1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Clin Psychol Sci. Author manuscript; available in PMC 2017 January 01.

-, HHS Public Access
«

Published in final edited form as:
Clin Psychol <ci. 2016 January 1; 4(1): 17-27. doi:10.1177/2167702615577470.

Interaction of CD38 Variant and Chronic Interpersonal Stress
Prospectively Predicts Social Anxiety and Depression
Symptoms Over Six Years

Benjamin A. Tabak!", Suzanne Vrshek-Schallhorn?, Richard E. Zinbarg?3, Jason M.
Prenoveau4, Susan Mineka?, Eva E. Redei®, Emma K. Adam®7, and Michelle G. Craskel

1 Department of Psychology, University of California — Los Angeles, Los Angeles, CA
2 Department of Psychology, Northwestern University, Evanston, IL

3 The Family Institute at Northwestern University, Evanston, IL

4 Department of Psychology, Loyola University Maryland, Baltimore, MD

5 Department of Psychiatry and Behavioral Sciences, Feinberg School of Medicine, Northwestern
University

6 School of Education and Social Policy, Northwestern University

7 Cells to Society Center, Institute for Policy Research, Northwestern University

Abstract

Variation in the CD38 gene, which regulates secretion of the neuropeptide oxytocin, has been
associated with several social phenotypes. Specifically, rs3796863 A allele carriers have
demonstrated increased social sensitivity. In 400 older adolescents, we used trait-state-occasion
modeling to investigate how rs3796863 genotype, baseline ratings of chronic interpersonal stress,
and their gene-environment (GXE) interaction predicted trait social anxiety and depression
symptoms over six years. We found significant GXE effects for CD38 A-carrier genotypes and
chronic interpersonal stress at baseline predicting greater social anxiety and depression symptoms.
A significant GxE effect of smaller magnitude was also found for C/C genotype and chronic
interpersonal stress predicting greater depression; however, this effect was small compared to the
main effect of chronic interpersonal stress. Thus, in the context of chronic interpersonal stress,
heightened social sensitivity associated with the rs3796863 A allele may prospectively predict risk
for social anxiety and (to a lesser extent) depression.
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Recent research has shown that genetic variation in CD38, a multifunctional protein known
for its involvement in glucose-mediated insulin secretion (Bruzzone et al., 2008) and
immune system functioning (Malavasi et al., 2008), plays a role in regulating social
behaviors (Higashida, Yokoyama, Kikuchi, & Munesue, 2012). The social effects of CD38
may result in part from CD38's influence on oxytocin secretion (Higashida et al., 2012; Jin
et al., 2007), which has wide-ranging influences on socioemotional processes (Bartz, Zaki,
Bolger, & Ochsner, 2011). Building on findings from animal research demonstrating a role
for CD38 in social processes, researchers have begun to examine whether genetic variation
in CD38 may be associated with clinical disorders in humans characterized by social
impairments such as autism spectrum disorders (ASD).

One genetic variant of particular interest has been rs3796863, an adenine to cytosine (A > C)
single nucleotide polymorphism (SNP) located in intron 7 of CD38 on chromosome 4p15
(Malavasi et al., 2008). Having one or more rs3796863 C alleles was associated with ASD
in a Caucasian sample in the United States (Munesue et al., 2010) and an Israeli sample
(i.e., the rs3796863 C allele was included in several significant haplotype associations;
Lerer et al., 2010). Lerer et al. (2010) also found that individuals with ASD had lower levels
of CD38 expression in lymophoblastoid cell lines compared to their healthy parents, and
among low functioning individuals with ASD, rs3796863 C allele carriers had lower levels
of CD38 gene expression. In a non-clinical sample, lower CD38 gene expression was
associated with lower plasma oxytocin (Kiss, Levy-Gigi, & Keri, 2011). In addition, parents
with the C/C rs3796863 genotype engaged in less parental touch with their infants and had
lower levels of plasma oxytocin (Feldman et al., 2012; but see, Szeto et al., 2011 for a
discussion of several issues associated with measurement of plasma oxytocin without
extraction).

