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Abstract

Objective—A growing body of research examining biological factors associated with suicidal 

behaviors highlights the role of brain-derived neurotropic factor (BDNF), involved in neurogenesis 

and synaptic plasticity. There is evidence suggesting that suicide attempters have lower BDNF 

levels than those with no history of suicide attempts. The key question addressed in the current 

investigation is whether differences in circulating BDNF levels persist beyond the current suicidal 

episode and would be observed in those with a past history of suicide attempts (SA).

Method—Plasma levels of BDNF were assessed in 73 women from the community.

Results: We found that women with a history of SA exhibited lower levels of BDNF than women 

with no SA history and this difference was maintained after statistically controlling for the 

influence of other potential psychiatric or demographic factors.

Conclusions—These findings support and extend existing research by suggesting that 

circulating BDNF levels are decreased among individuals with a history of SA compared to 

individuals with no history of SA. This relation appeared to be specific to women’s history of SA 

and was not explained by other potential psychiatric or demographic factors, which further 

highlights the role of BDNF as a promising biomarker for suicidal behavior.
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Over 800,000 individuals die by suicide yearly worldwide (“WHO | Suicide,” 2015) and, 

despite decades of research, suicide rates continue to rise (Curtin, Warner, & Hedegaard, 

2016). An important step in developing more effective prevention and intervention programs 

is identifying robust indicators of risk, including biomarkers. Because a history of prior 

suicide attempt (SA) is the single best predictor of future suicide in the general population 

(Teti, Rebok, Rojas, Grendas, & Daray, 2014), this population may be ideally suited for the 

initial identification of these biomarkers.
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Altered synaptic plasticity, which results in difficulties adapting to environmental stimuli, 

may play a role in the development and pathogenesis of suicidal behavior (Altshuler et al., 

1990; Rajkowska, 1997; Duman et al., 2000; Garcia, 2002; Fossati et al., 2004; Torres-Platas 

et al., 2011; Dwivedi, 2012; Bijttebier et al., 2015; Nagy et al., 2015; Minzenberg et al., 

2016). Given the critical involvement of neurotrophins, including brain-derived neurotrophic 

factor (BDNF), in neuronal plasticity, functioning, and neurogenesis, a number of studies 

have examined the association between BDNF and suicidal behavior, with the majority of 

studies yielding results supporting this association (for reviews, see Dwivedi, 2012; Eisen et 

al., 2015; Shrivastava et al., 2016). There is also evidence of decreased protein and mRNA 

expression of BDNF in the PFC and the hippocampus of individuals who died by suicide, 

regardless of depression history (Dwivedi et al., 2003; Karege, Vaudan, Schwald, Perroud, & 

La Harpe, 2005). Moreover, these decreases were absent in suicide completers who were 

receiving antidepressant treatment, which highlights the potential involvement of BDNF as a 

mechanism in treatment response (Karege, Bondolfi, et al., 2005). Additionally, meta-

analytic findings suggest a link between a polymorphism in the BDNF gene (Val66Met) and 

suicide, such that carriers of the Met allele, which has been linked to lower expression of 

BDNF (Egan et al., 2003), were more likely to have a history of suicide attempts (Zai et al., 

2012). Finally, higher methylation of CpG sites in the promoter region of the BDNF gene, 

which translates into lower BDNF mRNA and protein levels, was observed among 

individuals who died by suicide compared to individuals who died by other causes (Keller et 

al., 2010).

Despite the strengths of these studies, the majority of have focused on postmortem samples, 

currently suicidal or depressed individuals, or those with a recent suicide attempt (Dawood 

et al., 2007; Deveci et al., 2007; Eisen et al., 2016; Kim et al., 2007; Lee and Kim, 2009). 

