes of antidepressants except 

SNRIs increased the risk of major adverse cardiovascular events.201 It could be 

postulated from these results, as well as evidence from this study, that SNRI is 

relatively safe in the perspective of cardiovascular disease. In this study, only 7.78% 

participants were ever prescribed with SNRIs, and only 2.79% of participants were 

mainly treated with SNRIs. Considering the lower cardiovascular burden of SNRIs, 

prescription of SNRIs to patients with higher CVD risk could be considered as an 

alternative option to TCAs. 

It should be noted that SSRIs do not increase the CVD risk significantly when 

administered alone, but the combination of SSRIs with TCAs tend to show the 

strongest association with CVD. This might be attributed to pharmacokinetic 

interactions between TCAs and SSRIs: commonly used SSRIs inhibit the 

metabolism of CYP450 enzymes such as CYP2D6 (fluoxetine, paroxetine, and 

sertraline), CYP1A2, CYP2C19, and CYP3A4 (fluvoxamine), which are related to 

metabolism of TCAs and MAOIs.202-203 Several practitioners and researchers have 

suggested that the combination of SSRI and TCA should not be recommended and, 

should they be administered simultaneously, they should be presceibed under 

caution.204-205 
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Therapeutic drug monitoring (TDM) for antidepressants could be a way to prevent 

adverse effects in the existence of certain interactions with each other. Although 

TDM use in antidepressant treatment is not considered to be a standard of care due 

to limited evidence on the assumptions,206 a systematic review had successfully 

demonstrated that serum concentration of TCAs well predicted the response to the 

medication due to its cardiotoxic potentials.207,208 As for SSRIs, a concentration-

effect relationship is not as clear as in TCAs, but some reports suggest dose 

dependence of clinical improvement in SSRIs as well.209,210 Further studies on 

adverse cardiovascular effects of antidepressants and role of TDM on CVD 

prevention in PTSD could help better understand the mechanisms of action and 

drug-drug interaction in commonly prescribed antidepressants for PTSD treatment. 

 

3. Implications of the Study 

 

 There had been several studies that assessed cardiovascular effect of 

antidepressants in PTSD, but existing evidence was insufficient and conflicting, 

rendering it impossible to draw out definite conclusion. Results from this study 

suggest that PTSD patients under antidepressant medication have a higher risk of 

developing CAD, and the risk is positively associated with duration of prescription 

and number of antidepressant classes. This implication could be generalized to 
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Korean population, as the evidence is from Korean NHID, which covers around 98% 

of Korean citizens. 

As it has been previously investigated in several studies, cardiovascular 

comorbidity is one of major comorbidities in PTSD, and importance of preventing 

cardiovascular disease in PTSD has been suggested. Results from this study 

emphasize the negative cardiovascular effects of antidepressant medication, which 

is an important treatment modality for PTSD, and suggest the importance of 

cardiovascular disease prevention in PTSD patients who receive long-term 

pharmacologic treatment, including TDM and surveillance for cardiovascular 

diseases. The results from this study also indicate difference in cardiovascular effect 

by combination of antidepressants and could help clinicians select antidepressant 

regimen for PTSD that would impose less toll on cardiovascular health of patients. 
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Ⅵ. Conclusion 

 

 Antidepressant medication for treating PTSD increases the risk of coronary artery 

disease. Cardiovascular effect of antidepressants in PTSD is proportional to 

duration of exposure to antidepressant and classes of prescribed antidepressants. 

Antidepressant combinations that include SNRI tend to be less related to coronary 

artery disease, while other classes of antidepressants increase the risk of developing 

incident coronary artery disease. It would be reasonable for clinicians to assess 

cardiovascular risk of PTSD patients who are receiving long-term antidepressant 

treatment and consider TDM, medication switching, or medication discontinuation 

for those with high risk of CAD development. Especially, for those receiving TCAs 

with SSRIs, therapeutic drug monitoring for serum TCA and SSRI level could be 

helpful in preventing CAD. 
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Appendix 1. List of pharmaceutical code of ingredients for antidepressant medications. 
Category Active ingredients code Pharmaceutical contents 
SSRI 1615 Fluoxetine hydrochloride  

1625 Fluvoxamine maleate 
2093 Paroxetine hydrochloride 
2270 Sertraline hydrochloride 
4283 Citalopram hydrobromide 
4748 Escitalopram oxalate 

SNRI 6285 Vortioxetine hydrobromide 
 2475 Venlafaxine hydrochloride 

3558 Milnacipran hydrochloride 
4955 Duloxetine hydrochloride 
6264 Desvenlafaxine succinate monohydrate 

TCA 1075 Amitriptyline hydrochloride  
1080 Amoxapine 
1363 Clomipramine hydrochloride 

 1737 Imipramine hydrochloride 
 2034 Nortriptyline hydrochloride 
 2296 Sodium tianeptine 
Other antidepressants 1499 St. John’s Wort 50% ethanol extract 

1725 St. John’s Wort 80% methanol extract 
1962 Mirtazapine  
1967 Moclobemide 
2264 Selegiline hydrochloride 
2429 Trazodone hydrochloride 
4281 Bupropion hydrochloride 
6131 Agomelatine 
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Appendix 2. List of ICD-10 diagnostic codes for coronary artery disease. 
ICD-10 codes Disease entity 
Myocardial infarction  
I21 Acute myocardial infarction 
 I21.0 Acute transmural myocardial infarction of anterior wall 
 I21.1 Acute transmural myocardial infarction of inferior wall 
 I21.2 Acute transmural myocardial infarction of other sites 
 I21.3 Acute transmural myocardial infarction of unspecified site 
 I21.4 Acute subendocardial myocardial infarction 
 I21.9 Acute myocardial infarction, unspecified 
I22 Subsequent myocardial infarction 

 I22.0 Subsequent myocardial infarction of anterior wall 
 I22.1 Subsequent myocardial infarction of inferior wall 
 I22.8 Subsequent myocardial infarction of other sites 
 I22.9 Subsequent myocardial infarction of unspecified site 
Ischemic heart disease other than myocardial infarction 
I20 Angina pectoris 
 I20.0 Unstable angina 
 I20.1 Angina pectoris with documented spasm 
 I20.8 Other forms of angina pectoris 
 I20.9 Angina pectoris, unspecified 
I24 Other acute ischemic heart diseases 

I24.0 Coronary thrombosis not resulting in myocardial infarction 
I24.8 Other forms of acute ischemic heart disease 
I24.9 Acute ischemic heart disease, unspecified 

I25 Chronic ischemic heart disease 
I25.0 Atherosclerotic cardiovascular disease, so described 
I25.1 Atherosclerotic heart disease 
I25.2 Old myocardial infarction 
I25.5 Ischemic cardiomyopathy 
I25.6 Silent myocardial ischemia 
I25.8 Other forms of chronic ischemic heart disease 
I25.9 Chronic ischemic heart disease, unspecified 
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Appendix 3. Insurance claim codes for procedures and surgical interventions for 
revascularization. 

