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Background
The role of childhood abuse and serum brain-derived neuro-
trophic factor (BDNF) levels in suicidal behaviour is controversial.

Aims
We aimed to investigate the individual and interactive effects of
the childhood abuse and serum BDNF on suicidal behaviour
before and after pharmacologic treatment in patients with
depressive disorders.

Method
At baseline, reported childhood emotional, physical and sexual
abuse were ascertained and serum BDNF levels were measured
in 1094 patients with depressive disorder, 884 of whom were
followed during a 1-year period of stepwise pharmacotherapy.
Suicidal behaviours evaluated at baseline were previous suicide
attempt and baseline suicide severity, and suicidal behaviours
evaluated at follow-up were increased suicide severity and fatal/
non-fatal suicide attempt. Individual and interactive associations
of any childhood abuse and serum BDNF levels with four types of
suicidal behaviours were analysed using logistic regression
models, after adjusting relevant covariates.

Results
Individual associations of childhood abuse were significant only
with previous suicide attempt, and no significant individual
associations were found for serum BDNF with any suicide out-
come. However, the presence of both childhood abuse and
lower serum BDNF levels was associated with the highest
prevalence/incidence of all four suicidal behaviours, with sig-
nificant interactions for baseline suicide severity and fatal/non-
fatal suicide attempt during follow-up.

Conclusions
Synergistic interactive effects of child abuse and serum BDNF levels
on suicidal behaviours were found before and after pharmacologic
treatment in patients with depressive disorders. Information com-
bining childhood abuse and serum BDNF levels could improve pre-
dictions of suicidal behaviour in patients with depressive disorders.
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Suicide is a global public health concern, in that approximately
800 000 people die by suicide every year, accounting for 1.5% of
all deaths.1 Non-fatal suicidal behaviour, such as suicidal ideation
or attempt, is 10–20 times more common than fatal suicide.2

Identification of risk factors is imperative tomonitor suicidal behav-
iour and intervene to reduce risk. Childhood abuse is a well-known
risk factor for suicidal behaviour;3–5 however, suicidal behaviour is
likely to involve mediating or interacting effects among various pre-
cipitating and predisposing factors, making most explanatory
models complex and difficult to interpret.6

Brain-derived neurotrophic factor for childhood abuse
and suicidal behaviour

There has been indirect evidence that brain-derived neurotrophic
factor (BDNF) may be involved in the association between child-
hood abuse and suicidal behaviour. BDNF is important for many
neural processes, including neurogenesis, neuroplasticity and
neurotransmission. Acute and chronic stresses have been found to
be associated with decreased BDNF messenger RNA in the rat
hippocampus,7 and childhood maltreatment has been proposed to
be associated with changed brain morphology via disrupted neuro-
protective effect of BDNF in individuals with depression.8 Also, in
post-mortem studies, significantly lower BDNF levels in the hippo-
campus and prefrontal cortex were found in individuals after death

by suicide, compared with those who died of other causes.9 These
findings suggest that pathological changes in BDNF levels resulting
from stresses such as childhood abuse may be one of the causes of
neurobiological deficits that impair an individual’s ability to adapt
to difficult situations and lead to suicidal behaviour.10 Despite
ample evidence for associations of BDNF with childhood abuse
and suicidal behaviour, there has been little investigation of the
interactions between BDNF and childhood abuse on suicidal
behaviour. However, it was reported that the BDNF val66met poly-
morphism moderated the effect of childhood maltreatment on the
violence of suicidal behaviour in those who attempted suicide.11

Blood biomarkers for suicidal behaviour

Peripheral blood biomarkers reflective of pathophysiological
changes for suicidal behaviour may have several advantages in
terms of convenience and cost-effectiveness. Serum BDNF levels
have been found to be negatively associated with childhood
trauma in psychotic patients.12 However, studies comparing blood
BDNF levels in individuals with and without a history of suicidal
behaviour have been conflicting, in that some have reported signifi-
cantly reduced BDNF levels in those who attempted suicide,13,14

whereas others have found no significant associations.15 This incon-
sistency may have arisen through not considering potential interac-
tions with other risk factors; although, to our knowledge, there has
been no empirical investigation of this.
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Aims

The suicide rate in Korea was 24.6 per 100 000 in 2019 – the highest
for countries in the Organization for Economic Cooperation and
Development.16 Suicidal behaviour is strongly associated with
depressive disorder. Using a prospective clinical data of Korean
patients with depressive disorders, we investigated the individual
and interactive effects of childhood abuse and serum BDNF levels
on suicidal behaviour in patients with depressive disorders.

