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Objective—Evidence suggests that chronic high levels of behavioral inhibition are a precursor of
social anxiety disorder (SAD). This study identified the early risk factors for and developmental
pathways to chronic high inhibition among school-age children and its association with SAD by
adolescence.
Method—A community sample of 238 children was followed from birth to Grade 9. Mothers,
children, and teachers reported on children's behavioral inhibition from Grades 1 to 9. Lifetime
history of psychiatric disorders was available for the subset of 60 (25%) children who participated
in an intensive laboratory assessment at Grade 9. Four early risk factors were assessed: female gender;
exposure to maternal stress during the infancy and preschool periods and at child age 4.5 years; early
manifestation of behavioral inhibition, and elevated afternoon salivary cortisol levels.
Results—All four risk factors predicted higher and more chronic inhibition from Grade 1 to Grade
9, and together, defined two developmental pathways. The first pathway in female children was
partially mediated by early evidence of behavioral inhibition and elevated cortisol levels at age 4.5
years. The second pathway began with exposure to early maternal stress and was also partially
mediated by childhood cortisol levels. By Grade 9, chronic high inhibition was associated with a
lifetime history of SAD.
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Conclusions—Chronic high levels of behavioral inhibition are associated with SAD by
adolescence. The identification of two developmental pathways suggests the potential importance
of considering both sets of risk factors in developing preventive interventions for SAD.

