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Abstract
Aims To describe the Great Smoky Mountains Study
(GSMS).
Methods GSMS is a longitudinal study of child psychi-

atric disorders that began in 1992 to look at need for mental
health services in a rural area of the USA. Over 20 years it
has expanded its range to include developmental epi-
demiology more generally, not only the development of
psychiatric and substance abuse problems but also their
correlates and predictors: family and environmental risk,
physical development including puberty, stress and stress-
related hormones, trauma, the impact of poverty, genetic
markers, and epigenetics. Now that participants are in their
30s the focus has shifted to adult outcomes of childhood
psychopathology and risk, and early physical, cognitive,
and psychological markers of aging.

Results  This paper describes the results from over 11,000
interviews, examples of the study’s contributions to science
and policy, and plans for the future.

Conclusions Longitudinal studies can provide insights
that aid in policy planning.
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Background: child psychiatric epidemiology

Epidemiologic studies of child psychopathology in the
United States began with the work of Macfarlane, Honzik,
Lapouse, Monk and others in the 1950s. As Lapouse put it:
“...the objectives of epidemiologic investigation are to
ascertain the incidence, prevalence, and distribution of
mental disorders; to determine the characteristics of this
distribution; and, by examining linkages with specific
characteristics, to demonstrate or gain clues to etiologic
relationships with a view to prevention and control” [1] (p.
1569). Thus, epidemiology has two jobs: to measure the
public health burden of disease in the community (“de-
scriptive epidemiology”), and to help to increase under-
standing of causes of disease (“analytic epidemiology”)
[2]. Both types of epidemiology study patterns of disease
distribution in time and space [2]. Our work addresses both
description and etiology, and it pays particular attention to
developmental epidemiology: that is, patterns of distribu-
tion across time [3, 4].

Great Smoky Mountains Study (GSMS)
Study design

Eleven contingent counties in the southern Appalachian
mountain region of North Carolina (Fig. 1) were chosen as
the study site for the Great Smoky Mountains Study
(GSMS) because: (1) This sparsely populated area, with its
180,000 inhabitants spread over 12,194 km?, is represen-
tative of an understudied section of the United States: the
rural areas of the south and southeast; (2) Almost all
children attend public schools, which means that school
records could be used to provide the initial sampling frame
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Fig. 1 Map of study area

Map of GSMS Study Area

Counties Include: Buncombe, Clay, Cherokee, Graham, Haywood, Jackson, Macon, Madison, Mitchell, Swain, and Yancy

for the study; (3) Half the population live in the only siz-
able town in the area, while the rest live in the rural areas,
providing the opportunity to compare psychiatric disorder
and service provision in rural and urban settings; (4) The
area contains the Qualla Boundary, a federal reservation
that is home to the 8000-strong Eastern Band of the
Cherokee Indians (EBCI), a community with different
traditions of dealing with mental illness and its own mental
health service system.

Screening sample

Like several other epidemiologic studies [5-7], the GSMS
used a screening-stratified sampling design to maximize 3
study goals within a reasonable budget: (1) to understand
the developmental pathways of a large sample of children
with a high need for mental health care (case-finding); (2)
to estimate the prevalence of disorders and risk factors in
the population (prevalence estimation); and (3) to map the
identified cases onto the general population (generaliz-
ability). A brief screening questionnaire for parents [8]
identified children with a high probability of mental health
service use, i.e., children with psychiatric symptoms. All
children with scores above a cutoff point defined from pilot
testing were recruited for the main study. In addition, a 1 in
10 random sample of the remainder were also recruited.
Weights inversely proportional to probability of selection
were attached to each subject’s data, so that estimates of
population prevalence could be made, and all publications
on population rates use these weights, which adjust esti-
mates and variances for the design characteristics [9].
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The screening sample consisted of 4500 children, 1500
each aged 9, 11, and 13 years at baseline. Nine years was
selected as the lowest age for 3 main reasons: (1) rates of
professional mental health service use are low in younger
children [10]; (2) psychiatric epidemiologic methods for
evaluating younger children were not well developed at
that time, although major advances have been since then
[11-13]; and (3) we were interested in the impact of pub-
erty on the onset of some psychiatric disorders. Of those
selected, 80 % (N = 1070) participated. All age-eligible
American Indian children (N = 430) were approached, and
350 (81 % participated. Apart from the sampling proce-
dures, data collection and methods were identical for all
ethnic groups.