Method

Study overview

This study was conducted as a part of the MAKE Biomarker
Discovery for Enhancing Antidepressant Treatment Effect and
Response (MAKE BETTER) research. Study details have been pub-
lished as a design paper17 and the study was registered with the
Clinical Research Information Service (cris.nih.go.kr; identifier
KCT0001332). All data on sociodemographic and clinical charac-
teristics at baseline, and treatment-related variables at follow-up
examinations during the acute treatment phase (evaluated at 3, 6,
9 and 12 weeks) and the continuation treatment phase (evaluated
at 6, 9 and 12 months), were acquired with a structured question-
naire conducted by research assistants blind to treatment modal-
ities. These staff were trained in questionnaire administration and
data acquisition methods by the research psychiatrists. Patient
data were written on paper forms, registered on the online MAKE
BETTER study (http://icreat.nih.go.kr/icreat/webapps/com/his-
mainweb/jsp/cdc_n2.live) site within 3 days, and checked by data
control centre staff. The Chonnam National University Hospital
Institutional Review Board (approval number CNUH 2012-014)
approved this study.

Participants

From March 2012 to April 2017, patients with depressive disorders
were consecutively recruited from those who had visited the
Chonnam National University Hospital out-patient psychiatric
department. All included cases were new treatment incidences
regardless of whether depressive episodes were first-onset or recur-
rent. Inclusion criteria were as follows: aged >7 years; diagnosis of
major depressive disorder (MDD), dysthymic disorder or depres-
sive disorder not otherwise specified, as obtained with the Mini-
International Neuropsychiatric Interview (MINI),18 a diagnostic
psychiatric interview based on the DSM-IV criteria;19 Hamilton
Rating Scale for Depression20 score of >13; and capable of complet-
ing questionnaires, understanding the study objectives and signing
the informed consent form. Exclusion criteria were as follows:
unstable or uncontrolled medical status; unable to complete the psy-
chiatric evaluation or comply with the pharmacologic treatment
because of a severe physical disease; current or lifetime DSM-IV
diagnosis of bipolar disorder, schizoaffective disorder, schizophre-
nia, schizophreniform disorder, psychotic disorder not otherwise
specified or other psychotic disorder; history of organic psychosis
or seizure disorder; history of anti-epileptic treatment; hospital
admission resulting from a diagnosed psychiatric condition other
than depressive disorder (e.g. alcohol or drug use disorder); received
previous electroconvulsive therapy to treat the present depressive
episode; or currently pregnancy or breastfeeding. Written informed
consent was obtained by all participants. For those aged <16 years,
informed consent was acquired from a parent or legal guardian, and
written agreement was obtained from the participant.

Baseline characteristics
Childhood abuse

Childhood abuse was evaluated with the Nemesis Childhood
Trauma Interview.21 In this semi-structured interview, participants
were asked whether they had ever experienced emotional/ psycho-
logical, physical and sexual abuse before the age of 16 years.
Emotional abuse was evaluated by asking ‘Were you emotionally
or psychologically abused, meaning being yelled at, falsely
punished, subordinated to your siblings or being blackmailed?’;
physical abuse was evaluated by asking ‘Were you physically
abused, meaning being hit, kicked, beaten up or other types of phys-
ical abuse?’; and sexual abuse was evaluated by asking ‘Were you
being abused sexually, meaning being touched or having to touch
someone in a sexual way or pressured into sexual contact against
your will?’. As these forms of abuse often occur together,5,22 a
broad definition of ‘childhood abuse’ (having at least one type of
abuse) was used for the primary analysis.