However, to be a viable biomarker of risk, it is essential that the reductions in BDNF levels 

in those at risk for future suicide (e.g., those with a history of SA) be observed outside of the 

context of a current suicidal crisis. Thus, it remains unclear how long the changes in 

circulating BDNF levels persist beyond the current episode of suicidal thoughts/behavior or 

depression. In this project, we examined BDNF levels in individuals with and without 

lifetime history of SA in a community sample. We hypothesized that individuals with a 

history of SA would exhibit lower circulating levels of BDNF than individuals with no 

history of SA and that this difference would be at least partially independent of participants’ 

history of major depression, current depressive symptoms, current levels of suicidal ideation, 

and other demographic characteristics that may differ between the groups and be related to 

BDNF levels (e.g., income, age, ethnicity, lifetime cigarette smoking history, BMI). We also 

specifically examined the potential impact of the recency of the SA to determine whether 

any SA-related differences were due to recent suicide attempters.

METHOD

Participants and procedure

Participants were 73 women recruited from the community as part of a larger study (n = 

955) focused on risk for depression and anxiety in children. Participants in this study were 

mothers of these children and the only inclusion criteria were that they have a child between 
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the ages of 7 and 11 years old. From this larger sample, we selected 34 women who had a 

lifetime history of SA and 39 women who had no lifetime history of SA and they were 

matched on age, ethnicity, family income, BMI, and cigarette smoking history. The average 

age of the participants was 33.03 years old (SD = 5.50, Range = 24–47). The majority 

(60.3%) was Caucasian and the rest were African American. The median annual family 

income was $20,001–25,000. Table 1 contains descriptive statistics for participants with and 

without a lifetime history of SA. Upon arrival at the laboratory, women were asked to 

provide informed consent and were then administered clinical interviews. Following this, 

participants completed questionnaires and provided biological samples. All women were 

compensated $80 for their participation in the larger project, which was approved by the 

university’s institutional review board.

Measures

Participants’ current and past DSM-IV Axis I disorders were assessed using the Structured 

Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First, Spitzer, Gibbon, & 

Williams, 2002). Of the participants, 51 (30 in the SA group) had a lifetime history of major 

depressive disorder (MDD), with 14 participants (8 in the SA group) meeting criteria for 

current MDD. In terms of other diagnoses, 30 (19 in the SA group) had a lifetime history of 

at least one anxiety disorder (17 current), 25 (13 in the SA group) had a lifetime history of 

alcohol use disorder (none current), 17 (11 in the SA group) had a history of substance use 

disorder (none current), 4 (2 in the SA group) had a lifetime history of bipolar disorder (2 

current), and one participant, who was in the SA group, had a history of past anorexia. As 

part of the larger project, a subset of 20 SCID-I interviews was coded by a second 

interviewer to assess inter-rater reliability of diagnoses and the reliability for diagnoses of 

MDD was good (κ = 0.89).

Participants’ current symptoms of depression and anxiety were assessed using the Beck 

Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996) and the Beck Anxiety 

Inventory (BAI; Beck & Steer, 1993), respectively. In this sample, this measures showed 

excellent internal consistency (α = .92 and .90). The average levels of depressive and 

anxiety symptoms in our sample were low (M = 12.57, SD = 10.07; M = 7.72, SD = 7.92). 

The Beck Scale for Suicide Ideation (SSI; Beck, Kovacs, & Weissman, 1979) was used to 

assess participants’ history of suicide attempts, which are defined as intentional self-injury 

with intent to die. As noted above, 34 participants had a history of at least one prior suicide 

attempt. Of these, 19 had only one SA and 15 had a history of multiple attempts. Among the 

participants with multiple attempts, the median number of attempts was 2.00 (SD = 3.36, 

Range = 2–15). Participants’ average age at the time of the most recent attempt was 20.85 

years old (SD = 7.96), which was, on average, 13.46 years (SD = 8.25) prior to this 

assessment. Among those with a history of SA, BDNF levels were not significantly 

associated with individual differences in age at the time of the most recent attempt (r(34) = .