Introduction
Behavioral inhibition, an early temperamental characteristic, is a precursor of anxiety
disorders, especially social anxiety disorder (SAD) (1-3). In younger children, inhibition is
characterized by an increased fear response to both non-social and social novelty; by schoolage, it is characterized primarily by social reticence (4). Importantly, children who are
chronically inhibited are at greatest risk for the development of anxiety disorders (3,5). Further,
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extreme school-age inhibition shares much in common with SAD (6), including fear of
meeting/interacting with unfamiliar peers and adults; and recent evidence suggests that it is
chronic inhibition that for some individuals evolves into SAD (7).
Considerable research has focused on the chronicity of childhood inhibition. Studies have
shown that extreme childhood inhibition is moderately enduring and heritable (4,8,9),
suggesting that it may represent a marker of genetically-transmitted susceptibility to later
chronic inhibition and SAD (10). However, there is also considerable evidence of instability
(11), especially in unselected -- as opposed to extreme -- samples of children who are studied
over longer intervals that encompass multiple developmental periods (12). Some studies have
also found greater chronicity among girls than boys (2,5,9,12), although the findings are very
inconsistent (13). Previous findings also suggest that factors other than early inhibition play
important roles in the development of chronic inhibition and SAD (14).
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One candidate biological substrate is increased activity of the limbic system, which is
associated with the generation of fear (4). Imaging studies in monkeys and humans suggest
that individual differences in limbic system activity (amygdala and bed nucleus of the stria
terminalis) are associated with temperamental inhibition and anxiety-related behaviors (15,
16). Further, inhibition is linked with physiological reactivity across systems regulated by the
central nucleus of the amygdala, including the neuroendocrine response system (17). Of
particular interest are findings suggesting that increased pituitary-adrenal activity, assessed by
salivary cortisol levels, is associated with extreme childhood inhibition (4,18), although
increased cortisol has also been linked with other temperamental styles (19,20). Further, in the
same sample of children as reported on here, our group previously showed that preschoolers
with increased afternoon cortisol levels, especially girls, showed higher levels of later
inhibition during the transition to primary school (21). However, the role of cortisol in the
development of chronic school-age inhibition has not been investigated.
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Early environmental factors also play a role in the development of inhibition. Monkeys exposed
to early environmental perturbations and negative maternal behaviors tend to develop increased
HPA reactivity and stable fear-related behaviors (22,23). Studies of young children also suggest
that maternal behaviors, including being overly solicitous as well as negative behaviors (e.g.,
low engagement, hostility) associated with maternal depression/distress, might influence the
development of increased cortisol levels (24,25) and early inhibition (26,27). However, very
little is known about the effects on childhood cortisol levels and inhibition of a broader array
of family adversities that may create stressful caretaking environments. In the same sample of
children as reported on here, our group previously showed that exposure to early maternal
stress, assessed across multiple domains, prospectively predicted increased cortisol levels
when the children were age 4.5 years (28). However, a cross-sectional study (29) showed no
association of psychosocial adversity with inhibition among young children. To our
knowledge, there are no prospective studies of such family-wide stressors on the development
of chronic school-age inhibition.
This study aimed to identify the early risk factors for, and longitudinal pathways to, chronic
high inhibition across Grades 1 to 9, i.e., ages 7 to 15. We also estimated the association of
chronic inhibition with lifetime history of SAD for a subset of children at Grade 9. Four
potential early risk factors were considered: child gender, exposure to maternal stress during
the infancy and preschool periods, and at child age 4.5 years, observations of behavioral
inhibition earlier in life, and afternoon cortisol levels. We hypothesized that all four early
factors would be associated with the development of chronic high school-age inhibition; that
early evidence of behavioral inhibition and cortisol levels would play mediating roles in
defining developmental pathways; and that chronic high inhibition would be associated with
SAD by adolescence.
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The data were drawn from a larger longitudinal study, the Wisconsin Study of Families and
Work (WSFW) (30). A sample of 570 women over the age of 18 years and living with the
baby's biological father were recruited from prenatal clinics in two Midwestern cities during
the second trimester of pregnancy. Follow-up assessments were conducted in infancy (1, 4 and
12 months), preschool (age 3.5 and 4.5 years), and at Grades 1, 3, 5, 7 and 9; teachers
participated beginning at Grade 1. At Grade 1, 468 (82%) of the families remained in the study.
However, because of budgetary constraints, the full Grade 1 assessment (which required home
visits) was conducted only on one-half of the first cohort (N = 100) and the complete second
cohort (N = 197) of families living within a 4-hour driving distance of the project offices. Of
these 297 families and teachers who participated in the full Grade 1 assessment, the present
study included the 238 who had complete multi-informant inhibition data through Grade 9
(missing data primarily due to home-schooling and school/teacher refusal). The study was
approved by the Institutional Review Board of the University of Wisconsin-Madison. Adult
informed consent was obtained at each assessment; beginning at Grade 5, children provided
informed assent.
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The sample of 238 children consisted of 111 boys and 127 girls, 11% ethnic minorities. At
recruitment (1990 – 1991), the mothers ranged in age from 20 to 41 years, median 30; 96%
were married. One percent of the mothers had less than a high school degree, 40% were high
school graduates, 38% were college graduates, and 21% had education beyond college;
educational level of fathers was similar. Annual family income ranged from $7,500 to over
$200,000, median $49,000, comparable to the average family income in Wisconsin (31). There
were no demographic differences between the 238 participating families and the remainder of
the original 570 families, with two exceptions: participating mothers were one year older (M
= 29.97 years, SD = 4.20) than non-participating mothers (M = 28.94 years, SD = 4.43), t(568)
= -2.80, p = .005; and participating families had higher annual incomes (M = $52,232, SD =
$22,797) than non-participating families (M = $48,106, SD = $23,853), F(1,564) = 4.27, p = .
039.
Measures
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Maternal Stress was assessed in the infancy and preschool periods with maternal reports of
five domains: 1) Maternal depression was assessed by the Center for Epidemiological StudiesDepression scale (CES-D) (32); alpha coefficients exceeded .85 for all assessments. 2) Family
expressed anger was assessed with the average of three items tapping marital conflict and scores
for Anger Expression and the Negative subscale of the Family Expressiveness Questionnaire
(33-35); all alphas exceeded .70. 3) Parenting stress was calculated from scores on the
Competence and Child Reinforces Parent subscales of the Parenting Stress Inventory (PSI),
and the average of three negative items (e.g., “I often feel angry with my child”) from the
Childrearing Practices Report (CRPR) (34,36,37); all alphas exceeded .65. 4) Role overload
was calculated from the Role Restriction subscale of the PSI, and the average of five items
from the Role Overload scale (e.g., feeling “pulled apart by conflicting obligations”) (34,36,
37); all alphas exceeded .75. 5) Financial stress was the average of four items (e.g., “Difficulty
making monthly payments”); all alphas exceeded .70. Separately for the infancy and preschool
periods, composites were constructed using principal components analysis (PCA), where the
first component accounted for at least 50% of the variance and all factor loadings exceeded .
50. The two resulting composites were highly correlated (r = .73) and thus, were averaged.
Children's Behavioral Inhibition at age 4.5 years was assessed from videotaped observations
of a two-hour home visit conducted by two research assistants. The visit included entrance to
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the home, saliva collection, cognitive testing, and a series of emotion-eliciting tasks (38), all
used to measure the child's reactions to unfamiliar people, objects, and test procedures. After
the visit, the research assistants independently reviewed the videotape once for the entire
assessment and rated the children on four 5-point items assessing global shyness, initiative
with tasks, exploration of unfamiliar objects, and social engagement with the research assistants
(all kappas ≥ .80). Each item was averaged across the two research assistants, and the four
averaged items were combined into a single composite score using PCA (65% of the variance
accounted for; all factor loadings > .71).
Children's Salivary Cortisol Levels at age 4.5 years were assessed with saliva samples (passive
drool) collected by parents on three consecutive afternoons. Eighty-six percent of the samples
were collected in the target period between 3:00 PM and 7:00 PM, with the remainder collected
earlier in the afternoon. Cortisol was assessed with the Pantex RIA (Santa Monica, CA)
modified for saliva. The detection limit of the assay (ED80) was .03 ug/dl. The mean interassay and intra-assay variation was 7.4% and 3.8%, respectively. Based on previous analyses
(21,28) showing that only antibiotics and cold/allergy medications affected cortisol values in
this sample, medication use was coded ‘1’ if the child was currently on these medications, ‘0’
otherwise. To control for time of collection and medication use, the log-transformed cortisol
values were residualized for hour of collection and medications.
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Children's School-Age Inhibition was assessed from interviews with mothers, teachers, and
children during the spring of Grades 1, 3, 5, 7, and 9. Adults completed the MacArthur Health
and Behavior Questionnaire (HBQ) (39) Social Inhibition scale (5 items, e.g., “shy asking peers
to play”, “shy with unfamiliar adults”); all alpha coefficients > .74. At Grade 1, children were
asked a parallel set of items from the Berkeley Puppet Interview Social Scales (BPI-Social)
(40) (alpha = .67); at subsequent grades, the BPI was modified to an age-appropriate
questionnaire format (all alpha coefficients > .71). Multi-informant scores were computed at
each assessment using a PCA-based approach (41) in which the first component measures the
core characteristic of interest (here, Inhibition), defined as what the three reports shared in
common (i.e., all positive loadings greater than .50), and the second and third components
distinguish the sources of error that result from reporters' differing perspectives (i.e., child selfview versus adult view) and contexts (i.e., home versus school). To construct a longitudinal
inhibition score reflecting both level and chronicity, the first PCA component scores were used
to categorize children at each assessment as being in the lower 25% (score = 1), middle 50%
(score = 2), or upper 25% (score = 3) of inhibition; these scores were summed over the five
assessments, resulting in a longitudinal score ranging from 5 (lower 25% at all times) to 15
(upper 25% at all times).
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Lifetime DSM-IV Diagnoses were obtained with the Kiddie-Schedule for Affective DisordersPresent Lifetime (K-SADS-PL) (42) for the subset (n = 60; 25% of 238) of the children who
participated in an intensive laboratory assessment at Grade 9. Recruitment was based on living
within close proximity to the laboratory and reporting no exclusionary criteria for functional
magnetic resonance imaging (e.g., metal orthodontics); there was no significant difference on
the longitudinal inhibition score between these children (M = 10.30, SD = 2.95) and the
remaining 178 children (M = 9.87, SD = 2.63), t(236) = -1.06, p = .29. A board-certified child
psychiatrist (MJS) with expertise in the K-SADS trained and supervised a child psychiatrist
and a clinical child psychologist in its administration. Mothers were interviewed first and
children second, with additional interviewing conducted when they disagreed about diagnostic
criteria. All K-SADS interviews were reviewed by MJS and the administering clinician, and
disagreements were resolved by consensus.
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Data analyses addressed two questions. First, Spearman correlations identified the early risk
factors for chronic high inhibition; and a hierarchical multiple regression analysis defined the
longitudinal linkages among the risk factors. Child gender and exposure to early maternal stress
were included in the first step of the regression analysis. Next, to identify possible mediators
and moderators, childhood behavioral inhibition and afternoon cortisol levels at age 4.5 years
were entered, together with the four pair-wise interactions of child gender and exposure to
maternal stress with each of the two 4.5-year variables; no significant interactions were found.
A dichotomous variable was also included to assess any effect of psychotropic medication use
at Grade 9 (n = 14; 6%); no significant effect was found. Second, among the subset of children
with lifetime psychiatric data, a χ2 analysis ascertained differences in DSM-IV diagnoses
according to level and chronicity of school-age inhibition; and t-tests examined differences in
risk factors and school-age inhibition for children with and without a lifetime history of SAD.