Serum BDNF

Participants were instructed to fast from the previous night before
morning blood sampling. They sat for 25–45 min quietly and
relaxed before blood samples were acquired. Serum BDNF levels
were determined using Quantikine ELISA Human BDNF
Immunoassay (R&D Systems, Minneapolis, USA) at Global
Clinical Central Lab (Yongin, Korea). Based on the median value
of BDNF levels, participants were divided into higher and lower
BDNF groups.

Covariates

Data on the following sociodemographic characteristics were
obtained: age, gender, year of education, marital state (currently
married or not), cohabitation status (living alone or not), religion
(religious observance or not), occupational state (current employed
or not) and monthly income degree (above or below $2000).
Clinical characteristics assessed were composed of diagnoses of
depressive disorders (MDD or other depressive disorders) with
certain specifiers, including melancholic and atypical depressive fea-
tures, age at onset and illness duration, number of previous depressive
episodes, duration of present episode, family history of depression,
number of concurrent physical disorders (obtained from a question-
naire asking for 15 disease categories on the main body systems) and
smoking state (current smoking or not). Assessment scales for inves-
tigating symptoms were administered. Depressive and anxiety symp-
toms were evaluated with the Hospital Anxiety and Depression Scale
depression subscale (HADS-D) and anxiety subscale (HADS-A),23

respectively; and screening for alcohol-related problems was
conducted with the Alcohol Use Disorders Identification Test
(AUDIT).24 Higher scores indicated more severe symptoms.

Pharmacologic treatment

The treatment details of this study have been published previ-
ously.17,25 Before treatment commencement, a comprehensive
examination was conducted for patients’ clinical manifestations,
illness severity, physical comorbidities and medication lists, and
history of prior treatments. In the first step, patients received 3
weeks of antidepressant medication, taking into consideration the
patient data and existing treatment guidelines.26 General effective-
ness and tolerability were evaluated before proceeding with the
next step of measurement-based treatments. In cases of inadequate
improvement or intolerable adverse events, patients were directed
to choose whether they would prefer to stay in the present step or
proceed to the next treatment step of switching antidepressants
(S), augmenting with other drugs (A) or taking a combination of
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other antidepressants (C) (strategies: S + A, S + C, A + C and S + A
+ C). When determining treatment strategies, the patient’s opinion
was given priority for maximising drug adherence and treatment
outcomes.

Outcomes for suicidal behaviour

Suicidal behaviour was divided into four types: previous suicide
attempt, baseline suicide severity, increase suicide severity and
fatal/non-fatal suicide attempt. Previous suicide attempt was
defined as self-reported information of committing intentional
self-harm before the baseline evaluation, with at least some inten-
tion to die irrespective of the objective lethality.27 Equivocal inten-
tion to die at that time of a self-harm act was also defined as a suicide
attempt. However, self-injurious behaviours with no suicidal inten-
tion or unknown intention were not included in the definition.
Baseline suicide severity was assessed with the Brief Psychiatric
Rating Scale (BPRS)28 suicidality item score. Participants were
asked ‘Have you felt that life wasn’t worth living? Have you
thought about harming or killing yourself? Have you felt tired of
living or as though you would be better off dead? Have you ever
felt like ending it all?’. If participants reported suicidal ideation,
further questions were asked: ‘How often have you thought about
this? Do you have a specific plan?’. Participants’ self-report was
recorded as a score from 1 to 7, and divided into lower (1 (not
present) to 3 (mild)) versus higher (4 (moderate) to 7 (extremely
severe)) suicide severity groups. To determine increased suicide
severity, the BPRS suicidality item score was re-evaluated during
the 1-year pharmacotherapy period at 3, 6, 9 and 12 weeks, and 6,
9 and 12 months. Any instance of an increase in the score during
the follow-up period compared with the baseline score was
defined as increased suicide severity. Fatal/non-fatal suicide
attempt was defined as a suicide attempt (defined as above) or
death by suicide during the 1-year pharmacotherapy period.

