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Abstract

Background—Anxious youth are at risk for negative peer interactions including peer 

victimization, and for suicidal ideation. However, data about the pattern of association between 

these two factors are scarce. In this study we examined the association between negative peer 

interactions and suicidal ideation in a sample of children and adolescents with anxiety disorders, 

and whether oxytocin, which has been shown to enhance the impact of social events, moderates 

the impact of negative peer interactions on suicidal ideation.

Method—Participants were 168 youths with primary anxiety disorders. All participants were 

assessed with semi-structured diagnostic interviews, and with self-report measures of suicidal 

ideation, negative peer interactions, anxiety, and depression. The anxious youths’ salivary oxytocin 

levels were measured with immunoassay.

Results—Thirty percent of the anxious youths reported suicidal ideation, with suicidal ideation 

severity associated with negative peer social interactions and depressive symptoms. Consistent 

with past data indicating that oxytocin enhances the impact of social events, the association 

between peer negative social interactions and suicidal ideation was stronger in youths with high 

oxytocin levels than in youths with low levels (i.e., moderation).

Limitations—Assessment focused on suicidal ideation and data on suicidal behavior were not 

available. Limitations inherent to immunoassay measurement of peripheral oxytocin levels are 

noted.
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Conclusion—Negative peer interactions are associated with suicidal ideation in youth with 

anxiety disorders, and the association is stronger in youth with high oxytocin levels.
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INTRODUCTION

Suicide is among the top three causes of death for youth in the United States and has been 

increasing in incidence for the past several years (Centers for Disease Control, 2015). The 

latest Youth Risk Behavior Survey found 17.7% of youth reported suicidal ideation in the 

preceding twelve months, a rate that has been growing steadily since 2009 (Centers for 

Disease Control, 2017).

Data have accumulated from community and clinical samples that overall show an 

association between youth anxiety and suicidal ideation in studies that use carefully 

characterized samples and/or measures with well-established psychometrics, and even when 

controlling for depression (Boden, Fergusson, & Horwood, 2007; Carter, Silverman, Allen, 

& Ham, 2008; Cummings, Caporino, & Kendall, 2014; Esposito & Clum, 2002; Ghaziuddin, 

King, Naylor, & Ghaziuddin, 2000; Ruchkin, Schwab-Stone, Koposov, Vermeiren, & King, 

2003; Woods, Silverman, Gentilini, Cunningham, & Grieger, 1991). In contrast, scant data 

exist that offer insights about factors that may contribute to, or help to explain, the 

association between youth anxiety and suicidal ideation (See, Hill, Castellanos, & Pettit, 

2011 for a comprehensive review).

The present study addresses this gap in knowledge by examining two factors that have never 

been examined together in a study of youth anxiety and suicidal ideation, though research 

suggests intriguing associations may exist. Specifically, we examined negative peer social 

interactions, assessed from the perspective of the youth, and the role of the nonapeptide 

oxytocin in moderating the association of negative peer social interactions with suicidal 

ideation in youth with anxiety disorders.

Our examination of negative peer social interactions is guided by research findings showing, 

as meta-analyses have reported, that negative peer social interactions, including peer 

victimization, pose a significant risk factor for suicidal ideation in youth (van Geel, Vedder, 

& Tanilon, 2014), and that the peer interactions of anxious youth are characterized as more 

negative compared with their non-anxious counterparts (Cohen & Kendall, 2015; Hawker & 

Boulton, 2000; Scharfstein, Alfano, Beidel, & Wong, 2011). Also of note, longitudinal data 

indicate that negative peer social interactions mediate the emergence of depressive 

symptoms in anxious youth (Biggs, Nelson, & Sampilo, 2010). Depression is also linked to 

negative peer interactions, in a bidirectional manner. Specifically, negative peer interactions 

predict depression in youth (Hodges & Perry, 1999; MacPhee & Andrews, 2006; Seals & 

Young, 2003), and depressed youth report more negative peer interactions than non-

depressed youth (Borelli & Prinstein, 2006; Sweeting, Young, West, & Der, 2006).
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The nonapeptide oxytocin is implicated in social behavior and has been found to enhance the 

salience of both positive and negative social events (Averbeck, 2010; Bartz, Zaki, Bolger, & 