Social sensitivity can be conceptualized as an underlying dimension of normative social
functioning in which either extreme sensitivity or insensitivity may represent clinical
pathology. The rs3796863 C allele has been generally associated with decreased social
sensitivity, as indicated by reduced parental responsiveness and increased risk of ASD
(which includes impaired attention to or engagement in social stimuli; Chevallier, Kohls,
Troiani, Brodkin, & Schultz, 2012). In addition, the rs3796863 C allele has been associated
with lower levels of CD38 gene expression and lower levels of plasma oxytocin. In contrast,
the A allele has been associated with increased social sensitivity (i.e., increased attention and
engagement in social stimuli), higher levels of CD38 gene expression, and higher levels of
plasma oxytocin. Based on these findings and Bartz and Mclnnes's (2007) suggestion that
CD38 may be a promising candidate in understanding the impact of adversity on social
behavior, we were interested in examining the interaction between variation in the
rs3796863 CD38 polymorphism, chronic interpersonal stress, and two previously
unexamined forms of socially-relevant psychopathology: social anxiety and depression.
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Because anxiety and depression are highly prevalent (Kessler et al., 2005) and their
economic costs are substantial (Simon, Ormel, VonKorff, & Barlow, 1995), efforts to
elucidate neurobiological and psychological factors that increase risk for social anxiety
disorder and major depression are very important. Twin studies estimate the genetic
contribution to social anxiety disorder at .30 (Smoller, Gardner-Schuster, & Misiaszek,
2008) and to major depression at .37 (Sullivan, Neale, & Kendler, 2000). Thus, studies
examining the genetic bases of these disorders may improve our ability to identify those at
risk and help to inform novel treatments. A core feature of social anxiety disorder is fear of
negative evaluation (Clark & McManus, 2002). Similarly, interpersonal sensitivity has been
associated with increased risk for major depression (Boyce, Parker, Barnett, Cooney, &
Smith, 1991). There is a well-established link between stressful interpersonal life events and
depression (Slavich, O'Donovan, Epel, & Kemeny, 2010), including chronic interpersonal
stress (e.g., Hammen, Hazel, Brennan, & Najman, 2012). In addition, a gene-environment
(GXE) interaction model predicting depression found a key role for interpersonal forms of
stress (Vrshek-Schallhorn et al., 2014). Although there is less research on the link between
interpersonal stress and anxiety (including social anxiety) than depression, some evidence
suggests that interpersonal stressors are associated with social anxiety (e.g., Starr & Davila,
2008). There is also mounting evidence for the role of oxytocin in social anxiety (Heinrichs
& Gaab, 2007, Labuschagne et al., 2010). Given the moderate level of heritability in social
anxiety disorder and major depression, as well as their relationships with interpersonal
stress, genetic predisposition to social sensitivity may increase the impact of interpersonal
stress and prospectively predict both disorders.

Based on NIMH Research Domain Criteria (RDoC) initiative to investigate the causes and
consequences of mental illness based on dimensions rather than categorical diagnoses
(Cuthbert & Kozak, 2013), we chose to investigate prospective longitudinal variation of
social anxiety and depression through interviewer-rated and self-report symptom measures.
We focused on older adolescents since the transition from adolescence to adulthood
represents a critical period that marks the development of many psychiatric disorders
(Krueger, 1999). Since cross-sectional assessments of anxiety and depression are subject to
normative, transient distress (McGrath, Weill, Robinson, Macrae, & Smoller, 2012), as well
as mood-state distortions (Naragon-Gainey, Gallagher, & Brown, 2013), our interest was in
predicting the enduring personality-like trait portions of social anxiety and depression over
time. Trait-State-Occasion (TSO) structural equation models (Cole, Martin, & Steiger, 2005)
were used to separate the stable, trait-like, component (“trait variance”) of symptoms from
the more state-like components (“state variance”). Previous work from our research group
demonstrated that trait variance accounted for 73.3% of social anxiety symptom variance
and 46.3% of depression symptom variance in older adolescents (Prenoveau et al., 2011).
TSO modeling is particularly suited to GXE research because improved measurement of
outcome variables increases the power to detect GXE associations (Wong, Day, Luan, Chan,
& Wareham, 2003). Also, isolation of the stable portion of variance in a dependent variable
increases phenotypic precision, and may therefore prove to be a valuable tool for future
genetic research. The current report represents the first demonstration of TSO modeling in
GXE research.
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We hypothesized that chronic interpersonal stress at baseline would predict the trait-like
components of social anxiety and depression over six years, and that variation in CD38
rs3796863 would moderate this effect. We examined chronic interpersonal stress (Hammen,
2005) at baseline because it captures relatively stable (i.e., chronic) prior stress that might
improve the ability to detect gene-environment interactions that predict stable traits. Based
on previous findings indicating that individuals who carry the A allele in rs3796863
demonstrate heightened social sensitivity (Feldman et al., 2012; Munesue et al., 2010), we
hypothesized that baseline ratings of chronic interpersonal stress would have a greater
impact on those with this genotype, contributing to higher levels of social anxiety and
depression symptoms over six years.

