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Abstract

Information about the prevalence of serious mental illness (SMI) among adults
or serious emotional disturbance (SED) among youth in small domains such
as counties, states, or schools is valuable for mental health policy planning
purposes, but prohibitively expensive to collect with semi-structured surveys.
Commonly used synthetic estimation methods yield imprecise estimates. An
improved method is described here that combines information about socio-
demographic covariates with screening scale scores obtained from a sample of
individuals, using a prediction equation derived from a Bayesian multilevel
regression model with bivariate outcomes fitted to a larger population survey.
This method is illustrated using K6 screening scale scores to predict school-
level prevalence of SED in the sample of 282 schools that participated in the
National Comorbidity Survey Replication Adolescent Supplement. Respon-
dents completed a diagnostic interview that was used to define DSM-IV SED.
SED prevalence varied significantly across schools and was strongly correlated
with aggregate K6 scores (p = 0.70). Calculations suggest that near-maximum
precision of school-level SED prevalence estimates could be attained with K6
samples of 200 students per school. This modeling approach holds great
promise for generating accurate estimates of SMI/SED in small-area planning
units based on K6 scores collected in ongoing health tracking surveys.
Copyright © 2010 John Wiley & Sons, Ltd.

Introduction

estimation’ methods that reweight national surveys to
match the joint distributions of socio-demographic vari-

Information about the prevalence of serious mental
illness (SMI) among adults or serious emotional distur-
bance (SED) among youth in small areas such as counties
or states can be valuable for mental health policy plan-
ning purposes. However, the costs of carrying out surveys
to obtain direct estimates of SMI/SED in small areas are
prohibitive. As a result, most efforts to estimate SMI/SED
in small areas are based on relatively simple ‘synthetic
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ables in the small areas (Goldsmith et al., 1998; Hudson,
2009; Kessler et al., 2003; Thomas et al., 2009). These
synthetic estimates are usually imprecise because socio-
demographic variables are not strongly associated with
mental disorders (Kessler et al., 1999).

A more promising approach to small-area estimation
is to administer a brief screening scale for SMI/SED to a
sample of respondents in each of the small areas of
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interest and to estimate the prevalence of the outcome
from a regression equation that uses these screening scale
scores, together with socio-demographic variables, to
predict a gold-standard measure of the outcome. The
potential for data of this sort exists at the county and state
level in the USA because all three of the major US national
health tracking surveys, the US National Health Inter-
view Survey (www.cdc.gov/nchs/nhis.htm), the Centers
for Disease Control Behavioral Risk Factors Surveillance
Survey (www.cdc.gov/BRESS), and the Substance Abuse
and Mental Health Services Administration (SAMHSA)
National Household Survey on Drug Use and Health
(www.oas.samhsa.gov/nhsda.htm), have administered
the K6 screening scale (Kessler et al., 2002) and the com-
bined sample size across the three surveys (close to
500,000 respondents per year) would be large enough to
yield a meaningful probability sample of people in most
counties in the USA. Even in areas where this combined
sample is too small for analysis (e.g. in particular towns
or low-income neighborhoods of cities, in particular
schools), the K6 is so brief that a screening survey could
be administered in these areas without great expense.
Reports in this issue show that the K6 is a good predictor
of SMI among adults (Kessler et al., 2010) and of SED
among youth (Green et al., 2010). To estimate the predic-
tion equation, it is also necessary to obtain a gold-
standard assessment of the outcome linked to the
screening scale in an appropriately designed sub-sample
of respondents, not necessarily part of the same survey
that provides small-area data with national coverage.
This approach can yield highly accurate estimates of
the prevalence of mental disorders in small areas if the
screening scale is as strongly correlated with the gold-
standard measure of outcome as the K6 scale is with SMI
and SED. We illustrate this by using scores on the K6 to
predict the school-level prevalence of SED, basing our
models on a sample of 282 schools that participated in the
National Comorbidity Survey Replication Adolescent
Supplement (NCS-A; Kessler et al., 2009b). This example
is important because schools are leading providers of
mental health services to children and adolescents in the
USA, with studies estimating that up to 80% of youths
who receive mental-health-related services obtain them
in schools (Burns et al., 1995; Leaf et al., 1996). Yet only
half of all schools provide on-site mental health coun-
seling services and there are considerable discrepancies in
service availability related to characteristics such as
region, urbanicity, and school size (Slade, 2003). In the
public service sector, resource allocation is partially
driven by distribution of need, defined as disorder sever-
ity and functional impairment. In particular, US Block