19, p = .28) or time since the most recent attempt (r(34) = .06, p = .75). Because the SSI 

focused on worst-point suicidal ideation, we used item 9 from the BDI-II to index 

participants’ current suicidal ideation (cf. Jin et al., 2013; Woosley, Lichstein, Taylor, Riedel, 

& Bush, 2014). The response options for this item are “I don’t have any thoughts of killing 

myself,” “I have thoughts of killing myself, but I would not carry them out,” “I would like to 
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kill myself,” and “I would kill myself if I had the chance. All but 6 participants denied any 

current suicidal ideation and the remainder (4 of whom had a history of SA), endorsed “I 

have thoughts of killing myself, but I would not carry them out.”

Whole blood was collected via BD Vacutainer Blood Collection Sets into 4.0 mL tubes, 

coated with Ethylenediaminetetraacetic acid (EDTA). The majority of sthe amples (53.8%) 

was collected between 16:00–20:00 and the rest were collected between 11:00–15:00. There 

was no significant difference in time of sample collection based on participants’ history of 

SA. Plasma was separated by centrifugation (1000 × g for 10 minutes at 4 °C) and stored at 

−80 °C. Quantitative multiplex enzyme immunoassay (ELISA) arrays were used to assay 

BDNF concentrations (Ray Biotech Inc., Norcross, GA) and each sample was run in 

quadruplicate. The average inter- and intra-assay coefficients of variation were 3.5% and 

8.0%, respectively. The limit of detection (LOD) was 11.9 pg/mL. Values for BDNF 

concentrations were positively skewed (skew = 2.32, SE = 0.28) and were log transformed 

(after adding a constant of 2 to each value), which yielded a distribution with a skew of 

−0.81 (SE = 0.28). Total plasma protein concentrations were assessed via bicinchoninic acid 

(BCA) protein assay (Thermo Fisher Scientific, Waltham, MA).

Participants’ lifetime smoking history was assessed using the modified version of the Semi-

Structured Assessment of the Genetics of Alcoholism, (SSAGA; Bucholz et al., 1994), 

which is a comprehensive psychiatric interview used to assess physical, psychological, 

social, and psychiatric manifestations of alcohol abuse/dependence and related psychiatric 

disorders in adults. Modifications were made to the SSAGA to collect data on maternal 

smoking and drinking patterns during pregnancy (Knopik et al., 2005). Body temperature 

was measured via an infrared thermometer (Exergen, Watertown, MA). None of the 

participants’ body temperatures exceeded 37.5 °C. Participants’ height and weight was 

measured to calculate body mass index (BMI). The majority of the samples (53.8%) were 

collected between 16:00–20:00 and the rest were collected between 11:00–15:00. There was 

no significant difference in the time of sample collection based on participants’ history of 

SA.

Data Analysis

We first conducted a univariate ANOVA using participants’ history of SA (yes, no) as the 

independent variable and circulating BDNF levels as the dependent variable to test our main 

hypothesis. Second, to determine the robustness of the relation, we conducted series of 

ANCOVAs, using participants’ SA history (yes/no) as an independent variable, circulating 

BDNF levels as a dependent variable, and relevant clinical and demographic variables 

(history of MDD [yes, no], current depressive symptoms, current levels of suicidal ideation, 

income, age, ethnicity [Caucasian, African American], lifetime cigarette smoking history, 

and BMI) entered as covariates. Separate analyses were conducted for each covariate to 

avoid model overfitting. Third, to examine the potential impact of single versus multiple SA, 

we conducted a univariate ANOVA using trichotomized SA history (none, single attempt, 

multiple attempts) as the independent variable and BDNF levels as a dependent variable.
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RESULTS

