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Abstract This study examined two potential developmental
pathways through which the temperament risk factor of
negative emotionality (NE) leads to prospective increases in
depressive symptoms through the mediating role of stressors
and anxious symptoms in a sample of early to middle
adolescents (N=350, 6th–10th graders). The primary hypothesized model was that baseline NE leads to increased
stressors, which results in increases in anxious arousal, which
culminates with elevated depressive symptoms. An alternate
model hypothesized that baseline NE leads to increased
anxious arousal, which results in increases in stressors, and
this culminates in elevated depressive symptoms. Youth
completed self-report measures of NE, stressors, anxious
arousal, and depressive symptoms at four time-points. Path
analysis supported the primary model and showed that the
mediating influence of stressors and anxious arousal explained
78% of the association between NE and prospective
elevations in depressive symptoms. The alternate model was
not supported. Neither gender nor age were moderators.
Keywords Adolescence . Depressive symptoms .
Temperament . Developmental pathways
Depressive disorders increase in prevalence during adolescence (Lewinsohn et al. 1993) beginning around age 13
(Hankin et al. 1998), and the rate of depression for girls
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begins to nearly double that of boys starting at about age 13–
15 (Hankin et al. 1998; Nolen-Hoeksema and Girgus 1994).
A wealth of research on the risk factors for developing
depression has contributed greatly to understanding of the
etiology of depression in youth, yet less attention has been
given to the temporal ordering of specific risk factors
predicting prospective changes in depressive symptoms.
Negative emotionality (NE) is a broad temperamental factor
that consistently predicts a range of poor psychopathological
outcomes and is an especially robust predictor of depression
(Lahey 2009). For example, Krueger (1999) found that a
higher level of NE at age 18 predicted an increase in affective
disorder symptoms and anxiety disorder symptoms at age 21
after controlling for initial level of either affective disorder or
anxiety disorder symptoms at age 18. Despite several
empirical demonstrations that individuals with higher levels
of NE are at greater risk for development of depression and
greater depressive symptoms, relatively little research has
examined mediating processes and developmental pathways
that account for the longitudinal association between NE and
depressive symptoms.
Many risk factors and processes contributing to the
development of depressive symptoms among youth have
been identified (Abela and Hankin 2008). In addition to the
temperament trait of NE, both experienced stressful life
events and anxious symptoms have been shown to be potent
predictors of later depressive symptoms. Stressors tend to
precede the onset of a depressive disorder and elevated
depressive symptoms during adolescence (see Grant et al.
2003 for a review). Likewise, anxiety is highly comorbid
with depression during adolescence (Angold et al. 1999;
Steer et al. 2008) and precedes depression in youth (Cole et
al. 1998; Keenan et al. 2009; Pine et al. 1998). Yet to date,
no study has incorporated these factors in a developmental
trajectory predicting increases in depressive symptoms in
adolescence as an outcome.
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This study examined two specific pathways (i.e. equifinality)
that may explain why higher NE leads to an increase in
depressive symptoms through the risk factors of experienced
stressors and anxious arousal symptoms. The first specific
pathway, the NE-stressors model, posits that subsequent
stressors and then anxious arousal lead to increased depressive
symptoms. This model is in part conceptually based on
Hankin and Abramson’s (2001) elaborated cognitive
vulnerability-transactional stress theory which articulates
one temporal model how certain pre-existing vulnerabilities,
such as temperament risk of NE, and other more proximal
risk factors, such as stressors and initial negative affect,
sequentially unfold over time to contribute to predict
prospective elevations in depressive symptoms in adolescence. However, because this theory also introduces cognitive vulnerabilities as an important risk factor for the
ontogeny of depression, the NE-stress model tested in this
study will be informed by Hankin and Abramson’s (2001)
theory but will not fully test this model. A second plausible
pathway, the NE-anxiety model, is that NE contributes first
to increases in subsequent anxious arousal, then level of
anxious arousal predicts greater experienced stressors, and
finally more stressors lead to increased depressive symptoms. This NE-anxiety model is supported by literature (see
below) linking all of the risk factors in a specific direction
leading to increases in depressive symptoms. To our
knowledge, this is the first study to investigate the temporal
ordering of these mediating factors using a multi-wave
longitudinal design to differentiate which developmental
pathway best accounts for the longitudinal association of NE
and later depressive symptoms.