Fee codes Procedures and surgical interventions 
M6551 Percutaneous transluminal coronary angioplasty, single vessel 
M6552 Percutaneous transluminal coronary angioplasty, additional vessel 
M6563 Percutaneous transluminal coronary angioplasty of culprit lesion in acute 

myocardial infarction 
M6554 Percutaneous transluminal coronary angioplasty of chronic total occlusion 
M6561 Percutaneous transcatheter placement of intracoronary stent, single vessel 
  
M6562 Percutaneous transcatheter placement of intracoronary stent, additional 

vessel 
M6563 Percutaneous transcatheter placement of intracoronary stent with 

percutaneous transluminal coronary atherectomy, single vessel 
M6564 Percutaneous transcatheter placement of intracoronary stent with 

percutaneous transluminal coronary atherectomy, additional vessel 
M6565 Percutaneous coronary intervention of culprit lesion in acute myocardial 

infarction 
M6566 Percutaneous coronary intervention of chronic total occlusion 
M6567 Percutaneous coronary intervention of chronic total occlusion with 

percutaneous transluminal coronary atherectomy 
M6571 Percutaneous transluminal coronary atherectomy, single vessel 
M6572 Percutaneous transluminal coronary atherectomy, additional vessel 
M6634 Percutaneous thrombus removal, coronary artery 
M6638 Mechanical thrombectomy, coronary artery 
OA631 Angioplasty, end-to-end anastomosis, by thoracotomy 
OA632 Angioplasty, end-to-end anastomosis, by laparotomy 
OA633 Angioplasty, end-to-end anastomosis, others 
OA634 Angioplasty, patch graft, by thoracotomy, artificial vessel 
OA635 Angioplasty, patch graft, by thoracotomy, autologous vessel 
OA636 Angioplasty, patch graft, by laparotomy, artificial vessel 
OA637 Angioplasty, patch graft, by laparotomy, autologous vessel 
OA638 Angioplasty, others, artificial vessel 
OA639 Angioplasty, others, autologous vessel 
OB631 Angioplasty, end-to-end anastomosis with cross-clamping, by thoracotomy 
OB632 Angioplasty, end-to-end anastomosis with cross-clamping, by laparotomy 
OB633 Angioplasty, end-to-end anastomosis with cross-clamping, others 
OB634 Angioplasty, patch graft with cross-clamping, by thoracotomy, artificial 

vessel 
OB635 Angioplasty, patch graft with cross-clamping, by thoracotomy, autologous 

vessel 
OB636 Angioplasty, patch graft with cross-clamping, by laparotomy, artificial 

vessel 
OB637 Angioplasty, patch graft with cross-clamping, by laparotomy, autologous 

vessel 
OB638 Angioplasty, others with cross-clamping, artificial vessel 
OB639 Angioplasty, others with cross-clamping, autologous vessel 
O1641 Vascular bypass operation, aorta-coronary, simple, 1 site 
O1640 Vascular bypass operation, aorta-coronary, simple, 2 sites 
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O1648 Vascular bypass operation, aorta-coronary, simple, 3 sites 
O1649 Vascular bypass operation, aorta-coronary, simple, 4 or more sites 
OA641 Vascular bypass operation with off pump coronary artery bypass graft, aorta-

coronary, simple, 1 site 
OA640 Vascular bypass operation with off pump coronary artery bypass graft, aorta-

coronary, simple, 2 sites 
OA648 Vascular bypass operation with off pump coronary artery bypass graft, aorta-

coronary, simple, 3 sites 
OA649 Vascular bypass operation with off pump coronary artery bypass graft, aorta-

coronary, simple, 4 or more sites 
O1647 Vascular bypass operation, aorta-coronary, complex 
OA647 Vascular bypass operation with off pump coronary artery bypass graft, aorta-

coronary, complex 
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Appendix 4. List of ICD-10 diagnostic codes for psychiatric disorders. 
 
1) Psychotic disorders 
ICD-10 codes Disease entity 
F20 Schizophrenia 

F20.0  Paranoid schizophrenia 
F20.1 Hebephrenic schizophrenia 
F20.2 Catatonic schizophrenia 
F20.3 Undifferentiated schizophrenia 
F20.4 Post-schizophrenic depression 
F20.5 Residual schizophrenia 
F20.6 Simple schizophrenia 
F20.8 Other schizophrenia 
F20.9 Schizophrenia, unspecified 

F21 Schizotypal disorder 
F22 Persistent delusional disorders 

F22.0 Delusional disorder 
F22.8 Other persistent delusional disorders 
F22.9 Persistent delusional disorder, unspecified 

F23 Acute and transient psychotic disorders 
F23.0 Acute polymorphic psychotic disorder without symptoms of 

schizophrenia 
F23.1 Acute polymorphic psychotic disorder with symptoms of 

schizophrenia 
F23.2 Acute schizophrenia-like psychotic disorder 
F23.3 Other acute predominantly delusional psychotic disorders 
F23.8 Other acute and transient psychotic disorders 
F23.9 Acute and transient psychotic disorder, unspecified 

F25 Schizoaffective disorders 
F25.0 Schizoaffective disorder, manic type 
F25.1  Schizoaffective disorder, depressive type 
F25.2 Schizoaffective disorder, mixed type 
F25.8 Other schizoaffective disorder 
F25.9 Schizoaffective disorder, unspecified 

F28 Other nonorganic psychotic disorders 
F29 Unspecified nonorganic psychosis 
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2) Manic episodes/bipolar disorders 
ICD-10 codes Disease entity  
F30 Manic episode 

F30.0  Hypomania 
F30.1  Mania without psychotic symptoms 
F30.2  Mania with psychotic symptoms 
F30.8  Other manic episodes 
F30.9  Manic episode, unspecified 

F31 Bipolar affective disorder 
F31.0  Bipolar affective disorder, current episode hypomania 
F31.1  Bipolar affective disorder, current episode manic without psychotic 

symptoms 
F31.2 Bipolar affective disorder, current episode manic with psychotic 

symptoms 
F31.3 Bipolar affective disorder, current episode mild or moderate 

depression 
F31.4 Bipolar affective disorder, current episode severe depression without 

psychotic symptoms 
F31.5 Bipolar affective disorder, current episode severe depression with 

psychotic symptoms 
F31.6 Bipolar affective disorder, current episode mixed 
F31.8 Other bipolar affective disorders 
F31.9 Bipolar affective disorder, unspecified 

 
3) Depressive symptoms/disorders 
 
ICD-10 codes Disease entity 
F32 Depressive episode 

F32.0 Mild depressive episode 
F32.1 Moderate depressive episode 
F32.2 Severe depressive episode without psychotic symptoms 
F32.3 Severe depressive episode with psychotic symptoms 
F32.8 Other depressive episodes 
F32.9 Depressive episode, unspecified 

F33 Recurrent depressive disorder 
F33.0 Recurrent depressive disorder, current episode mild 
F33.1  Recurrent depressive disorder, current episode moderate 
F33.2 Recurrent depressive disorder, current episode severe without 

psychotic symptoms 
F33.3  Recurrent depressive disorder, current episode severe with psychotic 

symptoms 
F33.4 Recurrent depressive disorder, currently in remission 
F33.8 Other recurrent depressive disorders 
F33.9 Recurrent depressive disorder, unspecified 

F34 Persistent mood disorder 
F34.0  Cyclothymia 
F34.1  Dysthymia 
F34.8  Other persistent mood disorders 
F34.9  Persistent mood disorder, unspecified 
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4) Anxiety-related disorders 
F40 Phobic anxiety disorders 

F40.0  Agoraphobia 
F40.1  Social phobias 
F40.2 Specific phobias 
F40.8  Other phobic anxiety disorders 
F40.9  Phobic anxiety disorder, unspecified 

F41 Other anxiety disorders 
F41.0  Panic disorder 
F41.1  Generalized anxiety disorder 
F41.2 Mixed anxiety and depressive disorder 
F41.3  Other mixed anxiety disorders 
F41.8  Other specified anxiety disorders 
F41.9  Anxiety disorders, unspecified 

F42 Obsessive-compulsive disorder 
F42.0  Predominantly obsessional thoughts or ruminations 
F42.1  Predominantly compulsive acts 
F42.2  Mixed obsessional thoughts and acts 
F42.8  Other obsessive-compulsive disorders 
F42.9  Obsessive-compulsive disorder, unspecified 

 
5) Somatoform disorders 
Somatoform disorders  
F45 Somatoform disorders 

F45.0  Somatization disorder  
F45.1  Undifferentiated somatoform disorder 
F45.2 Hypochondriacal disorder 
F45.3 Somatoform autonomic dysfunction 
F45.4 Persistent somatoform pain disorder 
F45.8 Other somatoform disorders 
F45.9 Somatoform disorder, unspecified 
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Appendix 5. Statistical methods for IP weight estimation and MSM construction. 

