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Background: Whether depression before diagnosis of dyslipidemia is associated with higher cardiovascular disease (CVD) risk 
among newly diagnosed dyslipidemia patients is yet unclear.
Methods: The study population consisted of 72,235 newly diagnosed dyslipidemia patients during 2003 to 2012 from the Nation-
al Health Insurance Service–Health Screening Cohort of South Korea. Newly diagnosed dyslipidemia patients were then detected 
for pre-existing depression within 3 years before dyslipidemia diagnosis. Starting from 2 years after the diagnosis date, patients 
were followed up for CVD until 2015. Adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) for CVD were calculated 
by Cox proportional hazards regression.
Results: Compared to dyslipidemia patients without depression, those with depression had higher risk for CVD (aHR, 1.24; 95% 
CI, 1.09 to 1.41). Similarly, pre-existing depression was associated with increased risk for stroke (aHR, 1.27; 95% CI, 1.06 to 1.53). 
The risk for CVD among depressed dyslipidemia patients for high (aHR, 1.42; 95% CI, 1.06 to 1.90), medium (aHR, 1.17; 95% CI, 
0.91 to 1.52), and low (aHR, 1.25; 95% CI, 1.05 to 1.50) statin compliance patients tended to be increased compared to patients 
without pre-existing dyslipidemia. The risk-elevating effect of depression on CVD tended to be preserved regardless of subgroups 
of smoking, alcohol consumption, physical activity, and body mass index.
Conclusion: Dyslipidemia patients with pre-existing depression had increased risk for CVD. Future studies that determine CVD 
risk after management of depression among dyslipidemia patients are needed.

Keywords: Cardiovascular diseases; Depression; Dyslipidemias

Corresponding author: Sang Min Park  https://orcid.org/0000-0002-7498-4829 
Department of Family Medicine, Seoul National University Hospital, Seoul National 
University College of Medicine, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea 
E-mail: smpark.snuh@gmail.com

*Jihoon Andrew Kim and Seulggie Choi contributed equally to this study as first authors.

Received: Jan. 4, 2019; Accepted: Apr. 24, 2019

INTRODUCTION

Dyslipidemia is one of the most prevalent chronic diseases world-
wide. In the United States alone, it is estimated that more than 
100 million adults have total cholesterol levels of 200 mg/dL or 
higher and 31 million adults with total cholesterol levels of 240 
mg/dL or higher [1]. Similarly, a previous study estimated that 
19.5% of adults in South Korea have dyslipidemia in 2015 [2]. 
Furthermore, dyslipidemia patients are at increased risk for car-
diovascular disease (CVD), the leading cause of death globally. 

Naturally, most guidelines of dyslipidemia management are 
focused on risk assessment for future CVD risk [3,4]. There-
fore, it is of clinical importance to identify and manage risk 
factors associated with CVD among dyslipidemia patients.

Depression has previously been associated with CVD among 
the general population. According to a systematic review and 
meta-analysis in 2007, depression was associated with increased 
myocardial infarction, stroke, and CVD risk [5]. Similarly, an-
other study showed that depression was associated with in-
creased risk of coronary heart disease (CHD) from a pooled 
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analysis of 54 observational studies [6]. Such studies, however, 
were conducted within the general population. As dyslipid-
emia patients are at increased risk for CVD, the relationship 
between depression and CVD among dyslipidemia patients 
may differ from that of the general population. However, 
whether depression is a risk factor for CVD among dyslipid-
emia patients has not yet been explored.

Therefore, we attempted to investigate the association of pre-
existing depression among newly diagnosed dyslipidemia pa-
tients on CVD using the Korean National Health Insurance 
Service (NHIS) database.