Assessments
The CAPA and related measures

Although there have been questionnaires and question-
naire-style interviews for child psychopathology since the
1950s, we were committed to developing an approach that
ensured that symptoms were clinically significant. Building
on both theoretical work on developmental psychology
[14] and methodological work done in adult psychiatry [15,
16], our goal was to assess psychiatric disorders and con-
comitant factors reliably and validly in the general popu-
lation, even in people who have not sought professional
help for their problems. Details of our group’s work can be
found at http://devepi.duhs.duke.edu/measures. The key
instrument is the Child and Adolescent Diagnostic


http://devepi.duhs.duke.edu/measures

Soc Psychiatry Psychiatr Epidemiol (2016) 51:639-646

641

Assessment (CAPA), first developed at the Institute of
Psychiatry in London by Adrian Angold, Michael Rutter,
and others [17]. Subsequently, we developed comparable
measures for preschool children (PAPA [18]) and young
adults (YAPA [19]). The goal was an interview that com-
bined strict, fully-structured diagnostic criteria (based on
iterations of the Diagnostic and Statistical Manual (DSM))
with procedures that “structured the interviewer’s mind”
using a detailed glossary to ensure that symptoms were
clinically significant [20].

In addition to most DSM psychiatric disorders, a range
of correlates and risk factors were measured, including
functional impairment, service use, access, and barriers to
care (the Child and Adolescent Services Assessment
(CASA) [21]), family resources, family psychiatric history,
traumatic life events and adversities [22], and the impact
on the family of having a child with psychiatric problems
[23].

Measures of physical functioning

Another goal of GSMS has been to include measures of
physical development and functioning compatible with
conducting assessments in participants’ homes. Interview-
ers were trained by a physical anthropologist (Carol
Worthman, Ph.D.). At each interview, participants are
weighed and measured, and 10 blood spots are collected
using methods developed in Dr. Worthman’s lab [24, 25].
These have so far been used in four sets of analyses:
(1)Through age 16 they were assayed for luteinizing hor-
mone, follicle-stimulating hormone, testosterone, dehy-
droepiandrosterone sulphate (DHEAS), androstenedione in
boys and girls, and estradiol in girls, by means of fluoro-
metric immunoassay methods [26]; (2) Through age 30
they have been assayed for known biomarkers of stress
(cholesterol, C-Reactive Protein (CRP), Epstein-Barr virus
antibodies (EBV) and DHEA-S) [27]; (3) The samples
were genotyped using Illumina Human660W-Quad
vIDNA Analysis BeadChips [28] (a pilot study showed
that even after more than a decade of storage adequate
DNA could be extracted from these samples); (4) Work has
begun that capitalizes on the repeated blood samples over
development to conduct three within-subject assessments.
The goal is to explore potential methylation-related
mechanisms underlying the association between childhood
adverse experiences and subsequent health risks.

Children also completed a self-report measure of Tanner
staging, [29] which provides a good approximation to
physical examination for pubertal development, and
answered a series of questions on self-perception of
developmental status relative to other children and satis-
faction with developmental status [30]. In the second and
third waves of data collection, parents completed the

Childhood (Medical) Conditions section of the National
Health Interview Survey Supplement Booklet, [31] which
collects basic information about the child’s physical health
history.