Estimating serious emotional disturbance in schools

Grant funds for community mental health services are
allocated by the Center for Mental Health Services to
provide services for children with SED, which is defined
by the SAMHSA as the presence of a Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM) diagnosable
mental, behavioral, or emotional disorder that results in
substantial impairment in the child’s role or functioning
in activities in their home, school, or community (Sub-
stance Abuse and Mental Health Services Administra-
tion, 1993, p. 29425). As a result, information about the
school-level prevalence of SED across all schools could
be of great value in targeting school-based treatment
resources. However, estimates of this sort are not availa-
ble. The methodology described here provides a practical
way to obtain such data from school-based K6 screening
scale surveys that could be completed in no more than
5 minutes.

Methods
Sample

The NCS-A was carried out between February 2001 and
January 2004. Adolescents (ages 13—17 years) were inter-
viewed face-to-face in dual-frame household and school
samples (Kessler et al., 2009a,b). As our focus is on school-
level estimates, this report uses only the school sample,
consisting of 9244 adolescents from a representative
sample of 320 schools in the counties that participated in
the National Comorbidity Survey Replication (NCS-R)
(Kessler and Merikangas, 2004). The conditional (on
school participation) adolescent response rate was 82.6%.
Although the proportion of initially selected schools that
participated was low (28.0%), non-participators were
replaced with matched replacement schools. Comparison
of household-sample respondents who attended non-
participating schools with school sample respondents
from replacement schools found no evidence of bias in
estimates of either prevalence or correlates of disorders
(Kessler et al., 2009a), suggesting that the matched
replacement procedures corrected for any biases that
might otherwise have occurred as a result of the low
school-level response rate. One parent or surrogate
(henceforth referred to as parents) was asked to complete
a self-administered questionnaire (SAQ) about the par-
ticipating adolescent’s developmental history and mental
health. The SAQ conditional (on adolescent participa-
tion) response rate was 82.5% in the household sample
and 83.7% in the school sample.

NCS-A schools were primarily public (86%) rather
than private or parochial, and most were junior high
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(28%) or high schools (46%) rather than those incorpo-
rating a larger range of grades (26%). On the Educational
Climate Index, a measure of socio-economic status that
incorporates educational aspects of social status, 22%
were low, 38% were medium, 29% were medium-high,
and 10% were high. Schools from which fewer than 10
students participated in the NCS-A were excluded from
the sample, leaving 9022 students drawn from 282 schools
(mean 32 students per school, inter-quartile range 28—-37)
in 42 geographically defined sampling strata.

Written informed consent was obtained from parents
or guardians before approaching adolescents for partici-
pation in the NCS-A. Written adolescent assent was
then obtained from adolescents before surveying either
adolescents or parents. Each respondent was given $50
for participation. Recruitment—consent procedures were
approved by the Human Subjects Committees of Harvard
Medical School and the University of Michigan. Com-
pleted survey data were weighted for residual discrepan-
cies between sample and population socio-demographic
and geographic distributions (Kessler et al., 2009a, b). The
weighted composite sample socio-demographic distribu-
tions closely approximate those of the Census population
(Kessler et al., 2009a).