Results of the univariate ANOVA revealed a significant association between SA history and 

circulating BDNF levels, F (1, 72) = 32.70, p < 0.001, η2 =0.32, such that participants with a 

history of SA had significantly lower levels of BDNF (M = 2.17, SEM = 1.20), than 

participants with no SA history (M = 3.10, SEM = 0.11) (Figure 1). In addition, using a 

series of ANCOVAs, we found that this group difference was maintained when we 

statistically controlled for the influence of participants’ (i) lifetime history of MDD (yes, 

no), F (1, 72) = 28.95, p < 0.001, η2 = 0.29, (ii) lifetime history of at least one anxiety 

disorder (yes, no), F (1, 72) = 26.65, p < 0.001, η2 = 0.28, (iii) lifetime history of bipolar 

disorder (yes, no), F (1, 72) = 30.88, p < 0.001, η2 = 0.31, (iv) lifetime history of alcohol use 

disorder (yes, no), F (1, 72) = 30.78, p < 0.001, η2 = 0.31, (v) lifetime history of substance 

use disorder (yes, no), F (1, 72) = 31.01, p < 0.001, η2 = 0.31, (vi) current depressive 

symptoms, F (1, 72) = 29.82, p < 0.001, η2 =0.30, (viii) current anxiety symptoms, F (1, 72) 

= 29.83, p < 0.001, η2 =0.30, and (ix) current suicidal ideation, F (1, 72) = 36.33, p < .001, 

η2 = 0.34. Although not a primary focus of the study, we should note that current suicidal 

ideation was also a significant predictor of circulating BDNF levels in this last analysis, F(1, 

72) = 3.87, p = .05, η2 =0.05, suggesting that SA history and current SI are independently 

related to BDNF levels. In contrast, lifetime MDD history, F(1, 72) = 0.89, p = 0.77, η2 = 

0.01, and current depressive symptoms, F(1, 72) = 0.23, p = 0.64, η2 = 0.003, were not 

significant predictors of circulating BDNF levels in their respective analyses.

The group difference was also maintained when we statistically controlled for the influence 

of participants’ (iv) income, F (1, 72) = 33.73, p < 0.001, η2 = 0.33, (v) age, F (1, 72) = 

35.00, p < 0.001, η2 = 0.33, (vi) ethnicity (Caucasian, African American), F (1, 72) = 32.13, 

p < 0.001, η2 =0.32, (vii) lifetime history of smoking cigarettes (>100 cigarettes during 

lifetime: yes, no), F (1, 72) = 32.59, p < 0.001, η2 =0.32, (viii) BMI, F (1, 72) = 32.14, p < 

0.001, η2 = 0.32, (ix) body temperature, F (1, 72) = 37.28, p < 0.001, η2 = 0.35, and (x) time 

of day when the samples were collected, F (1, 72) = 32.12, p < 0.001, η2 = 0.31. Given the 

racial distribution of our sample, we should also note that the relation between SA history 

and BDNF levels was also significant when we looked separately at Caucasians, F (1, 43) = 

14.73, p < 0.001, η2 = 0.26, and African Americans, F (1, 28) = 18.91, p < 0.001, η2 = 0.41. 

Notably, SA group difference in circulating levels of BDNF also remained significant when 

we included all of the clinical and demographic variables listed above as covariates in our 

model (lifetime history of MDD, anxiety, bipolar, alcohol, or substance use disorder, 

income, age, ethnicity, lifetime history of smoking cigarettes, BMI, body temperature, time 

of day when the samples were collected, current depressive and anxiety symptoms, current 

suicidal ideation), F (1, 72) = 32.70, p < 0.001, η2 = 0.37, again highlighting the robustness 

of the findings.

In addition, total protein concentrations in plasma did not differ between participants with 

versus without a history of SA (M = 99.81 mg/mL, SD = 29.74 versus M = 93.47 mg/mL, 

SD = 29.62), F (1, 72) = 0.95, p = 0.33, η2 = 0.13, suggesting a selective influence of SA 

history on circulating BDNF that was independent of differences in total protein. To ensure 

that our findings were not driven by participants who had a recent suicide crisis, we 

excluded women who had a suicide attempt within the last year from our analysis (n = 9), 
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and the group difference was maintained, F (1, 63) = 26.25, p < 0.001, η2 =0.30. The results 

were also maintained when we included current antidepressant medication use (yes, no) as a 

covariate, F (1, 24) = 6.28, p = 0.02, η2 =0.22, though we only had data regarding the use of 

antidepressants for 25 participants (18 with a history of SA and 7 with no history of SA).