METHODS

Participants
The study population was derived from the National Health 
Insurance Service–Health Screening Cohort (NHIS-HEALS). 
In South Korea, the NHIS provides mandatory health insur-
ance covering nearly all forms of health services for all Korean 
citizens, resulting in an enrollment rate of approximately 98% 
[7]. Furthermore, the NHIS collects all insurance covered re-
cords from inpatient and outpatient department visits, drug 
prescriptions, and procedural or surgical treatments. For all 
enrollees aged 40 years or older, a biannual health screening 
examination service is provided by the NHIS, which includes a 
self-reported questionnaire of health behavior, body measure-
ments including height, weight, and blood pressure, and blood 
and urine tests [8]. From this claims database, the NHIS pro-
vides a part of their data for research purposes, which include 
information on all hospital use, pharmaceutical prescriptions, 
and results from the health screening examinations. Several 
previous studies have used the NHIS database for research 
purposes and its validity is described in detail elsewhere [7].

Ethics
This study was approved by the Institutional Review Board of 
Seoul National University Hospital (IRB number: E-1803-046-
928). The requirement for informed consent was waived as the 
NHIS-HEALS database is anonymized according to strict con-
fidentiality guidelines prior to distribution.

Key variables
Dyslipidemia patients were detected when a participant was 
prescribed statin medication under the International Classifi-
cation of Diseases, Tenth Revision (ICD-10) codes for dyslip-

idemia (E78) as the primary or secondary diagnosis. The first 
date of statin prescription with the primary or secondary diag-
nosis for dyslipidemia was used as the diagnosis date. Statin 
compliance was detected between the diagnosis and index 
dates, or the first 2 years of dyslipidemia diagnosis. Medication 
possession ratio (MPR) was used to determine statin compli-
ance, which is calculated by dividing the cumulative daily de-
fined dose during the 3 years by the difference between the last 
and first prescription dates [9].

Depression was defined as having visited the outpatient psy-
chiatry department at least twice or hospitalized at least once 
due to ICD-10 codes for depression (F32, F33). The definition 
of depression was adapted from another study [10]. CVD was 
defined when a participant was hospitalized for at least 2 days 
or died due to CVD, which was adapted from previous studies 
that used the NHIS database [11,12]. CVD included CHD 
(ICD-10 codes I20–I25) and stroke (ICD-10 codes I60–I69). 
The ICD-10 codes pertaining to CVD, CHD, and stroke were 
adapted from the American Heart Association guidelines [1].

Statistical analysis
Chi-square tests and t-tests were conducted to determine the 
difference in proportions of descriptive characteristics accord-
ing to depression for men and women. Cox proportional haz-
ards regression analysis was used to determine the adjusted 
hazard ratios (aHRs) and 95% confidence intervals (CIs) for 
CVD risk according to pre-existing depression before dyslipid-
emia diagnosis. Upon analysis, the considered covariates in-
cluded age (continuous, years), sex (categorical, men and 
women), household income (categorical, 1st, 2nd, 3rd, and 4th 
quartiles), smoking (categorical, never, past, and current 
smokers), alcohol consumption (categorical, none, <1, 1 to 2, 
3 to 4, and ≥5 times per week), physical activity (categorical, 
none, 1 to 2, 3 to 4, 5 to 6, and 7 times per week), body mass in-
dex (continuous, kg/m2), systolic blood pressure (continuous, 
mm Hg), fasting serum glucose (continuous, mg/dL), total 
cholesterol (continuous, mg/dL), statin compliance (continu-
ous, MPR), Charlson comorbidity index (continuous), and in-
dex year (continuous). Household income was determined by 
the insurance premium and body mass index by dividing the 
weight in kilograms by height in meters squared.

Two stratified analyses were conducted. First, the association 
of depression on CVD among newly diagnosed dyslipidemia 
patients were determined according to subgroups of high 
(MPR ≥0.8), medium (0.5 to 0.7), and low (<0.5) statin com-
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pliance. Second, a separate subgroup analysis was conducted 
for subgroups of smoking, physical activity, alcohol consump-
tion, and body mass index on the association of depression on 
CVD. A sensitivity analysis on the association of pre-existing 
depression on CVD according to non-fatal and fatal CVD was 
conducted. Furthermore, another sensitivity analysis was con-
ducted by examining CVD risk according to depression 
among dyslipidemia patients with MPR of 0.5 or higher. Final-
ly, the association of pre-existing depression on the risk of 
CVD was determined after propensity score matching with 
consideration of all covariates. Using a caliper of 0.2 times the 
standard deviation of the logit propensity score, a matching ra-
tio of 1:1 was used.