Measures
SED

Adolescents were administered a modified version of the
Composite International Diagnostic Interview (CIDI), a
fully structured interview designed for use by trained lay
interviewers (Kessler and Ustiin, 2004). The DSM-1V dis-
orders assessed and considered here include mood disor-
ders (major depressive disorder or dysthymia, bipolar
I-II disorder), anxiety disorders (panic disorder with or
without agoraphobia, agoraphobia without history
of panic disorder, social phobia, specific phobia, general-
ized anxiety disorder, post-traumatic stress disorder,
separation anxiety disorder), and behavior disorders
(attention-deficit/hyperactivity disorder, oppositional-
defiant disorder, conduct disorder, intermittent explosive
disorder, and eating disorders such as anorexia nervosa,
bulimia nervosa, binge-eating disorder). Parents provided
diagnostic information about major depressive disorder/
dysthymia, attention-deficit/hyperactivity  disorder,
oppositional-defiant disorder, and conduct disorder, the
disorders for which parent reports have been shown to
play the largest part in diagnosis. Parent and adolescent
reports were combined at the symptom level using an ‘or’
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rule (i.e. the symptom was considered present if endorsed
by either respondent). All diagnoses applied DSM-IV
organic exclusion rules and DSM-IV diagnostic hierarchy
rules with the exception of oppositional-defiant disorder,
which was defined with or without conduct disorder.
Prevalence was assessed in multiple time frames, but only
past 12-month prevalence is considered in this report. A
clinical reappraisal study blindly re-interviewed a sub-
sample of NCS-A respondents with the Schedule for
Affective Disorders and Schizophrenia for School-Age
Children Lifetime Version (K-SADS) (Kaufman et al.,
1997). As detailed elsewhere (Kessler et al., 2009¢), con-
cordance between lifetime CIDI/SAQ and K-SADS diag-
noses was good, with area under the receiver operating
characteristic curve (AUC) 0.86-1.0 for mood disorders,
0.79-0.94 for anxiety disorders, 0.78—0.98 for behavior
disorders, and 0.87 for any disorder.

At the end of the K-SADS interviews, clinicians com-
pleted the Children’s Global Assessment Scale (CGAS;
Shaffer et al., 1983), a 0-100 rating of disorder-related
impairment. We defined SED as having one or more
12-month DSM-IV/CIDI-SAQ mental disorders and
either a CGAS < 50, Bipolar I disorder (regardless of
CGAS score), or a suicide attempt in the last 12 months
(again, regardless of CGAS score). Stepwise regression
analysis was carried out in the clinical reappraisal sample
to predict SED from information in the CIDI. The predic-
tors included 12-month DSM-IV/CIDI diagnoses of all
Axis I disorders other than substance use disorders,
summary measures of total number of disorders, infor-
mation about suicidality (ideation, plans, attempts),
scores on the Sheehan Disability Scale (Leon et al., 1997;
Sheehan, 1983), responses to the K6 scale (Kessler et al.,
2002), responses to questions about the number of days
out of 365 in the past year when the adolescent was com-
pletely unable to carry out his or her usual daily activities
because of specific disorders, information about over-
night hospitalization for emotional or behavior problems
in the past year, and information about intensity of out-
patient treatment for emotional or behavior problems in
the past year. A predicted probability of SED was calcu-
lated based on this prediction equation for each respon-
dent in the clinical reappraisal sample. Concordance of
this predicted probability with the measure of SED based
on the K-SADS and CGAS in the clinical reappraisal
sample was good, as indicated by an AUC of 0.85. Based
on this result, the same prediction equation was used to
impute a predicted probability of SED to each of the 9022
adolescents in the school sample of the larger NCS-A.
This predicted probability is the outcome used in the
current analysis.

Int. J. Methods Psychiatr. Res. 19(Supplement 1): 88—98 (2010). DOI: 10.1002/mpr

90

Copyright © 2010 John Wiley & Sons, Ltd



Li et al.

The K6

The CIDI interview also included the K6 (Kessler et al.,
2002) a six-item scale of non-specific psychological dis-
tress that asked adolescent respondents to rate how fre-
quently they experienced each of six symptoms of major
depression and generalized anxiety disorder in the month
before interview using the response options ‘never’, ‘a
little of the time’, ‘some of the time’, ‘most of the time’,
and ‘all of the time’. Analysis of the K6 in the NCS-A in
this issue (Green et al., 2010) indicates that at the indi-
vidual level, the K6 is a moderate predictor of individual
12-month disorder (AUC 0.58-0.82) and is better able to
predict SED associated with internalizing disorders (AUC
0.80) than with behavior disorders (AUC 0.75). Green
et al. (2010) augmented the K6 with five additional CIDI
items that specifically assessed behavior disorders. This
improved the prediction of individual disorders (AUC
0.71-0.86), SED associated with internalizing disorders
(AUC 0.86), and SED associated with behavior disorders
(AUC 0.86). Both the original K6 and this augmented
scale are used in the current study to estimate school-level
SED.

