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Abstract

Background—Adverse child environments are associated the onset of mood and anxiety
disorders in adulthood. The mechanisms underlying these life-course associations remain poorly
understood. We investigate whether emotional reactivity to stress is a mechanism in the
association between childhood environment characteristics and adult mood and anxiety disorders.

Methods—Data are from the Study of Adult Development, a longitudinal study of men (N=268)
followed for nearly seven decades beginning in late adolescence. Childhood social environment
characteristics were assessed during home visits and interviews with respondents’ parents at entry
into the study. Stress reactivity was assessed during respondents’ sophomore year of college via
physician exam. Onset of mood and anxiety disorders in adulthood was ascertained by research
psychiatrists who completed chart reviews of interview, questionnaire, and physical exam data
collected during repeated assessments from age 20 through 70.

Results—Respondents with better overall childhood environments and a greater number of
environmental strengths were at lower odds of developing a mood or anxiety disorder in adulthood
than respondents with more adverse childhood environments. Higher stress reactivity was
observed among respondents from families with lower socio-economic status and with childhood
environments characterized by greater conflict and adversity. Elevated stress reactivity, in turn,
predicted the onset of adult mood and anxiety disorders.

Conclusion—Heightened emotional reactivity in early adulthood is associated with both adverse
childhood environments and elevated risk for developing mood and anxiety disorders in
adulthood. Emotional reactivity may be one mechanism linking childhood adversity to mood and
anxiety disorders in adulthood.
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Exposure to adverse childhood experiences including maltreatment, family instability, and
economic hardship are well-documented risk factors for psychopathology (Gilman et al.
2003; Green et al. 2010; Kessler et al. 1997). The finding that such adversities are associated
with elevated risk for disorder onset not only in childhood, but also in adulthood (Green et
al. 2010; Kessler et al. 1997), suggests that exposure to childhood adversity creates a
generalized diathesis to psychopathology that persists across the life-course. One possible
explanation for this increased liability to psychopathology is that exposure to stressors early
in life impacts the development of the physiological stress response system (Heim and
Nemeroff 2001; Heim et al. 2008; Loman and Gunnar 2010). Indeed, dysregulation in
physiological systems has been documented among both children (Chen and Matthews
2001; Ellis et al. 2005; Essex et al. 2002) and adults (Carpenter et al. 2007; Heim et al.
2000; van der Vegt et al. 2009) exposed to psychosocial adversity in childhood. Childhood
adversity is also associated with heightened emotional reactivity to stress. Elevated
emotional reactivity to daily events has been documented among individuals exposed to
maltreatment and other trauma (Glaser et al. 2006; Wichers et al. 2009). Although elevated
physiological and emotional reactivity also have been found among children and adults with
mood and anxiety disorders (Boyce et al. 2001; Goldin et al. 2009; Heim and Nemeroff
2001; Yehuda 2000), the extent to which such reactivity mediates the association between
childhood adversity and adult psychopathology has, to our knowledge, not been examined
directly.

Importantly, the particular aspects of childhood environments that lead to maladaptive stress
reactivity are poorly characterized. The term childhood adversity is used to describe a wide
variety of adverse childhood experiences ranging from poverty to parental instability to
maltreatment (Green et al. 2010). It may be that only severe adverse events, like abuse, lead
to alterations in stress reactivity. Indeed, the preponderance of studies on childhood
contributors to stress reactivity have focused on these relatively severe experiences
(Carpenter et al. 2007; Glaser et al. 2006; Harkness et al. 2006; Heim and Nemeroff 2001;
Kendler et al. 2004; Wichers et al. 2009). On the other hand, some evidence suggests that
environments characterized by chronic adversity, such as low socio-economic status (SES)
and high family conflict, are associated with elevated physiological reactivity (Chen and
Matthews 2001; Ellis et al. 2005; Essex et al. 2002; Kapaku et al. 2002). The strength of the
association between such environments and maladaptive patterns of stress reactivity may not
be as strong as the associations with more severe experiences like abuse. However, the
ubiquity of such exposures suggests their role in determining the population-level
distribution of psychiatric disorders could be substantial.