Study procedures

Interviewers are residents of the area in which the study is
taking place. Some, but not all, of the interviewers for the
American Indian sample are American Indians. All inter-
viewers have at least bachelor’s-level degrees and received
1 month of training. After training, quality control is
maintained through post-interview reviews of each sched-
ule, weekly staff meetings to review audiotapes of ran-
domly selected field interviews, and regular refresher
sessions with a child psychiatrist on the team (AA). Par-
ticipant and one parent were interviewed separately
through age 16, participants only thereafter.

Table 1 shows the percentage of the surviving sample
interviewed at each assessment. On average, 80 % of the
surviving sample has been interviewed at each assessment,
for a total of 11,084 interviews by age 30. By 2015, 37
participants had died; 2.6 % of the original sample and
twice as many males as females.

Study findings

More than 100 papers have been published so far from
GSMS data. In the remainder of this paper we present three
examples of how the prospective, longitudinal structure of
the study has been leveraged to explore different themes:
(1) the role of puberty in depression; (2) the effect of
family income on children’s mental health; and (3) adult
outcomes of childhood psychiatric problems.

Table 1 Participants by age at each assessment

Year Age Percent of living
participants interviewed
1993 9-13%* 94.2
1994 10-14 90.6
1995 11-15 86.8
1996 12-16 78.2
1997-2001 14-16%* 71.7
1999-2003 19 76.8
2001-2005 21 76.0
2006-2011 25 78.8
2011-2016 30 83.4

* Three cohorts aged 9 (N = 508), 11 (N = 497) and 13 (N = 415) at
recruitment in 1993

** From 1997 on, each age cohort was assessed annually through age
16, then at the same age across a 5-year funding period
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1. The role of puberty in depression

In childhood, boys and girls have the same rate of
depression, but an excess of female cases begins to appear
around age 13, and this continues throughout women’s
reproductive years [32]. Puberty is a cascade of hormonal
events, but also a set of sociological events, as changes in
body shape send signals to peers and adults that an indi-
vidual is ready to take on different roles, and a psycho-
logical event as the individual responds to society’s
changing expectations. In GSMS hormonal, morphological,
and psychosocial data were collected at each wave through
age 16, and analyzed to test the “patterns in time” that lead
to the gender imbalance in depression.

With parental permission, self-ratings of pubertal mor-
phological status based on the Tanner staging system [33]
were performed with the aid of schematic drawings of
secondary sexual characteristics (breasts and pubic hair)
[32]. Hormone samples were obtained at the beginning of
the interview session, as follows. Two finger-prick samples
were collected at 20-min intervals, applied to specially
prepared paper, dried, and stored at —30 °C. FSH and LH
were measured using modifications of commercially
available fluoroimmunometric kits for assay of these hor-
mones in serum or plasma (DELFIA; Wallac, Inc.,
Gaithersburg, MD). Testosterone (T) and oestradiol (E2)
assays are modifications of commercially available ser-
um/plasma radioimmunoassay kits (Binax, South Portland,
ME; Pantex, Santa Monica, CA; DSL, Webster, TX,
respectively) [34]. Previous work on effects of pubertal
status in girls [35] indicated that the relationship between
maturation (Tanner stage) and depression was not linear,
but better described by distinguishing between stages I-II
and stages III-V.

Results

The inclusion of either testosterone or estradiol in the
models caused the Odds Ratio for Tanner stage to fall
substantially to non-significant levels. When both were
included together with Tanner stage, their effects remained
significant while the OR for Tanner stage fell still further.
The effects of testosterone and estradiol with Tanner stage
removed from the model remained almost unchanged. As
Fig. 2 shows, the relationship between T/E and depression
was not linear; girls in the highest quintiles of T/E exposure
had the highest rates of depression.

Making use of both repeated assessments over time and
multiple ways of measuring puberty, we were able to show
that the gonadal hormones drove the increase in risk for
depression experienced by girls entering puberty. Clearly,
high T/E alone cannot cause depression or all women
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would be depressed when T/E peaks during their menstrual
cycle. There seems to be something special about adoles-
cent female depression; further analyses [36] showed that
low birth weight was a serious risk factor for adolescent
depression in girls, but not boys.