Socio-demographic and school variables

The socio-demographic covariates considered here
include respondent age (<13, 14, 15, 16, 17, 218 years), sex,
race/ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, other), and age at entrance into primary school
(ages 6, 7, >7 years). School-level predictors include
school size (€50 or >50 teachers) and public/private school
status.

The analysis method

We fit a two-level multilevel (hierarchical) Bayes model
with bivariate outcomes to the NCS-A school sample data
(Li and Zaslavsky, submitted for publication), extending
previous applications of multilevel models to small-area
estimation (Ghosh and Rao, 1994; Rao, 2003). The two
outcomes measured for each student were the K6 (or aug-
mented K6) score and the probit transformation of the
predicted probability of SED from the model described
above based on the CIDI. Predictors of each outcome
included the socio-demographic and school variables
listed above and random effects for school and individual
respondents. The model specification (see Statistical
appendix) allowed random effects for K6 and SED to be
correlated at each level. We therefore estimated variance
components at the school level representing the amount
of variation across schools in mean K6 scores and mean
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SED (probit-transformed) probabilities as well as a cor-
relation coefficient quantifying the association between
the K6 and the full assessment for schools. Variance com-
ponents at the individual level had similar interpretations
with respect to deviations of individuals’ scores from the
means at their respective schools. We fitted these models
using a Bayesian procedure in MLwiN2.02 statistical soft-
ware (Browne, 2005) with a conservative prior centered
around 0 correlation. Further details of the model and
prior distributions, the estimation procedure, model and
fitting checks and diagnostics, and derivations of predic-
tion equations are reported elsewhere (Li and Zaslavsky,
submitted for publication).

The parameters of these model equations can be used
to obtain school-level predictions of SED prevalence for
schools in which a sample of students was administered
the K6 but not the CIDI. These school-level predictions
combine predictions from the regressions of SED on
demographic and school characteristics with predictions
based on the school-level association between the K6 and
SED, weighting each according to its reliability. The reli-
ability of a school’s mean score on the screening scale, and
hence its weight in the combined prediction, depends on
the size of the sample of students screened in the school.

In addition to the school-level predictions, we used
estimated values of parameters to investigate the reliabil-
ity of estimated rates of SED for various assumed school
sample sizes representing realistic sizes of schools, extrap-
olating from our data. We also calculated the coefficients
of the prediction equation for individual students at a
hypothetical school in which screening data are available
for that student as well as for a sample of the entire student
body of the school. For comparison, we also applied a
simpler regression-synthetic approach to small-area esti-
mation. To calculate these predictions, we first regressed
the SED score on a set of predictors, either covariates
alone, covariates plus the standard K6, or covariates plus
the augmented K6. We then calculated the predicted
probability of SED under this fitted model for every
student, and calculated the mean of those probabilities
in each school as an estimate of the school’s prevalence
of SED.

Results
Results of the multilevel model

Overall predicted prevalence of SED is 5.7% in the NCS-A
school sample. Prediction coefficients in multilevel
models for the original K6 and SED in that sample are
given in Table 1. Coefficients in models with the aug-
mented K6, although not shown, are very similar except
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Table 1 Coefficients of the multilevel model for original K6 score and serious emotional disturbance (SED) score

(probit transformation of predicted probability of SED)

SED
Predictor variable Est (SE) Est (SE)
Intercept 2.643" (0.175) —2.382* (0.049)
Sex’
Male -0.654* (0.069) -0.108* (0.017)
Age?
14 years 0.247* (0.118) 0.082* (0.028)
15 years 0.489* (0.128) 0.148* (0.032)
16 years 0.354* (0.128) 0.147* (0.032)
17 years 0.551* (0.133) 0.217* (0.033)
18 years 0.485* (0.176) 0.196* (0.044)
Race/Ethnicity®
Black 0.607* (0.105) 0.028 (0.027)
Hispanic 0.405* (0.104) 0.098* (0.027)
Other race 0.926* (0.154) 0.090* (0.037)
Age at starting school*
Start school at age 7 years 0.242* (0.077) 0.061* (0.019)
Start school at age > 7 years 0.789* (0.155) 0.190* (0.038)
School size®
School with >50 teachers 0.204* (0.101) 0.097* (0.029)
School type®
Public school 0.300* (0.140) 0.150* (0.040)

*Significant at the 0.05 level, two-sided test.
'Comparison group = Female.