Results
Descriptive Statistics
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The distribution of the longitudinal inhibition score is shown in Figure 1 (M = 9.98, SD = 2.71).
For the χ2 analysis only, these scores were collapsed to form five groups, where chronic
inhibition was defined as evidencing the same level (i.e., low, middle, high) for at least four
of the five assessments, and never evidencing a non-adjacent level. By this definition, 55% of
the children evidenced chronic inhibition, including all children in the “Chronic High” (scores
of 15 or 14) and “Chronic Low” (scores of 5 or 6) groups, and three-fourths of those in the
“Middle” (scores of 9, 10, or 11) group. None of the children in the “Low-Middle” (scores of
7 or 8) or “Middle-High” (scores of 12 or 13) groups evidenced chronicity.
Identification of Early Risk Factors and Pathways to Chronic High Inhibition
All four early factors were significantly correlated with the longitudinal inhibition score (Table
1; see supplemental on-line material for correlations with inhibition at each grade). As
hypothesized, chronic high inhibition was associated with being female, exposure to higher
levels of early maternal stress, and at age 4.5 years, higher levels of behavioral inhibition and
afternoon cortisol. Further, each pair of risk factors within a time period (i.e., child gender and
exposure to maternal stress beginning at birth, and behavioral inhibition and cortisol levels at
age 4.5 years) were uncorrelated; however, there were significant correlations between the
earlier and age 4.5 year risk factors, possibly reflecting mediational processes.