The Relationship Among Risk Factors for Depressive
Symptoms in Adolescence
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with higher levels of NE may be more likely to attend to and
interpret the more negative aspects of their environment and,
consequently report more negativity in their surroundings.
Prospective studies have shown that adolescents (Wetter and
Hankin 2009; Yang et al. 2008) and adults (Farmer and
Seeley 2009; Kendler et al. 2004) with higher levels NE also
have higher levels of depressive symptoms. Likewise,
individuals with high levels of NE are more likely to be
anxious (Lonigan et al. 2004). Additionally, other studies
using adolescents (Kercher et al. 2009; Wetter and Hankin
2009) and young adult (Lakdawalla and Hankin 2008; Ormel
and Wohlfarth 1991) samples have found that NE predicts
increased depressive symptoms and stressors, and that
experiencing more stressors mediates the association between
NE and depressive symptoms.
Anxiety as a Risk Factor
Depression and anxiety are highly comorbid (Kessler et al.
2008; see Avenevoli et al. 2008; Watson 2005). Pine et al.
(1998) also initially showed that childhood anxiety preceded later depression, and many studies since have found that
anxiety tends to precede depression over long-term time
frames (Avenevoli et al. 2001; Beesdo et al. 2007; Kessler
et al. 2008) and follow-ups of shorter time frames (Cole et
al. 1998; Hettema et al. 2006). Recent research with girls by
Keenan et al. (2009) has shown that anxiety disorders most
strongly predicted later depressive disorders, although at
the symptom level the strongest predictor of depression is
prior depression and not prior anxiety. The work in this area
establishes the strong relationship between anxiety and
depression in children and adolescents and suggests that
anxiety precedes depression. However, such developmental
epidemiological research does not explain what other
factors may play a role in the longitudinal link between
depressive and anxious symptoms in these age groups.

Temperament as a Risk Factor
Experienced Stressors as a Risk Factor
Individual temperamental traits are known to relate to
psychopathology and account for some of the individual
differences seen among manifestations of psychological
disorders and symptoms (see Krueger and Tackett 2003 for a
review; Lahey 2009). More specifically, underlying temperamental traits, such as NE, have been shown to predict both
mood and anxiety disorders over time (Krueger 1999).1 NE is
conceptualized as a tendency toward experiencing intense
discomfort, such as fear and anger, and reacting more easily to
stress (see Krueger 1999; Rothbart et al. 2001). Individuals
1
Because research suggests that positive emotionality does not play a
substantial role in the causal chain between stressors (Lakdawalla and
Hankin 2008; Wetter and Hankin 2009) and anxiety (e.g. Lonigan et
al. 2004), this study only investigated the temperamental trait of NE.

Stressors play an important role in the onset and course of
psychological disorders, especially internalizing symptoms
and disorders in youth (Grant et al. 2003). Specifically,
stressors lead to increases in depressive symptoms (Eley and
Stevenson 2000; Espejo et al. 2006; Grant et al. 2003;
Landis et al. 2007) and anxious symptoms (Eley and
Stevenson 2000; Rudolph 2002). Hankin (2008a) found that
increases in reported stressors predicted increases in both
anxious arousal and depressive symptoms in a sample of
early to middle adolescents. Stressors have also been found
to lead to greater internalizing symptoms in adolescence
(Hammen 2005; Rudolph 2002). In support of the NEanxiety model, recent research on stress generation and
anxiety has found that greater anxious styles predicted
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greater reported stressors in a sample of college students
(Riskind et al. 2010). In addition, there is evidence for stress
generation in those with comorbid anxiety and dysthymia
(Harkness and Luther 2001). Yet others studies have not
supported stress generation from anxious symptoms (Joiner
et al. 2005; Uhrlass and Gibb 2007). Consequently, the
literature is mixed on whether anxious symptoms lead to
stress generation, and this study will add to the literature
investigating this process.
Additionally, as previously mentioned, individuals with
higher levels of NE report more experienced stressors (Bolger
and Zuckerman 1995; Wetter and Hankin 2009; Yang et al.
2008). Longitudinal research with adolescents and adults
(Kercher et al. 2009; Lakdawalla and Hankin 2008; Wetter
and Hankin 2009) suggests that NE predicts generation of
additional stressors over time and shows that stressors
mediate the relationship between initial NE and prospective
elevations in depressive symptoms. However, in these prior
studies stressors and depressive symptoms were measured at
the same time-point, and the Kercher et al. (2009) study
sample was limited to girls only. Nonetheless, findings from
these studies are consistent with theory hypothesizing that
NE prospectively predicts increases in stressors, and in turn,
greater experienced stressors predict increases in depressive
symptoms in adolescence (Hankin and Abramson 2001).
Gender and Age Differences in Depressive Symptoms
in Youth
Around middle-adolescence, the rate of depression begins to
increase (Hankin et al. 1998; Lewinsohn et al. 1993), and
adolescent girls experience more depressive symptoms and
depressive disorders than boys (see Hankin et al. 2008, for a
review). Hankin and Abramson (2001) hypothesize that
adolescent girls and older youth will exhibit greater levels of
each of the risk factors in the developmental pathway than
boys and younger youth. As a result, girls and older youth are
hypothesized to be more likely to exhibit depressive
symptoms. This implies that even though rates of depression
among these groups differ, general pathways to depressive
symptoms may exist for girls and boys and adolescents of
differing ages. In contrast, others have argued that gender
specific pathways exist in the emergence of depressive
symptoms (e.g. Zahn-Waxler 2000). According to these
models, different groups take divergent paths, such that the
processes underlying the prediction of depressive symptoms
differ in boys compared with girls. Accordingly, this study
will examine gender and age invariance in the two developmental pathways hypothesized to link NE and later depressive
symptoms to ascertain whether these mediating pathways
apply equally across age and gender as hypothesized by a
general depression model, or whether the pathways differ, as
implicated in a specific pathway model for different groups.
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The Present Study
Prior theoretical evidence suggests a relationship among NE,
experienced stressors, anxious arousal symptoms and depressive symptoms, yet an important unresolved question is the
temporal ordering through which these risk factors contribute
to prospective elevations in depressive symptoms. Similarly,
no study has examined the role of gender or age with all four
of these factors and differences that may exist in this
developmental pathway. Most of the research on NE,
stressors, anxious symptoms, and depressive symptoms
consists of cross-sectional or only two-time point longitudinal
studies (some exceptions include Avenevoli et al. 2001; Cole
et al. 1998; Kercher et al. 2009). Although informative, cross
sectional and shorter longitudinal designs may not be best
for studying developmental trajectory models (Curran and
Willoughby 2003). Curran and Willoughby (2003) suggest
the use of multi-wave longitudinal data when using
developmental trajectory models to most effectively test for
prospective changes over time. The present study advances
understanding of how experienced stressors and anxious
arousal link NE and depressive symptoms in adolescence by
utilizing a multi-wave longitudinal design to test particular
theoretically plausible developmental pathways.
This study examined two specific developmental pathways. First, in the NE-stressors model, it was predicted that
higher levels of NE predict a higher level of experienced
stressors, which in turn then generates increases in anxious
arousal, resulting in increases in depressive symptoms (see
top portion of Fig. 1). Second, in the plausible alternate
pathway, the NE-anxiety model, it was predicted that
baseline NE would first elevate anxious arousal, which
would in turn predict increases in experienced stressors, and
this subsequent link would mediate the longitudinal association between baseline NE and later depressive symptoms
(see bottom portion of Fig. 1). Finally, moderating variables,
although not an explanation for difference in depression
rates, are important to investigate because they illuminate
possible differential pathways to increased depressive symptoms (see Hankin and Abramson 1999). There may be
differential pathways by which girls and older adolescents
become more depressed than boys and younger adolescents.
Therefore, we explored if gender and/or age moderated
either the NE-stressors or the NE-anxiety model.