Statistical significance was defined as a P value of <0.05 in a 
two-sided manner. All data analyses were conducted using 
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Fig. 1 shows the flow diagram of the study population. Among 
83,795 newly diagnosed dyslipidemia patients aged 40 years or 
older with health screening data during 2003 to 2012, we ex-
cluded 8,582 and 177 patients diagnosed with CVD or who 
died before the index date or within 2 years after dyslipidemia 
diagnosis. Furthermore, 2,801 patients with missing values on 
covariates were excluded, resulting in a study population of 
72,235 participants. All patients were detected for depression 
within 3 years before the diagnosis date for dyslipidemia. The 
index date was set at 2 years after the diagnosis date for each 
patient, starting from which all participants were followed up 

for CVD until the date of death or 31 December 2015.
Table 1 depicts the descriptive characteristics of the study 

population. The number of dyslipidemia patients without and 
with depression were 31,590 and 772 for men and 37,857 and 
2,016 for women, respectively. The mean±standard deviation of 
age for non-depressed and depressed participants were 58.0± 
8.4 and 60.3±9.2 years for men and 60.4±8.2 and 62.0±8.4 
years for women, respectively. Among men, depressed patients 
were older, consume less alcohol, have lower body mass index, 
systolic blood pressure, fasting serum glucose, and have more 
comorbidities compared to those without depression (all P< 
0.05).

The association of pre-existing depression on CVD among 
dyslipidemia patients is shown in Table 2. Compared to pa-
tients without depression, those with depression had higher 
risk for CVD (aHR, 1.24; 95% CI, 1.09 to 1.41). There was a 
tendency towards elevated risk for CHD among depressed pa-
tients compared to those without depression (aHR, 1.20; 95% 
CI, 1.00 to 1.44). Similarly, patients with depression had in-
creased risk for stroke (aHR, 1.27; 95% CI, 1.06 to 1.53) com-
pared to those without depression. For men and women, the 
aHR for CVD among depression patients were 1.18 (95% CI, 
0.94 to 1.49) and 1.26 (95% CI, 1.07 to 1.48), respectively. As 
shown in Supplementary Table 1, depression was associated 
with higher risk for non-fatal CVD (aHR, 1.25; 95% CI, 1.10 to 
1.43). Moreover, there was a risk-increasing association of de-
pression for CVD risk (aHR, 1.28; 95% CI, 1.04 to 1.58) among 
dyslipidemia patients with MPR of 0.5 or higher (Supplemen-
tary Table 2). Finally, Supplementary Table 3 depicts that de-
pression was associated with higher risk for CVD (aHR, 1.39; 
95% CI, 1.13 to 1.72) after propensity score matching for all 
covariates.

Table 3 depicts the relationship between depression and 
CVD according to subgroups of statin medication compliance. 
Compared to patients without depression, depressed patients 
tended to have higher risk for CVD among those with high 
(aHR, 1.42; 95% CI, 1.06 to 1.90), medium (aHR, 1.17; 95% CI, 
0.91 to 1.52), and low (aHR, 1.25; 95% CI, 1.05 to 1.50) statin 
compliance. The stratified analysis of the association of depres-
sion on CVD according to subgroups of lifestyle behaviors is 
shown in Table 4. There was a tendency towards increased risk 
among depressed participants for CVD according to subgroups 
of smoking, alcohol consumption, physical activity, and body 
mass index.

Fig. 1. Flow diagram of the study population.