2Comparison group = 13-year-olds.

8Comparison group = Non-Hispanic White.

*Comparison group = Started school before age 7 years.
SComparison group = School with <50 teachers.
€Comparison group = Private school.

for a difference in scale from the K6 (Li and Zaslavsky,
submitted for publication). The coefficients for predicting
the K6 and SED generally show similar patterns, although
their magnitudes are not directly comparable because of
the different scaling of the two outcome variables. Signifi-
cant individual-level predictors (for both outcomes unless
otherwise noted) include female sex, age greater than 13
years (with a gradient toward higher scores with increas-
ing age for SED), Black race (for K6), Hispanic ethnicity
or ‘other’ race, and having started school later than age 6
years. Students in larger schools and public schools also
tended to have higher scores.

Random-effects variance estimates suggested that
there is substantial variation among schools in both mean
K6 scores and SED prevalence (Table 2) even after
controlling for covariates, although individual-level

variability is much greater (10.6 individual-level versus
0.3 school-level variance for the K6; 0.6 individual-level
and 0.04 school-level variance for SED). To illustrate the
magnitude of between-school variation, consider three
schools (large enough for the effect of individual-level
variability on prevalence to be negligible) with the same
school characteristics and the same distributions of
student covariates (age, sex, race, etc.). Suppose that one
of these schools is at the median of the conditional dis-
tribution of prevalence given those characteristics (i.e. the
school-level random effect is 0) and has prevalence 5.7%.
Then an otherwise similar school that is one standard
deviation above the median for those characteristics
would have a prevalence of 7.7% and a school one
standard deviation below the median would have a preva-
lence of 4.1%. These results suggest that considerable

Int. J. Methods Psychiatr. Res. 19(Supplement 1): 88—98 (2010). DOI: 10.1002/mpr

92

Copyright © 2010 John Wiley & Sons, Ltd



Li et al.

improvement in predictions might be expected if predic-
tions from demographic characteristics could be supple-
mented with screening data that predicted the school-level
random effect (i.e. the residual from the prediction based
on covariates alone).

Table 2 Random-effects variance-covariance parameter
estimates for mean original or augmented K6 scores and
serious emotional disturbance (SED) scores

Outcome variables

K6 and Augmented K6
SED and SED
I Individual level
Variance (K6) 10.555 0.371
Variance (SED score) 0.597 0.597
K6-SED correlation 0.518 0.544
Il. School level
Variance (K6) 0.314 0.019
Variance (SED score) 0.036 0.037
K6-SED correlation 0.695 0.845
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An important finding from the multilevel model is
that the estimated correlation for concordance between
the K6 and SED is very strong at the school level (p =0.70).
It is noteworthy that this association is stronger than the
correlation at the individual level (p = 0.52). The aug-
mented K6 has even stronger correlations with SED (p =
0.85 at the school level and p = 0.55 at the individual
level), demonstrating the importance of additional mea-
sures of behavior disorder for predicting SED. Scatter-
plots of the school average SED and school average K6 and
augmented K6 visually demonstrate the strength of these
associations (Figure 1).

Reliability and number of respondents screened in
the small area

As noted above, the reliability of school-level SED esti-
mates depends on the number of students surveyed in the
school. To illustrate this relationship, we calculated reli-
ability using formulae derived by Li and Zaslavsky (sub-
mitted for publication). Given that the school-level
association between K6 scores and SED is p = 0.70, the
upper bound of reliability (i.e. reliability with a sample so
large that sampling error is vanishingly small) is 0.70% i.e.