 

Pooled logistic regression was used to estimate the associations between the covariate 

vector and the propensity of antidepressant exposure in 3-month-long time intervals: 

 

𝑙𝑜𝑔𝑖𝑡 𝑝𝑟ൣ𝐴௞ = 𝑎௞௜ห𝐴௞ିଵ
തതതതതത = 𝑎(௞ିଵ)పതതതതതതതതത൧ =  𝛽଴௞௜ + 𝛽ଵ௞ప

തതതതത𝐴௞ିଵ
തതതതതത 

𝑙𝑜𝑔𝑖𝑡 𝑝𝑟ൣ𝐴௞  = 𝑎௞௜ห𝐴௞ିଵ
തതതതതത = 𝑎(௞ିଵ)పതതതതതതതതത, 𝐿௞

തതത = 𝑙௞ప
തതത൧ =  𝛽଴௞௜ +  𝛽ଵ௞ప

തതതതത 𝐴௞ିଵ
തതതതതതത + 𝛽ଶ௞ప

തതതതത 𝐿௞
തതതത 

 

(𝐴௞: Exposure to antidepressant medication at time interval  𝐼௞ = [𝑡௞ , 𝑡௞ାଵ];  

𝐴(௞ିଵ)
തതതതതതതത: Column vector of treatment modality at time interval 𝐼ଵ~𝐼௞ିଵ; 

𝐿௞: Covariates at time interval 𝐼௞; 𝐿௞ିଵ
തതതതതത: Column vector of covariates at time interval 𝐼଴~𝐼௞ିଵ; 

𝛽଴௞௜: Time-dependent intercept; 𝛽ଵ௞ప
തതതതത: Column vector of regression coefficients for  𝐴௞ିଵ

തതതതതതത on 𝐴௞; 

𝛽ଶ௞ప
തതതതത: Column vector of regression coefficient for  𝐿௞

തതതത on 𝐴௞) 

 

The stabilized IP weight for antidepressant exposure was estimated as follows: 

 

𝐴𝑊௜(𝑡) = ෑ
𝑝𝑟(𝐴(𝑘) =  𝑎௜(𝑘)|𝐴̅(𝑘 − 1) = 𝑎పഥ (𝑘 − 1))

𝑝𝑟(𝐴(𝑘) =  𝑎௜(𝑘)|𝐴̅(𝑘 − 1) = 𝑎పഥ (𝑘 − 1),   𝐿௞
തതത = 𝑙௞ప

തതത)

௧

௞ୀ଴

 

 

For estimation of hazard ratio by number of antidepressant classes, the conditional 

probability of being allocated to a corresponding group by antidepressant number was used 

instead of the conditional probability of antidepressant exposure. 

 

𝐴𝑊௜(𝑡) = ෑ
𝑝𝑟(𝐴′(𝑘) =  𝑎௜′(𝑘)|𝐴′ഥ (𝑘 − 1) = 𝑎ప′

തതതത(𝑘 − 1))

𝑝𝑟(𝐴′(𝑘) =  𝑎௜′(𝑘)|𝐴′ഥ (𝑘 − 1) = 𝑎పഥ (𝑘 − 1),   𝐿௞
തതത = 𝑙௞ప

തതത)

௧

௞ୀ଴
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Probability of being censored by each time interval was estimated by pooled logistic 

regression: 

 

𝑙𝑜𝑔𝑖𝑡 𝑝𝑟ൣ𝐶௞ = 𝑐௞௜ห𝐴௞ିଵ
തതതതതത = 𝑎(௞ିଵ)పതതതതതതതതത, 𝐶௞ିଵ

തതതതതത = 𝑐(௞ିଵ)పതതതതതതതത  ൧ =  𝛾଴௞௜ +  𝛾ଵ௞పതതതതത𝐴௞ିଵ
തതതതതത + 𝛾ଶ௞పതതതതത𝐶௞ିଵ

തതതതതത 

𝑙𝑜𝑔𝑖𝑡 𝑝𝑟ൣ𝐶௞ = 𝑐௞௜ห𝐴௞ିଵ
തതതതതത = 𝑎(௞ିଵ)పതതതതതതതതത, 𝐶௞ିଵ

തതതതതത = 𝑐(௞ିଵ)పതതതതതതതത,   𝐿௞
തതത = 𝑙௞ప

തതത൧ 

=  𝛾଴௞௜ +  𝛾ଵ௞పതതതതത 𝐴௞ିଵ
തതതതതതത + 𝛾ଶ௞పതതതതത 𝐶௞ିଵ

തതതതതതത + 𝛾ଷ௞തതതതത 𝐿௞
തതതത 

(𝐶௞: Censoring status at time interval 𝐼௞; 𝛾଴௞ : Time-dependent intercept; 𝛾ଵ௞పതതതതത: Column 

vector of regression coefficients for  𝐴௞ିଵ
തതതതതതത on 𝐶௞; 𝛾ଶ௞തതതതത: Column vector of regression 

coefficients for  𝐶௞ିଵ
തതതതതതത on 𝐶௞; 𝛾ଷ௞పതതതതത: Column vector of regression coefficients for  𝐿௞

തതതത on 𝐶௞) 

 

The stabilized IP weight for censoring was estimated as follows: 

 

𝐶𝑊௜(𝑡) = ෑ
𝑝𝑟(𝐶(𝑘) =  𝑐௜(𝑘)|𝐶̅(𝑘 − 1) = 𝑐పഥ(𝑘 − 1), 𝐴̅(𝑘 − 1) = 𝑎పഥ (𝑘 − 1))

𝑝𝑟(𝐶(𝑘) =  𝑐௜(𝑘)|𝐶̅(𝑘 − 1) = 𝑐పഥ(𝑘 − 1), 𝐴̅(𝑘 − 1) = 𝑎పഥ (𝑘 − 1), 𝐿௞
തതത = 𝑙௞ప

തതത)

௧

௞ୀ଴

 

 

 

For estimation of hazard ratio by number of antidepressant classes, the conditional 

probability of being allocated to a corresponding group by antidepressant number was used 

instead of the conditional probability of antidepressant exposure. 

 

𝐶𝑊௜′(𝑡) = ෑ
𝑝𝑟(𝐶(𝑘) =  𝑐௜(𝑘)|𝐶̅(𝑘 − 1) = 𝑐పഥ(𝑘 − 1), 𝐴′ഥ (𝑘 − 1) = 𝑎ప′

തതതത(𝑘 − 1))

𝑝𝑟(𝐶(𝑘) =  𝑐௜(𝑘)|𝐶̅(𝑘 − 1) = 𝑐పഥ(𝑘 − 1), 𝐴ᇱഥ (𝑘 − 1) = 𝑎ప′
തതതത(𝑘 − 1), 𝐿௞

തതത = 𝑙௞ప
തതത)

௧

௞ୀ଴

 

 

The final IP weights for individuals at time interval t were estimated as the product of 𝐴𝑊௜ 

and 𝐶𝑊௜. Discrete-time survival analysis model was constructed to estimate the hazard 

ratios and 95% confidence intervals. Results from MSM was compared to those from 

conventional time-varying Cox regression model.
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Appendix 6. Association between antidepressant class and CAD with revascularization under lag-time analysis. 
Lag time Main analysis, HR (95% CI)  6 months, HR (95% CI) 12 months, HR (95% CI) 24 months, HR (95% CI) 
No antidepressants ref ref ref ref 
Ever prescribed 1.31 (1.18 – 1.46) 1.31 (1.18 – 1.46) 1.30 (1.17 – 1.45) 1.28 (1.15 – 1.43) 
Number of antidepressant classes     