83,795 Newly diagnosed  
dyslipidemia patients during 

years 2003–2013

72,235 Study population

Excluded
8,582  Cardiovascular disease before 

index date
   177  Death before index date
2,801 Missing covariates 
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DISCUSSION

In our study, we demonstrated that newly diagnosed dyslipid-

emia patients with pre-existing depression had higher risk for 
CVD. This association held true regardless of statin compli-
ance, smoking, alcohol consumption, and physical activity. To 

Table 1. Descriptive characteristics of the study population

Characteristic
Men Women

No depression Depression P value No depression Depression P value

No. of people 31,590 772 37,857 2,016

Age, yr 58.0±8.4 60.3±9.2 <0.001 60.4±8.2 62.0±8.4 <0.001

Household income, quartiles

   1st (highest) 12,893 (40.8) 302 (39.1) 0.051 11,414 (30.2) 678 (33.6) 0.001

   2nd 9,365 (29.7) 207 (26.8) 10,995 (29.0) 597 (29.6)

   3rd 5,727 (18.1) 161 (20.9) 8,572 (22.6) 413 (20.5)

   4th (lowest) 3,605 (11.4) 102 (13.2) 6,876 (18.2) 328 (16.3)

Smoking status

   Never smoker 12,943 (41.0) 326 (42.2) 0.394 36,916 (97.5) 1,956 (97.0) 0.368

   Past smoker 9,851 (31.2) 223 (28.9) 201 (0.8) 18 (0.9)

   Current smoker 8,796 (27.8) 223 (28.9) 640 (1.7) 42 (2.1)

Physical activity, time/wk

   None 13,196 (41.8) 328 (42.5) 0.228 21,187 (56.0) 1,134 (56.3) 0.872

   1–2 9,375 (29.7) 226 (29.3) 7,645 (20.2) 408 (20.2)

   3–4 5,247 (16.6) 115 (14.9) 4,743 (12.5) 258 (12.8)

   5–6 1,990 (6.3) 46 (6.0) 2,050 (5.4) 98 (4.9)

   7 1,782 (5.6) 57 (7.4) 2,232 (5.9) 118 (5.9)

Alcohol consumption, time/wk

   None 11,743 (37.2) 354 (45.9) <0.001 31,943 (84.4) 1,737 (86.2) 0.218

   <1 6,701 (21.2) 175 (22.7) 4,094 (10.8) 201 (10.0)

   1–2 6,668 (21.1) 126 (16.3) 1,159 (3.1) 49 (2.4)

   3–4 4,374 (13.9) 73 (9.5) 449 (1.2) 21 (1.0)

   ≥5 2,104 (6.7) 44 (5.7) 212 (0.6) 8 (0.4)

Body mass index, kg/m2 24.8±2.7 24.2±2.7 <0.001 24.6±3.1 24.5±3.1 0.192

Systolic blood pressure, mm Hg 127.8±14.5 126.4±14.0 0.009 126.3±15.8 125.2±15.5 0.003

Fasting serum glucose, mg/dL 107.9±31.8 103.7±23.6 <0.001 101.3±26.2 101.9±24.6 0.293

Total cholesterol, mg/dL 200.0±45.8 197.6±45.1 0.141 210.0±45.7 204.5±45.3 <0.001

Statin MPR 0.4±0.4 0.4±0.4 0.840 0.4±0.3 0.5±0.4 <0.001

Charlson comorbidity index 

   ≤1 14,167 (44.9) 212 (27.5) <0.001 13,901 (36.7) 396 (19.6) <0.001

   2 7,537 (23.9) 167 (21.6) 9,507 (25.1) 465 (23.1)

   3 4,899 (15.5) 150 (19.4) 6,943 (18.3) 420 (20.8)

   ≥4 4,987 (15.8) 243 (31.5) 7,506 (19.8) 735 (36.5)

Values are presented as mean±standard deviation or number (%). P value calculated by chi-square test for categorical variables and t-test for 
continuous variables.
MPR, medication possession ratio.
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our knowledge, this is the first study to investigate the associa-
tion between pre-diagnosis depression and CVD among newly 

diagnosed dyslipidemia patients.
Multiple previous studies have investigated the association 

Table 2. Hazard ratios for cardiovascular disease according to depression within 3 years before diagnosis for dyslipidemia