The Youth Emotion Project (YEP) is a longitudinal study of risk factors for anxiety and
depression comprised of annual assessments of life stress and symptoms of psychopathology
among other measures (for futher details about the YEP study, see Zinbarg et al., 2010).
Participants who scored in the approximate top third on neuroticism (measured by the
Revised Eysenck Personality Questionnaire; Eysenck, Eysenck, & Barrett, 1985) were
oversampled to increase the likelihood of prospective development of anxiety and
depression symptomology. Participants were high school students who completed clinical
diagnostic and life stress interviews, and symptom questionnaires, annually for six years. In
the present study, participants (n = 410) represented a subset of those initially enrolled in the
YEP who also provided a saliva sample for DNA analysis. Ten participants were excluded
because no genotyping call was possible for rs3796863. This resulted in a total of 400
participants (mean age = 16.12, D = .43) for all analyses except those involving baseline
socioeconomic status, for which seven participants did not provide information (n = 393).

Materials and Procedure

Socioeconomic Status—Due to the association between socioeconomic status and
increased risk for psychiatric disorders (McLaughlin et al., 2011), the Hollingshead
socioeconomic status index (Hollingshead, 1975) was measured during the baseline
interview.

SCID Clinical severity ratings—The Structured Clinical Interview for DSM-1V, non-
patient edition (SCID; First, Spitzer, Gibbon, & Williams, 2001) was used to assess lifetime
diagnoses at baseline, and Clinical Severity Ratings (CSRs; Di Nardo & Barlow, 1988)
captured symptom severity and degree of distress and impairment associated with each
diagnosis. Interviewers possessed at least a bachelor's degree, completed extensive training
and achieved consensus with gold standard diagnostic and CSR ratings. Diagnoses and
CSRs were assigned during supervision with a doctoral level clinical psychologist in a
consensus process. CSRs were rated on a nine-point scale with “0” representing no
symptoms, distress, or interference, “1-3” representing subclinical severity, and “4-8”
representing clinical significance of increasing severity. Follow-up annual SCIDs assessed
CSRs for social anxiety disorder and major depression over the time since the participant's
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previous assessment. Inter-rater reliability was conducted on approximately 10% of all
SCIDs (69 cases). Inter-rater Pearson r for CSR ratings was =.74 for all disorders and
Kappas for major depressive disorder and social anxiety disorder were (.83) and (.65)
respectively (Zinbarg et al., 2010).

Social Anxiety—Social anxiety was represented by a latent variable whose indicators
included SCID CSR ratings for social anxiety disorder and eight items from the Self-
Consciousness subscale of the Social Phobia Scale (SPS-SC; Mattick & Clark, 1998). The
SPCSC includes 13 items rated on a five-point Likert scale (e.g., I feel awkward and tense
if | know people are watching me”). The eight items chosen have been shown to uniquely
predict social anxiety (Prenoveau et al., 2010). As in Prenoveau et al. (2011), the eight SPS-
SC items were separated into two, four-item subscales to improve TSO model convergence
rates (see Table S1 in the online Supplemental Material for specific items), which, like all
latent variable approaches, require multiple observed indicators (o subscale 1: Mean = .67,
D =.06; a subscale 2: Mean = .75, SD = .04).