Method
Participants
Participants were adolescents in the 6th–10th grade who
were recruited from five Chicago area schools. Schools
were selected to represent the ethnic and socio-economic
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NE-Stressors Model
NE T1

ST T2

ANX T3

DEP T4

ANX T2

ST T3

DEP T4

NE-Anxiety Model
NE T1

Fig. 1 Hypothesized models. NE-stressors model: Primary model that
higher level of NE predicts greater amounts of stressors, which then
generates increases anxious symptoms, and this increase in anxious
symptoms leads to increases in depressive symptoms. NE-anxiety
model: Alternate model that NE leads to increases in anxious
symptoms which leads to higher levels of reported stressors, and this
increase in stressors leads to increases in depressive symptoms. Note:
NE Negative Emotionality; ST Stressors; ANX Anxious Symptoms;
DEP Depressive Symptoms; T1 Time 1; T2 Time 2; T3 Time 3; T4
Time 4

diversity of the Chicago area. Consent forms were given to
467 youth at the five schools, in the appropriate grades, and
390 of these youth (83.5%) had parents who provided
active consent and were also interested in participating.
Present analyses are based on 350 students who provided
complete data at baseline. Students ranged in age from 11
to 17 (M=14.5; SD=1.40; 36% age 11–14 and 64% age
15–17), 57% were female, 53% identified as white, 21%
African American, 13% Latino/a, 6% Asian or Pacific
Islander, and 7% identified as bi- or multi-racial. There
were no significant demographic difference (gender, age,
ethnicity) between those originally available at the schools
(N=467) and those used for present analyses (N=350).
Rates of participation decreased slightly from baseline:
wave 2 (N=303), wave 3 (N=308), and wave 4 (N=345).
Procedures
Students participated in this study with active parental
informed consent. Permission to conduct this investigation
was provided by the school districts and their institutional
review boards, school principals, the individual classroom
teachers, and university institutional review board. Trained
research personnel visited classrooms in the schools and
briefly described the study to youth, and letters describing
the study were sent home to parents. Specifically, students
and parents were told that this study was about adolescent
mood and experiences, and participation would require
completion of questionnaires at four different time points.
Students, who agreed to participate and had returned
active parental consent, read and signed their own
informed consent form after having the opportunity to
ask any questions about the study. Youth completed a