Variable
Total Men Women

No depression Depression No depression Depression No depression Depression

Cardiovascular disease

   Events 4,891 239 2,481 78 2,410 161

   Person-years 362,340 13,065 164,155 3,636 198,185 9,428

   aHR (95% CI)a 1.00 (reference) 1.24 (1.09–1.41) 1.00 (reference) 1.18 (0.94–1.49) 1.00 (reference) 1.26 (1.07–1.48)

Coronary heart disease

   Events 2,655 121 1,477 43 1,178 78

   Person-years 362,340 13,065 164,155 3,636 198,185 9,428

   aHR (95% CI)a 1.00 (reference) 1.20 (1.00–1.44) 1.00 (reference) 1.10 (0.81–1.49) 1.00 (reference) 1.26 (1.00–1.58)

Stroke

   Events 2,302 120 1,043 36 1,259 84

   Person-years 362,340 13,065 164,155 3,636 198,185 9,428

   aHR (95% CI)a 1.00 (reference) 1.27 (1.06–1.53) 1.00 (reference) 1.30 (0.93–1.82) 1.00 (reference) 1.24 (1.00–1.55)

aHR, adjusted hazard ratio; CI, confidence interval.
aHazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking, physical 
activity, alcohol consumption, body mass index, systolic blood pressure, total cholesterol, fasting serum glucose, statin compliance, Charlson 
comorbidity index and index year.

Table 3. Stratified analysis on the association of depression within 3 years before dyslipidemia diagnosis on cardiovascular disease 
according to subgroups of statin medication compliance

Variable

Adjusted hazard ratio (95% confidence interval)a

Cardiovascular disease Coronary heart disease Stroke

No depression Depression No depression Depression No depression Depression

Total

   MPR ≥0.8 1.00 (reference) 1.42 (1.06–1.90) 1.00 (reference) 1.40 (0.94–2.08) 1.00 (reference) 1.35 (0.89–2.04)

   MPR 0.5–0.7 1.00 (reference) 1.17 (0.91–1.52) 1.00 (reference) 1.12 (0.79–1.59) 1.00 (reference) 1.10 (0.76–1.59)

   MPR <0.5 1.00 (reference) 1.25 (1.05–1.50) 1.00 (reference) 1.14 (0.88–1.47) 1.00 (reference) 1.29 (1.01–1.65)

Men

   MPR ≥0.8 1.00 (reference) 1.77 (1.14–2.74) 1.00 (reference) 1.71 (0.98–3.00) 1.00 (reference) 1.89 (1.00–3.60)

   MPR 0.5–0.7 1.00 (reference) 1.15 (0.74–1.81) 1.00 (reference) 0.89 (0.48–1.68) 1.00 (reference) 1.44 (0.78–2.65)

   MPR <0.5 1.00 (reference) 1.03 (0.73–1.46) 1.00 (reference) 0.93 (0.59–1.46) 1.00 (reference) 1.19 (0.73–1.93)

Women

   MPR ≥0.8 1.00 (reference) 1.22 (0.82–1.80) 1.00 (reference) 1.15 (0.65–2.03) 1.00 (reference) 1.11 (0.65–1.92)

   MPR 0.5–0.7 1.00 (reference) 1.19 (0.87–1.63) 1.00 (reference) 1.28 (0.84–1.96) 1.00 (reference) 0.95 (0.60–1.52)

   MPR <0.5 1.00 (reference) 1.33 (1.08–1.65) 1.00 (reference) 1.24 (0.91–1.69) 1.00 (reference) 1.32 (0.99–1.75)