NIH-PA Author Manuscript

The hierarchical multiple regression analysis identified two mediational chains (Figure 2). The
first chain began with the association of child gender with longitudinal inhibition (β = 1.34,
p < .001), which at a trend level (Sobel's test, p = .069) was partially mediated (i.e., the effect
was reduced but remained significant; β = 1.13, p = .001) by early behavioral inhibition and
cortisol levels at age 4.5 years. The second chain began with exposure to early maternal stress
(β = .64, p = .001), which was partially mediated (β = .61, p = .001; Sobel's test, p = .048) by
children's cortisol levels at age 4.5 years.
Association of Chronic High Inhibition with Social Anxiety Disorder
Among the 60 children with available lifetime DSM-IV data, there were significant differences
in diagnostic status of the five longitudinal inhibition chronicity groups, χ2(16, 60) = 31.36,
p = .01 (Table 2). Whereas 80% of children in the “Chronic High” group received at least one
lifetime psychiatric diagnosis, all in the internalizing (anxiety and/or mood) domain, the
percentage decreased across the groups to only 20% in the “Chronic Low” group, all in the
externalizing domain. Most importantly, 50% of children in the “Chronic High” group received
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a lifetime SAD diagnosis compared with 27% in the “Middle-High” group, 5% in the “Middle”
group, and none in the “Low-Middle” and “Chronic Low” groups. Further, among the three
higher chronicity groups, there were few differences in other anxiety (predominantly Specific
Phobias) or mood disorders.
Because of the overlapping time interval over which inhibition (and risk factor) ratings and
lifetime SAD diagnoses were obtained, additional analyses were conducted to substantiate the
prospective nature of this association. Comparisons of adolescents with and without a lifetime
SAD diagnosis showed that there were no significant group differences for the early risk factors
or Grade 1 inhibition, but beginning at Grade 3, SAD-diagnosed adolescents had significantly
higher inhibition scores (Table 3). This pattern corresponds closely with the interview
descriptions of the SAD-diagnosed adolescents as being “always” shy since very early
childhood, with the defining clinical features of significant distress and impairment manifesting
later in elementary or middle school when the demands of social relationships, including
performance situations, increased.

