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Abstract

Previous research suggests that patterns of comorbidity of common mental disor-
ders among adults are best reflected by a hierarchical three-factor structure with
two correlated factors (‘anxious-misery’ and ‘fear’) summarized in a second-order
‘internalizing’ factor and one ‘externalizing’ factor. This three-factor structure has
not been examined yet in a sample of adolescents and young adults.

A representative sample of 3021 adolescents and young adults (baseline age
14-24) were prospectively followed over 10 years. Mental disorders were assessed
according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) by using the standardized Munich Composite International
Diagnostic Interview. Ten mental disorders (major depressive episode, dysthy-
mia, generalized anxiety disorder, social phobia, specific phobia, agoraphobia,
panic disorder, alcohol dependence, drug dependence, antisocial personality)
were fitted to a series of Confirmatory Factor Analysis models using: (1) 12-
month data, and (2) lifetime data from a person-year data set.

The three-factor model showed good fit to the observed data in our sample
both when 12-month diagnoses and lifetime-to-date diagnoses from a person-
year data file were used; yet the higher-order ‘internalizing’ factor summariz-
ing ‘anxious misery’ and ‘fear’ had to be omitted.

The three-factor model could be replicated in a sample of adolescents and young
adults with the exception that the second-order ‘internalizing’ factor was not con-
sistent with the data. Further research is necessary to provide more complete insight
into the structure of mental disorders by examining the stability of the structure of
mental disorders in different developmental stages (ages) and by using a more
extensive set of mental disorders. Copyright © 2009 John Wiley ¢ Sons, Ltd.
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Introduction

Comorbidity among mental disorders has been consist-
ently shown to be the rule rather than the exception not
just in clinical, but also in community samples among
adults (Beesdo et al., 2009a; Jacobi et al., 2004; Kessler
et al., 2005; Wittchen and Jacobi, 2005) and youth (Beesdo
et al., in press; Fergusson ef al., 1993; Newman et al., 1996;
Wittchen et al., 2000). In an attempt to account for this
high comorbidity, Krueger (1999) fitted confirmatory
factor analysis (CFA) models with one to four factors to 10
diagnoses (lifetime and 12-months) assessed in the cross-
sectional National Comorbidity Survey (NCS) (Kessler
et al., 1994). Results suggested that patterns of comorbidity
among common mental disorders in 15-54 year olds could
be best accounted for in a hierarchical three-factor struc-
ture with two correlated factors ‘anxious-misery’ and ‘fear’
summarized in a second-order ‘internalizing’ factor and
one ‘externalizing’ factor (Figure 1). Major depressive
episode, dysthymic disorder, and generalized anxiety dis-
order had high loadings on the ‘internalizing anxious-
misery’ factor, social phobia, simple phobia, agoraphobia,
and panic disorder had high loadings on the ‘internalizing
fear’ factor, and alcohol dependence, drug dependence and
antisocial personality disorder had high loadings on the
‘externalizing’ factor.

The structure of common mental disorders

This proposed three-factor structure, comprising
similar types and numbers of disorders, has been repli-
cated in community studies of adults from various coun-
tries for both lifetime (Cox et al., 2002; Watson, 2005) and
12-month (Cox et al., 2002; Slade and Watson, 2006;
Vollebergh et al., 2001) diagnoses and in a meta-analysis
(Krueger and Markon, 2006a) (Table 1). Based on these
findings, far-reaching implications have been discussed
regarding basic research, pathogenesis, and diagnostic
classification (Andrews ef al., 2009; Goldberg et al., 2009;
Krueger and Markon, 2006b; Watson, 2005; Watson ef al.,
2008), suggesting that this model is not only phenotypi-
cally relevant, but may represent an important organizing
devise for understanding common psychopathological
processes.

However, despite the overall consistency in results
when comorbidity patterns of adults are considered, there
is also a range of observations and considerations that
have stimulated considerable concerns about the appro-
priateness and utility of these findings. A number of
methodological concerns have been raised regarding the
factor analytic approach (Kessler et al., 2005; Wittchen
et al., 1999ba) and the way the data were analyzed and
interpreted (Wittchen et al., 1999ba), particularly obser-
vations that the three-factor solution appears to be not
robust against variations in diagnostic and sample
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Best-fitting rmodel for the entire National Comorbidity Survey, a 3-factor
variant of the 2-factor internalizing/externalizing model. All parameter

astimates are standardized and significant at P<.05.