MPR, medication possession ratio.
aHazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking, physical 
activity, alcohol consumption, body mass index, systolic blood pressure, total cholesterol, fasting serum glucose, Charlson comorbidity index, 
and index year.
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of depression on CVD within the general population. In a sys-
tematic review and meta-analysis on the link between depres-
sion and CVD risk, Van der Kooy et al. [5] determined that de-
pression was associated with higher risk for myocardial infarc-
tion (adjusted odds ratio [aOR], 1.60; 95% CI, 1.34 to 1.92), 
CHD (aHR, 1.48; 95% CI, 1.29 to 1.69), stroke (aOR, 1.43; 95% 
CI, 1.17 to 1.75), and CVD (aOR, 1.63; 95% CI, 1.26 to 2.12) 
[5]. In another study investigating the association between 
mental disorders and CVD, Goodwin et al. [13] showed that 
major depression was associated with higher risk for CVD 
among the general population (aOR, 1.22; 95% CI, 1.00 to 
1.58). Finally, another meta-analysis from 54 observational 
studies by Nicholson et al. [6] also depicted that depression 
was associated with increased risk of CHD (relative risk, 1.81; 
95% CI, 1.53 to 2.15). The results from our study further adds 
to those of previous reports by demonstrating that the risk-in-
creasing effect of depression on CVD also held true for dyslip-
idemia patients.

The two primary pathways that could explain the relation-
ship between depression and elevated CVD risk are the hypo-
thalamic-pituitary-adrenal axis [14,15] and autonomic ner-
vous system [16-21]. Furthermore, an additional pathway that 
could have played a role in the risk-increasing effect of depres-

sion on CVD among dyslipidemia patients is lipid metabolism. 
Previously, a number of studies have shown that depression 
was associated with deteriorating lipid control and higher risk 
of dyslipidemia. In 2010, van Reedt Dortland et al. [22] ex-
plored the association of depression and anxiety on metabolic 
syndrome. They found that very severe depression was associ-
ated with higher prevalence of metabolic syndrome (aOR, 
2.21; 95% CI, 1.06 to 4.64) [22]. Furthermore, it was revealed 
that hypertriglyceridemia and low high density lipoprotein 
(HDL) cholesterol both contributed significantly to the associ-
ation between depression and metabolic syndrome [22]. In an-
other study, it was also shown that initial higher depression se-
verity was associated with reduced HDL levels after 2 years 
[23]. In addition to the deteriorating lipid metabolism upon 
depression depicted in previous studies, we were able to dem-
onstrate that pre-existing depression among newly diagnosed 
dyslipidemia patients was also associated with higher risk for 
CVD, a major complication of worsening lipid metabolism.

Outside of lipid control, one other primary factor that could 
affect the relationship between depression and CVD is medica-
tion compliance. In a meta-analysis on the association of de-
pression on medication compliance, DiMatteo et al. [24] dem-
onstrated that depression was significantly associated with 

Table 4. Stratified analysis on the association of depression within 3 years before dyslipidemia diagnosis on cardiovascular disease 
according to subgroups of smoking, physical activity, alcohol consumption, and body mass index

Variable

Adjusted hazard ratio (95% confidence interval)a

Cardiovascular disease Coronary heart disease Stroke

No depression Depression No depression Depression No depression Depression

Smoking

   Never smoker 1.00 (reference) 1.28 (1.10–1.48) 1.00 (reference) 1.26 (1.02–1.55) 1.00 (reference) 1.27 (1.04–1.56)

   Past or current smoker 1.00 (reference) 1.11 (0.82–1.51) 1.00 (reference) 1.04 (0.69–1.56) 1.00 (reference) 1.26 (0.81–1.95)

Physical activity

   No 1.00 (reference) 1.23 (1.04–1.46) 1.00 (reference) 1.24 (0.97–1.57) 1.00 (reference) 1.23 (0.97–1.57)

   Yes 1.00 (reference) 1.26 (1.03–1.54) 1.00 (reference) 1.16 (0.88–1.54) 1.00 (reference) 1.33 (1.00–1.78)

Alcohol consumption

   No 1.00 (reference) 1.23 (1.06–1.42) 1.00 (reference) 1.18 (0.96–1.46) 1.00 (reference) 1.26 (1.03–1.55)

   Yes 1.00 (reference) 1.32 (1.00–1.75) 1.00 (reference) 1.33 (0.91–1.94) 1.00 (reference) 1.30 (0.86–1.95)