Ochsner, 2011; Gordon & Berson, 2018; McQuaid, McInnis, Matheson, & Anisman, 2016; 

Shamay-Tsoory, 2010) with genetic differences in oxytocin-related genes moderating the 

link between negative events and suicidal ideation (McQuaid et al., 2016). Although more 

research is needed to understand the mechanisms by which oxytocin enhances the salience 

of social events, research indicates that both social events and stressful events trigger 

oxytocin release, influencing oxytocin-receptor rich areas of the brain, and the connectivity 

between them (Crockford, Deschner, Ziegler, & Wittig, 2014). Negative peer social 

interactions combine both social and stressful elements, and as such may be particularly 

susceptible to oxytocin-enhancing effects.

In the current study we therefore investigated whether negative peer social interactions are 

associated with suicidal ideation in a sample of clinically anxious youth and whether youth 

oxytocin levels moderate the association between negative peer social interactions and 

suicidal ideation. We hypothesized that suicidal ideation would be associated with negative 

peer social interactions. We further hypothesized that peripheral oxytocin levels would 

moderate the association between negative peer social interactions and suicidal ideation, 

with stronger association in youth with high oxytocin levels, and weaker association in 

youth with low oxytocin levels.

METHODS

Study Sample

Participants were 168 youth (51% female) and their mothers, who presented consecutively to 

the Anxiety and Mood Disorders Program at the Yale Child Study Center and met DSM-5 

criteria for a primary anxiety disorder. Youths were between the ages of 7–16 years 

(Mean=11 years, SD=2.8). This age range spans the modal period of onset for both suicidal 

ideation and anxiety disorders (Bolger et al., 1989; Costello, Egger, Copeland, Erkanli, & 

Angold, 2011; Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Kashani, Goddard, & 

Reid, 1989; Nock & Kazdin, 2002). The most common primary anxiety disorders in the 

sample were: generalized anxiety disorder (35%), social phobia (31%), separation anxiety 

disorder (19%), specific phobia (10%), panic disorder (3%), and agoraphobia (2%). 

Comorbidity among the anxiety disorders was high as is typical for clinically anxious youth 

(Chavira, Garland, Yeh, McCabe, & Hough, 2009; Costello et al., 2011; Costello et al., 

2003; Franco, Saavedra, & Silverman, 2007): 29% met criteria for one anxiety disorder, 

36% met criteria for two anxiety disorders, 27% met criteria for three anxiety disorders, and 

8% met criteria for four or more anxiety disorders. Comorbid non-anxiety disorders were 

also common in the sample and included: attention deficit hyperactivity disorder (18%), 

oppositional defiant disorder (14%), obsessive-compulsive disorder (14%), depression 

(12%), and selective mutism (4%).
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Measures and Procedures

The study was approved by the Yale Human Investigation Committee. Signed consent and 

assent were obtained from youths and their parents respectively, before all other study 

procedures.

Anxiety Disorder Interview Schedule, Child and Parent Versions—(ADIS-C/P) 

(Silverman & Albano, 1996). DSM-5 Diagnoses were determined using the ADIS-C/P, a 

semi-structured interview that was administered separately to children and parents. Final 

diagnoses were determined through the integration of information collected from both and 

agreed upon by expert consensus, including one of the authors of the ADIS C/P.

Suicidal Ideation Risk Scale (SIRS)—(Adrian, Miller, McCauley, & Vander Stoep, 

2016). The SIRS sums youth responses to three items that assess thoughts about death and 

suicide, derived from the Mood and Feelings Questionnaire (Angold, Costello, Messer, & 

Pickles, 1995). The items are, ‘I thought life wasn’t worth living’; ‘I thought about death and 

dying’; and ‘I thought about killing myself’. Response options for each item are ‘Not True’; 

‘Sometimes True’; and ‘True’, coded 0–2 respectively. The SIRS has been used in previous 

research to assess suicidal ideation in youth (e.g., Adrian et al., 2016). Internal consistency 

for the SIRS items was α=0.85. SIRS scores above zero indicate the presence of suicidal 

ideation, and moderate suicidal ideation has been associated with an average score of 0.73 in 

previous research (Adrian et al., 2016).