Statistical analysis

Sociodemographic and clinical characteristics, including assessment
scales at baseline and treatment step during the 1-year pharmaco-
therapy period, were compared according to the presence of any
childhood abuse, using t-tests or χ2-tests, as appropriate. The
same comparison was repeated for higher versus lower serum
BDNF groups, presence of previous suicide attempt and lower
versus higher baseline suicide severity groups. The variables that
were associated at conventional levels of statistical significance
(P < 0.05) in these analyses were considered as covariates in later
adjusted analyses. The individual associations of any childhood
abuse and serum BDNF groups with the four types of suicidal
behaviour were analysed in logistic regression models before and
after adjusting for potential covariates. Interactive effects of any
childhood abuse and serum BDNF groups on the four types of sui-
cidal behaviour were analysed with multinomial logistic regression
tests, after adjustment for potential covariates. Additional analyses
were carried out to investigate the effects of each childhood abuse
type and age group on suicidal behaviour, according to serum
BDNF group. All statistical tests were two-sided, with a significance
level of P < 0.05. Statistical analyses were performed with SPSS soft-
ware version 25.0 for Windows.

Results

Recruitment

The recruitment process is summarised in Fig. 1. Of 1262 partici-
pants evaluated at baseline, 1094 (86.7%) provided a blood sample
for measuring serum BDNF levels, comprising the baseline

sample. All participants were aged >16 years. Of these, 884
(80.8%) completed the 12-week acute treatment and were followed
up at least once between the 6- and 12-month continuation treat-
ment phase, and consisted of the follow-up sample. No significant
differences in baseline characteristics were found between those
with or without a blood sample. However, follow-up loss at 12
months was significantly associated with unemployed state and
melancholic features at baseline.

Baseline main characteristics and outcomes

In the baseline sample (n = 1094), any childhood abuse was reported
by 149 (13.6%) participants. Emotional, physical and sexual abuse
was reported by 105 (9.6%), 98 (8.6%) and 30 (2.7%) participants,
respectively. Median (interquartile range) and mean (s.d.) values
of serum BDNF were 23.3 (8.6) and 23.8 (6.8) ng/mL, respectively.
Previous suicide attempt and higher baseline suicide severity were
present in 96 (8.8%) and 362 (33.1%) participants, respectively.
Characteristics are compared according to reported childhood
abuse in Table 1, which was significantly associated with younger
age, male gender, higher education, unmarried status, no religion,
higher monthly income, atypical depressive features, earlier age at
onset, longer duration of illness, higher number of depressive epi-
sodes, longer duration of present episode, fewer physical disorders,
lower serum BDNF levels and higher scores on the HADS-A and
AUDIT. Characteristics are compared according to serum BDNF
above versus below the median value (23.3 ng/mL) in
Supplementary Table 1 available at https://doi.org/10.1192/bjp.
2021.82. A lower serum BDNF level was significantly associated
with female gender, living alone and higher number of physical
disorders. Characteristics are compared according to previous
suicide attempt and baseline suicide severity in Supplementary
Tables 2 and 3, respectively. A previous suicide attempt history
was significantly associated with younger age, male gender, higher
education, unmarried status, no religion, higher monthly income,
diagnosis of MDD, atypical depressive features, earlier age at
onset, longer duration of illness, higher number of depressive epi-
sodes, current smoking status, higher scores on the HADS-A and
AUDIT, and higher number of treatment steps over 1 year.
A higher baseline suicide severity was significantly associated with
younger age, unmarried status, living alone, no religion,
unemployed status, diagnosis of MDD, atypical depressive features,
earlier age at onset, longer duration of illness, higher number of
depressive episodes, current smoking status, higher scores on the
HADS-D and HADS-A, and higher number of treatment steps
over 1 year. In addition, treatment step was significantly prospect-
ively associated with suicidal behaviours (Supplementary Table 4).
Considering these associations and collinearity between the vari-
ables, covariates for further adjusted analyses were selected as
follows: age, gender, living alone, religious affiliation, monthly
income, atypical depressive features, number of depressive episodes,
number of physical disorders, smoking status, and scores on the
HADS-A and AUDIT for all analyses for baseline outcomes ana-
lyses, plus treatment step for 1-year prospective outcomes.

