
INTRODUCTION

Acute coronary syndrome (ACS) is strongly related to a 
higher risk of suicide,1 and understanding the pathophysiol-
ogy of suicide in ACS is important. Several biological mecha-
nisms have been proposed to explain the pathophysiology of 
suicide.2 Brain-derived neurotrophic factor (BDNF) affects 
both neuroplasticity and neurotransmission and has been 
widely investigated in the context of suicide. In several stud-
ies, reduced levels of BDNF, or alterations in the BDNF allele, 
have been associated with suicidality.3,4 Additionally, BDNF 
may play an important role in atherosclerosis and the revas-
cularization of ischemic tissue, with studies finding reduced 
BDNF levels in ACS patients.5 Together, these associations 
suggest that BDNF could affect suicidality in ACS patients.
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Epigenetic mechanisms regulate gene expression in re-
sponse to environmental stimuli without changing nucleo-
tide sequences. These mechanisms are thought to be capable 
of explaining complex phenomena, including suicidality.6 
Epigenetic modifications of BDNF expression may provide 
an alternative explanation for predictors of suicide in ACS 
patients, as these modifications reflect interactions between 
BDNF gene expression and environmental stressors, such as 
the ACS event. Methylation of the BDNF gene has been in-
vestigated in relation to suicidal behavior in general depres-
sion,7,8 because BDNF hypermethylation was associated with 
reduced BDNF expression.8 However, there have been no 
studies evaluating the association between BDNF expression 
and suicidal behavior in ACS patients.

Suicidal behavior includes completed suicide, attempted 
suicide, and SI. SI is known to be crucial predictor of future 
suicide attempts and these thoughts themselves can cause a 
considerable burden.9 Therefore, this study focuses on SI in 
ACS patients. Using the data from an ACS cohort, this study 
aimed to investigate the longitudinal association between SI 
and BDNF methylation status. 
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METHODS 

This study was conducted as part of a prospective study of 
ACS patients, named the Korean DEPression in ACS (K-
DEPACS) study, which included a nested double-blind, ran-
domized placebo-controlled trial: the Escitalopram for DE-
Pression in ACS (EsDEPACS) study. The recruitment process 
for both studies has been described in a previous publication10 
and is reiterated in Supplementary Figure 1 (in the online-
only Data Supplement). Written informed consents and ap-
proval by the Chonnam National University Hospital Institu-
tional Review Board were obtained. 

ACS patients recently admitted to the cardiology depart-
ment were approached to participate. Those who consented 
to both participation and blood sampling (n=969) comprised 
the acute phase sample. All acute phase participants were re-
approached at 1 year to assess SI status during the chronic 
post-ACS phase. Of 969 patients, 711 (73%) were successfully 
recruited after 1 year. There were no significant differences in 
characteristics between patients lost to follow-up and chronic-
phase participants, apart from an older mean age and higher 
Killip class (p<0.05). 

SI was evaluated using the suicidal thoughts item of the 
Montgomery-Åsberg Depression Rating Scale (MADRS-ST). 
SI was evaluated within 2 weeks of the index acute coronary 
event, and at the 1-year follow-up.11 The presence of SI was de-
termined by a score of 2 (fleeting suicidal thoughts) or more, 
as described in previous studies.12 Depression, sociodemo-
graphic, and cardiovascular characteristics potentially associ-
ated with SI in ACS patients13 were investigated as covariates 
within 2 weeks of the index event, as described in Supplemen-
tary Table 1 (in the online-only Data Supplement). 

BDNF methylation status was determined using the PSQ 
96M Pyrosequencing System (Biotage AB, Uppsala, Sweden) 
and Pyro Q-CpG software (ver. 1.0.9; Biotage AB) with DNA 
taken from leukocytes. Methylation was assessed in a cyto-
sine-guanine (CpG)-rich area lying between -612 and -463 
relative to the transcriptional start of exon VII that included 
nine CpG sites (Supplementary Figure 2 in the online-only 
Data Supplement). This region has been reported to corre-
spond to an analogous region in rat BDNF that is differen-
tially methylation and associated with BDNF messenger 
RNA expression14 and because it has been investigated in pre-
vious psychiatric studies.15,16 CpG sites 2, 4, and 6 were ex-
cluded from the analysis as these sites showed 100% methyl-
ation in all participants. Thus, the methylation percentages at 
the six individual CpG sites, and the average value of all sites, 
were used in the analysis. 