Single class 1.18 (1.04 – 1.33) 1.18 (1.04 – 1.34) 1.15 (1.02 – 1.31) 1.12 (0.98 – 1.27) 
Multiple classes 1.46 (1.29 – 1.65) 1.48 (1.31 – 1.68) 1.48 (1.30 – 1.68) 1.48 (1.30 – 1.68) 
 2 classes 1.45 (1.26 – 1.67) 1.44 (1.25 – 1.66) 1.45 (1.25 – 1.67) 1.45 (1.18 – 1.77) 
 3 classes 1.47 (1.20 – 1.80) 1.47 (1.20 – 1.79) 1.45 (1.18 – 1.77) 1.45 (1.18 – 1.77) 
 4 classes 1.97 (1.40 – 2.76) 1.97 (1.40 – 2.76) 1.97 (1.40 – 2.77) 1.97 (1.42 – 2.77) 

Main treatment regimen     
 SSRI 1.43 (1.07 – 1.60) 1.41 (1.26 – 1.58) 1.44 (1.28 – 1.61) 1.40 (1.24 – 1.58) 
 SNRI 0.94 (0.77 – 1.15) 0.91 (0.74 – 1.10) 0.92 (0.75 – 1.12) 0.93 (0.76 – 1.13) 
 TCA 1.24 (0.90 – 1.70) 1.13 (0.81 – 1.57) 1.17 (0.84 – 1.62) 1.09 (0.77 – 1.54) 
 Other antidepressants 1.24 (1.02 – 1.54) 1.24 (1.03 – 1.50) 1.24 (1.02 – 1.50) 1.26 (1.04 – 1.53) 
Ever prescribed     
 SSRI 1.47 (1.32 – 1.64) 1.46 (1.30 – 1.62) 1.48 (1.32 – 1.65) 1.44 (1.28 – 1.61) 
 SNRI 1.19 (0.98 – 1.44) 1.16 (0.96 – 1.40) 1.18 (0.97 – 1.42) 1.17 (0.97 – 1.42) 
 TCA 1.29 (1.14 – 1.46) 1.25 (1.10 – 1.42) 1.24 (1.10 – 1.40) 1.28 (1.13 – 1.45) 
 Other antidepressants 1.21 (1.07 – 1.37) 1.10 (0.97 – 1.25) 1.10 (0.97 – 1.25) 1.13 (0.99 – 1.28) 
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Appendix 7. Association between antidepressant prescription pattern and coronary artery disease under lag-time analysis. 
Lag time Main analysis, HR (95% CI)  6 months, HR (95% CI) 12 months, HR (95% CI) 24 months, HR (95% CI) 
No antidepressants ref ref ref ref 
Duration of prescription, months     
 Short-term (<6) 1.31 (1.18 – 1.46) 1.36 (1.16 – 1.58) 1.38 (1.18 – 1.61) 1.39 (1.19 – 1.63) 
 Short-intermediate (6 – 11) 1.26 (0.85 – 1.86) 1.26 (0.86 – 1.86) 1.28 (0.86 – 1.90) 1.45 (0.98 – 2.16) 
 Long-intermediate (12 – 23) 1.17 (0.81 – 1.68) 1.17 (0.82 – 1.68) 1.17 (0.82 – 1.68) 1.23 (0.85 – 1.78) 
 Long (≥24) 1.68 (1.44 – 1.96) 1.68 (1.44 – 1.96) 1.69 (1.45 – 1.96) 1.69 (1.45 – 1.90) 
 By 1 year increase 1.06 (1.04 – 1.08) 1.06 (1.04 – 1.08) 1.06 (1.04 – 1.08) 1.06 (1.04 – 1.08) 
Medication possession ratio, %     
 Low (<20) 1.39 (1.21 – 1.60) 1.41 (1.22 – 1.62) 1.41 (1.23 – 1.63) 1.43 (1.24 – 1.65) 
 Low-intermediate (20 – 49) 1.59 (1.27 – 1.97) 1.60 (1.27 – 2.01) 1.63 (1.30 – 2.05) 1.67 (1.33 – 2.11) 
 High-intermediate (50 – 79) 1.64 (1.28 – 2.16) 1.68 (1.31 – 2.16) 1.72 (1.35 – 2.21) 1.78 (1.39 – 2.28) 
 High (≥80) 1.22 (0.93 – 1.60) 1.28 (0.98 – 1.68) 1.29 (0.98 – 1.70) 1.33 (1.01 – 1.76) 
 By 10% increase 1.04 (1.02 – 1.05) 1.05 (1.03 – 1.07) 1.05 (1.03 – 1.07) 1.05 (1.03 – 1.08) 

For fully adjusted model, variables listed below were included as covariates: age, sex, monthly insurance premium, Charlson comorbidity index, psychiatric 
comorbidities, and history of psychiatric admission. For marginal structural model, inverse probability weight was estimated by multivariate logistic regression 
model adjusted by same set of variables listed above. HR, hazard ratio; CI, confidence interval; ref, reference.
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Appendix 8. Association between antidepressant class and CAD with revascularization under progressive inverse probability weight truncation. 

IP weight truncation  
Main analysis, HR (95% CI) 
(N = 50,518) 

1 - 99p, HR (95% CI) 
(N = 49,508) 

5 - 95p, HR (95% CI) 
(N = 45,467) 

10 - 90p, HR (95% CI) 
(N = 40,416) 

No antidepressants ref ref ref ref 
Ever prescribed 1.31 (1.18 – 1.46) 1.28 (1.15 – 1.42) 1.34 (1.20 – 1.50) 1.34 (1.19 – 1.51) 
Number of antidepressant classes     

Single class 1.18 (1.04 – 1.33) 1.15 (1.02 – 1.30) 1.19 (1.04 – 1.35) 1.18 (1.03 – 1.34) 
Multiple classes 1.46 (1.29 – 1.65) 1.44 (1.27 – 1.63) 1.54 (1.35 – 1.75) 1.54 (1.33 – 1.79) 

  2 classes 1.45 (1.26 – 1.67) 1.40 (1.27 – 1.63) 1.50 (1.29 – 1.75) 1.53 (1.29 – 1.81) 
  3 classes 1.47 (1.20 – 1.80) 1.45 (1.18 – 1.77) 1.49 (1.29 – 1.73) 1.57 (1.23 – 2.01) 
  4 classes 1.97 (1.40 – 2.76) 1.92 (1.36 – 2.71) 2.14 (1.49 – 3.08) 2.19 (1.49 – 3.21) 
Main treatment regimen     
 SSRI 1.43 (1.07 – 1.60) 1.41 (1.25 – 1.58) 1.48 (1.31 – 1.67) 1.47 (1.29 – 1.67) 
 SNRI 0.94 (0.77 – 1.15) 0.89 (0.73 – 1.08) 0.92 (0.75 – 1.13) 0.88 (0.70 – 1.10) 
 TCA 1.24 (0.90 – 1.70) 1.22 (0.88 – 1.69) 1.20 (0.85 – 1.69) 1.37 (0.97 – 1.93) 
 Other antidepressants 1.24 (1.02 – 1.54) 1.21 (1.00 – 1.47) 1.29 (1.05 – 1.57) 1.29 (1.04 – 1.60) 
Ever prescribed     
 SSRI 1.47 (1.32 – 1.64) 1.46 (1.31 – 1.63) 1.50 (1.34 – 1.68) 1.50 (1.33 – 1.69) 
 SNRI 1.19 (0.98 – 1.44) 1.15 (0.95 – 1.39) 1.15 (0.94 – 1.41) 1.24 (1.01 – 1.53) 
 TCA 1.29 (1.14 – 1.46) 1.24 (1.10 – 1.40) 1.28 (1.13 – 1.46) 1.25 (1.08 – 1.45) 
 Other antidepressants 1.21 (1.07 – 1.37) 1.26 (1.10 – 1.43) 1.26 (1.10 – 1.43) 1.29 (1.07 – 1.56) 
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Appendix 9. Association between antidepressant prescription pattern and coronary artery disease under progressive inverse probability weight 
truncation. 