Individual effects of childhood abuse and serum BDNF
levels on suicidal behaviours

The individual associations of reported childhood abuse and serum
BDNF group with previous suicide attempt and baseline suicide
severity are described in Table 2. In the unadjusted analyses,
reported childhood abuse and lower serum BDNF levels were sig-
nificantly associated with previous suicide attempt and higher base-
line suicide severity. The strengths of the associations reduced
significantly after adjustment, in that only the association between
reported childhood abuse and previous suicide attempt remained
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significant, whereas the associations between childhood abuse and
baseline suicide severity, and those of serum BDNF levels with pre-
vious suicide attempt and baseline suicide severity, fell below statis-
tical significance.

In the follow-up sample (n = 884), increased suicide severity and
fatal/non-fatal suicide attempt during the 1-year pharmacotherapy
period were present in 155 (17.5%) and 38 (4.3%; 32 non-fatal, 6
fatal) participants, respectively. The individual associations of child-
hood abuse and serum BDNF group with follow-up suicidal beha-
viours are described in Table 2. In unadjusted analyses, the
presence of any childhood abuse was significantly associated with
fatal/non-fatal suicide attempt, and lower serum BDNF levels
were significantly associated with increased suicide severity.
However, after adjustment, no significant associations were found.

Interactive effects of childhood abuse and serum BDNF
levels on suicidal behaviours

The interactive effects of any childhood abuse and serum BDNF
levels on the four suicidal behaviour outcomes are displayed in
Fig. 2. Prevalence/incidence of suicidal behaviours were all highest
in the presence of both childhood abuse and lower serum BDNF
levels. Reported childhood abuse was significantly associated with
previous suicide attempt regardless of serum BDNF status,
without a significant interaction term after adjustment. However,
reported childhood abuse was significantly associated with higher
baseline suicide severity, increased suicide severity and fatal/non-

fatal suicide attempt during the 1-year pharmacotherapy period
only in the presence of lower serum BDNF in the same adjustment
model. Of these associations, interaction terms were statistically sig-
nificant for higher baseline suicide severity and fatal/non-fatal
suicide attempt as outcomes after adjustment.

Associations of childhood abuse type and age groups
with suicidal behaviour

The individual associations between each childhood abuse type and
suicidal behaviours are summarised in Supplementary Tables 5 and
6. All three childhood abuse types were significantly associated with
previous suicide attempt before and after adjustment. The significant
unadjusted associations between the three childhood abuse types and
higher baseline suicide severity lost statistical significance after
adjustment. No significant associations were found between the
three childhood abuse types and increased suicide severity before or
after adjustment. The significant unadjusted associations between
the three childhood abuse types and fatal/non-fatal suicide attempt
during the 1-year pharmacotherapy period lost significance for the
emotional and physical abuse types, but remained significant for
sexual abuse after adjustment.

The interactive effects of each childhood abuse type and serum
BDNF levels on suicidal behaviours are displayed in Supplementary
Figs 1–3. Similar to the findings with any reported childhood abuse,
emotional abuse showed significant interactions with serum BDNF
levels on higher baseline suicide severity and fatal/non-fatal suicide

Baseline participants (n = 1262)

Blood sample obtained (n = 1094)
-  Comprised the baseline sample for  
    analysing the outcomes on
    (a) previous suicide attempt
    (b) baseline suicide severity 

Refused to provide blood sample
(n = 168) 

Completed the 12-week acute treatment
and followed up at least once between 6- and 12-
month continuation treatment phase (n = 884)
-  Comprised the follow-up sample for
    analysing the outcomes on
    (c) increased suicide severity
    (d) fatal/non-fatal suicide attempt      

Dropped out after baseline (n = 210)
-  Lack of treatment effect (n = 133)
-  Transfer to other hospital (n = 13)
-  Intolerable side-effect (n =12)
-  Poor physical condition (n = 9)
-  Lost to follow-up (n = 43)

Fig. 1 Participant recruitment process.