2. Impact of a family income supplement: a natural
experiment [37]

Although it is rarely possible to conduct randomized
controlled trials in epidemiologic studies, it is sometimes
possible to allocate groups—classrooms, schools, towns, or
other communities—randomly to treatment and control
conditions, making the assumption that the estimate of the
average treatment effect will be relatively unbiased by site
differences: what is called a “natural experiment” [2].
Since 1996, when a casino was opened on the Cherokee
reservation, a proportion of the profits (around $4000 a
year) has been distributed equally to every enrolled mem-
ber of the Tribe, without distinction (The funds for children
are held by the Tribal administration until they graduate
from high school, or reach age 21). Non-Indian youth in the
surrounding counties received no comparable income
supplement, so we could compare psychiatric symptoms of
children with and without the income supplement, without
worrying about the possibility that the increased income
was in some way connected to family or individual char-
acteristics. We examined the average number of DSM-IV
emotional and behavioral psychiatric symptoms in Anglo
and American Indian children in the 4 years before and
4 years after the casino opened.

Results

In Indian families, poverty increased between 1993 and
1995, then fell by half between 1996 and 2000; there was
no decrease in Anglo families. Among Indian families,
14.4 % moved out of poverty, 53.2 % remained poor, and
32.4 % were never poor. Proportions for Anglo families
were 10.3, 20.2, and 69.5 % respectively.

The significant negative correlation between family
income and number of symptoms (r = —.05, p < .001)
was similar in both Indian and Anglo children. Figure 3
shows how the mean annual score of Indian children’s
psychiatric symptoms differed by family income.

An income supplement that moved families out of
poverty was followed by a marked improvement in
behavioral symptoms over the next 4 years. A similar
pattern could be seen in Anglos, but this could have been
the result of more intelligent or hard-working families
moving out of poverty. The “natural experiment” enabled
us to control for such potential biases.
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Fig. 2 Mean symptoms over 8

8 years of Anglo and Indian
children in 3 economic groups:
never poor, moved out of
poverty, and persistently poor

Mean N of psychiatric symptoms over 4 years
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Fig. 3 Puberty and depression in girls: percent with DSM-IV
depressive disorders by quintile of testosterone/estradiol

Further analyses in early adulthood [38] showed that
number of years in the family home predicted lower rates
of any adult psychiatric disorder, specifically of any sub-
stance use disorder (SUD). Main effects of race were not
significant, but planned comparisons among the 3 age-co-
horts showed that the youngest Indian cohort had signifi-
cantly fewer diagnoses than either of the older cohorts,
between whom there were no differences. The youngest
Indians also had fewer disorders than the youngest non-
Indians. The youngest Indians were significantly less likely
to report delinquent friends in adulthood. The impact of the
intervention fell to a non-significant level when the model
controlled for delinquent adult friends, suggesting a
mediational effect [39]. Similar results were seen when the

After (1997-
2000)

youngest Indians were compared with the youngest Non-
Indians. Family supervision, which had mediated the effect
of the income supplement in adolescence, [40] did not
extend its influence into adulthood. Material hardship did
not mediate the intervention effect.

3. Adult functional outcomes of common childhood
psychiatric problems

One longstanding aim of the study was to understand
risk for and development of common childhood disorders.
Unlike many chronic physical health problems, most psy-
chiatric disorders are first diagnosed in childhood [41-43],
and can affect individuals into adulthood. With the GSMS
participants now approaching their 30 s, it is reasonable to
ask whether common childhood disorders have adversely
affected functioning during the transition to adulthood.
Studying only children meeting full criteria for psychiatric
disorders, however, may severely underestimate this bur-
den. Subthreshold problems do not meet full diagnostic
criteria, but often are significantly impairing [44, 45]. A
complete understanding of the long-term burden of child-
hood psychiatric problems must include such subthreshold
cases.