HR (95% CI) Main analysis (N = 50,518) 1 – 99p (N = 49,508) 5 – 95p (N = 45,467) 10 – 90p (N = 40,416) 
No antidepressants ref ref ref ref 
Duration of prescription, months     
 Short-term (<6) 1.31 (1.12 – 1.53) 1.33 (1.14 – 1.55) 1.32 (1.12 – 1.56) 1.34 (1.12 – 1.60) 
 Short-intermediate (6 – 11) 1.26 (0.85 – 1.86) 1.26 (0.85 – 1.81) 1.27 (0.84 – 1.92) 1.25 (0.80 – 1.96) 
 Long-intermediate (12 – 23) 1.17 (0.81 – 1.68) 1.16 (0.80 – 1.68) 1.26 (0.86 – 1.83) 0.97 (0.61 – 1.54) 
 Long (≥24) 1.68 (1.44 – 1.96) 1.69 (1.45 – 1.98) 1.72 (1.46 – 2.04) 1.76 (1.47 – 2.11) 
 By 1 year increase 1.06 (1.04 – 1.08) 1.06 (1.04 – 1.08) 1.06 (1.04 – 1.08) 1.06 (1.04 – 1.08) 
Medication possession ratio, %     
 Low (<20) 1.39 (1.21 – 1.60) 1.41 (1.22 – 1.62) 1.41 (1.21 – 1.64) 1.42 (1.21 – 1.67) 
 Low-intermediate (20 – 49) 1.59 (1.27 – 1.97) 1.60 (1.27 – 2.01) 1.53 (1.19 – 1.97) 1.51 (1.15 – 1.98) 
 High-intermediate (50 – 79) 1.64 (1.28 – 2.16) 1.66 (1.30 – 2.14) 1.82 (1.41 – 2.36) 1.71 (1.28 – 2.29) 
 High (≥80) 1.22 (0.93 – 1.60) 1.20 (0.90 – 1.58) 1.21 (0.89 – 1.64) 1.25 (0.91 – 1.73) 
 By 10% increase 1.04 (1.02 – 1.05) 1.04 (1.02 – 1.05) 1.05 (1.02 – 1.07) 1.04 (1.02 – 1.05) 
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Appendix 10. Characteristics of participants who have participated in health checkup (N = 37,558) 
  Full cohort  

(N = 37,558) 
No antidepressant 
(N = 16,295) 

Single class  
(N = 11,762) 

Multiple classes  
(N = 9,501) p-value 

Age, mean (SD) 46.23 (14.14) 46.82 (14.44) 42.31 (15.45) 45.82 (14.20) <0.001 
Men, N (%) 14,136 (37.64) 6,386 (39.19) 4,197 (35.68) 3,553 (37.40) <0.001 
Years of follow-up, mean (SD) 7.29 (4.22) 7.16 (4.27) 7.00 (4.18) 7.85 (4.15) <0.001 
Monthly insurance premium, N (%)     <0.001 

0 (Medicaid receiver) 1,551 (4.13) 389 (2.39) 474 (4.03) 688 (7.24)  
<25p 7,248 (19.30) 3,029 (18.59) 2,244 (19.08) 1,975 (20.79)  
25 – 49p 7,835 (20.86) 3,417 (20.97) 2,460 (20.91) 1,958 (20.61)  
50 – 74p 9,229 (24.57) 4,133 (25.36) 2,914 (24.77) 2,182 (22.97)  
≥75p 10,609 (28.25) 4,851 (29.77) 3,318 (28.21) 2,440 (25.68)  
N/A 1,086 (2.89) 476 (2.92) 352 (2.99) 258 (2.72)  

Charlson comorbidity index, N (%)     <0.001 
0 6,787 (18.07) 3,116 (19.12) 2,127 (18.08) 1,544 (16.25)  
1 9,204 (24.51) 3,994 (24.51) 2,934 (24.94) 2,276 (23.96)  
2 6,928 (18.45) 2,874 (17.64) 2,171 (18.46) 1,883 (19.82)  
3 4,613 (12.28) 1,947 (11.95) 1,446 (12.29) 1,220 (12.84)  
≥4 10,026 (26.69) 4,364 (26.78) 3,084 (26.22) 2,578 (27.13)  

Hypertension, N (%) 8,512 (22.66) 3,737 (22.89) 2,541 (21.60) 2,241 (23.59) <0.001 
Dyslipidemia, N (%) 13,879 (36.95) 5,812 (35.67) 4,184 (35.57) 3,883 (40.87) <0.001 
Psychiatric comorbidities, N (%)a      

Psychotic disorders 1,659 (4.42) 412 (2.53) 437 (3.72) 810 (8.53) <0.001 
Manic episodes/bipolar disorders 2,823 (7.52) 567 (3.48) 709 (6.03) 1,547 (16.28) <0.001 
Depressive symptoms/disorders 18,765 (49.96) 5,329 (32.70) 6,173 (52.48) 7,263 (76.44) <0.001 
Anxiety-related disorders other than PTSD 19,273 (51.32) 6,775 (41.58) 6,080 (51.69) 6,418 (67.55) <0.001 
Somatoform disorders 5,508 (14.67) 1,973 (12.11) 1,643 (13.97) 1,892 (19.91) <0.001 

Admission due to psychiatric disorder, N (%)a 4,192 (11.16) 942 (5.78) 1,187 (10.09) 2,063 (21.71) <0.001 
CAD with revascularization, N (%) 1,278 (3.40) 501 (3.07) 378 (3.21) 399 (4.20) <0.001 
All-cause mortality, N (%) 922 (2.45) 375 (2.30) 239 (2.03) 308 (3.24) <0.001 
Class of main treatment regimen, N (%)a     <0.001 

None 16,295 (43.39) 16,295 (100.00) - -  
SSRI 6,289 (66.16) - 8,103 (68.89) 6,286 (66.16)  
SNRI 572 (6.02) - 457 (3.89) 562 (6.02)  
TCA 1,085 (11.42) - 1,789 (15.21) 1,085 (11.42)  
Other antidepressants 1,558 (16.40) - 1,413 (12.01) 1,558 (16.40)  

Class of ever prescribed antidepressants, N (%)a     <0.001 
None 16,295 (43.39) 16,295 (100.00) - -  
SSRI 16,853 (44.87) - 8,103 (68.89) 8,750 (92.10)  
SNRI 2,827 (7.53) - 457 (3.89) 2,370 (24.94)  
TCA 6,100 (16.24) - 1,789 (15.21) 4,311 (45.37)  
Other antidepressants 8,505 (22.64) - 1,413 (12.01) 7,092 (74.64)  
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  Full cohort  
(N = 37,558) 

No antidepressant  
(N = 16,295) 

Single class 
(N = 11,762) 

Multiple classes 
(N = 9,501) p-value 

Duration of antidepressant prescription, mean 
(SD)a 23.02 (38.31) - 8.87 (22.21) 40.53 (46.04) <0.001 

None (0), N (%) 16,295 (43.39) 16,295 (100.00) - -  
Short-term (<6), N (%) 12,592 (33.53) - 9,246 (78.61) 3,346 (35.22)  
Short intermediate (6 - 11), N (%) 1,494 (3.98) - 694 (5.90) 800 (8.42)  
Long intermediate (12 - 23), N (%) 1,419 (3.78) - 549 (4.67) 870 (9.16)  
Long-term (>=24), N (%) 5,758 (15.33) - 1,273 (10.82) 4,485 (47.21)  

Duration by class, mean (SD)a      
SSRI (N = 16,853) 18.37 (33.23) - 9.58 (22.93) 26.51 (38.76) <0.001 
SNRI (N = 2,827) 12.18 (23.16) - 5.85 (16.16) 13.40 (24.09) <0.001 
TCA (N = 6,100) 15.70 (31.27) - 8.24 (22.83) 18.80 (33.68) <0.001 
Other AD (N = 8,505) 16.95 (31.26) - 6.82 (18.50) 18.98 (32.86) <0.001 