battery of questionnaires during class time and were
debriefed at the end of the study. Participants completed
questionnaires at four time-points over a 5-month
period, with approximately 5 weeks between each time
point. Youth were compensated $10 for their participation at each wave in the study, for a possible total of
$40 for completing all four assessments.
Measures
Depressive Symptoms The Children’s Depression Inventory
(CDI, Kovacs 1981) is a 27-item self-report measure that
assesses depressive symptoms in youth. Each item is rated
on a 0–2 Likert scale with item scores being added together.
Scores for the current study ranged from 0 to 51. Higher
score indicating greater symptom severity and a score of 13
in clinical samples and 20 in population-based samples is
considered the clinical cut-off (Kovacs 1992). The CDI has
been shown to have good reliability (alphas for the current
study ≥0.90) and validity (Kazdin et al. 1983) as a measure
of general depressive symptoms in youth. The CDI was
given at waves one and four.
Negative Emotionality The Dimensions of Temperament
Scale-Revised (DOTS-R, Wills et al. 1998) is a 54-item selfreport measure that assesses 10 dimensions of temperament.
For this study, 11 items from the Negative Emotionality
subscale were used to assess adolescent NE. Adolescents
responded to these items on a 4-point Likert scale ranging
from “not at all” to “very much.” Means were computed for
each participant and scores ranged from 1 to 4. The DOTS-R
has good reliability (alpha for current study = 0.84). The
DOTS-R was given at wave one.
Anxious Arousal Symptoms The Mood and Anxiety Symptom Questionnaire (MASQ) used in this study was modified
from the original MASQ (Watson et al. 1995), which is a 90item self-report measure that assesses the general distress
and specific anxious symptoms and depressive symptoms
based on the tripartite model of depression and anxiety
(Clark and Watson 1991). For this study, only the Anxious
Arousal (ANX) subscale was used to assess relatively
specific anxious symptoms that are not overly saturated with
negative affect. Adolescents responded to 10 ANX items on
a 1–5 Likert scale. Examples of items from the ANX scale of
the MASQ are “hands were cold or sweaty” and “muscles
twitched or trembled.” Means were computed for each
participant, and scores for the current study ranged from 1 to
5. A higher score indicates greater symptom severity.
Reliability (alphas for the current study ≥0.83) and validity
of the MASQ have been demonstrated in previous studies
with adolescents (e.g., Hankin 2008b; Watson et al. 1995).
The MASQ was given at waves one, two and three.
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Experienced Stressors The Adolescent Life Events Questionnaire (ALEQ, Hankin and Abramson 2002) is a 57-item
self-report measure that assesses a broad range of negative
life events that typically occur among adolescents. The
ALEQ assesses life events including school/achievement
problems, friendship and romantic difficulties, and family
problems. Examples of items from the ALEQ include “got a
bad grade on a report card” to assess school events, “had an
argument with a close friend” for friendship events,
“boyfriend/girlfriend broke up with you” for romantic
events, and “your parents grounded you” for family events.
Adolescents indicate how often these events have happened
to them over the past 5 weeks using a 0–4 Likert scale,
ranging from never (0) to always (4). Means were computed
for each participant, and scores for this study ranged from 0
to 4. Higher scores indicated report of more experienced
negative events at any given time over the 5 weeks. Testretest reliability is good, with r’s ranging from 0.42 over
5 weeks to 0.35 over 2 years (see Wetter and Hankin 2009).
The ALEQ was given at waves one, two, and three.

The steps outlined above and the longitudinal design of the
study provided a rigorous test of our mediational hypotheses.
Cole and Maxwell (2003) suggest using a longitudinal multiwave design to test for mediation, which allows for nonoverlapping time points between each of the observed
variables when testing a mediation model (MacKinnon
2008). Additionally, Cole and Maxwell (2003) emphasize
the importance of controlling for preceding levels of
predicted variables when testing mediation in order to assess
if mediators account for prospective changes in the predicted
variables. Likewise, the longitudinal design of this study
allowed us to test the predictability of changes in factors, one
of the main aims of the study. Last, we controlled for T1
depressive symptoms in all analyses to provide the most
stringent test of our hypotheses, allowing us to partial out
any shared variance that T1 depressive symptoms might
have with our proposed mediators and predict prospective
changes in depressive symptoms over time.

Results

To examine the NE-stressors model, we first established that
T1 NE predicted T4 depressive symptoms after controlling for
T1 depressive symptoms (see above). Figure 2 summarizes
the results of the tests for the model predicting that
sequential T2 stressors and T3 anxious arousal mediate the
relationship between T1 NE and T4 depressive symptoms.
Next, we tested the mediation model using the bootstrap
procedure with 2,000 resamples at the 95% confidence level.
We report confidence intervals, and confidence intervals that
do not include zero are considered significant. First, a simple
model to test the NE-stressors model was tested. In this
model all predictive paths were present, as well as
correlation between variables assessed at the same time
point. Additionally, we controlled for T1 stressors, T1 and
T2 anxious arousal, and T1 depressive symptoms. This
model did not fit the data well: χ2(11)=156.100; p<0.001;
CFI=0.890; RMSEA=0.194. Following this we added
theoretically meaningful correlations between variables across
time points, as recommended by modification index analyses
(e.g. T1 anxious symptoms to T2 stressors, T1 depressive
symptoms to T3 anxious symptoms, and T1 stressors to T4
depressive symptoms). The model had an excellent fit: χ2(4)=
3.511; p<0.05; CFI=1.000; RMSEA=0.000.
The bootstrap procedure supported mediation in the model.
First, again the direct effect of T1 NE on T4 depressive
symptoms, after controlling for initial depressive symptoms
was significant. Second, all other direct effects modeled in
Fig. 2 were significant. The 95th percentile bias-corrected
confidence interval for the full mediated effect of sequential
T2 stressors and T3 anxious arousal mediating the association