Figure 1 Krueger’s three-factor model based on 10 lifetime disorders (NCS-data).

(Figure from: Krueger, 1999, 56, 921-926.)
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Table 1 Overview of structural analyses performed in representative community sample datasets

Number of Age of Criteria Number of
Study (author) respondents respondents Time (instrument) Special remarks disorders Disorders/syndromes
w o O o o o <
2558 22¢8
3
E
n
NCS 8098 15-54 Lifetime/ DSM-IlI-R  Cross-sectional 10 X X X X X X X
(Krueger, 12-months (CIDI)
1999)
Replications
NEMESIS 7076 18-64 + 12-month DSM-III-R Longitudinal 9 X X X X X X X
(Vollebergh (5618 FU) one year (CIDI) (one year
et al., 2001) FU interval),
stability
examined
NCS (Pt Il 5877 15-54 Lifetime/ DSM-III-R Cross-sectional, 11 X X X X X X X
subset) 12-months (CIDI) PTSD
(Cox et al., included
2002)
NCS (Pt Il 5877 15-54 Lifetime DSM-III-R Cross-sectional, 12 X X X X X X X
subset) (CIDI) PTSD and
(Watson, bipolar
2005) included
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The structure of common mental disorders

Analyses and models tested

Best fit/solution

052383883828 :35§
ol—m<D<D<\(.goQ—§§
Y 229%25 < z
6 6 < © 3
=
x X X CFA Three-factor-model
T—f One-factor — Internalizing with two subfactors:
g Two-factor: Internalizing, ¢ anxious-misery: GAD, MDE, Dys
£ Extenalizing « fear: Soc, Simp, Ago, Pan
% Three-factor: Internalizing with — Externalizing: Alc Dep, Drug Dep,
= anxious misery and fear, APD
E Externalizing; Confirmed with lifetime and 12-month
< Four-factor: Affective, Anxiety, data, in random halfs of the sample
Substance use, Antisocial and across men and women.
disorders
x x CFA Three-factor-model
One-factor — Internalizing with two subfactors:
Two-factor: Internalizing, ¢ anxious-misery: GAD, MDD, Dys
Extenalizing « fear: Soc, Simp, Ago, Pan
Three-factor: Internalizing with — Externalizing: Alc Dep, Drug Dep
anxious misery and fear, Confirmed at both waves. (The structural
Externalizing; stability of this model during a one-
Three-factor: Mood, Anxiety, year period was substantial, and the
Substance use disorders differential stability of the three latent
dimensions was considerable (higher
though in externalizing than in
internalizing, and higher in
internalizing-fear than in
internalizing-anxious-misery).)
x x xX X EFA Three-factor model
E — Internalizing-fear: Pan, Ago, Soc,
< Simp
— Internalizing-anxious-misery: MDE,
Dys, GAD, PTSD
— Externalizing: Alc Dep, Drug Dep,
APD
Confirmed for lifetime and 12-month
diagnoses
x x xX X X Principal factor analysis Three-factor-model
g g — Internalizing-fear: Pan, Ago, Soc,

Int. J. Methods Psychiatr. Res. 18(4): 204—220 (2009). DOI: 10.1002/mpr
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Simp

— Internalizing-anxious-misery: MDE,
Dys, GAD, PTSD

— Externalizing: Alc Dep, Drug Dep,
APD

— Bipolar Disorder fails to emerge as
clear marker of any of these
dimensions — it has weak and rel.
identical loadings on all factors.
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Table 1 Continued