Medication possession ratio, %, mean (SD)a 26.47 (34.93) - 13.34 (25.63) 42.72 (37.94) <0.001 
None (0), N (%) 16,295 (43.39) 16,295 (100.00) - -  
Low (<20), N (%) 13,505 (35.96) - 9,547 (81.17) 3,958 (41.66)  
Low intermediate (20 - 49), N (%) 2,570 (6.84) - 981 (8.34) 1,589 (16.72)  
High intermediate (50 - 79), N (%) 1,980 (5.27) - 535 (4.55) 1,445 (15.21)  
High (≥80), N (%) 3,208 (8.54) - 699 (5.94) 2,509 (26.41)  

Medication possession ratio by class, %, mean (SD)a      
SSRI (N = 16,853) 22.55 (32.31) - 15.11 (27.16) 29.66 (35.02) <0.001 
SNRI (N = 2,827) 15.43 (24.29) - 10.35 (21.31) 16.40 (24.70) <0.001 
TCA (N = 6,100) 14.77 (25.89) - 8.48 (20.20) 17.38 (27.50) <0.001 
Other AD (N = 8,505) 20.03 (29.99) - 10.44 (22.73) 21.94 (30.89) <0.001 

Systolic blood pressure, mmHg, mean (SD) 119.86 (15.79) 120.17 (15.93) 119.52 (15.59) 119.74 (15.80) 0.002 
Diastolic blood pressure, mmHg, mean (SD) 75.19 (10.65) 75.33 (10.70) 74.95 (10.50) 75.26 (10.76) 0.010 
Fasting blood glucose, mg/dL, mean (SD) 94.81 (26.18) 94.54 (25.10) 94.63 (28.13) 95.50 (25.46) 0.012 
Total serum cholesterol, mg/dL, mean (SD) 192.09 (43.79) 192.03 (45.21) 191.60 (45.38) 192.80 (39.04) 0.136 
Cigarette smoking, N (%)     <0.001 

Nonsmoker 24,903 (66.31) 10,976 (67.36) 7,855 (66.78) 6,072 (63.91)  
Past smoker 3,067 (8.17) 1,355 (8.32) 966 (8.21) 746 (7.85)  
Current smoker 8,464 (22.54) 3,454 (21.20) 3,454 (21.20) 2,418 (25.45)  

Frequency of alcohol consumption, N (%)     0.001 
Nondrinker 20,330 (54.13) 8,854 (54.34) 6,363 (54.10) 5,113 (53.82)  
Twice per week or less 12,437 (33.11) 5,414 (33.22) 3,955 (33.63) 3,068 (32.29)  
Three times per week or more 3,821 (10.17) 1,588 (9.75) 1,153 (9.80) 1,080 (11.37)  

SD, standard deviation; p, percentile; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin-norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant medication.  
a Measured at follow-up termination 
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Appendix 11. Difference in participant characteristics by health checkup participation. 
Health checkup participation No (N = 12,960) Yes (N = 37,558) p-value 
Age, mean (SD) 33.41 (15.12) 46.34 (14.14) <0.001 
Men, N (%) 7,926 (61.16) 23,422 (62.36) 0.015 
Years of follow-up, mean (SD) 5.66 (4.14) 7.29 (4.22) <0.001 
Monthly insurance premium, N (%)   <0.001 

0 (Medicaid receiver) 1,287 (9.93) 1,551 (4.13)  
<25p 2,705 (20.87) 7,248 (19.30)  
25 – 49p 2,836 (21.88) 7,835 (20.86)  
50 – 74p 2,612 (20.15) 9,229 (24.57)  
≥75p 3,306 (25.51) 10,609 (28.25)  
N/A 214 (1.65) 1,086 (2.89)  

Charlson comorbidity index, N (%)   <0.001 
0 4,341 (33.50) 6,787 (18.07)  
1 4,153 (32.04) 9,204 (24.51)  
2 2,224 (17.16) 6,928 (18.45)  
3 882 (6.81) 4,613 (12.28)  
≥4 1,360 (10.49) 10,026 (26.69)  

Hypertension, N (%) 1,318 (10.17) 8,512 (22.66) <0.001 
Dyslipidemia, N (%) 1,808 (13.95) 13,879 (36.95) <0.001 
Psychiatric comorbidities, N (%)a    

Psychotic disorders 1,057 (8.16) 1,659 (4.42) <0.001 
Manic episodes/bipolar disorders 1,763 (13.60) 2,823 (7.52) <0.001 
Depressive symptoms/disorders 6,944 (53.58) 18,765 (49.66) <0.001 
Anxiety-related disorders other than PTSD 5,977 (46.12) 19,273 (51.32) <0.001 
Somatoform disorders 1,073 (8.28) 5,508 (14.67) <0.001 

Admission due to psychiatric disorder, N (%)a 1,939 (14.96) 4,192 (11.16) <0.001 
CAD with revascularization, N (%) 265 (2.04) 1,278 (3.40) <0.001 
All-cause mortality, N (%) 453 (3.50) 922 (2.45) <0.001 
Antidepressant treatment group, N (%)   <0.001 
 No antidepressant 5,045 (38.93) 16,295 (43.39)  
 Single class 4,208 (32.47) 11,762 (31.32)  
 Multiple classes 3,707 (28.60) 9,501 (25.30)  
Class of main treatment regimen, N (%)a   <0.001 

None 5,045 (38.93) 16,295 (43.39)  
SSRI 5,762 (44.46) 14,389 (38.31)  
SNRI 381 (2.94) 1,029 (2.74)  
TCA 741 (5.72) 2,874 (7.65)  
Other antidepressants 1,031 (7.96) 2,971 (7.91)  

Class of ever prescribed antidepressants, N (%)a    
None 5,045 (38.93) 16,295 (43.39) <0.001 
SSRI 6,642 (51.25) 16,853 (44.87) <0.001 
SNRI 1,102 (8.50) 2,827 (7.53) <0.001 
TCA 1,925 (14.85) 6,100 (16.24) <0.001 
Other antidepressants 3,332 (25.71) 8,505 (22.64) <0.001 

Duration of antidepressant prescription, mean (SD)a 20.98 (34.90) 23.02 (38.31) <0.001 
None (0), N (%) 5,045 (38.93) 16,295 (43.39)  
Short-term (<6), N (%) 4,512 (34.81) 12,592 (33.53)  
Short intermediate (6 - 11), N (%) 692 (5.34) 1,494 (3.98)  
Long intermediate (12 - 23), N (%) 689 (5.32) 1,419 (3.78)  
Long-term (>=24), N (%) 2,022 (15.60) 5,758 (15.33)  

Duration by class, mean (SD)a    
SSRI (N = 23,495) 17.02 (30.34) 18.37 (33.23) 0.004 
SNRI (N = 3,929) 10.39 (19.39) 12.18 (23.16) 0.023 
TCA (N = 8,025) 116.49 (31.13) 15.70 (31.27) 0.332 
Other antidepressants (N = 11,837) 15.87 (28.70) 16.96 (31.26) 0.079 

Medication possession ratio, %, mean (SD)a 32.49 (37.28) 26.47 (34.93) <0.001 
None (0), N (%) 5,045 (38.93) 16,295 (43.39)  
Low (<20), N (%) 4,464 (34.44) 13,505 (35.96)  
Low intermediate (20 - 49), N (%) 1,045 (8.06) 2,570 (6.84)  
High intermediate (50 - 79), N (%) 845 (6.52) 1,980 (5.27)  
High (≥80), N (%) 1,561 (12.04) 3,208 (8.54)  