Depression—Depression was represented by a latent variable whose indicators included
SCID CSR ratings for major depressive disorder, two items from the Inventory to Diagnose
Depression (IDD; Zimmerman, Coryell, Corenthal, & Wilson, 1986) and nine items from
the Mood and Anxiety Symptom Questionnaire (MASQ; Watson et al., 1995). The specific
items from the IDD and MASQ were chosen based on previous research demonstrating that
these items uniquely predict depression (Prenoveau et al., 2010). The two IDD items
measured discouragement about the future and frequency/intensity of sadness. The MASQ
asks individuals to rate the extent to which they have experienced symptoms during the past
week (e.g., “felt discouraged”). As in Prenoveau et al. (2011), the 11 items from the IDD
and MASQ were separated into two subscales (with 5 and 6-items; see Table S1 in the
online Supplemental Material for specific items) to improve TSO model convergence rates
(o subscale 1: Mean = .87, SD = .01; a subscale 2: Mean = .84, SD = .02).

Chronic Interpersonal Stress—Past year chronic interpersonal stress was assessed at
baseline interview using the UCLA Life Stress Interview (LSI; Hammen, 1991).1 The LSI
assesses four interpersonal stress domains: best friend relationship, social circle, romantic
relationship, and family relationships. Ratings were assigned by the interviewer for each
domain on a scale from 1 to 5 in half-point increments, with 1 representing the least amount
of stress, and 5 representing the most. Scores from the interpersonal domains were averaged
and centered to create a composite score that represented baseline chronic interpersonal
stress, which was analyzed as a prospective predictor of trait symptom factors. Inter-rater
reliability (ICCs) for the chronic interpersonal stress composite was .9 within site and .89
cross-site.

Genotyping—Participants provided saliva samples using Oragene kits (DNA Genotek,
Ontario, Canada) in their homes. Extraction and genotyping for CD38 SNP rs3796863 was

1as part of the YEP study, we also measured interpersonal stress at time points following the baseline measurent. However, to
account for the temporal dynamics of the study (i.e., using the GXE interaction effect to prospectively predict longitudinal trait social
anxiety and depression symptoms), we chose to rely on only ratings of chronic interpersonal stress at baseline.
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performed by Kbioscience (United Kingdom). KASP™ genotyping assays are based on
competitive allele-specific PCR and enable bi-allelic scoring of SNPs at specific loci. The
assay-specific KASP Primer mix and the universal KASP master mix are added to DNA
samples, a thermal cycling reaction is then performed, followed by end-point fluorescent
detection. Biallelic discrimination is achieved through the competitive binding of two allele-
specific forward primers, each with a unique tail sequence that corresponds with two
universal FRET (fluorescence resonant energy transfer) cassettes; one labeled with FAM™
dye and the other with HEX™ dye.

Statistical Analysis

Results

Following the methods outlined by Prenoveau et al. (2011), we created separate TSO models
for social anxiety and depression symptoms measured across six annual time points (see
Figure S1 in the online Supplemental Material for the social anxiety TSO measurement
model).2 State social anxiety (or depression) represented a person's relative standing on a
latent social anxiety (or depression) variable at a particular time. The variance for each state
social anxiety latent variable (or depression) was then divided into trait social anxiety (or
depression) and occasion specific variance (variance that is not explained by either the trait
factor or standing on the prior state factor). All of the trait variance that was partitioned out
of each state latent variable was then represented by our outcome of interest: latent trait
social anxiety or depression (see, Cole et al., 2005). Based on model fit, CSRs were treated
as categorical.

TSO structural equation modeling was conducted using Mplus version 7.0 (Muthén &
Muthén, 1998-2012) and Full Information Maximum Likelihood was used to estimate
missing data and model parameters. We used the false discovery rate correction (Benjamini
& Hochberg, 1995) for multiple testing for the two primary GxE tests. As in previous
studies (Feldman et al., 2012; Sauer, Montag, Worner, Kirsch, & Reuter, 2012), rs3796863
genotype was dichotomized such that all A allele carriers (A/A and A/C genotype, n = 237,
coded 1) were compared to individuals who carried two C alleles (C/C genotype, n = 163,
coded 0). In the TSO models, CD38 genotype, chronic interpersonal stress, and the GXE
interaction effect were included as predictors of trait social anxiety and trait depression. In
addition, self-reported race/ethnicity (Black, Hispanic, Other; Caucasians were designated as
the comparison group), genotype x race/ethnicity interactions, gender, and SES were entered
as covariates. Race/ethnicity as well as genotype-race/ethnicity interactions were included to
statistically reduce the effects of population stratification (Keller, 2014; Tang et al., 2005).
P-values < .05 (two-tailed) were considered statistically significant.