Extant evidence on the links between childhood adversity, stress reactivity, and psychiatric
disorders has come primarily from cross-sectional studies that examine emotional and
physiological responses to laboratory-based stressors (Boyce et al. 2001; Heim et al. 2000;
Steptoe and Marmot 2006). Thus, it remains unclear whether emotional reactivity to stress
represents a risk factor for psychopathology or simply a concomitant of current distress.
Recent work has attempted to overcome this problem by demonstrating longitudinally that
liability to mood and anxiety disorders following stressful life events in adulthood is
heightened among individuals who have experienced childhood adversities (Hammen et al.
2000; Harkness et al. 2006; Kendler et al. 2004). These studies have assumed that a stronger
association between adult stress and psychopathology is indicative of greater emotional and
physiological reactivity, though reactivity was not measured directly. We are unaware of
prospective research directly examining the association between emotional reactivity and the
later onset of psychopathology.

The current study examines the associations between the childhood social environment,
adolescent emotional reactivity to stress, and the subsequent onset of mood and anxiety
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disorders in adulthood using prospective data from a cohort of healthy young men followed
into late life. We first examine the associations between aspects of the childhood
environment and emotional reactivity in late adolescence. Second, we examine the
association between emotional reactivity and the onset of mood and anxiety disorders in
adulthood. Finally, we evaluate whether emotional reactivity is a mechanism underlying the
association between adverse childhood environments and the onset of adult psychiatric
disorders. Because the sample includes men from relatively privileged backgrounds, we
provide a stringent test of the relationship between the childhood social environment and
emotional reactivity. If variation in the childhood environment is associated with reactivity
in this sample, then the effect of the childhood environment on stress reactivity would be
expected to be much greater in the general population.

Data come from the Study of Adult Development, a longitudinal cohort of men first
interviewed between 1939 and 1942 when they were college sophomores. The sample
included 268 men selected by university health services for participation in an intensive
multidisciplinary study of health and aging (Heath 1945; Vaillant 1977). Respondents were
selected for participation based on the absence of physical and mental health problems
during a medical examination at college entrance and based on an evaluation by the
university dean indicating they had the potential to become successful adults. All men were
White.

At baseline, participants were interviewed by an internist, a psychiatrist, a psychologist, and
an anthropologist. Interviews also were conducted with each respondent’s parents, and
extensive information on family, psychosocial, and medical history was obtained. Following
these evaluations, participants were re-interviewed at ages 25, 30, and 50. Beginning at age
45 they completed mailed questionnaires every two years and physical examinations every
five years. Of the original 268 men, 12 dropped out after college and 6 were killed in World
War Il. These respondents are included in the current analyses because they provided data
on childhood environmental factors and stress reactivity before dropping out of the study.

Emotional Reactivity—Emaotional reactivity to stress was assessed at baseline during a
physical examination completed by a physician. A medical professional performed a
venipuncture (i.e., inserted a needle into a vein in the arm to collect a blood sample) and an
ear puncture (i.e., inserted a lancet into the ear to collect a blood sample) on each
participant. Physicians rated the amount of apprehension participants exhibited before and
during each procedure on a 4-point scale: 0=no apprehension, 1=mild apprehension,
2=moderate apprehension, and 3=marked apprehension. Similar methods have been used to
examine physiological and emotional responses to stress in previous studies (Girgis et al.
1988; Ward et al. 1983). These indicators of emotional reactivity demonstrated adequate
internal consistency when summed as a single scale (Chronbach’s alpha=0.67). We used this
continuous measure of emotional reactivity in models examining the associations between
reactivity, childhood environment, and psychiatric disorders. 16.8% of the sample responded
to the ear puncture with at least mild apprehension, and 39.2% responded with at least mild
apprehension to the venipuncture. A smaller proportion (7.5%) responded to the
venipuncture with moderate or marked apprehension. We also created a dichotomous
indicator of high emotional reactivity. Participants (20.2%) who responded with any
apprehension to the ear puncture and with moderate or marked apprehension to the
venipuncture were coded as having high stress reactivity.
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Childhood Social Environment—During the home visit and parental interviews,
information was collected on the social class of participants’ family of origin. Parental social
class was rated on a five-point scale: 5=upper, 4=upper/upper-middle, 3=upper-middle,
2=middle, 1=working class/blue collar. Maternal and paternal educational attainment also
was assessed. A dichotomous indicator of parental marital quality (married and low-conflict
versus non-married and/or high conflict) was created following home visits. Using a
combination of information from parent interviews and home visits, two independent raters
rated five facets of the men’s childhood social environment (family cohesion, respondent’s
relationship quality with his mother, father, and siblings, and a global impression of the
home environment) on a scale from 1 (poor) to 5 (excellent). These scales were summed
into a single composite of environmental strengths. Childhood health, temperament (until
age 10), and school functioning (academic performance and engagement in extracurricular
activities) also were rated on 1 to 5 scales based on parent interviews, with lower scores
indicating poorer functioning. An overall composite of childhood environment quality was
created by summing the five indicators of environmental strengths along with the indicators
for childhood health, temperament, and school functioning. Inter-rater reliability for the
composite childhood environment scales was good (r=0.71) (Vaillant 1974). These
measures have been described in more detail previously (Lee et al. 1995; Vaillant 1974;
Waldinger et al. 2007).