Medication possession ratio by class, %, mean (SD)a    
SSRI (N = 23,495) 28.91 (35.51) 22.66 (32.31) <0.001 
SNRI (N = 3,929) 17.55 (26.05) 15.43 (24.28) 0.016 
TCA (N = 8,025) 18.17 (27.87) 14.77 (25.89) <0.001 
Other antidepressants (N = 11,837) 24.27 (31.84) 20.03 (29.99) <0.001 

SD, standard deviation; p, percentile; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin-norepinephrine reuptake 
inhibitor; TCA, tricyclic antidepressant medication.  
a Measured at follow-up termination. 
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Appendix 12. Comparison of estimand between full cohort and health checkup subgroup. 
  Full cohort (N = 50,518) Health checkup subgroup (N = 37,558) 
No antidepressants ref ref 
Ever prescribed 1.31 (1.18 – 1.46) 1.34 (1.19 – 1.51) 
Number of classes   
Single class 1.18 (1.04 – 1.33) 1.30 (1.11 – 1.52) 
Multiple classes 1.46 (1.29 – 1.65) 1.40 (1.18 – 1.65) 

  2 classes 1.45 (1.26 – 1.67) 1.31 (1.06 – 1.61) 
  3 classes 1.47 (1.21 – 1.80) 1.55 (1.17 – 2.05) 
  4 classes 1.97 (1.40 – 2.76) 1.54 (0.93 – 2.56) 
Main treatment regimen   
 SSRI 1.31 (1.07 – 1.60) 1.45 (1.28 – 1.65) 
 SNRI 0.94 (0.77 – 1.15) 0.89 (0.72 – 1.11) 
 TCA 1.24 (0.90 – 1.70) 1.29 (0.92 – 1.83) 
 Other antidepressants 1.24 (1.02 – 1.54) 1.29 (1.05 – 1.58) 
Ever prescribed   
 SSRI 1.47 (1.32 – 1.64) 1.50 (1.33 – 1.69) 
 SNRI 1.19 (0.98 – 1.44) 1.17 (0.97 – 1.40) 
 TCA 1.29 (1.14 – 1.46) 1.32 (1.11 – 1.58) 
 Other antidepressants 1.21 (1.07 – 1.37) 1.23 (1.00 – 1.51) 
Duration of prescription, months   
 Short-term (<6) 1.31 (1.12 – 1.53) 1.29 (1.08 – 1.53) 
 Short-intermediate (6 – 11) 1.26 (0.85 – 1.86) 1.30 (0.94 – 1.78) 
 Long-intermediate (12 – 23) 1.17 (0.81 – 1.68) 1.28 (0.93 – 1.77) 
 Long (≥24) 1.68 (1.44 – 1.96) 1.49 (1.24 – 1.81) 
 By 1 year increase 1.27 (1.04 – 1.57) 1.26 (1.02 – 1.55) 
Medication possession ratio, %   
 Low (<20) 1.39 (1.21 – 1.60) 1.25 (1.07 – 1.47) 
 Low-intermediate (20 – 49) 1.59 (1.27 – 1.97) 1.42 (1.07 – 1.89) 
 High-intermediate (50 – 79) 1.64 (1.28 – 2.16) 1.44 (1.06 – 1.97) 
 High (≥80) 1.22 (0.93 – 1.60) 1.07 (0.75 – 1.52) 
 By 10% increase 1.04 (1.02 – 1.05) 1.03 (1.00 – 1.06) 

In full cohort analysis, variables listed below were included as covariates for IP weight estimation: age, sex, monthly insurance premium, Charlson comorbidity index, 
psychiatric comorbidities, and history of psychiatric admission. In health checkup subgroup analysis, variables listed below were added to a covariate set for IP 
weight estimation: ln(systolic blood pressure), ln(diastolic blood pressure), ln(fasting blood glucose), ln(serum total cholesterol), cigarette use, and alcohol 
consumption. HR, hazard ratio; CI, confidence interval; ref, reference. 
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Appendix 13. Bounding factors for statistically significant hazard ratios. 

IP weight truncation  HR (95% CI) 
Bounding factors 
HRAU, HRUY 

No antidepressants ref ref 
Ever prescribed 1.31 (1.18 – 1.46) 1.5, 3.5 
Number of antidepressant classes   

Single class 1.18 (1.04 – 1.33) 1.3, 3 
Multiple classes 1.46 (1.29 – 1.65) 1.8, 3.5 

  2 classes 1.45 (1.26 – 1.67) 1.8, 3.4 
  3 classes 1.47 (1.21 – 1.80) 1.8, 3.5 
  4 classes 1.97 (1.40 – 2.76) 2.5, 5.8 
Main treatment regimen   
 SSRI 1.43 (1.07 – 1.60) 1.5, 10 
 SNRI 0.94 (0.77 – 1.15) - 
 TCA 1.24 (0.90 – 1.70) - 
 Other antidepressants 1.24 (1.02 – 1.54) 1.3, 6 
Ever prescribed   
 SSRI 1.47 (1.32 – 1.64) 1.8, 3.5 
 SNRI 1.19 (0.98 – 1.44) - 
 TCA 1.29 (1.14 – 1.46) 1.5, 3 
 Other antidepressants 1.21 (1.07 – 1.37) 1.3, 4 
Covered duration, months   
 Short-term (<6) 1.31 (1.12 – 1.53) 1.5, 3.5 
 Short-intermediate (6 – 11) 1.26 (0.85 – 1.86) - 
 Long-intermediate (12 – 23) 1.17 (0.81 – 1.68) - 
 Long (≥24) 1.68 (1.44 – 1.96) 2, 5.3 
Medication possession ratio, %   
 Low (<20) 1.27 (1.04 – 1.57) 1.5, 2.8 
 Low-intermediate (20 – 49) 1.39 (1.21 – 1.60) 1.5, 6.3 
 High-intermediate (50 – 79) 1.59 (1.27 – 1.97) 2, 3.9 
 High (≥80) 1.64 (1.28 – 2.16) 2, 4.6 
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국문요약 

 

 

외상후스트레스장애 환자에서 항우울제가 관상동맥질환에 

미치는 영향: 국민건강보험공단 청구자료 분석 결과 

 

 

연세대학교 일반대학원 보건학과  

김광현 

 

 

서론: 과거 많은 연구에서 항우울제와 심뇌혈관질환 사이의 상관관계를 

평가하였으나, 선행 연구에서 관측되는 상관관계의 방향성과 크기는 

일관되지 않아 이로부터 결론을 도출하기 어렵다. 심리적 트라우마에 

대한 복잡한 신경생물학적 및 심리학적 반응의 결과인 PTSD에서 

항우울제와 심혈관질환 사이의 상관관계에 대한 연구 결과는 부족한 

실정이며, 존재하는 근거들은 상호 상충한다. 처방 패턴의 다양성은 

항우울제의 심혈관질환에 대한 영향을 평가하는 것을 더욱 어렵게 한다. 
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그 결과로, PTSD에서 항우울제와 심혈관질환 사이의 상관관계에 대한 

근거 자료는 제한적이며 상호 상충된다. 본 연구는 한국의 PTSD 

환자에서 항우울제가 처방되는 패턴을 파악하고 항우울제의 

심혈관질환에 대한 영향을 평가하는 것을 목적으로 한다.  

연구방법: 본 연구에서는 대한민국 국민의 의료서비스 이용 관련 행정 

자료로 구성된 국민건강보험공단 데이터베이스를 활용하였다. 

2004년에서 2018년 사이에 PTSD를 진단받은 74,168명의 성인 PTSD 

환자가 국민건강보험공단 데이터베이스에서 확인되었다. 건강보험 

자격득실 정보에 결측치가 있는 경우 (N = 5), PTSD 진단 이전 

항우울제에 노출된 기록이 존재하는 경우 (N = 20,977), PTSD 진단 

이전 관상동맥질환을 진단받은 과거력이 존재하는 경우 (N = 1,719) 및 

추적관찰 기간이 1개월 미만인 경우 (N = 949) 분석 대상에서 제외하여 

총 50,518명의 대상자가 최종 분석에 포함되었다. 항우울제 및 

심리치료에 대한 보험 청구 기록은 해당 데이터베이스에서 추출하였다. 