Finally, we examined whether the number of previous attempts (single/multiple) was linked 

to circulating BDNF levels. We first conducted a univariate ANOVA using trichotomized SA 

history (multiple SA, single SA, no SA) as the independent variable and BDNF levels as the 

dependent variable, and found that there was a significant main effect of SA on BDNF 

levels, F (1, 72) = 16.82, p < 0.001, η2 = 0.33. Bonferroni post hoc analyses revealed that the 

BDNF levels of participants with no SA history were significantly higher (M = 3.10, SE = 

0.11) than those of participants with a history of one (M = 2.06, SE = 0.16; p <0.001) or 

multiple (M = 2.30, SE = 0.18; p = 0.001) suicide attempts, with the latter two groups not 

differing significantly (p = 0.99).

DISCUSSION

The primary goal of this study was to determine whether the previously reported association 

between suicidal thoughts/behavior and BDNF levels would be observed in individuals with 

a history of SA and whether the difference would be independent of current suicidal ideation 

or depression. Supporting our hypothesis, we found that women with a history of SA had 

lower circulating BDNF levels than those with no history of SA. Importantly, this difference 

remained significant when we statistically controlled for the influence of participants’ 

history of MDD, anxiety disorder, including panic disorder, social phobia, generalized panic 

disorder, or post-traumatic stress disorder, or obsessive-compulsive disorder, bipolar 

disorder, and alcohol or substance use disorders, their current levels of depressive and 

anxiety symptoms and suicidal ideation, as well as a number of demographic variables. 

These results suggest that reductions in BDNF are not merely a correlate of current suicidal 

ideation/behavior, but rather may represent a trait-like biomarker of risk. Notably, we did not 

find any difference in total protein levels between participants with and without a history of 

SA, suggesting that the decreased circulating levels of BDNF observed in participants with a 

history of SA were not a manifestation of a general decrease in total plasma protein. Our 

findings are consistent with previous studies that report decreased BDNF levels among 

individuals with current suicidal ideation and behavior (Dawood et al., 2007; Deveci et al., 

2007; Kim et al., 2007a; Lee & Kim, 2009), but do not support the conclusions reported by 

Eisen et al. (2016), who found no differences in serum BDNF levels of among individuals 

with a recent (within 3 months) SA compared to psychiatric and community controls. 

Although the reason for this is unclear, methodological differences between the two studies 

could, at least partially, explain this discrepancy. For example, similar to previous studies 

examining BDNF and suicide (e.g. Kim et al., 2007b), we measure BDNF levels in plasma 

samples, whereas Eisen et al. (2016) focused on serum. Previous research suggests that 

plasma and serum BDNF levels are poorly correlated (D’Sa, Dileone, Anderson, & Sinha, 

2012), likely reflecting that serum and plasma measurements represent separate pools of 

BDNF. Specifically, serum BDNF levels are largely reflective of the amount of BDNF 

secreted by platelets during coagulation, while plasma BDNF levels are derived from 

multiple sources, including muscular smooth muscle cells, endothelial cells, as well as 
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monocytes and lymphocytes (D’Sa et al., 2012; Donovan et al., 1995; Lommatzsch et al., 

2005; Nakahashi et al., 2000). Future research is needed to examine both plasma and serum 

levels of BDNF in the same sample to investigate the extent to which groups differences 

between individuals with and without a history of attempts are dependent on the source of 

measurement (plasma vs. serum). We should also note that participants’ history of MDD and 

current levels of depressive symptoms were not associated with circulating BDNF levels in 

our sample, though current levels of suicidal ideation were. Previous findings regarding the 

association between depression and BDNF levels are inconsistent, with some studies 

reporting lower BDNF levels in antidepressant-free MDD patients (Karege et al., 2002 

Karege et al., 2005a; Lee and Kim, 2009), while other studies fail to find differences in 

BDNF levels between MDD patients and controls (Kim et al., 2007b). It is possible that we 

did not detect this association because the overall levels of depressive symptoms were low in 

our sample.