Preliminary Analyses
Descriptive statistics of all variables used in analyses
(means, standard deviations, and correlations) are presented
in Table 1. All variables were significantly positively
associated with one another.
Before examining the sequential mediation models, we
examined whether T1 NE led to T4 depressive symptoms
using hierarchical regression. T1 NE, in fact, significantly
predicted elevations in T4 depressive symptoms (β=0.16, t=
3.47, p<0.01) after controlling for T1 depressive symptoms.
Overview of Statistical Approach
To examine the mediational models and developmental
pathways, we used path analysis (AMOS 18.0; Arbuckle
2007) and followed suggested steps to test mediation using
the bootstrap procedure (Shrout and Bolger 2002). This
procedure is recommended as a better test of mediation
(MacKinnon et al. 2004; Shrout and Bolger 2002) than the
traditional Baron and Kenny (1986) test of mediation or the
Sobel test (1982). The bootstrap procedure resamples the
data to provide a distribution that allows for significance
testing of mediation. Additionally, the bootstrap procedure
has more power, does not assume multivariate normality
(an assumption for conducting the Sobel test and produces
more accurate and more conservative confidence intervals
Taylor et al. 2008).

NE-Stressors Model: Stressors and Anxious Arousal
Mediate the Prospective Association Between NE
and Depressive Symptoms
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Table 1 Means, standard deviations and correlations

1.
2.
3.
4.
5.
6.
7.
8.

NE T1
ST T1
ST T2
ST T3
ANX T1
ANX T2
ANX T3
DEP T1

9. DEP T4
Overall
M
SD
Girls
M
SD
Boys
M
SD
Age 11–14
M
SD
Age 15–17
M
SD

1

2

3

4

5

6

7

8

9

0.36***
0.36***
0.25***
0.56***
0.45***
0.45***
0.59***

0.28***
0.33***
0.43***
0.28***
0.27***
0.34***

0.31***
0.42***
0.60***
0.44***
0.44***

0.35***
0.34***
0.56***
0.39***

0.56***
0.58***
0.63***

0.57***
0.62***

0.58***

0.52***

0.40***

0.46***

0.45***

0.56***

0.53***

0.64***

2.26
0.52

1.86
0.81

1.76
0.62

1.72
0.60

2.20
0.75

2.20
0.73

2.21
0.72

12.81
8.64

15.22
12.77

2.34
0.54

1.93
0.84

1.90
0.59

1.78
0.60

2.29
0.82

2.25
0.78

2.31
0.81

13.03
8.82

18.34
15.00

2.17
0.49

1.77
0.75

1.58
0.67

1.17
0.59

2.10
0.64

2.15
0.65

2.09
0.58

12.54
8.43

11.47
7.97

2.22
0.57

1.83
0.62

1.61
0.69

1.63
0.51

2.07
0.79

1.91
0.73

1.93
0.70

11.22
8.38

12.68
12.37

2.29
0.50

1.87
0.89

1.84
0.57

1.78
0.63

2.28
0.72

2.37
0.67

1.78
0.63

13.70
8.68

16.65
12.80

0.70***

NE Negative Emotionality; ST Stressors; ANX Anxious Symptoms; DEP Depressive Symptoms; T1 Time 1; T2 Time 2; T3 Time 3; T4 Time 4
***p<0.001

smaller part of the full model. T2 stressors mediated the
association between T1 NE and T3 anxious arousal,
controlling for T1 stressors. The 95th percentile biascorrected confidence interval for this mediated effect ranged
from 0.027 to 0.123, which did not include zero. T3 anxious
arousal mediated the association between T2 stressors and T4
depressive symptoms, controlling for T2 anxious arousal.

from T1 NE to T4 depressive symptoms ranged from 0.082
to 0.200. Since this confidence interval did not include zero,
mediation was supported for the full model. Additionally, the
direct effect of T1 NE on T4 depressive symptoms was
reduced (from β=0.16, p<0.01, to β=0.10, p<0.05) after
including the sequential mediators. To support the sequential
mediation hypothesis we also tested mediation for each
Fig. 2 NE-stressors model. NEstressors sequential mediation:
Sequential mediation model of
stressors and anxious symptoms
mediating the association between
NE and depressive symptoms.
Note: Paths from NE T1 to ANX
T3 (β=0.28, p<0.001) and from
ST T2 to DEP T4 (β=0.08, p<
0.05) were included in the model,
but are not shown for clarity of
presentation. NE Negative Emotionality; ST Stressors; ANX
Anxious Symptoms; DEP Depressive Symptoms; T1 Time 1;
T2 Time 2; T3 Time 3; T4 Time 4

.16** (.10 *)