항우울제는 약제 성분에 따라 선택적 세로토닌 재흡수 억제제(SSRI), 

세로토닌-노르에피네프린 재흡수 억제제(SNRI), 삼환계 항우울제(TCA) 

및 기타 항우울제로 분류하였다. 항우울제 처방 패턴에 따라 ‘항우울제 

처방 없음’, ‘단일 약제유형’, ‘복합 유형’으로 대상자를 분류하였다. 처방 

기간, 약물소지율(MPR), 약제유형의 조합을 비롯한 항우울제 처방 
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패턴을 평가하였다. 종속변인은 ‘혈관재개통술이 필요한 

관상동맥질환’으로 설정하였다. 연령, 성별, 건강보험료, Charlson 

Comorbidity Index, 고혈압 병력, 이상지질혈증 병력, 정신질환 

동반이환 및 정신과적 입원력을 공변량으로 선택하였다. 

  대상자의 약제 처방 패턴에 따른 특성을 파악하기 위하여 기술통계량 

분석을 수행하였다. 정신질환 동반이환, 내과적 동반이환 및 

사회경제적 지위에 의한 시간의존적 교란효과를 통제하기 위하여 

marginal structural model (MSM)을 구축하였으며 시간의존적 역확률 

가중치를 산출하여 위험비를 산출하였다. 모형의 안정성을 평가하기 

위하여 MSM에서의 결과치를 전통적 시간의존 Cox 회귀분석에서의 

결과와 비교하였다. 누적 처방기간 및 전체 추적관찰 기간 중 MPR 

대한 용량반응 분석을 수행하였다. 민감도 분석으로 불멸자 바이어스를 

평가하기 위하여 6개월과 12개월의 지연시간을 설정하여 지연시간 

분석을 수행하였다. 추가로, 양수성 가정의 위배로 인하여 도입될 수 

있는 바이어스를 평가하기 위하여 안정화 역확률가중치의 1-99%, 5-

95%, 10-90%에 해당하는 대상자에 대해서 민감도 분석을 수행하였다. 

생활습관과 생의학적 지표의 교란효과를 평가하기 위해 건강검진을 

받은 대상자를 대상으로 분석을 반복하였다. 마지막으로, Ding과 

Vanderweele에 이론에 따른 bounding factor를 산출하여 측정되지 
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않은 교란효과의 영향을 평가하였다. 안정화 역확률가중치 절단은 

추정치를 유의한 수준으로 변화하지 않았으며, 이는 양수성 가정 

위배에 따른 영향은 미미함을 암시한다.  

연구결과: ‘항우울제 처방 없음’, ‘단일 약제유형’, ‘복합 유형’에 속하는 

대상자의 수는 각각 21,340명 (42.24%), 15,970명 (31.61%), 13,208명 

(26.14%)이었다. PTSD 첫 진단 시의 대상자의 평균 연령은 

43.13세였고, (표준편차 15.46년) 평균 추적관찰 기간은 6.86년이었다. 

(표준편차 4.26년) 가장 흔하게 처방된 항우울제 유형은 SSRI였으며, 

이후 기타 항우울제, TCA, SNRI 순이었다. 평균 항우울제 처방 기간은 

23.89개월이었으며 (표준편차 39.30개월) 평균 약물소지율은 

28.39%였다. (표준편차 39.38%) 

  항우울제를 한 번이라도 처방받은 대상자는 그렇지 않은 대상자에 

비해 혈관 재형성이 필요한 관상동맥질환이 발생할 위험도가 1.34배 

높았다. (95% 신뢰구간 1.20 – 1.49) 단일 항우울제 유형만을 처방받은 

대상자는 관상동맥질환의 위험도비가 1.17배였으며, (95% 신뢰구간 

1.03 – 1.32) 반면 복수 유형의 항우울제를 처방받은 대상자의 위험비는 

1.46이었다. (95% 신뢰구간 1.29 – 1.65) 모든 유형의 항우울제를 

처방받은 대상자는 1.99의 위험비를 보여 (95% 신뢰구간 1.40 – 2.82) 

처방받은 항우울제 유형의 수와 관상동맥질환의 상관관계에서 용량-
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반응 관계를 확인할 수 있었다. SSRI, TCA 및 기타 항우울제는 

관상동맥질환의 위험을 증가시킨 반면, SNRI 노출 여부와 관상동맥질환 

사이의 상관관계는 확인되지 않았다. 

 항우울제 처방기간은 관상동맥질환과 양의 상관관계를 보였다: 24개월 

이상 항우울제를 처방받은 대상자는 혈관 재형성이 필요한 

관상동맥질환이 발생할 위험비가 1.46배였으나 (95% 신뢰구간 1.20 – 

1.76) 그보다 짧은 기간 동안 노출된 경우 ‘처방내역 없음’ 군과 

비교하여 관상동맥질환 발생의 위험이 높지 않았다. 다항 스플라인 

결과에서 역시 노출기간 – 관상동맥질환 관계에서의 용량-반응 관계를 

확인할 수 있었다. SSRI, TCA 및 기타 항우울제의 처방 기간은 

관상동맥질환과 양의 상관관계를 보였으나, SNRI의 처방 기간은 

관상동맥질환과 상관관계를 보이지 않았다. 이에 반해, MPR에 대한 

층화 분석 및 다항 스플라인의 결과에 의하면 MPR은 관상동맥질환과 

직접적인 관련성을 보이지 않았다. 

  지연시간 분석에서의 결과는 본 분석에서와 유의한 차이를 보이지 

않아 불멸시간 바이어스가 추정치에 미칠 수 있는 영향은 유의하지 

않음을 알 수 있었다. 안정화 역확률가중치 절단 결과 예측치가 유의한 

수준으로 변하지 않았으며, 이는 양수성 가정의 위배로 인하여 도입될 

수 있는 바이어스는 미미함을 시사한다. 건강검진 대상자를 대상으로 
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한 하위그룹 분석 결과는 본 분석 결과와 대부분 큰 차이가 없어 

생의학적 지표와 생활습관 요인의 교란효과가 추정치를 크게 

변화시키지 않는 것으로 나타났다. 추정된 bounding factor는 측정되지 

않은 교란효과로 인해 추정치가 온전히 무효화할 가능성이 낮음을 

시사하며, 이는 잔류 교란효과가 분석 결과의 해석을 변경할 가능성이 

낮음을 의미한다. 

결론: PTSD 치료를 위한 항우울제와 관상동맥질환 사이의 양의 

상관관계가 관찰되었으며, 복수의 유형의 항우울제를 처방받은 대상자 

및 장기간 처방받은 대상자에서 그 연관성이 더 강하게 확인되었다. 

TCA와 SSRI를 동시에 처방받은 군에서 관상동맥질환 위험도가 가장 

크게 증가한 반면, SNRI는 관상동맥질환 위험도를 증가시키지 않았다. 

본 연구의 결과는 PTSD 치료를 위한 항우울제가 심혈관질환의 위험을 

증가시킨다는 것을 보여 주며, 항우울제 처방 이전 심혈관질환 위험 

평가의 필요성을 시사한다. 장기간 항우울제에 노출될 경우 

관상동맥질환 위험이 더 크게 상승하므로 장기간 항우울제를 처방받는 

PTSD 환자에서는 심혈관질환 예방을 위한 주의 깊은 감시가 필요할 

것이다. 특히, TCA와 SSRI를 같이 처방받는 PTSD 환자에서는 치료적 

약물농도 모니터링과 약물 교체를 비롯하여 관상동맥질환을 예방하기 

위한 개입 방안을 고려해야 할 것이다. 
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