This study exhibited a number of strengths including the use of clinical interviews to assess 

women’s lifetime history of SA and MDD. Using a sample that was recruited with minimal 

exclusion criteria greatly increases the ecological validity of the findings. Additionally, our 

sample was approximately half Caucasian and half African American, which highlighted the 

stability of the findings across these groups. Despite these strengths, there are limitations 

that suggest important areas of future research. First, our cross-sectional design precludes 

any conclusions regarding the temporal precedence or causal impact of BDNF on suicidal 

behavior. This said, the current results provide the data necessary to support the utility of a 

larger longitudinal study to determine whether BDNF levels can be used to prospectively 

predict which individuals are at greatest risk for making a suicide attempt in the future. A 

second limitation is that our focus on women, although increasing the homogeneity of our 

sample, may also limit the generalizability of our findings to men. In addition, although we 

were able to rule out a number of potential third variable explanations for the observed 

group difference, we could not rule out all potential influences. For example, we were 

unable to account for the potential influence of menstrual cycle or contraception use, as this 

information was not collected, and previous research has suggested a link between 

circulating BDNF levels and ovarian function (Pluchino et al., 2009). Moreover, we did not 

have data for the use of medications, including antidepressants, for all participants and 

previous research supports the involvement of BDNF in antidepressant response (Ghosh et 

al., 1994; Duman et al., 1997; Monteggia et al., 2004; Duman and Monteggia, 2006; 

Björkholm and Monteggia, 2016). Finally, the study focused on a low-income population, 

which may limit the generalizability of the findings to more affluent groups.

In summary, the current results suggest that a history of SA is associated with decreased 

circulating levels of BDNF, a relation that appears at least partially independent of other 

known correlates of SA such as depression, current suicidal ideation, and demographic 

influences. Although conclusions must remain tentative pending longitudinal investigations, 

these findings support the trait-like quality of peripheral BDNF levels and support its 

potential as a biomarker that may allow us to determine which individuals are at greatest risk 

for suicide in the future.
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Figure 1. 
Participants with a history of suicide attempts (SA) evidenced significantly lower circulating 

levels of BDNF. Error bars represent standard error of the mean (SEM).
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Table 1

Group characteristics

No SA
(n = 39)

History of SA
(n = 34) F/χ2

Age (M, SD) 32.44 (5.05) 33.71 (5.97) 0.97

Ethnicity (% Caucasian) 53.8 67.6 1.45

BDI-II (M, SD) 10.29 (9.27) 15.20 (10.45) 4.50*

BAI (M, SD) 6.32 (7.52) 9.33 (8.17) 2.69

Current suicidal ideation (% yes) 5.1 11.8 1.06

Current MDD diagnosis (% yes) 15.4 23.5 0.78

Past MDD diagnosis (% yes) 53. 88.2 2.89

Annual median family income 20,001–25,000 20,001–25,000 0.12

Lifetime cigarette smoking (% who smoked ≥ 100) 46.2 76.5 6.97*

BMI (M, SD) 33.27 (9.88) 32.69 (8.21) 0.07

Body temperature (°C) (M, SD) 36.77 (0.40) 36.62 (0.37) 2.89

Total protein concentration (M, SD) 99.81 (29.74) 93.47 (29.62) 0.95

Note. BDI-II = Beck Depression Inventory-II. BAI = Beck Anxiety Inventory. BMI = Body mass index.

*
p < .05.

Suicide Life Threat Behav. Author manuscript; available in PMC 2020 February 01.


	Abstract
	METHOD
	Participants and procedure
	Measures
	Data Analysis

	RESULTS
	DISCUSSION
	References
	Figure 1
	Table 1