Psychiatric Disorders—Incident major depressive episodes from ages 20 to 50 years
were assessed using the Indicators of Major Depressive Disorder Scale (Vaillant et al. 1998),
which was designed to assess symptoms of major depression prior to the development of
modern assessment tools. A research psychiatrist reviewed the medical records, interviews,
and psychosocial data collected from participants to assess the presence of eight indicators
of major depression: 1) self-reported depressed mood for 2 weeks or more; 2) receipt of a
diagnosis of depression from a non-study clinician; 3) prescription for anti-depressant
medication; 4) concentration difficulties; 5) neuro-vegetative signs of depression; 6) suicide
attempt or completion; 7) sustained anhedonia; and 8) psychiatric hospitalization other than
for alcohol or drug problems. Participants who met three or more criteria were coded as
having experienced a major depressive episode. A total of 23 participants (9.3%) were
classified as having major depression (M=5.1 indicators, SD=1.9).

Anxiety disorders present between ages 20 and 50 years were assessed by a study
psychiatrist (G.E.V.), who performed a thorough chart review of all respondents. Individuals
who received a diagnosis of anxiety disorder from a clinician or had multiple complaints
about anxiety symptoms or repeated use of minor tranquilizers for anxiety reduction were
classified as having an anxiety disorder. A total of 12 respondents (4.8%) met these criteria;
nearly half with an anxiety disorder (n=5; 41.7%) also met criteria for major depression.

At a later point in time, two independent psychiatrists conducted thorough chart reviews of
the medical records, interviews, and psychosocial data collected from participants through
age 70. Psychiatrists rated whether each participant had met criteria for major depression or
an anxiety disorder at some point in adulthood. A total of 25 participants (10.0%) were
coded as having major depression or an anxiety disorder. Although this scale overlapped
considerably with the two previous measures, we included it here because disorders were
coded for an additional 20 years of follow-up. We included the two previous measures
because they allowed us to examine differential effects for depression and anxiety.

Analysis Methods

To determine whether emotional reactivity explained the association between childhood
environmental characteristics and adult psychiatric disorders, we used standard tests of
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statistical mediation (Kraemer et al. 2001). We first examined the associations between
childhood environmental characteristics and adult disorders using logistic regression.
Second, the associations between the childhood environment and emotional reactivity
(continuous measures) were examined using linear regression. Third, the relationships
between emotional reactivity and adult psychiatric disorders were examined using logistic
regression. We evaluated the degree of attenuation in the association between the childhood
environment and adult disorders in the final model to evaluate the hypothesis that emotional
reactivity mediates the longitudinal association between adverse childhood environments
and adult psychiatric disorders. All 268 men were included in the analysis. Logistic
regression coefficients and their standard errors were exponentiated to create odds ratios
(ORs) and 95% confidence intervals (Cls). Statistical significance was evaluated using two-
sided .05-level tests.

Distribution of Childhood Environmental Characteristics

Although the men in our sample had already achieved a relatively privileged status as late
adolescents, we found considerable variability in their childhood social environments (Table
1). Compared to respondents with low emaotional reactivity, a higher proportion of
respondents with high emotional reactivity had parents whose SES was rated as working
class/blue collar or lower-middle class and a lower proportion had childhood environments
rated as excellent.