Friendship Questionnaire—(Bierman & McCauley, 1987). The Negative Interactions 

scale of the Friendship Questionnaire, completed by youth, queries a variety of negative 

social interactions and peer victimization. Items are rated on a 5-point scale from Never to 

Always and include for example ‘Is there someone who teases you and makes fun of you?’; 

‘Is there someone who beats you up?’; ‘Is there someone who leaves you out and won’t 

include you in their fun?’; and ‘Is there someone who plays mean tricks on you?’. The scale 

has been used in previous research on the impact of social interactions on anxious youth and 

has good reliability and validity (e.g., Motoca, Williams, & Silverman, 2012). Internal 

consistency for the Friendship Questionnaire negative social interactions items was α=0.91.

Multidimensional Anxiety Scale for Children (MASC)—(March, Parker, Sullivan, 

Stallings, & Conners, 1997). Youth completed the 2nd edition of MASC, a 50-item rating 

scale that covers a broad range of anxiety symptoms. MASC has been shown to have good 

reliability and validity as a self-rated indicator of anxiety severity across the school age 

(March, Parker, Sullivan, Stallings, & Conners, 1997). Internal consistency for the MASC 

was α=0.88.

Child Depression Inventory (CDI)—(Kovacs, 1985). Youth completed the CDI, a 27-

item rating scale that assesses the presence and severity of depressive symptoms in youth. 

CDI has been shown to have good reliability and validity in school-age youth (Kaslow, 

Rehm, & Siegel, 1984; Kovacs, 1985). Internal consistency for the CDI was 0.86
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Oxytocin Levels.—Youth peripheral oxytocin levels were measured in saliva collected 

using salivettes (Sarstedt, Rommelsdorf, Germany), between 4PM and 5PM, after a 2-hour 

fast. Samples were stored at −20C until centrifuged twice, 2 days apart, at 40C at 1,500g for 

20 min. Liquid samples were kept at −80C, lyophilized, and stored at −20C. On the assay 

day samples were reconstituted in water and concentrated × 4 before immunoassay with an 

ELISA kit from Enzo® (NY, USA). Measurements were performed in duplicate and 

concentrations were calculated using Matlab-7 according to relevant standard curves. The 

reliability of salivary oxytocin measurement is not well established, but studies have 

reported strong and significant associations between salivary oxytocin levels and plasma 

oxytocin levels for which reliability is better established (Feldman, Gordon, Schneiderman, 

Weisman, & Zagoory-Sharon, 2010; Grewen, Davenport, & Light, 2010; Weisman, 

Zagoory-Sharon, Schneiderman, Gordon, & Feldman, 2013). Two samples were collected 

from each youth, seven minutes apart. The two measurements were strongly correlated 

(r=0.8, p<.001) and the average of both measurements was used in analyses.

Statistical Methods

Analyses were conducted in SPSS (version 24). Bivariate correlations and multiple 

regression were used to examine associations between the study variables. To test the 

hypothesis that oxytocin levels moderate the association between negative social interactions 

and suicidal ideation hierarchical multiple linear regression with suicidal ideation as the 

predicted variable was conducted. Youth age was included as covariate in the analysis, in 

light of two studies that have reported correlations between oxytocin levels and age in both 

anxious and typically-developing youth (Lebowitz et al., 2016; Modahl et al., 1998). In the 

first step, negative social interactions and oxytocin level were included as the predictor 

variables. In the second step, an interaction term was added, equal to the product of negative 

social interactions and oxytocin level. Significant change in explained variance in suicidal 

ideation when the interaction term is included in analysis provides evidence of moderation. 

The PROCESS macro for SPSS (Hayes, 2013) was then used to calculate simple slopes for 

the associations between negative social interactions and youth suicidal ideation at low (1 

SD below the mean), moderate (mean), and high (1 SD above the mean) oxytocin level, and 

95% confidence intervals for the effect sizes were calculated based on bootstrapping 

procedures with 5000 samples.