Body mass index, kg/m2

   <25.0 1.00 (reference) 1.29 (1.09–1.53) 1.00 (reference) 1.10 (0.84–1.43) 1.00 (reference) 1.46 (1.16–1.83)

   ≥25.0  1.00 (reference) 1.18 (0.96–1.44) 1.00 (reference) 1.31 (1.01–1.69) 1.00 (reference) 1.02 (0.74–1.40)
aHazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking, physical 
activity, alcohol consumption, body mass index, systolic blood pressure, total cholesterol, fasting serum glucose, statin compliance, Charlson 
comorbidity index, and index year.
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higher risk for medical treatment noncompliance (aOR, 3.03; 
95% CI, 1.96 to 4.89). This is particularly relevant in our study, 
as our study population consisted of dyslipidemia patients who 
were prescribed statin medications. Therefore, it could be ar-
gued that the risk-increasing effect of depression on CVD 
could partly be due to the possible low adherence to statins of 
depressed dyslipidemia patients [25]. In order to account for 
this, we conducted a subgroup analysis according to statin 
compliance determined by MPR and demonstrated that de-
pression was associated with elevated CVD risk among sub-
groups of low, middle, and high statin compliance. The higher 
risk observed for depression patients among those with MPR 
of 0.8 or higher can be explained by the fact that this risk as-
sessment was conducted among those with higher statin com-
pliance only, thus removing the possible CVD risk-increasing 
effect of non-compliance [26] and accentuating the risk-in-
creasing effect of depression on CVD [6].

Depression has also previously been linked to increased 
smoking and alcohol consumption, obesity, and lower physical 
activity rates [27]. Therefore, such lifestyle factors could act as 
important confounders in the relationship between depression 
and CVD. As such, we conducted multiple subgroup analyses 
according to subgroups of smoking, alcohol, physical activity, 
and obesity. In our study, we showed that dyslipidemia patients 
with depression had higher CVD risk among most subgroups 
of smoking, alcohol, physical activity, and body mass index. 
The higher risk observed for depression patients among never 
smokers may be due to the fact that this particular subgroup is 
composed of those not exposed to the potential confounding 
effect of smoking [28], and are thus perhaps more prone to the 
risk-increasing effect of depression on CVD [5].

Several limitations must be considered upon interpreting 
the results from our study. First, depression was determined by 
using ICD-10 codes from a claims database and is not thus 
verified by medical records, which may have led to reduced ac-
curacy of depression diagnosis. Although a number of previ-
ous studies also used ICD-10 codes to define depression in a 
similar manner [10,29], future studies that use a more accurate 
definition of depression are needed. Second, depression was 
only determined 3 years prior to dyslipidemia diagnosis. 
Therefore, whether dyslipidemia patients were diagnosed with 
depression after diagnosis was not considered and merit fur-
ther studies. Third, the definition of CVD could not be validat-
ed by medical records. Although the operational definition for 
CVD was adopted from previous studies that also used the 

NHIS database [11,12], future studies with a narrower defini-
tion of CVD, perhaps by using procedural codes for cardiovas-
cular interventions or coronary artery bypass grafting opera-
tions are needed. Fourth, we could not adjust for certain po-
tential confounders such as education due to the lack of infor-
mation. We attempted to compensate for this by adjusting for 
household income, which could act as a surrogate marker for 
education. Finally, this study was limited to Korean citizens of 
Asian ethnicity. Future studies that use a more diverse study 
population are needed to further validate the findings from 
this study.

Nonetheless, our study has a number of strengths. First, our 
study population consisted of newly diagnosed dyslipidemia 
patients, a group that has not previously been studied on the 
relationship between depression and CVD. Second, we at-
tempted to enhance the validity of our findings by adjusting 
for a wide range of covariates, particularly lifestyle factors and 
statin medication compliance. Third, the longitudinal nature 
of our study design and relatively large study population fur-
ther increases the reliability of our findings. Specifically, previ-
ous reports have suggested that subclinical CVD may precede 
depression rather than depression being a risk factor for CVD 
[30,31]. We attempted to highlight the cause-and-effect rela-
tionship of depression preceding CVD by excluding depres-
sion patients diagnosed with CVD within the first 2 years after 
dyslipidemia diagnosis.