Participant demographics and genotype frequencies are shown in Table 1 (for means,
standard deviations, and correlations between observed study variables, see Table S2 and
Table S3 in the online Supplemental Material). All participants completed the baseline Life
Stress Interview. Table 1 also shows the number of annual self-report and interview

2Given the well-known high degree of comorbidity between social anxiety and depression, we initially attempted to run a unified TSO
model that included both. Unfortunately the combined model did not converge, so we present separate TSO models.

Clin Psychol Sci. Author manuscript; available in PMC 2017 January 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabak et al.

Page 7

assessments completed by participants. Genotypes did not depart from Hardy-Weinberg
Equilibrium (2 = .01, p=.92).

We first examined the gene-environment correlation between CD38 genotype and chronic
interpersonal stress at baseline. As in other analyses, all covariates (gender, SES, race,
genotype-race interactions) were included. No significant relationships were found between
rs3796863 genotype (A/C or A/A genotypes coded 1; C/C genotype coded 0) and chronic
interpersonal stress (r = -.06, p = .24). Therefore, any gene-environment interactions
detected are not due to self-selection into stressful interpersonal conditions as a function of
genotype.

The social anxiety TSO model fit the data well as indicated by RMSEA: .036 (90% ClI, .
029-.043) and CFI: .927 (Hu & Bentler, 1999). Results for the social anxiety TSO model are
shown in Table 2. No main effect was found between CD38 genotype and social anxiety. A
main effect between chronic interpersonal stress and social anxiety was qualified by a
significant GXE interaction of chronic interpersonal stress and CD38 genotype on trait social
anxiety. Both results (main effect and interaction) remained significant when including all
covariates in the model. As shown in Table 2, tests of the simple main effects demonstrated
that increasing levels of chronic interpersonal stress were significantly associated with
increasing levels of trait social anxiety among A allele carriers, but no significant association
was found among individuals with the C/C genotype (see Figure 1). Table 2 also shows that
results remained unchanged when including all covariates in the simple main effects
analysis for A allele carriers and individuals with the C/C genotype. In addition, the GXE
interaction between CD38 genotype and chronic interpersonal stress (p = .004) remained
significant after multiple test correction.

The depression TSO model fit the data well as indicated by RMSEA: .032 (90% ClI, .025-.
039) and CFI: .921. Results for the depression TSO model are shown in Table 3. No main
effect was found between CD38 genotype and depression. A main effect between chronic
interpersonal stress and depression was qualified by a significant GXE interaction of chronic
interpersonal stress and CD38 genotype on depression. Both results (main effect and
interaction) remained significant when including all covariates. As shown in Table 3, tests of
the simple main effects demonstrated that increasing levels of chronic interpersonal stress
were significantly associated with increasing levels of trait depression in all individuals, but
significantly more strongly among A allele carriers than their C/C counterparts (see Figure
1). Table 3 also shows that results for these simple main effects remained unchanged when
including all covariates. In addition, the GXE interaction between CD38 genotype and
chronic interpersonal stress (p = .037) remained significant after multiple test correction.

Discussion

The present findings are the first to demonstrate that polymorphic variation in the CD38
gene and social sensitivity to interpersonal events at baseline prospectively predict higher
trait levels of social anxiety and depression over time. Further, we also show that these
effects depend on an individual's social context—a gene environment interaction effect.
Although we identified a statistically significant GXE effect that predicted trait depression
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over time, there are several reasons to be cautious in interpreting this effect. First, the
magnitude of the GxE effect was very small compared to the main effect of baseline ratings
of chronic interpersonal stress. Second, the main effect of chronic interpersonal stress at
baseline compared to the effect of the GXE interaction was much larger in the depression
model relative to the social anxiety model. Third, baseline ratings of chronic interpersonal
stress were significantly positively associated with increasing levels of trait depression in
both genotype groups. These findings led us to question the utility and replicability of the
GXE predicting depression symptoms.