Longitudinal Associations Between the Childhood Social Environment and Psychiatric

Disorders

The overall composite of the childhood environment and the composite of environmental
strengths were associated with each psychiatric outcome: major depressive episodes
between ages 20 and 50, anxiety disorder between ages 20 and 50, and any mood or anxiety
disorder by age 70. Childhood environmental characteristics were most strongly associated
with risk of developing an anxiety disorder (Table 2). Respondents with better overall
childhood environments (OR=0.8, p=.005), a greater number of environmental strengths
(OR=0.8, p=.020), and greater adaptive functioning (OR=0.7, p=.006) were at lower odds of
developing an anxiety disorder in adulthood than respondents with poorer childhood
environments.

Associations Between the Childhood Social Environment and Emotional Reactivity

We next examined the associations between childhood environmental characteristics and
emotional reactivity (response to ear puncture, venipuncture, and total reactivity) in linear
regression analyses. Parental SES was associated with apprehension during the venipuncture
(p=—0.3, p=.003) and total reactivity (p=—0.2, p=.010), such that respondents whose parents
had higher SES were less likely to be reactive (Table 3). Although none of the remaining
associations between childhood environmental characteristics and emotional reactivity were
significant, we observed a trend in the expected direction for the overall childhood
environment. The global composite of the childhood environment was marginally associated
with reactivity to the ear puncture (B=—1.0, p=.094) and total reactivity (B=—0.4, p=.092),
such that respondents with better childhood environments were less reactive.

Longitudinal Associations Between Emotional Reactivity and Psychiatric Disorders

Total emotional reactivity was associated with increased odds of each psychiatric outcome,
with 40% increased risk for each unit increase in continuous reactivity and two to three
times the odds for highly reactive individuals versus those who were less reactive (Table 4).
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For example, respondents with greater stress reactivity were at elevated risk of developing a
mood or anxiety disorder by age 70 (OR=1.4, p=.047). Although not all effects were
significant by conventional standards, the magnitude of the parameter estimates and
consistency of effects across outcomes suggest that lack of significance may be due to low
case-counts in the sample.

Final Mediation Models

Evidence for statistical mediation requires that the putative mediator be associated with both
the predictor and outcome. Emotional reactivity was associated with the overall childhood
environment and onset of an anxiety disorder by age 50 and a mood or an anxiety disorder
by age 70. We therefore examined two mediation models to determine whether emotional
reactivity mediated the association between the overall childhood environment and these
outcomes. The association between the childhood environment and anxiety disorder by age
50 was marginally attenuated and remained significant when continuous emotional
reactivity was added to the model (OR=0.8, p=.005). When continuous emotional reactivity
was added to the model predicting mood or anxiety disorder by age 70, the association
between the overall childhood environment and adult disorder was attenuated by 11.1%
(OR=0.9, p=.056).

DISCUSSION

We investigated whether emotional reactivity in adolescence was associated with childhood
environmental characteristics and the onset of mood and anxiety disorders in adulthood. We
further evaluated whether emotional reactivity explained the association between the
childhood social environment and later mental disorders. Even in this relatively small and
privileged sample, we found that aspects of the childhood environment were related to
variation in emotional reactivity to stress. Emotional reactivity, in turn, predicted the
subsequent onset of mood and anxiety disorders in adulthood. We found some evidence for
a mediating role of emotional reactivity in the longitudinal relationship between the
childhood environment and adult psychopathology. Findings were somewhat weaker than
predicted, most likely because the associations between the childhood environment and
reactivity were relatively small in magnitude. Given the nature of our sample, however,
these are likely lower-bound estimates.

Our results suggest that childhood environmental characteristics are associated with
adolescent reactivity to stress. These findings are broadly consistent with evidence
suggesting that childhood adversity is associated with greater physiological reactivity to
stress (Chen and Matthews 2001), and heightened emotional reactivity to daily events
(Glaser et al. 2006; Wichers et al. 2009) and perceived stress following adult life events
(McLaughlin et al. 2010). We extend this work in several important ways. First, we replicate
this association using a behavioral indicator of stress reactivity. Our reactivity measure is
relatively simple to administer and could be easily incorporated into existing population-
based studies that routinely collect physiological samples (e.g., the National Health and
Nutrition Evaluation Survey). Second, we demonstrate that even fairly typical variation in
the childhood environment may influence emotional reactivity to stress and increase risk for
psychiatric disorders later in life. Most previous research in this area has focused solely on
childhood exposures that are traumatic or severely threatening, such as physical and sexual
abuse (Glaser et al. 2006; Heim and Nemeroff 2001; Heim et al. 2000; van der Vegt et al.
2009; Wichers et al. 2009). Our findings suggest that a much broader range of childhood
environments may influence emotional reactivity than has previously been shown to be the
case.