Discussion
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This study aimed to identify the early risk factors for, and developmental pathways to, chronic
high levels of school-age inhibition and its association with SAD in adolescence. As
hypothesized, all four early factors significantly predicted chronic high inhibition. Although
behavioral inhibition and cortisol levels at 4.5 years were unrelated, each played a mediating
role in pathways to later chronic high levels of inhibition. Further, chronic high levels of
inhibition were significantly associated with a lifetime history of SAD by Grade 9.
The results extend those of previous studies of the chronicity of childhood inhibition, focusing
on early behavioral inhibition as a risk factor for the development of chronic high school-age
inhibition and its association with SAD by adolescence. Although the correlation of early
behavioral inhibition with later chronic high inhibition (.224) was lower than two-point
stability estimates found in some studies of children selected for extreme inhibition (43), it was
consistent with previous studies of unselected children assessed over longer intervals and when
measures of inhibition differ across developmental periods (i.e., observations of early
inhibition and informant reports of school-age inhibition) (12). Importantly, the specific
association of chronic high levels of school-age inhibition with SAD by Grade 9 was consistent
with previous findings showing that it is the chronicity of high childhood inhibition that is most
likely to evolve into SAD (7).
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Two developmental pathways were identified. The “gender pathway” suggests that girls are at
greater risk for developing chronic high inhibition, in part, because they evidence greater
inhibition and afternoon cortisol levels as preschoolers. It has been suggested that these gender
differences may reflect differences in cultural expectations and socialization patterns such that
some degree of inhibition and increased stress responsivity is considered “gender appropriate”
in girls whereas in boys, it is less likely to be reinforced and may even be discouraged (12).
However, it should be noted that these mediating effects were only statistically marginal, and
previous findings of the association of gender with chronic inhibition are very inconsistent
(2,5,12,13).
The “stress pathway” highlighted that children exposed to greater maternal stress beginning at
birth are at greater risk for developing chronic high inhibition, in part, because they evidence
increased afternoon cortisol levels as preschoolers. Our group previously reported that both
early stress exposure and preschool cortisol levels predicted children's overall mental health
symptoms in Grade 1 (28). Further, previous research has established the associations of
numerous interrelated components of maternal stress, including those assessed here, with
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children's internalizing and externalizing problems (44-46). Thus, this may be a pathway to
more generalized mental health problems and not as specific to chronic high inhibition as the
pathway including early behavioral inhibition.
There are several limitations to this study. First, the sample was relatively homogenous,
reflecting primarily Caucasian, middle-class families living in the Midwest. Second, we did
not have diagnostic information for the full sample of children. Third, the longitudinal model
explained one-fifth of the variance in chronic high inhibition, suggesting that there are other
important risk factors that we did not assess, including family psychiatric history, child
cognitive factors, other child affective and regulatory traits, specific parenting behaviors, and
non-shared environmental factors (e.g., adverse life events) (47). Finally, because we defined
chronic high inhibition by the number of assessments at which children were in the upper 25%,
we did not take advantage of analytic techniques that would allow for missing data
longitudinally as well as examination of other patterns of change in inhibition over time.
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Despite these limitations, the findings highlight early risk factors comprising two
developmental pathways to chronic high school-age inhibition and the specific association with
a lifetime history of SAD by adolescence. The results suggest that a trajectory of high inhibition
may begin with the difficulties experienced by girls and/or children exposed to early maternal
stress who are more likely to be temperamentally inhibited and/or to evidence increased cortisol
levels as they face the new social challenges associated with the transition to school and the
progressive shift from family to peer relationships. Across the school years, the increasingly
complex demands of social relationships may contribute to heightened levels of distress and
functional impairment, demarcating the shift from chronic high inhibition to the clinically
significant symptoms of SAD. If confirmed, such a developmental model has implications for
both prevention and intervention strategies aimed at reducing the risk of SAD. Prevention
strategies prior to the school transition might target the modifiable risk factor of maternal stress;
and intervention strategies after the school transition might target social competencies of
extremely inhibited children to reduce the risk of chronic high levels of inhibition evolving
into SAD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Frequency Distribution of Longitudinal Inhibition Score. Scores are summed across the five
assessments, where 1 = lower 25%, 2 = middle 50%, and 3 = upper 25% of the distribution of
inhibition. N = 238.
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Figure 2.