To our knowledge, this is also the first study to investigate GXE interactions in the context of
a TSO structural equation model. Consistent with evidence of a complex polygenic basis for
psychiatric disorders (Demirkan et al., 2011), we did not obtain significant main effects of
the CD38 SNP rs3796863 with either form of psychopathology. Our GXE interaction
findings are in agreement with previous studies suggesting a link between polymorphic
variation in rs3796863 and individual differences in social sensitivity (Feldman et al., 2012;
Munesue et al., 2010). In addition, findings accord with previous research demonstrating
associations between social sensitivity, depression, and anxiety (Boyce et al., 1991; Sutton
etal., 2011).

Specifically, chronic interpersonal stress at baseline was associated with higher levels of
trait social anxiety and depression over six years for A allele carriers on rs3796863. In
addition, baseline ratings of chronic interpersonal stress were associated with higher levels
of depression for individuals with the C/C genotype (though this relationship was of smaller
magnitude than the relationship for A allele carriers), and no significant association was
found between chronic interpersonal stress and social anxiety symptoms in individuals with
the C/C genotype. However, the large main effect of baseline ratings of chronic
interpersonal stress on depression appears to be most relevant in the present study, even
above and beyond the significant gene-environment interaction findings. Our findings of
significant main effects of baseline chronic interpersonal stress on both disorders examined
contribute to the large body of work demonstrating the strong association between
interpersonal stress and depression (Liu & Alloy, 2010, Slavich et al., 2010), as well as the
potential link between interpersonal stress and social anxiety (e.g., Starr & Davila, 2008).

At least one possible model may explain these findings. Results from previous studies have
generally demonstrated that individuals who carry the A allele on rs3796863 are
characterized by higher levels of social sensitivity and higher levels of peripheral oxytocin
when compared to those with the C/C genotype (Feldman et al., 2012; Munesue et al.,
2010). One of the leading hypotheses about the effects of oxytocin on social cognition and
behavior is that oxytocin increases the salience of social cues (Bartz et al., 2011; Shamay-
Tsoory et al., 2009), which can be thought of as increased sensitivity to both positively and
negatively valenced social stimuli. Although increased social sensitivity may enhance social
cognition and increase prosocial behavior for some individuals in positive environments, the
underlying increase in social sensitivity may have detrimental effects for others in negative
environments (Bartz et al., 2011; Tabak, 2013). In addition, plasma oxytocin has been
positively associated with social anxiety (Hoge, Pollack, Kaufman, Zak, & Simon, 2008),
depression (Cyranowski et al., 2008), and relational distress (Tabak, McCullough, Szeto,
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Mendez, & McCabe, 2011). Therefore, one possible explanation for the present results is
that elevations in endogenous oxytocin putatively associated with rs3796863 A-carrier
genotypes may heighten social sensitivity, which in the context of higher levels of chronic
interpersonal stress, prospectively predicts an increase in social anxiety and (to a lesser
extent) depression symptoms over time. Thus, the present findings provide additional
evidence for a link between the oxytocin system and social anxiety (Heinrichs & Gaab,
2007; Guastella et al., 2009; Labuschagne et al., 2010).

Although social anxiety and depression are highly comorbid, the present findings also
remind us of significant distinctions between these two constructs. To date, social anxiety
has appeared to be more empirically proximate to the oxytocin system (in this case as
represented by the “G” component of the “GXE”) and to a lesser extent to chronic
interpersonal stress (“E”). Although variation in the oxytocin receptor gene has been shown
to moderate the association between early life adversity and depression (McQuaid et al.,
2013), the present results do not point to a particularly influential role of CD38 variation in
the development of depression from late adolescence to early adulthood. Rather, our results
showing a strong main effect between ratings of chronic interpersonal stress at baseline and
depression confirm previous reports demonstrating that depression is more empirically
proximate to environmental influences (represented by the “E” component of the “GxE”),
and less so to the oxytocin system (in this case the “G” component). Indeed, the relationship
between oxytocinergic signaling and depression is less understood than it is for social
anxiety (Neumann & Landgraf, 2012).