Child abuse, serum BDNF and suicidal behaviour

601
https://doi.org/10.1192/bjp.2021.82 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2021.82


attempt during the 1-year pharmacotherapy period after adjust-
ment. Physical abuse showed significant statistical interaction
with serum BDNF levels on higher baseline suicide severity and
increased suicide severity after adjustment. No significant interac-
tions were found with sexual abuse.

The effects of childhood abuse and serum BDNF levels with sui-
cidal behaviour for three age groups (<31, 31–60 and >60 years) are
summarised in Supplementary Table 7. Although the statistical sig-
nificance of the associations was diminished in all age groups, the
magnitude and direction of the odds ratios were similar to those
in the full sample.

Discussion

In this study of people with depressive disorders receiving a stepwise
pharmacotherapy intervention in a real-world clinical setting, indi-
vidual associations of reported childhood abuse were significant
only with the suicidal behaviour outcome of previous suicide
attempt, as evaluated after adjustment for relevant covariates.
Furthermore, no significant individual associations were found for
serum BDNF with any suicidal behaviour outcome after adjust-
ment. However, with respect to interactive effects, the presence of
both childhood abuse and lower serum BDNF levels were associated
with the highest prevalence and incidence of all four suicidal beha-
viours, and significant multiplicative interactions between child-
hood abuse and serum BDNF were found on baseline suicide
severity and fatal/non-fatal suicide attempt during follow-up even
after adjustment for relevant covariates. The findings of individual
childhood abuse types and of age groups showed generally
similar, but attenuated results.

Childhood abuse and suicidal behaviour

Childhood abuse has been shown to be a well-established risk factor
for suicide attempt in a range of cross-sectional clinical and commu-
nity samples,4,5 as well as a recent meta-analytic review.6 However,
in longitudinal studies with retrospective cohorts, associations of
childhood abuse with incident suicidal behaviours have been con-
troversial, with some studies reporting significant associations,5,29

and others finding no such associations.30 Our finding of a signifi-
cant association between childhood abuse and previous suicide
attempt was therefore consistent with previous reports. Our study
is relatively rare in investigating worsening or incidence of suicidal
behaviour with a prospective clinical cohort, although the findings
of no associations between childhood abuse and prospective suicidal
behaviours in adjusted analyses are in keeping with previous results
from several retrospective cohorts.30 The significant association
between childhood abuse and baseline suicide severity also disap-
peared after adjustment for various covariates, which included
depression-related clinical characteristics; however, since suicidal
ideation is one of the diagnostic criteria for depressive disorders,19

this may conceivably represent an overadjustment.

Serum BDNF and suicidal behaviour

Almost all previous studies of associations between blood BDNF
levels and suicidal behaviours have been conducted with cross-sec-
tional case–control designs,13–15 comparing blood BDNF levels
between patients with depressive disorders with and without histor-
ies of suicide attempts and healthy controls. The findings have been
inconsistent, and the significant associations reported are usually
from studies without adjusted analyses,13 whereas no associations
are usually found in studies including adjustments.14,15 Our findings
were therefore in line with these previous ones in that the significant

Table 1 Characteristics compared according to reported childhood abuse

Absent (n = 945) Present (n = 149) Statistical coefficients P-value

Sociodemographic characteristics
Age, mean (s.d.), years 58.5 (13.7) 47.0 (17.6) t = 7.600 <0.001
Gender, n (%) female 663 (70.2) 90 (60.4) χ2 = 5.710 0.017
Education, mean (s.d.), years 8.9 (4.8) 10.6 (4.5) t = 4.016 <0.001
Marital status, n (%), unmarried 259 (27.4) 68 (45.6) χ2 = 20.411 <0.001
Living alone, n (%) 144 (15.2) 23 (15.4) χ2 = 0.004 0.950
Religious non-affiliation, n (%) 403 (42.6) 80 (53.7) χ2 = 6.369 0.012
Unemployed status, n (%) 264 (27.9) 52 (34.9) χ2 = 3.038 0.081
Monthly income, n (%), <$2000 578 (61.2) 75 (50.3) χ2 = 6.272 0.012