Childhood psychiatric functioning was measured in
6674 observations of the participants between ages 9 and
16. Participants were coded as psychiatric cases if they met
DSM-IV criteria for a common childhood psychiatric dis-
order (anxiety disorder, mood disorder, ADHD, conduct
disorder or oppositional defiant disorder) at any assess-
ment. If they never met full criteria for a psychiatric dis-
order but displayed significant psychosocial impairment
secondary to psychiatric symptoms, they were coded as
subthreshold cases [42, 44]. Remaining subjects never met
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Fig. 4 Young adult functional outcomes of childhood psychiatric
disorder

criteria for either a psychiatric disorder or symptomatic
impairment (noncases).

In young adulthood (3215 observations of 1273 subjects
at ages 19, 21, and 24-26) adverse adult outcomes were
assessed, to identify a broad range of outcomes that that
typically impede functioning for an extended period of
time across many areas of daily life. We defined four
domains: health (e.g., multiple psychiatric problems, sui-
cidality, life-threatening illness), legal (e.g., felony charge,
incarceration), financial (e.g., high school dropout, being
fired from multiple jobs) and social (e.g., teen parenthood,
lack of familial and peer social support).

Six out of 10 of those who met criteria for a common
childhood psychiatric disorder reported an adverse out-
come, compared with only about 1 in 5 individuals without
a history of childhood psychiatric diagnoses. Participants
with a childhood disorder had 6 times higher odds of at
least one adverse adult outcome compared with those with
no history of psychiatric problems and 9 times higher odds
of 2 or more such indicators (Fig. 4). These associations
persisted after statistically controlling for childhood psy-
chosocial hardships and adult psychiatric problems. Risk,
however, was not limited to those with a diagnosis: par-
ticipants with subthreshold psychiatric problems had 3
times higher odds of adult adverse outcomes and 5 time
higher odds of 2 or more outcomes, and here too risk
persisted after controlling for adult psychopathology.

The important finding here was that childhood mental
illness predicted poor adult functioning even after
accounting for childhood psychosocial adversities, such as
maltreatment, that have long been linked with both child-
hood psychiatric disorder and disrupted development (e.g.,
[46]). If the goal of public health efforts is to increase
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opportunity and optimal outcomes, and to reduce distress,
then there may be no better target than the reduction of
childhood distress—at both clinical and subthreshold
levels.

Conclusions: the future

These three snapshots show the kind of progress that can be
made using epidemiologic methods if we incorporate
methods designed to move from “description” towards
causal analysis. All three analyses have had an impact in
the world of public policy, with newspaper and TV dis-
cussions and testimony before a US Senate committee. For
us, the take-home message from this and the many other
analyses of GSMS data is the importance, for both affected
individuals and national health, of identifying and treating
children early in life.

As the participants have aged, the research team’s
thinking has also progressed. The past 20 years of research
have abolished in our minds any boundary between “child”
and “adult” psychopathology, and have also broken down
barriers between medical, psychiatric, and cognitive func-
tioning. Most psychiatric disorders are first diagnosed in
childhood [41-43]. On the one hand, this allows such
disorders and their sequelae to affect the entire lifespan;
indeed, the 2010 Global Burden of Disease analyses [45]
found that neuropsychiatric disorders in youth ages 10-24
were the leading cause of disease burden in high-income
countries [47]. We propose to leverage the longitudinal
data already collected to understand more about the links
between early mental health functioning and later health.

The next phase of GSMS will also focus on “patterns in
time” that predict early aging. In addition to our psychi-
atric assessments, we shall test for early decline in cogni-
tive and physical functioning using a cognitive battery,
sphygmomanometry, and spirometry. We will use inter-
views and biological markers to test for psychosocial and
biological processes that might biologically embed the
effects of early psychopathology. Work is also in progress
using the repeated blood samples to study the impact of
traumatic life events on changes in methylation across
time. We are endlessly grateful to the study participants
who have lived what we only measure.
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