Noteworthy strengths of this study include the use of a longitudinal repeated measures
design, diagnostic and life stress interviews, dimensional dependent variables, and the
application of a latent variable approach through TSO structural equation modeling. This
enabled isolation of trait-specific variance in social anxiety and depression symptoms over
six years. Limitations included a relatively small sample for a population-based genetic
association study. However, our sample is slightly larger than many other GXE interaction
studies (Duncan & Keller, 2011), and substantially larger than several recent investigations
of CD38 and other social phenotypes (Feldman et al., 2013; Sauer et al., 2012). In addition,
our use of a prospective longitudinal design that included both clinician rated social anxiety
and depression symptoms as well as interview-based measures of chronic interpersonal
stress decreases the likelihood that the present results are false positives (Caspi, Hariri,
Holmes, Uher, & Moffitt, 2010). Nonetheless, replication studies with a larger sample size
are recommended.

Another limitation is that the present study did not measure endogenous levels of oxytocin,
so only speculation is possible regarding the relationship between variation in rs3796963,
levels of oxytocin, and social anxiety and depression. Although studies have found an
association between lower levels of endogenous oxytocin and the SNP examined here
(Feldman et al., 2012, 2013), it is located in an intronic region of the CD38 gene and at
present has no known functionality. As a result, this SNP may serve as a marker for a
functional variant of CD38 (Lin, Vance, Pericak-Vance, & Martin, 2007). Furthermore, even
in the absence of direct connection between rs3796963 genotype and oxytocin levels, the
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allele-specific effects of genotype by environment interaction with social anxiety/depression
remains valid.

It is important to note that our sample was racially/ethnically heterogeneous. Our inclusion
of race and genotype-race interactions as covariates reduces the likelihood that our results
resulted from false positive findings associations due to population stratification; however,
we did not have enough participants from each representative racial group to perform
separate analyses. Similarly, our study included an uneven amount of male and female
participants. Future studies with larger sample sizes would benefit from examining racial/
ethnic and gender specific effects. In addition, while the transition from late adolescence to
young adulthood is an optimal period for studying the development of psychopathology
(Krueger, 1999), it may also restrict the generalizability of our findings beyond individuals
from this developmental period. Future studies would benefit from examining the GXE
interaction effect of CD38 and interpersonal stress that occurs before and after late
adolescence. Importantly, it should be noted that our suggestion that increased levels of
social sensitivity (in the presence of interpersonal stress) may contribute to increased risk for
anxiety and depression does not mean that low levels of social sensitivity (e.g., difficulty or
disinterest in interpreting the social cues of others that may contribute to decreased social
support) do not also contribute to risk for affective psychopathology. The present study also
included a subsample of the larger Youth Emotion Project, a study in which participants
with high levels of neuroticism were oversampled. Importantly, however, Hauner et al.
(2013) demonstrated that oversampling in this fashion does not bias regression effect size
estimates.

In summary, using structural equation TSO modeling, we showed a significant association
between baseline ratings of chronic interpersonal stress and social anxiety and depression
symptoms over six years. The associations with social anxiety and depression were qualified
by a significant interaction of CD38 genotype with chronic interpersonal stress at baseline.
Our findings suggest that the previously described “protective” A allele on rs3796863 may
not represent “protection” in all contexts or for all conditions. Indeed, here it serves as a risk
factor for social anxiety, consistent with conceptualizing the A allele as contributing to
greater social sensitivity, and the C allele as contributing to less social sensitivity. It further
suggests that future research is necessary to continue to unravel the complex role of CD38
and oxytocin in human social functioning (Higashida et al., 2012), particularly attending to
environmental context (Tabak, 2013). This study also demonstrates the value of using TSO
modeling in genetic association studies.