Clinical characteristics
Major depressive disorder, n (%) 802 (84.9) 131 (87.9) χ2 = 0.955 0.328
Melancholic feature, n (%) 149 (15.8) 16 (10.7) χ2 = 2.541 0.111
Atypical depressive features, n (%) 47 (5.0) 22 (14.8) χ2 = 20.882 <0.001
Age at onset, mean (s.d.), years 53.7 (15.7) 40.4 (18.0) t = 8.535 <0.001
Duration of illness, mean (s.d.), years 4.8 (8.9) 6.7 (9.9) t =−2.306 0.021
Number of depressive episodes, mean (s.d.) 1.0 (1.4) 1.7 (1.9) t =−4.735 <0.001
Duration of present episode, mean (s.d.), months 6.9 (9.7) 10.3 (13.5) t =−2.897 0.004
Family history of depression, n (%) 132 (14.0) 28 (18.8) χ2 = 2.398 0.121
Number of physical disorders, mean (s.d.) 1.7 (1.3) 1.4 (1.2) t = 2.893 0.004
Current smoker, n (%) 99 (10.5) 24 (16.1) χ2 = 3.777 0.052
Serum brain-derived neurotrophic factor level, mean (s.d.), ng/mL 24.1 (6.9) 22.1 (5.7) t = 3.840 <0.001

Assessment scales, mean (s.d.) scores
Hospital Anxiety and Depression Scale depression subscale 13.6 (3.9) 13.9 (4.2) t =−0.749 0.454
Hospital Anxiety and Depression Scale anxiety subscale 11.7 (4.0) 12.6 (4.0) t =−2.627 0.009
Alcohol Use Disorders Identification Test 5.0 (8.5) 7.9 (10.7) t =−3.164 0.002

Treatment step over 1 yeara (n = 884), n (%)
Step 1 291 (38.1) 35 (28.9) χ2 = 5.504 0.138
Step 2 242 (31.7) 44 (36.4)
Step 3 149 (19.5) 23 (19.0)
Step 4 81 (10.6) 19 (15.7)

a. For patients with an insufficient response or uncomfortable side-effects, next treatment steps (1, 2, 3 and 4 or more) with alternative strategies (switching, augmentation, combination and
mixtures of these approaches) were administered, taking into consideration measurements and patient preference, at 3, 6, 9 and 12 weeks and 6, 9 and 12 months.
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unadjusted associations of lower serum BDNF levels with previous
suicide attempt and baseline suicide severity no longer remained
significant in adjusted models. As far as we are aware, there has
been no study investigating prospective associations of blood
BDNF levels with subsequent suicidal behaviour. In our study, asso-
ciations of serum BDNF levels with subsequent increased suicide
severity were significant in unadjusted analyses, but lost significance
after adjustment, and those with incident suicide attempt/death
were not significant before or after adjustment. Overall, the value
of blood BDNF alone as a biomarker for suicidal behaviours is
still unestablished.

Interaction of childhood abuse and serum BDNF on
suicidal behaviour

The presence of both childhood abuse and lower serum BDNF levels
was associated with the highest prevalence/incidence of suicidal
behaviour outcomes in our study. These synergistic effects are
plausible for several reasons. First, early childhood abuse has been
associated with reduced BDNF expression in animal and human
studies.8 Similarly, serum BDNF levels were significantly lower in
patients reporting childhood abuse than in other participants in
our study (Table 1). The pathological alteration of BDNF related
to childhood abuse may lead to reduced neural plasticity, followed
by impaired ability to adapt to crisis situations.10 Second, there is
considerable evidence for associations of BDNF with serotonin,
norepinephrine and other neurotransmitters, which are also
major biochemical markers of suicidal behaviour.31 Third, both
childhood trauma32 and lower blood BDNF33 predict worse anti-
depressant treatment responses. Since suicidal behaviours are
closely related to depression severity, the present interactive
effects of childhood abuse and serum BDNF on prospective suicidal
behaviours could reflect previous reports on depression treatment
outcomes.