NE T1
.58***

.35***
ST T1

.55***

.31***

ST T2

.15**
.13*

.43***

.31***
DEP T1

.42***

.21***

.21**

.63***
ANX T1

* p < .01, *** p <.001

.56***

ANX T2

ANX T3

.31***

DEP T4
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The 95th percentile bias-corrected confidence interval for this
mediated effect ranged from 0.020 to 0.120, which did not
include zero. Inclusion of T2 stressors and T3 anxious
arousal explained 78% of the association between T1 NE and
T4 depressive symptoms after accounting for T1 depressive
symptoms. This corresponds to nearly full mediation.
NE-Anxiety Model: Anxious Arousal and Stressors
Mediate the Prospective Association Between NE
and Depressive Symptoms
The analyses used to test the NE-stressors model indicate a
particular sequential mediation model, but it is possible that
alternate temporal orderings of these variables may exist. The
following analyses tested a particular conceptually plausible
alternative, the NE-anxiety model. The same steps were taken
to test if sequential T2 anxious arousal and T3 stressors
mediated the relationship between T1 NE and T4 depressive
symptoms (see Fig. 3 for direct effects of each variable).
As with the above analyses, a simple model tested the
NE-anxiety model. In this model all predictive paths were
present, as well as correlation between variables assessed at
the same time point. Additionally, we controlled for T1
anxious symptoms, T1 and T2 stressors and T3 depressive
symptoms. This model did not fit the data well: χ2(11)=
153.748; p<0.001; CFI=0.876; RMSEA=0.193. Following
this we added theoretically meaningful correlations between
variables across time points, as recommended by modification index analyses. The NE-anxiety model still did not
fit the data well according to conventional standards χ2(7)=
94.861; p<0.001; CFI=0.924; RMSEA=0.190. As this
model did not fit as well as the prior model, we continued
to test whether gender and/or age moderated pathways in
the NE-stressors model.
Gender in the Developmental Pathway Models
We were interested to see if gender moderated the NEstressors model. First, separate groups were created for girls
and boys. Next, we tested for group invariance by
conducting two analyses, one where all primary paths were
allowed to freely vary and another where all primary paths
were constrained to be equal between girls and boys. The
two models did not significantly differ, Δχ2(6)=4.027, p=
0.67, suggesting that the data fit this NE-stressors model
similarly for girls and boys.
NE T1

.06 ns

ANX T2

.10 ns

Age in the Developmental Pathway Models
We were also interested to see if age moderated the NEstressors model. Separate groups were created for younger
adolescents (age 11–14) and older adolescents (age 15–17).
Next, we tested for group invariance by conducting two
analyses, one where all primary paths were allowed to
freely vary and another where all primary paths were
constrained to be equal between younger adolescents and
older adolescents. The two models did not significantly
differ, Δχ2(6)=3.424, p=0.75, suggesting that the data fit
this NE-stressors model similarly for younger adolescents
and older adolescents.

Discussion
Adolescence is a period of marked change, including an
increase in risk for elevated depressive symptoms. Many
youth navigate through this period of storm and stress
(Arnette 1999) remarkably well without negative outcomes,
still a substantial minority experience maladaptive outcomes, including elevated levels of depressive symptoms
(Petersen et al. 1993). As such, this study investigated the
developmental pathways linking together risk factors to
lead to a rise in depressive symptoms during this crucial
developmental period. More specifically, the purpose of the
current study was to examine particular plausible developmental trajectories linking baseline levels of the temperamental vulnerability of NE to prospective increases in
depressive symptoms through the mediating influences of
changes in anxious arousal and experienced stressors over
time in adolescence and to explore whether gender or age
moderated these meditational pathways. The NE-stressors
model, in which T2 experienced stressors and subsequent
T3 anxious arousal mediated the association between T1
NE and T4 depressive symptoms, fit the data well.
However, the NE-anxiety model did not fit the data as
well. Additionally, neither gender nor age moderated the
NE-stressors model. In sum, results from this study suggest
a specific developmental pathway that delineates how
youth with greater levels of NE develop higher levels of
depressive symptoms over time, and this process applies
equally across gender and age.
One aim of the study was to investigate two specific
plausible developmental pathways. NE, experienced stresSTRESS T3