® P

0.08
|

school average predicted SED
0.06
1

0.04
1

0.02
1

T | T T
-0.5 0.0 0.5 1.0

observed school average: augmented K6

Figure 1 Scatterplot of school-level K6 and the augmented K6 versus predicted serious emotional disturbance (SED)

for schools with more than 25 screened students.
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0.49. The question then is how large a sample is required
to approach this boundary. Our calculations show that
with a sample of 25 students per school the reliability
using the original K6 is 0.36, but with 200 students reli-
ability rises to 0.44, close to the 0.49 upper limit. The
upper bound of reliability with the augmented K6 is 0.72
(0.85%), and with 200 students reliability of 0.67 is attained
if they constitute the entire enrollment of the school, and
0.60 if they are a sample from a school with much larger
total enrollment.

Comparison of the accuracy of multilevel model
predictions to synthetic estimation

The benefits of the multilevel model predictions relative
to those from synthetic estimation are illustrated by com-
paring prediction error in estimating school-level SED
prevalence under the different modeling approaches. We
made these calculations both for the actual NCS-A sample
and for a simulated sample of schools with 400 students
per school. The ‘relative RMSE’ columns of Table 3
compare root mean square error for each method with
that from our preferred method described above, using
augmented K6 data. The first three lines assess predic-
tions under regression-synthetic models, in which we
used an individual-level regression equation to predict
SED and to impute school-level SED prevalence as the
mean predicted probability of SED based on the individ-
ual-level prediction equation for all students sampled in
the school. The conventional synthetic estimation model
using individual-level SED predictions based only on
socio-demographic variables has RMSE 51-60% higher
than that of the preferred model, whereas the addition of
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the K6 to the synthetic model prediction equation reduces
excess RMSE to 23-43%. Use of the augmented K6 yields
even greater reduction in RMSE to only 4-8% excess. The
last two rows show that use of the multilevel model
further reduces error when the augmented K6 is used.

Differences among the methods are further elucidated
by tabulating mean observed and predicted prevalence,
grouped by quintile of predicted prevalence, as they
might be in allocating resources to schools or other small
areas (Table 4). As expected, observed prevalence (‘obs’
lines in the table) increases from lowest to highest quintile
of predicted prevalence for each method of prediction.
Importantly, the models that use the K6 show a wider
spread across the quintiles for both observed and pre-
dicted prevalences (widest with augmented K6). Hence,
the K6 consistently improves the discrimination between
lower-prevalence and higher-prevalence schools. Com-
parison of predicted and observed ranges shows that the
models generally under-predict prevalence in the highest
quintile, much more so in the NCS-A (i.e. where the
within-school samples are small) than in the simulated
dataset with larger samples. Consequently the actual
range across quintiles is generally understated by the
model predictions. The models in their present form
might be better for distinguishing among low-prevalence,
average-prevalence, and high-prevalence schools than for
estimating the exact prevalence in each.

Improving individual-level prediction using
multilevel models

The prediction formulae used to estimate SED

school-level prevalence can also be used to predict the

Table 3 Mean absolute error (MAE) and root mean squared error (RMSE) of prediction of serious emotional

disturbance (SED) prevalence under five prediction models'

Actual (NCS-A data)

Simulated schools with
400 students

MAE RMSE Relative RMSE? MAE RMSE Relative RMSE?
Synthetic without K6 295 234 1.51 123 155 1.60
Synthetic with K6 and covariates 256 1.91 1.23 1.03 1.39 1.43
Synthetic with augmented K6 and covariates 237 1.61 1.04 0.82 1.04 1.08
Multilevel model with K6 and covariates 257 1.99 1.28 1.04 1.37 1.42
Multilevel model with augmented K6 and covariates 2.33  1.55 1.00 0.74 0.97 1.00

' All values are in units of percentage points of SED prevalence.
2Relative RMSE = (RMSE for this model)/(RMSE for final model), where ‘final model’ is the multilevel model with the

augmented K6.
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Table 4 Observed and predicted mean school serious emotional disturbance (SED) prevalence in quintiles of

predicted school prevalence under five prediction models'

Simulated with sample

NCS-A sample sizes size 400
Quintile of predicted Quintile of predicted
prevalence prevalence