Longitudinal Model of Inhibition, Grade 1 to Grade 9. Coefficients are bivariate Spearman
correlations (see Table 1). All correlations are significant, p < .05. N = 238.
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Table 1

Spearman Correlations Among Risk Factors and Longitudinal Inhibition Score

NIH-PA Author Manuscript

Child gender (0 =
boys; 1 = girls)
Exposure to
maternal stress,
birth to age 4.5
years
Early behavioral
inhibition, age
4.5 years
Afternoon basal
cortisol levels,
age 4.5 years

Exposure to
maternal
stress, birth to
age 4.5 years

Early behavioral
inhibition, age
4.5 years

Afternoon basal
cortisol levels, age
4.5 years

Longitudinal
inhibition score,
Grades 1, 3, 5, 7, 9

.017

.127 *

.139 *

.265 **

--

-.084

.137 *

.225 **

--

.041

.224 **

--

.209 **

N = 238
*

p < .05;

NIH-PA Author Manuscript

**

p < .01
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10 (100)

TOTAL

5 (100)

3 (60)

0

0

2 (40)

0

Low-Middle
n (%)

20 (100)

11 (55)

5 (25)

2 (10)

1 (5)

1 (5)

Middle
n (%)

15 (100)

7 (47)

0

1 (7)

3 (20)

4 (27)

Middle-High
n (%)

for Subset of Participants

10 (100)

2 (20)

0

1 (10)

2 (20)

5 (50)

Chronic High
n (%)

χ2 (16, 60) = 31.36, p = .01.

Low-Middle = 1 subject with Specific Phobia, 1 with GAD; Middle = 1 with PTSD; Middle-High = 3 with Specific Phobia; Chronic High = 1 with GAD, 1 with PTSD.

b

Longitudinal inhibition scores defining groups: Chronic Low = 5, 6; Low-Middle = 7, 8; Middle = 9, 10, 11; Middle-High = 12, 13; Chronic High = 14, 15.

a

8 (80)

0

Mood Disorder w/o any Anxiety Disorder

No Lifetime Diagnosis

0

Other Anxiety Disorder w/o SADb

2 (20)

0

Social Anxiety Disorder (SAD)

Externalizing Disorder Only

Chronic Low
n (%)

DSM-IV Lifetime Diagnosis

Lifetime Diagnoses by Longitudinal Inhibition
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Groupsa
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-0.115 (1.010)
-0.115 (0.974)
-0.101 (0.955)
-0.148 (0.934)

1.371 (1.309)
1.334 (0.887)
1.183 (0.811)
1.135 (0.756)

Grade 3

Grade 5

Grade 7

Grade 9

First PCA component scores (see Measures).

b

n = 8 current/ongoing; n = 2 past only (1 manifest Grades 6 to 8; 1 manifest Grades 3 to 7).

a

-0.040 (1.123)

0.613 (1.135)

-0.050 (1.081)

0.031 (0.359)

0.011 (1.019)

Negative (n=50)
Mean (SD)

Grade 1

Inhibition: b

0.012 (1.130)

Afternoon basal cortisol levels, age 4.5 years

Early behavioral inhibition, age 4.5 years

0.628 (0.825)
-0.116 (0.144)

Exposure to maternal stress, birth to age 4.5 years

Positive (n=10)a
Mean (SD)

Social Anxiety Disorder Diagnosis

-4.068 (<.01)

-3.964 (<.01)

-4.131 (<.01)

-4.029 (<.01)

-1.675 (.10)

-0.163 (.88)

1.269 (.21)

-1.798 (.08)

t (p)

Statistics

Comparisons of Adolescents With and Without A Lifetime Diagnosis of Social Anxiety Disorder
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