.17***

DEP T4

*** p <.001

Fig. 3 NE-anxiety model. Direct effects in the NE-anxiety model. Note: NE Negative Emotionality; ST Stressors; ANX Anxious Symptoms; DEP
Depressive Symptoms; T1 Time 1; T2 Time 2; T3 Time 3; T4 Time 4
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sors, anxious symptoms and depressive symptoms have
been shown to relate to one another in various ways in
adolescence, and this study showed that they link together
through a specific pathway. More importantly, given the
strength of the association between NE and a broad range
of negative outcomes (Lahey 2009), it is noteworthy that
NE significantly led to increased depressive symptoms in
this sample through this specific pathway, particularly the
temporal ordering predicted by the NE-stressors model.
Furthermore, the NE-stressors developmental pathway, in
which NE led to increases in reported stressors, which was
followed by elevated anxious arousal, explained most of the
longitudinal association between NE and prospective
elevations in depressive symptoms in this sample.
The first link of the NE-stressors causal chain, NE
predicting increased experienced stressors, provides plausible support for NE playing a role in stress generation
(Hammen 2005). Hankin (2010) recently found that NE, but
not PE, predicted generation of objectively rated daily
stressors, suggesting that NE may lead to stress generation.
A different, equally plausible interpretation of the NE to
stressors link is that those with higher levels of NE interpret
events more negatively or have a lower threshold for
stressors, and thus report more stressors than those with
lower levels of NE. Because of the nature of this study
(subjective self-report), we cannot support one of these
processes over the other. Despite these differing interpretations and difficulty distinguishing the exact process by which
NE leads to greater reported stressors, this study provides
further support for the NE to stressors link leading broadly to
depressive symptoms in adolescence. Following an increase
in experienced stressors from higher NE, as the second link
in the NE-stressors model supports, is an elevation in initial
anxious arousal. It may be that those with greater levels of
NE not only experience more stressors but also are less well
equipped to regulate their anxious symptoms when faced
with stressors. Consequently their initial arousal may then
increase over time, and as the third link in the model
suggests may develop into depressive symptoms.
Findings from this study support and build upon
previous research (Kercher et al. 2009; Lakdawalla and
Hankin 2008) showing that NE serves as a preexisting
vulnerability that leads to increased experienced stressors,
which culminates in elevated depressive symptoms. We
replicated and extended Kercher and colleagues’ work,
which was likewise conceptually testing the elaborated
cognitive vulnerability-transactional model of depression
(Hankin and Abramson 2001), by demonstrating that
increased anxious arousal symptoms follows temporally
from greater stress exposure and precedes prospective
increases in depressive symptoms.
In the alternative theoretically plausible temporal ordering, the NE-anxiety model, NE did not predict elevations in
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anxious arousal symptoms in the first link and anxious
arousal symptoms did not predict elevations in stressors in
the second link. Although NE is theoretically related to
anxiety (Clark and Watson 1991), NE may not predict
anxious arousal symptoms over this time frame. In addition,
there are fewer empirical data to support that anxiety
contributes to increased stressors than there is for NE
contributing to this process. Therefore, it seems likely that
anxious arousal is a consequence of increased experienced
stressors and not a precursor to it. Furthermore, findings
from this study cannot support stress generation directly
from anxious symptoms, which is in contrast to research
that supports this process with individuals with comorbid
depression and anxiety (Harkness and Luther 2001). Even
though the NE-anxiety model was not supported, it cannot
be disproved that this developmental pathway does not
occur in other contexts. It may be that with a more general
measure of anxious symptoms, or in a group with comorbid
depression and anxiety, anxiety may follow NE and precede
experienced stressors to lead to elevations in depressive
symptoms. Likewise, other plausible alternative models
were not explored in this study. For example, there is
evidence that NE interacts with experienced stressors to
predict depressive symptoms (e.g. Kendler et al. 2004), and
it may be possible that anxious arousal might mediate this
interaction. It is possible that a more parsimonious model, in
which experienced stressors predicts later depressive symptoms through intermediate depressive symptoms, might fit
the data better. In addition, there may be other time frames
over which this model may be supported or other samples
for which this pathway would exist. Future research should
further examine other models testing the longitudinal
association of NE and depressive symptoms in youth.
Another aim of the study was to investigate gender and
age moderation in the pathway. Multigroup SEM analyses
showed that neither gender nor age moderated the NEstressors developmental pathway leading to depressive
symptoms. These results suggest that this specific temporal
unfolding of risk factors for depressive symptoms is the
same for girls and boys, and for younger and older
adolescents. Findings from this study are noteworthy
because there are two established explanations for the
gender and age differences in depressive symptoms in
adolescence; there are gender specific models and general
models. Hankin and Abramson (2001) purport that a
general model of depression that is applicable to both boys
and girls, in contrast to gender specific models (e.g. Keenan
et al. 2009; Zahn-Waxler 2000), may provide a better fit to
understanding the development of depressive symptoms.
Keenan et al. (2009) found that girl’s level of depressive
symptoms during early adolescence was most strongly
predicted by their level of depressive symptoms during
early childhood, suggesting a homotypic path of depressive
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symptoms instead of a heterotypic path by which anxious
arousal symptoms predict depressive symptoms. Such
gender specific models inform our understanding of the
ontogeny of depression in adolescence as it applies to
specific groups. However, these models do not apply
generally to all groups and leave unanswered what pathways may lead to greater depressive symptoms more
generally for adolescents. Likewise, because being an older
or younger adolescent did not moderate the pathway, this
specific temporal ordering of NE-stressors model may be
one that occurs throughout adolescence. In sum, the
findings from this study apply equally well to boys and
girls, and to younger and older adolescents. Additionally, as
Hankin and Abramson (2001) propose in their elaborated
cognitive vulnerability-transactional stress model for depression, the greater incidence of depressive symptoms in
girls and older adolescents in this sample seems most likely