 

Statistical analysis
Demographic and clinical variables were compared accord-

ing to SI status in both the acute and chronic ACS phases us-
ing t-tests or χ2 tests. Variables significantly associated with 
SI (p<0.05) were included as covariates in further adjusted 
regression models. Analyses of the association between BDNF 
methylation at individual CpG sites and SI, in both the acute 
and chronic disease phases, were evaluated using t-tests. The 
independent associations between the SI and methylation sta-
tus were calculated using logistic regression models after ad-
justing for covariates. Treatment with antidepressants was also 
included as a covariate in the follow-up analysis, in line with 
previous studies.13 Bonferroni’s correction was used to main-
tain an overall type 1 error rate of 0.05 in the context of seven 
comparisons (six CpG sites and the average value of all sites). 
A two-sided p-value of 0.007 (0.05/7) was taken to indicate 
statistical significance. All analyses were conducted using SPSS 
software (ver. 21.0; IBM Corp., Armonk, NY, USA).

 
RESULTS 

The BDNF methylation percentages of individual CpG sites, 
and the average value of all sites, were compared according 
to SI status at 2 weeks and 1 year after ACS (Table 1). Hyper-
methylation at five individual CpG sites (excluding CpG site 
7), and the average value, were significantly associated with SI 
within 2 weeks of the acute coronary event. Hypermethylation 
of CpG sites 1 and 3, and the average value, were significantly 
associated with SI at 1 year following ACS. After Bonferroni 
correction, all acute-phase associations, except between the 
hypermethylation of CpG site 3 and SI, remained statistically 
significant. All chronic-phase associations remained statisti-
cally significant after Bonferroni correction.

The association between BDNF methylation and SI after 
covariate adjustment is presented in Table 1. The statistical 
significance of the association between hypermethylation of 
CpG site 9, and the average value, with SI within 2 weeks af-
ter ACS was lost after applying the Bonferroni correction (p= 
0.0078–0.008). However, the significant association between 
hypermethylation of CpG site 1 and SI at 1 year after ACS re-
mained after correction. 

DISCUSSION 

This was the first study to explore longitudinal epigenetic 
vulnerability to SI in an ACS patient population. The data pre-
sented herein suggest that BDNF hypermethylation may pre-
dispose ACS patients to SI during both the acute and chronic 
phase, although the acute-phase association was not statisti-
cally significant after applying Bonferroni’s correction. 
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BDNF Methylation and SI after ACS

BDNF is important for neuroplasticity and neurotransmis-
sion, and hypermethylation has been associated with down-
regulation of BDNF expression.8 The BDNF hypermethyl-
ation seen in this study may have resulted in decreased BDNF 
expression, impairing neural maintenance and neural plastici-
ty. In turn, this may have led to a reduced ability to adapt to 
stressful situations and an increased risk of SI in ACS patients. 
Additionally, BDNF has been shown to directly interact with 
serotonin transportation in humans.17 A hypermethylation-
induced reduction in BDNF expression was associated with 
a reduction in the function of serotonin. Abnormal levels of 
serotonin are well-known to mediate suicide risk.2 Further 
studies investigating the exact mechanisms by which BDNF 
hypermethylation is associated with SI are needed, including 
direct measurement of BDNF expression levels.