1 2 3 4 5 1 2 3 4 5
Synthetic without K6 obs? 32 51 54 58 103 44 52 54 60 6.6
pred® 42 48 51 56 65 45 51 53 57 65
Synthetic with K6 and covariates obs? 28 41 53 65 112 34 48 50 60 72
pred® 35 45 52 59 78 30 41 49 55 70
Synthetic with augmented K6 and covariates  obs? 25 40 50 66 117 33 46 52 6.1 85
pred® 34 44 51 59 79 31 44 51 57 76
Multilevel with K6 and covariates obs? 29 41 51 66 113 33 45 50 59 78
pred® 33 42 47 55 73 34 46 51 58 76
Multilevel with augmented K6 and covariates  obs? 26 39 51 65 119 31 43 51 63 8.9
pred® 31 40 48 55 79 32 45 52 60 79

'All values are in units of percentage prevalence.

20bs = mean of observed (for NCS-A) or simulated observed (for simulated data) prevalences for schools in a quintile of

predicted prevalence under the given model.

3pred = mean of predicted prevalences for the corresponding collection of schools.

probability of SED for an individual student in a school
where school-wide screening is conducted. This applica-
tion of the prediction formula combines information
from covariates, the student’s own K6 score (original or
augmented), and the distribution of K6 scores of other
students in the school. Because the student’s K6 score is
only a moderately strong predictor of SED, the additional
information about prevalence provided by other stu-
dents’ scores can have a substantial effect on the estima-
tion of the individual’s probability of SED. For example,
consider two students with the same moderately high K6
score, at two large schools with respectively moderately
low (1 standard deviation below average) and moderately
high (1 standard deviation above) K6 means. Using the
variance components estimates for the augmented K6, if
the predicted probability of SED for the student at the
low-prevalence school is 6.7%, the corresponding prob-
ability at the high-prevalence school would be 12.3%.
Conversely, if a cut-off for follow-up screening of indi-
vidual students is based on predicted probability of SED,
the corresponding K6 cut-off score would be set lower
at a school at which data from other students suggest a
high prevalence than at a school where aggregate data
suggest a low prevalence.

Discussion

The K6 has proved to be a very useful tool in screening
for psychological distress at the individual level. The
results of this study show that the K6 is an even more
powerful predictor of SED at the school level. The brevity
of the K6 means that it can be used feasibly to carry out
a school-based screening survey and that the results of
this survey can be used in conjunction with a Bayesian
prediction system of the sort developed here to generate
a useful estimate of the prevalence of SED in the school.
It is reasonable to speculate that the same might be true
for using the K6 to predict prevalence of SMI at the county
and state levels based on data obtained in ongoing health
tracking surveys. Similarly, surveys could be conducted
of populations of special interest within small areas, such
as minorities or the homeless.

The method presented here for small-area estimation
combines two types of data — covariates (demographic
and school or area characteristics) and K6 screening scale
measures — and requires an equation to be estimated in
a sample in which a gold-standard measure of the
outcome is assessed among the same people who com-
plete the K6. To apply these methods for geographical
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area estimates of SMI or for special adult populations,
additional validation studies would be needed to estimate
associations between K6 scores and gold-standard mea-
sures of SMI for the corresponding populations and units
of analysis. The covariates can be used alone to estimate
SED prevalence, as they have been in previous synthetic
estimation studies of county-level and state-level SMI,
but the estimates can be made much more reliable by
also including K6 data.

The association of the K6 with SED was notably stron-
ger at the school level than at the individual level. One
way to understand this finding is to note that the ‘signal’
in the individual-level correlation of K6 with SED is
diluted by the ‘noise’ of individual variation in respond-
ing to the screening scale. This variation tends to average
out at the school level, making the school-level variation
emerge more clearly as the number of students increases.
Another striking result is that maximum reliability of
small-area estimation can be approached with relatively
small samples (200-400 respondents). It is important to
note, though, that because the prediction equation for the
model including the K6 variable depends on the reliability
of the estimates of the mean K6, the optimal prediction
coefficients will be different for schools with different-
sized samples. This is because the precision, and hence
the optimal relative weights, of the individual-level and
aggregate-level components will change as the number of
respondents surveyed in the school changes.

An important advantage of the multilevel model is
that it allows us to estimate model parameters with a
dataset that has relatively small sample sizes per area (i.e.
the NCS-A) and then extrapolate to define a prediction
equation designed to work well in areas with larger
samples in which the K6 information is more reliable.
Consequently, in our evaluations, the advantages of the
multilevel model were more apparent in simulations of
larger schools than in the NCS-A data.