Number of Age of Criteria Number of
Study (author) respondents respondents Time (instrument) Special remarks  disorders Disorders/syndromes
w o O o o o <
2535322¢
a
£
n
ANSMHWB 10641 >18 12-month DSM-IV/ Cross-sectional 10 DSM/ X X X X x
(Slade and ICD-10 11 ICD
Watson,
2006)
DMHDS 930 and 937 18 and 21 12-month DSM-1II-R Longitudinal 10 X X X X X X
(Krueger (DIS) (three year
et al., interval),
1998) stability
examined
NCS clinical 251 15-54 Lifetime DSM-III-R Cross-sectional 7 X X X X X X X
sub- (CIDI)
sample
(Krueger
and Finger,
2001)
NCS-R 9282 >18 12-month DSM-1V Cross-sectional, 19 (17) X X X X X X X
(Kessler (CIDI) many
et al., disorders
2005) considered
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The structure of common mental disorders

Analyses and models tested

Best fit/solution

0523838838268 :35¢8
OFn <0o<o0<g300- 2 ¢
Y 229325 < s
6 a < © s
=
X X x x x CFA Three-factor-model
% One-factor — Internalizing with two subfactors:
o Two-factor: Internalizing, Extenalizing e distress: MDD, Dys, PTSD, GAD,
8 Three-factor: Internalizing with (Neur)
= subfactors distress and fear, » fear: Soc, Pan, Ago, OCD
Externalizing; — Externalizing: Alc Dep, Drug Dep
Three-factor: Mood, Anxiety,
Substance use disorders
> X X X X X CFA Two-factor-model
% ~N % One-factor — Internalizing: GAD, Ago, Soc, Simp,
2 % qéa Two-factor: Internalizing, OCD, MDE, Dys
= 5 Extenalizing — Externalizing: Cond/APD, Mar Dep,
o) Four-factor: Affective, Anxiety, Alc Dep
% Substance use, Antisocial To a significant extent, persons retained
disorders their relative positions on the latent
factors across the three-year period
from age 18 to 21.
IRT One-factor-model
— Internalizing: all seven disorders (note:
seven diagnoses measure the higher
end of the factor; but lower half is not
well reflected with these diagnoses)
X X X X X X X X X X X X EFA Note: EFA excluded disorders with
negative correlations — OCD & SAD
Two-factor-model
— Internalizing: MDE, Pan, Ago, Spec,
Soc, GAD, PTSD
— Externalizing: Conduct, Alc Abu, Alc
Dep, Drug Abu, Drug Dep
— five disorders had factor loadings of
0.30 or higher on both factors (Dys,
mania’/hypomania, ODD, ADHD, IED),
but higher loadings on internalizing
than externalizing factor
LCA LCA: seven factors

Int. J. Methods Psychiatr. Res. 18(4): 204—220 (2009). DOI: 10.1002/mpr
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Factor one: Unaffected respondents

Factor two: Pure inernalizing

Factor three: Pure externalizing

Factor four: Comorbid internalizing

Factor five: Comorbid internalizing and/
or externalizing

Factor six: Highly comorbid MDEs

Factor seven: Highly comorbid Bipolars
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Table 1 Continued

Number of Age of Criteria Number of
Study (author) respondents respondents Time (instrument) Special remarks disorders Disorders/syndromes
w o O 0o o o c
c53a8i2sd
B
£
%)
Meta-analysis
(Krueger and 23557 n.a. (15+) n.a. DSM-III-R/  Includes twin 11 X X X X X X X
Markon, DSM-IV study §
2006a)

Disorders (Dx): AAB: Adult Antisocial Behavior; ADHD: Attention Deficit Hyperactivity Disorder; Ago: Agoraphobia; Alc Abu: Alcohol
Abuse; Alc Dep: Alcohol Dependence; APD: Antisocial Personality Disorder; Bip: Bipolar Disorder; Cond: Conduct Disorder; Drug Abu:
Drug Abuse; Drug Dep: Drug Dependence; Dys: Dysthymia; GAD: Generalized Anxiety Disorder; IED: Intermittent Explosive Disorder;
Mar: Marijuana/Cannabis Dependence; MDE: Major Depressive Episode; Neur: Neurasthenia; OCD: Obsessive Compulsive
Disorder; ODD: Oppositional Defiant Disorder; Pan: Panic disorder; PTSD: Posttraumatic Stress Disorder; SAD: Separation Anxiety
Disorder; Simp/Spec: Simple or Specific Phobia; Soc: Social Phobia.