In conclusion, dyslipidemia patients with pre-existing de-
pression had higher risk for CVD. Future studies that deter-
mine whether depression management among dyslipidemia 
patients is associated with reduced CVD risk are needed to 
validate our findings.
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Supplementary Table 1. Sensitivity analysis on the association of depression within 3 years before dyslipidemia diagnosis on 
CVD according to non-fatal and fatal CVD outcomes

Variable
Total Men Women

No depression Depression No depression Depression No depression Depression

Non-fatal CVD

   Events 4,781 236 2,406 77 2,375 159

   Person-years 362,340 13,065 164,155 3,636 198,185 9,428

   aHR (95% CI)a 1.00 (reference) 1.25 (1.10–1.43) 1.00 (reference) 1.21 (0.97–1.53) 1.00 (reference) 1.26 (1.07–1.48)

Fatal CVD

   Events 290 8 169 4 121 4

   Person-years 362,340 13,065 164,155 3,636 198,185 9,428

   aHR (95% CI)a 1.00 (reference) 0.71 (0.35–1.44) 1.00 (reference) 0.75 (0.28–2.03) 1.00 (reference) 0.69 (0.25–1.88)

CVD, cardiovascular disease; aHR, adjusted hazard ratio; CI, confidence interval.
aHazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking, physical 
activity, alcohol consumption, body mass index, systolic blood pressure, total cholesterol, fasting serum glucose, statin compliance, Charlson 
comorbidity index, and index year.
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Supplementary Table 2. Sensitivity analysis on the association of depression within 3 years before dyslipidemia diagnosis on car-
diovascular disease among those with statin medication possession ratio of 0.5 or higher

Variable
Total Men Women

No depression Depression No depression Depression No depression Depression

Cardiovascular disease

   Events 1,843 95 903 28 940 67

   Person-years 128,390 4,932 57,593 1,316 70,796 3,616

   aHR (95% CI)a 1.00 (reference) 1.28 (1.04–1.58) 1.00 (reference) 1.16 (0.79–1.69) 1.00 (reference) 1.35 (1.05–1.73)

Coronary heart disease

   Events 1,034 54 569 17 465 37

   Person-years 128,390 4,932 57,593 1,316 70,796 3,616

   aHR (95% CI)a 1.00 (reference) 1.35 (1.02–1.78) 1.00 (reference) 1.12 (0.69–1.82) 1.00 (reference) 1.50 (1.07–2.11)

Stroke

   Events 838 42 350 11 488 31

   Person-years 128,390 4,932 57,593 1,316 70,796 3,616

   aHR (95% CI)a 1.00 (reference) 1.20 (0.88–1.64) 1.00 (reference) 1.18 (0.65–2.16) 1.00 (reference) 1.20 (0.83–1.73)

aHR, adjusted hazard ratio; CI, confidence interval.
aHazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking, physical 
activity, alcohol consumption, body mass index, systolic blood pressure, total cholesterol, fasting serum glucose, statin compliance, Charlson 
comorbidity index, and index year.
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Supplementary Table 3. Sensitivity analysis on the association of depression within 3 years before dyslipidemia diagnosis on car-
diovascular disease after propensity score matching

Variable
Cardiovascular disease Coronary heart disease Stroke

No depression Depression No depression Depression No depression Depression

Events 188 239 82 121 111 120

Person-years 11,653 13,065 11,653 13,065 11,653 13,065

aHR (95% CI)a 1.00 (reference) 1.39 (1.13–1.72) 1.00 (reference) 1.53 (1.12–2.10) 1.00 (reference) 1.26 (0.95–1.67)

aHR, adjusted hazard ratio; CI, confidence interval.
aHazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking, physical 
activity, alcohol consumption, body mass index, systolic blood pressure, total cholesterol, fasting serum glucose, statin compliance, Charlson 
comorbidity index, and index year.