attributable to a higher rate of specific preexisting vulnerabilities, such as NE, than to differential pathways.
However, this study does not refute the notion that gender
specific models, such as those hypothesized by Keenan and
Hipwell (2005), may be supported for other risk factors and
processes leading to increased depressive symptoms in
adolescence.
This study advances the literature in several ways. First,
to our knowledge this is the first study to examine NE,
experienced stressors, anxious symptoms and depressive
symptoms together, and it is the first to use a prospective
longitudinal design to investigate the relationship among all
four factors. Although other studies have examined relations among several of the factors, none has tested the
temporal ordering of these risk factors linking together to
increase depressive symptoms in adolescence. Second, the
use of a multi-wave longitudinal design allowed us to
rigorously test our mediation hypotheses. Cole and Maxwell (2003) assert that it is optimal to utilize such a design
to test mediation and prospective change in variables over
time, which was one of the goals of this study. Accordingly,
sequential experienced stressors and anxious arousal
accounted for 78% of the association between NE and
depressive symptoms in the NE-stressors model after
accounting for initial level of depressive symptoms, which
is quite large and represents nearly full mediation. Moreover, by controlling for previous level of each predicted
variable we were able to test for changes in variables
longitudinally. This enabled a rigorous test of the a priori
specified developmental pathways and the temporal unfolding of specific factors. When interpreting the association of
NE and stress, however, one must take caution when
interpreting results, as some research suggests that negative
life events and neuroticism covary in young adults (Magnus
et al. 1993), and this association has been found to be
mediated by familial factors (Kendler et al. 2003).
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Third, initial level of depressive symptoms was controlled for, providing a stringent test of the hypothesized
developmental pathways. Fourth, we retained a large
proportion of participants from our baseline assessment,
so the attrition rate was low across time in this study.
Finally, because anxiety and depression share many
commonalities (Clark and Watson 1991; Watson 2005),
we assessed and analyzed anxious arousal symptoms from
the tripartite model of depression using items from the
anxious arousal scale of the MASQ (Watson et al. 1995). In
doing so, we sought to minimize the overlap between
anxious and depressive symptoms in our analyses, allowing
us to predict depressive symptoms from anxious arousal
only and not general anxiety, which may overlap more
broadly with depressive symptoms.
Despite these strengths, this study has several limitations. First, the time between assessment points was
relatively short, with only 5 weeks between each timepoint. The developmental pathway might differ across
longer or shorter timeframes. It is possible that several of
the constructs may be less stable over a longer time frame.
Additionally, the exact time of the unfolding of these
specific factors is unknown. Second, this study established
that the developmental pathway existed similarly for older
and younger adolescents, but younger children have also
reliably exhibited depressive symptoms (Carlson and
Kashani 1988; Weiss and Garber 2003) and older samples
have provided support for the link among NE, stressors and
depressive symptoms (e.g., Hankin 2010; Lakdawalla and
Hankin 2008). Furthermore, with the emergence of adolescence comes many changes, and adolescence might be a
distinct period in which the emergence of increased
depressive symptoms occurs in a specific way. Because of
the age of this sample, it is not known if this pathway
would still be supported in a younger sample of children or
older sample of adults; therefore this is an area for future
research. Third, the data in this study were assessed by use
of self-report questionnaires only, which introduces the
possibility of a reporter- and single method-bias. In
addition, this study only utilized data from a single
informant, which also introduces a single-subject bias.
Self-report measures of stressors can also be problematic
when considering the accuracy of the dating of events,
which could influence report of variables at other timepoints. The use of other assessment procedures (e.g.
interviews, multiple informants) in addition to self-report
data would allow for a more thorough and statistically
sound investigation of the present study’s research questions. Last, although using the ANX sub-scale of the
MASQ as our measure of anxious symptoms minimized the
overlap in negative affect between anxious and depressive
symptoms, the findings from this study are specific to
anxious arousal symptoms only and may not generalize to
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different anxiety facets (e.g. general distress/GAD, social
anxiety, etc.). Anxiety is hierarchical (Lahey et al. 2004,
and it is possible to measure other aspects of anxious
symptoms that may generalize more widely to anxiety
Silverman and Ollendick 2005).
Summary and Clinical Implications
Our study highlights the importance of clinically assessing
other factors when evaluating the role that temperament,
more specifically NE, plays on increases in depressive
symptoms in youth. In adolescents with heightened
negative emotionality, it may be useful to assess the
stressors an individual has recently experienced with the
effort to better understand what type of initial reaction there
may be to these stressors. Results from this study suggest
that it is likely that stressors and the resulting initial anxious
arousal from these stressors may be heightened beyond
what may be expected in an individual without a more
negative temperament. If, as our data from the NE-Stressors
pathway illustrate, the presence of greater stressors is
followed by elevations in anxious arousal, then targeting
this initial arousal clinically via interventions (e.g., relaxation, mindfulness) may have an ameliorative effect on
reducing later depressive symptoms (Ma and Teasdale
2004; Teasdale et al. 2000). In addition, because this study
did not support differences due to gender and age in the
NE-stressors pathway, interventions aimed to target these
symptoms may be useful with boys and girls, as well as
older and younger adolescents.
In summary, this study establishes support for the
unfolding of specific factors that lead to the onset of
depressive symptoms in adolescence. The data supported
the NE-stressors model, in which initial NE led to increased
experienced stressors, greater experienced stressors in turn
led to elevated anxious arousal symptoms, and this
culminated in greater depressive symptoms in adolescence
using a multi-wave longitudinal design. This developmental
pathway was the same for both girls and boys, and younger
and older adolescents. In addition, this study points toward
the importance of understanding how specific factors link
together in developmental pathways toward increased
depressive symptoms in adolescence.
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