We also showed, finally, that school-level prevalence
data can be useful in conjunction with screening for case-
ness in individual students. It might seem paradoxical
that probabilities of SED estimated for one student can be
affected by K6 scores of other students in the same school,
but the reasoning is actually quite straightforward. Con-
sider a student who has not been screened at a school
where screening has been conducted among a sample of
other students. The best estimate of that student’s prob-
ability of SED would be the estimated prevalence for that
school, not the national mean of prevalence. Additional
knowledge of the particular student’s K6 score and demo-
graphic characteristics would then inform inference
about whether the student is above or below the school
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mean. By reflecting the clustering of SED disproportion-
ately in some schools, incorporation of school-level infor-
mation into scoring of individuals tends appropriately to
direct more resources (if allocated across a larger system
or area) to schools with demonstrably higher prevalence
than would be the case if purely individual estimation
were conducted, ignoring differences among schools. On
the other hand, when each school has predetermined
resources for mental health services, within-school norms
and cut-offs can be used to determine which students are
most in need of services and prioritize these students’
care.

The current study has several limitations. First, our
multilevel model tends to under-predict prevalence for
schools in the upper tail of the prevalence distribution,
although it is fairly successful in identifying and ranking
these schools. Ongoing statistical research is addressing
this problem through more flexible modeling of the dis-
tribution of prevalenceandsimpler calibrationapproaches.
Second, with regard to this particular application, the
standard K6 is better able to detect SED associated with
internalizing disorders than behavior disorders (Green
et al., 2010). The finding of some discordance between the
K6 and SED might be partially attributable to variations
in the types of SED-associated disorders prevalent in dif-
ferent schools. Our finding that the augmented K6
improves on the standard K6 in predicting both individ-
ual-level and school-level SED indicates that further scale
refinement is needed for use with adolescents. Although
the augmented K6 improves on the existing K6 for estima-
tion of school SED prevalence, the CIDI item bank for
augmenting the scale was limited to items in the NCS-A.
Future K6 scale refinement for use with adolescents should
focus on expanding the item list to test a wider range of
symptoms of behavior disorders that can contribute to
SED detection in youth. Finally, the version of the K6
considered here assessed 30-day psychological distress
whereas SED was evaluated over a 12-month recall period.
Given this discrepancy in timeframe, our estimates of
school-level K6-SED concordance are likely conservative.
A 12-month version of the K6 exists to correct this
problem, assessing the same six symptoms in the worst
month of the past year rather than in the past month. This
worst-month version is used in the US National House-
hold Survey on Drug Use and Health, as described in this
issue by Colpe et al. (2010). As a result, it would be useful
to apply our Bayesian multilevel regression model
approach to those data to generate county-level and state-
level estimates of SMI. Despite these limitations, the K6
demonstrates promise as a brief and feasible measure of
small-area SED or SMI that can provide comparative
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information about need for resource allocation while also
improving estimation for individuals.

Statistical appendix

We assume a bivariate generalized linear mixed model for
the NCS-A data:

Y;jm = Xiijm +Vim +eijm, form= 1,2,

where m stands for the type of outcome with m = 1 refer-
ring to K6 or augmented K6 and m = 2 referring to SED;
Yiim Xijm stand for the outcome of type m and correspond-
ing measured covariates for subject j in school ; v;, is the
school-specific random effect for outcome m in school
e;, is the random error for outcome m of individual j in
school i. Moreover, we assume normal random effects
distributions (v;;, v,)~N(0, Z,), (e;1, €;:)~N(0, X,), with
covariance matrices:

2 2
le pvcvlcvz Gel pecelcez
2v = 5 > Ze = 2 >
vaVIGVZ () szEIGZZ 062

where p,, p, are the correlations between random effects
of the two outcomes respectively at the school and indi-
vidual levels.

The above model is estimated through a hierarchical
Bayes approach, with non-informative or weakly infor-
mative prior distributions for the parameters (B, X,, %,),
and parameter estimates are reported as posterior means
and credible intervals.
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