RESULTS

Table 1 presents clinical characteristics of the sample and associations between suicidal 

ideation and the other study variables. Overall, suicidal ideation was common among the 

anxious youth, with 30% endorsing at least one of the items on SIRS, and mean SIRS score 

was 0.8 (SD=1.5), comparable to the mean SIRS score associated with moderate risk of 

suicidal ideation in previous research (Adrian et al., 2016). Bivariate correlations revealed 

suicidal ideation was significantly correlated with negative social interactions, as well as 

with severity of anxiety and depression symptoms, and youth age, but not youth sex. 

Suicidal ideation was higher among youth with depression, generalized anxiety disorder, and 

panic disorder, compared to youth without (t=7.5, p<.001; t=2.4, p<.05; t=2.8, p<.01, 

respectively). No other diagnoses were associated with suicidal ideation.
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Multiple linear regression, predicting suicidal ideation from age, negative social interactions, 

depression scores, and anxiety scores, resulted in a significant model. The overall model 

explained 34% of variance in suicidal ideation (adjusted R2=0.33, F=26.3, p<.001). 

Depression ratings and negative social interactions ratings contributed significantly to the 

model (Bstandardized=.52, p<.001, and Bstandardized=.18, p<.01, respectively). Youth age and 

anxiety scores did not significantly predict suicidal ideation in the multiple regression 

model, though both were significantly associated with suicidal ideation in bivariate 

correlations.

Salivary OT levels ranged from 4.5pg/ml to 75.8pg/ml (Mean=26.1pg/ml, SD=14.7), and 

were normally distributed with acceptable skewness (.69, SEM=.18) and kurtosis (.09, 

SEM=.37). Salivary oxytocin levels correlated positively with youth age (r=0.24, p<.01) and 

were not significantly correlated with suicidal ideation in bivariate correlation.

Hierarchical linear regression was conducted to test the hypothesis that oxytocin levels 

moderate the association between negative social interactions and suicidal ideation. Youth 

age was included as a covariate in the analysis as both oxytocin levels and suicidal ideation 

were significantly correlated with age. Results of the regression showed significant change 

in explained variance when the interaction term between negative social interactions and 

oxytocin level was included in the analysis, providing evidence of moderation. The first step, 

including negative social interactions and oxytocin level resulted in explained variance of 

R2=.19 for suicidal ideation and was significantly different from zero (F=9.34, p<.001). 

Both negative social interactions (Beta=.36, p<.001) and youth age (Beta=.23, p<.01) 

contributed significantly to the prediction of suicidal ideation, and oxytocin levels did not 

(Beta=.01, NS). The second step, with the addition of the interaction term equal to the 

product of negative social interaction and oxytocin level, increased the explained variance by 

6.4%, which was significantly different from step 1 (Fchange=12.8, p<.001).

Examination of simple slopes for the associations between negative social interactions and 

suicidal ideation revealed that the effect size became larger with higher oxytocin levels. 

When oxytocin levels were low, the association between negative social interactions and 

suicidal ideation was not significant (β=.07, 95% CI: −.29 to .43, p=.68). For youth with 

moderate levels of oxytocin the association was significant (β=1.1, 95% CI: .55 to 1.6, p=<.

001), and for youth with high oxytocin levels the association was between negative social 

interactions and suicidal ideation was strongest and most significant (β=.1.53, 95% CI: .81 

to 2.25, p=<.001). Figure 1 plots the simple slopes for the interaction and shows that 

negative social interactions did not predict suicidal ideation in youth with low oxytocin 

levels, and did so at increasingly higher oxytocin levels.

DISCUSSION

Negative social interactions were associated with increased risk of suicidal ideation in 

anxious youth and were moderated by oxytocin levels. Suicidal ideation was also 

significantly associated with severity of anxiety and depression symptoms and with youth 

age. Examining the predictors of suicidal ideation together in multiple linear regression, 
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depression and negative peer social interactions significantly predicted suicidal ideation, 

while age and anxiety scores no longer contributed significantly to the model.