In this study, BDNF hypermethylation was associated with 
SI at 1 year after the ACS event, but not within 2 weeks after 
ACS. These findings reflect the fact that SI in ACS patients 
has a number of possible etiologies, where these vary accord-
ing to the time after ACS diagnosis. In the acute phase, over-
whelmed physiological and psychological responses, includ-
ing heightened inflammatory or stress responses, may drive 
SI. However, during the chronic phase, BDNF hypermethyl-
ation may take on a more important role. This hypothesis is 
supported by several previous publications that outline the de-
terminants of SI according to the time elapsed after the ACS 
event.13 

This is the first prospective investigation to evaluate epi-
genetic influences on SI in patients following ACS. Epigenetic 
modification is a crucial transducer of environmental influ-
ence;6 thus, epigenetic factors may predict complex phenom-
ena such as suicidality. This study is consistent with previous 
publications reporting that BDNF hypermethylation was as-
sociated with suicide in the postmortem brain,7 as well as with 

SI in patients with depression and breast cancer.8,18 Although 
methylation status might differ by organ system, expression 
or methylation of BDNF in the central nervous system and 
blood stream are thought to be correlated due to the ability of 
BDNF to cross the blood-brain barrier.19 Therefore, our find-
ings suggest that BDNF hypermethylation in the peripheral 
blood may be a biological marker of SI, particularly in ACS 
patients. There were several additional strengths and limita-
tions to the current study that should be considered; these are 
further outlined in the Supplementary Materials (in the on-
line-only Data Supplement). 

In conclusion, the data presented herein show that BDNF 
hypermethylation measured at acute phase of ACS predicted 
SI at 1 year later. BDNF methylation status could be a bio-
marker for suicidality in ACS, although the finding should 
be replicated. Future studies are needed to examine whether 
new drug that modulates methylation status may contribute 
to decrease SI in ACS patients, since DNA methylation is 
known to be reversible by pharmacological agents. We believe 
that our study serve the basis for epigenetic mechanisms in 
the etiology of SI in ACS. 

Supplementary Materials
The online-only Data Supplement is available with this ar-

ticle at https://doi.org/10.30773/pi.2018.09.20.
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SUPPLEMENTARY MATERIALS

Strengths and Limitations

There are several important considerations when interpreting the present findings. First, SI was evaluated according to the sui-
cide-related items on the MADRS, rather than via an instrument assessing SI separately from depressed mood. Nevertheless, esti-
mation of SI from the MADRS is a well-validated approach that has been used in previous studies.1 Second, the dependent out-
come of these analyses was SI, and not suicidal behavior. The majority of previous epigenetic studies on suicide have been 
performed in patients who have attempted or completed suicide.2 However, SI is known to be a predictor of more severe suicidal 
behavior, including future suicide attempts.3 Moreover, irrespective of the presence of a suicide attempt, the inherent burden of SI 
is considerable.4 For these reasons, it is logical to investigate the association between BDNF methylation and SI in ACS patients, 
but it is difficult to generalize these findings to suicidal behavior overall. Third, patients lost to follow-up were older and had worse 
cardiac function in this study. Death from suicide was not recorded in those lost to follow-up. These disadvantages may contribute 
to the results of the follow-up analyses. Finally, the present study investigated a limited number of CpG sites in BDNF exon VI, 
without measuring of the expression level of BDNF. This limitation may have skewed associations toward null findings, masking 
differences between the groups and rendering it difficult to ascertain both the functional effects of BDNF methylation and any 
change in the longitudinal associations between BDNF methylation and SI. 

The present study also had several strengths. It was the first prospective investigation to evaluate the epigenetic factors associat-
ed with SI in ACS patients; moreover, SI and other covariates associated with SI were assessed at similar time points (within 2 
weeks and 1 year after ACS) and in a large number of patients. This reduced the potential for heterogeneity associated with differ-
ences in assessment time after ACS. Finally, participants were enrolled successively from a pool of eligible patients, all of whom 
were hospitalized for treatment of recent ACS. This reduced the probability of selection bias and increased the generalizability of 
the findings.
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Supplementary Table 1. Baseline sociodemographic and clinical characteristics by suicidal ideation status

Baseline sample (N=969) Follow-up sample (N=711)
No suicidal 

ideation
(N=774)

Suicidal 
ideation
(N=195)

p-value†

No suicidal 
ideation
 (N=624)