As coping style moderates the effects of intranasal oxytocin administration on mood
response to interpersonal stress (Cordoso et al., 2012), future studies could examine the
three-way interaction effect of CD38 genotype, coping style, and interpersonal stress on the
development of psychopathology. In addition, future studies would benefit from including a
measure of social functioning in addition to the variables included in the present study. This
would facilitate an examination of the relationships between CD38, stress, social
functioning, anxiety, and depression. Last, future research could build on our findings by
examining CD38 and other candidate genes (e.g., 5-HTTLPR; Domschke & Dannlowski,
2010) in gene-gene-environment interactions (Sauer et al., 2012) or multilocus genetic
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profiles that may further elucidate the complex neurobiology underlying the development
and maintenance of social anxiety and depression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Associations between model-estimated chronic interpersonal stress and model-estimated

trait social anxiety and depression symptoms as a function of CD38 genotype. **p < .01;
***p<.001
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Descriptive Statistics

Table 1

Variable All Participants CD38 A AlleleCarriers CD38 C/C Homozygotes
Gender

Female 279 (69.8%) 112 (68.7%) 167 (70.5%)

Male 121 (30.3%) 51 (31.3%) 70 (29.5%)
Race and ethnicity

Caucasian 193 (48.0 %) 94 (57.7%) 99 (41.8%)

Black 54 (13.5%) 6 (3.7%) 48 (20.3%)

Hispanic / Latino 58 (14.7%) 24 (14.7%) 34 (14.3%)

Other 95 (23.8%) 39 (23.9%) 56 (23.6%)
Screener risk level

Highest tertile 232 (58.0%) 96 (58.9%) 136 (57.4%)

Middle tertile 97 (24.3%) 39 (23.9%) 58 (24.5%)

Lowest tertile 71 (17.8%) 28 (17.2%) 43 (18.1%)
CD38 genotype

AA 53 (13.3%) - 53 (22.4%)

AC 184 (44.9%) - 184 (77.6%)

cc 163 (39.8%) 163 (100%) -
Age in years at baseline 16.12 (0.43) 16.12 (.41) 16.11 (.45)
Baseline EPQ-R Neuroticism score 11.88 (4.48) 11.98 (4.49) 11.81 (4.48)
Hollingshead SES Score 48.47 (12.58) 49.70 (13.03) 47.63 (12.22)
Annual SCID Interviews completed 5.31 (.97) 5.33 (.97) 5.29 (.97)
Self-reported social anxiety symptom items completed 4.59 (1.27) 4.65 (1.30) 4.54 (1.26)
Self-reported depression symptom items completed 4.71(1.23) 4.79 (1.23) 4.65 (1.22)

Clin Psychol Sci. Author manuscript; available in PMC 2017 January 01.

Page 16



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Tabak et al.

Social Anxiety TSO Results

Independent Variable b B SE
CD38 genotype .07 .04 17
Chronic Interpersonal Stress 97*** 42 .18
With covariates 96*** 41 .19
**
Genotype x Stress 191 38 40
T 1 * %
With covariates 123 37 .43
Simple Main Effects for A allele carriers
Chronic Interpersonal Stress 15 4*** 63 .24
1 1 *k %k
With Covariates 149 .60 .27
Simple Main Effects for C/C genotype
Chronic Interpersonal Stress .25 10 .32
With Covariates .25 10 .33

Table 2

Page 17

Note. Covariates included: self-reported race/ethnicity (Black, Hispanic, Other; Caucasians were designated as the comparison group), genotype x
race/ethnicity interactions, gender, and SES.

*p< .05

* %

*%

p<.01

*
p<.001

Clin Psychol Sci. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Tabak et al.

Depression TSO Results

Independent Variable b B SE
CD38 genotype .16 .08 .16
i *k %k
Chronic Interpersonal Stress 242 75 .62
1 1 *k %k
With covariates 159 62 .29
Genotype x Stress 86* 24 41
T 1 *
With covariates 67 20 .33
Simple Main Effects for A allele carriers
Chronic Interpersonal Stress 5 29*** .80 .51
1 1 *k %k
With Covariates 159 62 .29
Simple Main Effects for C/C genotype
Chronic Interpersonal Stress 1 06** 40 .35
With Covariates 91*** 35 .25

Table 3
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Note. Covariates included: self-reported race/ethnicity (Black, Hispanic, Other; Caucasians were designated as the comparison group), genotype x

race/ethnicity interactions, gender, and SES.

*
p<.05

*%

p<.01

*%

*
p<.001
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