Overall, these findings are in line with previous data linking anxiety to suicidal ideation in 

both community and clinical samples and have important clinical and research implications 

(Boden, Fergusson, & Horwood, 2007; Carter, Silverman, Allen, & Ham, 2008; Cummings, 

Caporino, & Kendall, 2014; Esposito & Clum, 2002; Ghaziuddin, King, Naylor, & 

Ghaziuddin, 2000; Ruchkin, Schwab-Stone, Koposov, Vermeiren, & King, 2003; Woods, 

Silverman, Gentilini, Cunningham, & Grieger, 1991). Negative social interactions and peer 

victimization are key aspects of youth experiences and are important to consider in 

evaluating risk factors for suicidal ideation or behavior. The importance of considering these 

aspects is compounded by the heightened prevalence of newer forms of peer victimization 

such as cyberbullying, which can be perpetrated anonymously at any time and place, and 

which a recent review found to be reported by as many as 42% of youth (Hamm et al., 

2015).

This is the first study to show that oxytocin levels significantly moderate the association 

between negative peer social interactions and suicidal ideation in clinically anxious youth. 

As we predicted, higher levels of oxytocin were associated with a stronger link between 

negative social interactions and suicidal ideation. This is in line with research indicating that 

oxytocinergic functioning increases the salience and impact of social interactions and can 

amplify the impact of negative experiences (Averbeck, 2010; Chatzittofis, Nordstrom, 

Uvnas-Moberg, Asberg, & Jokinen, 2014; McQuaid et al., 2016). Animal studies and 

oxytocin administration studies in humans have begun to identify the mechanisms through 

which oxytocin impacts social perception, focusing on oxytocin-receptor rich areas of the 

brain implicated in social behavior, and the connectivity between them (e.g., Hurlemann & 

Scheele, 2016; Young, 2015). The results are also in line with recent findings from genetic 

research. The CD38 gene is required for oxytocin secretion and has been linked to 

differences in social processing (Jin et al., 2007; Kiss, Levy-Gigi, & Keri, 2011; Lerer et al., 

2010; Munesue et al., 2010). A single nucleotide polymorphism on CD38 moderated the 

association between traumatic experiences and suicidal ideation in a recent study of college 

age students (McQuaid et al., 2016). The association was stronger among students with the 

genotype associated with higher oxytocin levels (AA). Additional research on the role of the 

oxytocinergic system for suicidal ideation is needed and may be best understood within the 

context of a diathesis-stress model, as has been proposed to integrate other findings on 

environmental and biological risk factors for suicidal behavior (Brodsky, 2016).

The study has several limitations that warrant consideration; two relate to our measurement 

approach. Specifically, our assessment was limited to suicidal ideation and did not 

incorporate broader aspects such as suicidal attempts (Silverman, Berman, Sanddal, 

O’Carroll, & Joiner, 2007). However, as the first study in this area, it was reasonable to 

begin with suicidal ideation given its high prevalence and relative ease in assessment. In the 

future it will be important to broaden the assessment to include other aspects of suicidal 

behavior. A potential limitation of establishing the presence of suicidal ideation using the 

SIRS subscale of MFQ is the possibility for youth to endorse the item ‘I thought about death 

and dying’ without suicidal intent (e.g., if a death in the family caused the child to think 
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about death). The SIRS approach has been used in past research and our findings are similar 

to those previously reported. Nevertheless, additional research with more thorough 

assessment of suicidal ideation would be desirable.