The findings of each childhood abuse type and the three age
groups showed generally similar results to those of any childhood
abuse type and of all age groups, respectively, reflecting lower stat-
istical power rather than effect modification. The present findings
supported the previous observations that indicators of childhood
adversity tend to occur in clusters, rather than as single events.4,22

Limitations and strengths

Several limitations should be considered for interpreting the study
findings. First, peripheral rather than central BDNF levels were
measured. However, BDNF can cross the blood–brain barrier and
blood BDNF has showed similar changes to those in the brain, sug-
gesting parallel changes between the blood and brain levels.34

Second, serum BDNF levels were measured at only one point at
baseline, and so it was not possible to investigate the association
between potential treatment-related alterations of serum BDNF33

and prospective suicidal behaviour. Third, because of the naturalis-
tic study design, pharmacologic treatment was determined by
patient preference with a psychiatrist’s instruction rather than via a
predetermined protocol; thus, inter-therapist variability could affect
the outcomes. However, since psychiatrists made treatment decisions
without knowledge about childhood abuse or serumBDNF levels, it is
not likely that inter-therapist variability affected the associations of
interest. Fourth, there was significant sample attrition during the 1-
year treatment period. Because of poor prognostic characteristics of
patients lost to follow-up, such as unemployed state and melancholic
features, these are most likely to have attenuated rather than exagger-
ated the observed findings. However, childhood abuse and serum
BDNF levels did not differ by follow-up status. Fifth, the important
childhood adversities of bullying and victimisation were not consid-
ered in this study. Sixth, this study was carried out in a single centre,
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whichmight limit the representativeness of the findings, although the
sample size was relatively large.

This study has several strengths, including its novelty on both
retrospective and prospective designs for evaluating suicidal beha-
viours. The sample size was large, and patients were assessed with
a structured questionnaire and widely known and standardised
scales. A range of covariates were considered, which could obviously
affect the study findings.

Implications

In conclusion, we found synergistic interactive rather than individual
effects of child abuse and serum BDNF levels on suicidal behaviours
before and after pharmacological treatment in patients with a depres-
sive disorder. The value of serum BDNF levels as biomarkers for sui-
cidal behaviour might be significantly improved by being considered
in combination with the presence of childhood abuse. Furthermore,
our findings may provide an explanation for hitherto controversial
associations of blood BDNF levels with suicidal behaviour. The
observed suicide rate during the 1-year follow-up was 678 per

100 000 (6 out of 884 participants), approximately 27 times higher
than that of all Korea in 2019 (24.6 per 100 000).16 Our findings
may have clinical utility in screening and identifying depression asso-
ciated with high suicidality. Future studies are needed to replicate
these findings in other clinical and high-risk populations.
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Fig. 2 Interactive effects of any childhood abuse and serum brain-derived neurotrophic factor (sBDNF) levels on suicidal behaviour at baseline
(n = 1094) and at follow-up (n = 884). Odds ratios (95% confidence intervals) are given for baseline outcomes of previous suicide attempt and
baseline suicide severity, and follow-up outcomes of increased suicide severity and fatal/non-fatal suicide attempt. Odds ratios were adjusted
for age, gender, living alone, religious affiliation, monthly income, atypical depressive features, number of depressive episodes, number of
physical disorders, smoking status and scores on the Hospital Anxiety and Depression Scale anxiety subscale and Alcohol Use Disorders
Identification Test, with treatment step also included for follow-up outcomes. *P < 0.05, †P < 0.01, ‡P < 0.001.
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