Depress Anxiety. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

McLaughlin et al.

Page 7

These results highlight the importance of understanding why childhood social circumstances
are associated with later emotional reactivity. One possibility is that adverse childhood
environments impact the development of physiological stress response systems (Loman and
Gunnar 2010); indeed, accumulating evidence suggests that childhood adversity is
associated with dysregulation in the autonomic nervous system and the hypothalamic-
pituitary-adrenal axis (Ellis et al. 2005; Heim et al. 2000; van der Vegt et al. 2009). This
dysregulation may lead to maladaptive emotional and social functioning. A second
possibility is that exposure to childhood adversity hinders the development of adaptive
emotion regulation skills (Repetti et al. 2002). Stressful life events and chronic stressors
have been shown to increase emotion dysregulation (Cicchetti and Toth 2005; McLaughlin
and Hatzenbuehler 2009a; McLaughlin et al. 2009), anxiety sensitivity (McLaughlin and
Hatzenbuehler 2009b), and perceptions of threat (Chen and Matthews 2001) in children and
adolescents. Youths who have greater difficulties managing arousal and negative emotions
are likely to be more emotionally reactive to environmental stressors, a pattern documented
among adults with exposure to childhood adversity (Glaser et al. 2006; Wichers et al. 2009).

To our knowledge, we provide the first prospective evidence that emotional reactivity to
stress predicts the subsequent onset of psychiatric disorders. These findings are consistent
with evidence from cross-sectional studies documenting an association between
dysregulation in physiological stress reactivity among individuals with mood and anxiety
disorders (Boyce et al. 2001; Heim and Nemeroff 2001; Yehuda 2000). However, previous
studies have been unable to determine whether alterations in reactivity are a determinant or
concomitant of psychiatric disorders. Our results extend this work by demonstrating that
adolescent emaotional reactivity is associated with the onset of mood and anxiety disorders in
adulthood.

We found some evidence to suggest that emotional reactivity mediated the association
between childhood environmental characteristics and adult psychiatric disorders. These
findings may be less strong due to the small size and restricted nature of our sample and our
focus on non-traumatic childhood environments. It is also possible that the strength of the
findings is diluted by the lengthy follow-up period. Investigation of emotional reactivity as a
mechanism underlying life-course associations between the childhood environment and
adult psychiatric disorders in larger samples that assess a broader range of childhood
environmental exposures represents an important area for future research.

Several additional limitations should be considered when interpreting the results. First, our
sample was small, relatively privileged, and included only White men. Not surprisingly, the
prevalence of psychiatric disorders was low, and it is possible that the sorts of childhood
environments experienced by the men in our sample differ meaningfully from those in the
general population. These sample limitations raise questions about the generalizability of
our findings to other populations and highlight the importance of replication in more diverse
samples. However, it is worth noting that assessing these relationships in this privileged
sample likely resulted in conservative estimates of effects. Second, assessment of the
childhood environment was retrospective and the childhood assessments did not include
information on more severe environmental exposures, such as abuse and other trauma.
Because maltreatment and trauma exposure co-occur with many of the adverse
environments examined in this study (Turner et al. 2006), some of the observed associations
may reflect the effects of these more severe exposures that, although unmeasured,
undoubtedly occurred to some degree in our sample. Caution is warranted in comparing our
results with studies focused on maltreatment and trauma. Finally, it is possible that some
men developed mood or anxiety problems prior to the assessment of stress reactivity. The
low prevalence of psychopathology in the sample and selection of men with sound mental
health at entry into the study suggest this is unlikely, but lack of direct assessment of child
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psychopathology is nevertheless a limitation. Despite these limitations, we found
meaningful variation in the childhood environment that was related to emotional reactivity
and psychopathology. Moreover, these limitations are balanced by a prospective design that
involved assessment of emotional reactivity prior to the onset of psychiatric disorders and
repeated psychiatric assessments over nearly seven decades. Findings were also consistent
across multiple measures and time points.

Variation in the childhood environment is associated with emotional reactivity to stress in
late adolescence. Adolescent reactivity, in turn, predicts the subsequent onset of mood and
anxiety disorders in adulthood. Heightened emotional reactivity may explain, in part, the
life-course associations between adverse childhood environments and psychiatric disorders.
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