Also relating to assessment, salivary oxytocin has been increasingly used in research on the 

behavioral effects of oxytocin due to ease with which it can be obtained. Questions have 

arisen though about the validity of immunoassay oxytocin measurement and of peripheral 

markers as indicators of central oxytocinergic functioning. For example, there is debate 

about the optimal measurement methods and processes (e.g., use of extracted vs. unextracted 

samples; use of enzyme assays vs. radio-immunoassay), as well the fluid of choice in which 

to measure oxytocin (i.e., saliva vs. blood, urine or CSF) (Carter et al., 2007; Kagerbauer et 

al., 2013; Lebowitz, Gee, Pine, & Silverman, 2018; McCullough, Churchland, & Mendez, 

2013; Szeto et al., 2011; Young & Anderson, 2010). These important questions 

notwithstanding, a wealth of data from numerous studies support the usefulness of 

measuring peripheral oxytocin levels, reporting highly stable oxytocin levels over periods of 

several months, and associations between peripheral oxytocin levels and behavioral 

indicators in line with what theory would predict, and pointing to coordination between 

peripheral and central oxytocinergic functioning (Crockford et al., 2014; Weisman et al., 

2013). For example, a recent study compared central (cerebrospinal fluid) and peripheral 

oxytocin using four separate measurement methods and found positive correlation between 

the central and peripheral levels on three out of the four methods, including commercial 

enzyme immunoassay as was used in the current study (Lefevre et al., 2017).

Another limitation relates to our sampling frame. We focused, for this preliminary 

investigation, on clinic referred youth who presented with anxiety disorders, and we did not 

include other clinic samples or healthy’ controls. Future work is required using a broader 

sampling frame, to examine the patterns of associations in additional populations.

These limitations notwithstanding, the current paper provides important and preliminary 

data on the risk of negative peer social interactions for suicidal ideation in youth. The study 

also supports a role for the oxytocinergic system in modulating the effects negative social 

interactions, a novel neurobiological finding that underscores the need for more research on 

this and other neurobiological systems in youth suicidal ideation.
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Highlights

• We studied suicidal ideation, peer interactions, and oxytocin, in anxious 

youth.

• Suicidal ideation was common in the anxious youth.

• Negative peer interactions were associated with suicidal ideation.

• Oxytocin moderated the link between negative interactions and suicidal 

ideation.
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Figure 1. 
Association Between Negative Social Interactions and Suicidal Ideation in Anxious Youth at 

Low, Moderate, and High Levels of Salivary Oxytocin
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Table 1.

Suicidal ideation in clinically anxious youth (N=168), associations with negative social interactions, clinical 

and demographic characteristics, and salivary oxytocin levels.

Mean (SD) Correlation with Suicidal Ideation

Suicidal Ideation (SIRS) 0.8 (1.5) -

Negative Social Interactions (FQ) 1.7 (0.67)
0.32

***

Anxiety (MASC) 70.9 (25.3)
0.28

***

Depression (CDI) 16.8 (8.7)
0.55

***

Age 11.1 (2.8)
.19

**

Sex (% female) 51% NS

Salivary Oxytocin Level in pg/ml 26.1 14.7 0.07

***
=p<001;

**
=p<.01;

SIRS=Suicide Ideation Risk Scale; FQ=Friendship Questionnaire (Negative Interactions); MASC=Multidimensional Anxiety Scale for Children; 
CDI=Child Depression Inventory.
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Table 2.

Results of hierarchical regression predicting suicidal ideation from negative social interactions, salivary 

oxytocin levels, youth age (Step 1) and including the interaction term equal to the product of negative social 

interactions and salivary oxytocin levels (Step 2).

Step 1 Beta t p

(Constant) 3.59 <.001

Negative Social Interactions .362 5.03 <.001

Salivary Oxytocin Level .01 .143 NS

Youth Age .233 3.2 <.01

Step 2

(Constant) −2.18 <.05

Negative Social Interactions .18 1.68 NS

Salivary Oxytocin Level −.41 −2.07 <.05

Youth Age .239 3.32 <01

Interaction Term .47 2.29 <.01

J Affect Disord. Author manuscript; available in PMC 2020 February 15.


	Abstract
	INTRODUCTION
	METHODS
	Study Sample
	Measures and Procedures
	Anxiety Disorder Interview Schedule, Child and Parent Versions
	Suicidal Ideation Risk Scale (SIRS)
	Friendship Questionnaire
	Multidimensional Anxiety Scale for Children (MASC)
	Child Depression Inventory (CDI)
	Oxytocin Levels.

	Statistical Methods

	RESULTS
	DISCUSSION
	References
	Figure 1
	Table 1.
	Table 2.