Suicidal 
ideation
 (N=87)

p-value†

Socio-demographic characteristics
Age, mean (SD) years 58.0 (11.3) 58.9 (10.6) 0.315 57.6 (10.7) 57.4 (11.1) 0.855
Sex, N (%) female 201 (26.0) 68 (34.9) 0.013* 163 (26.1) 33 (37.9) 0.021*
Education, mean (SD) year 10.0 (4.7) 9.1 (4.4) 0.012* 10.0 (4.6) 9.2 (4.8) 0.118
Living alone, N (%) yes 71 (9.2) 21 (10.8) 0.497 49 (7.9) 11 (12.6) 0.132
Housing, N (%) rented 109 (14.1) 41 (21.0) 0.017* 102 (16.3) 20 (23.0) 0.124
Currently unemployed, N (%) 279 (36.0) 89 (45.6) 0.014* 213 (34.1) 38 (43.7) 0.081

Depression characteristics, N (%)
Previous depression 19 (2.5) 15 (7.7) <0.001* 24 (3.8) 6 (6.9) 0.247
Family history of depression 15 (1.9) 8 (4.1) 0.108 14 (2.2) 6 (6.9) 0.026*
DSM-IV depression 221 (28.6) 157 (80.5) <0.001* 232 (37.2) 53 (60.9) <0.001*

Cardiac risk factors, N (%)
Previous ACS 30 (3.9) 9 (4.6) 0.639 25 (4.0) 6 (6.9) 0.255
Family history of ACS 24 (3.1) 7 (3.6) 0.729 18 (2.9) 6 (6.9) 0.103
Hypertension 360 (46.5) 98 (50.3) 0.349 282 (45.2) 42 (48.3) 0.588
Diabetes mellitus 144 (18.6) 47 (24.1) 0.085 118 (18.9) 24 (27.6) 0.058
Hypercholesterolemia 384 (49.6) 102 (52.3) 0.501 333 (53.4) 50 (57.5) 0.472
Obesity 341 (44.1) 74 (37.9) 0.123 280 (44.9) 35 (40.2) 0.414
Current smoker 297 (38.4) 69 (35.4) 0.442 247 (39.6) 33 (37.9) 0.768

Current cardiac status
Killip class >1, N (%) 132 (17.1) 36 (18.5) 0.643 101 (16.2) 13 (14.9) 0.767
LVEF, mean (SD) % 61.2 (11.4) 61.1 (10.8) 0.911 61.4 (11.0) 59.7 (11.8) 0.183
Heart rate, mean (SD) beat/min 74.7 (12.1) 76.1 (15.8) 0.230 75.1 (12.7) 74.5 (13.7) 0.710
Troponin I, mean (SD) mg/dL 9.5 (15.0) 11.5 (14.7) 0.092 10.2 (15.7) 10.9 (17.4) 0.724
CK-MB, mean (SD) mg/dL 16.8 (38.2) 19.7 (33.3) 0.333 18.1 (39.1) 16.6 (35.5) 0.736
Intervention group, N (%)
Escitalopram 82 (35.3) 14 (26.4) 0.404/0.001*
Placebo 74 (31.9) 21 (39.6)
Non-participants 76 (32.8) 18 (34.0)

*statistical significance after Bonferroni’s correction, †p-values were determined using t-tests or χ2 tests as appropriate. HAMD: Hamilton De-
pression Rating Scale, ACS: acute coronary syndrome, LVEF: left ventricular ejection fraction, CK-MB: Creatine kinase-MB



Supplementary Figure 1. Flow diagram for the recruitment process. ACS: acute coronary syndrome, MINI: Mini-International Neuropsychi-
atric Interview, SI: suicidal ideation, K-DEPACS: Korean DEPression in Acute Coronary Syndrome study, EsDEPACS: Escitalopram for DE-
Pression in Acute Coronary Syndrome study.



Supplementary Figure 2. Brain-derived neurotrophic factor (BDNF) exon VI cytosine-guanine (CpG) regions analyzed for methylation per-
centage. The CpGs are underlined and numbered. Forward and backward primers are shown, as well as sequencers. The genetic se-
quence is calculated from the transcriptional start site. CpG islands were determined as sequences of at least 200 pairs of bases with a GC 
percentage greater than 50%.