Studies: ANSMHWB: Australian National Survey of Mental Health and Well-Being; CHDS: Christchurch Health and Development Study;
DMHDS: Dunedin Multidisciplinary Health and Development Study; NCS: National Comorbidity Survey; NCS-R: National Comorbidity
Survey Replication; NEMESIS: Netherland Mental Health Survey and Incidence Study.

§ Meta-analysis includes: Virginia Twin Study (Kendler, 2003), NCS (Krueger, 1999), NCS-R (Kessler et al., 2005), NEMESIS (Vollebergh

et al., 2001), DMHDS (Krueger et al., 1998).

Instruments: CIDI: Composite International Diagnostic Inverview; DIS: Diagnostic Interview Schedule.
Analysis: CFA: Confirmatory Factor Analysis; EFA: Exploratory Factor Analysis; IRT: ltem Response Theory; LCA: Latent Class Analyses;
MGA: Multivariate Genetic Analysis; SEM: Structural Equation Modeling.

composition: Other structures were found to fit the
observed data when the number of included diagnoses
was reduced (Krueger and Finger, 2001) or increased
(Kessler et al., 2005), or when non-adult samples were
used (Krueger et al., 1998) (compare Table 1). For example,
in an unselected birth cohort of 18 and 21 year olds, a
two-factor internalizing-externalizing model fit the data
(Krueger et al., 1998). Number and type of disorders used
in this study were identical to those in the original Krueger
(1999) analysis except that obsessive compulsive disorder
was included instead of panic disorder. Of note, in this
‘early’ structure study by Krueger et al. (1998), the fits of
a one-factor, two-factor and four-factor model (compris-
ing affective, anxiety, substance dependence, and antiso-
cial disorders) were tested, but not a three-factor model.

The purpose of the current paper is to investigate
whether the three-factor structure, which has up to now
been examined only in adult samples, fits data from a
prospective-longitudinal community study of adolescents
and young adults. This is important because of the poten-
tially far-reaching implications of structural findings for

future diagnostic classifications and research. We use
identical procedures including same number and types of
diagnoses as Krueger (1999) for this replication. In addi-
tion, we will test the fit of a two-factor solution because
the only other structure study in a non-adult sample
(Krueger et al., 1998) suggested this solution, although
without testing the three-factor model. Our analyses will
use 12-month diagnoses as well as lifetime-to-date diag-
noses by using a person-year data file.

Methods
Sample

The Early Developmental Stages of Psychopathology
(EDSP) study (Lieb et al., 2000; Wittchen et al., 1998b;
Wittchen et al., 1998c) assessed mental disorders in a
representative sample of N = 3021 adolescents and young
adults aged 14-24 years at baseline (T0). The study
includes follow-up surveys (T1/T2/T3), a family history
component (T0/T2/T3) and direct assessments of parents
(T1/T3).

Int. J. Methods Psychiatr. Res. 18(4): 204—220 (2009). DOI: 10.1002/mpr
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The structure of common mental disorders

Analyses and models tested

Best fit/solution

0523838823828 3558
eRrSs<0<0<x385-2¢
S ggggos < T2
=< S < =
aa < © G
=
X X X X CFA Three-factor-model
a One-factor — Internalizing
<

disorders

Two-factor: Internalizing, Extenalizing
Four-factor: Affective, Anxiety,
Substance use, Antisocial

¢ Distress: MD, Dys, GAD
e Fear: Ago, Soc, Spec, Pan

— Externalizing: Alc Dx, Drug Dx, Cond,
AAB

The baseline sample was drawn in 1994 from govern-
ment registries (greater Munich area, Germany). The
baseline (T0) response rate (RR) was 70.8%. At T1 only
respondents of the younger study cohort (age 14—17 at T0)
were interviewed (n = 1228; RR = 88.0%; interval since
T0: 1.2-2.1 years). A total of 2548 out of the original
baseline sample completed T2 (RR = 84.3%; interval since
T0: 2.8—4.1 years) and n = 2210 completed T3 (RR =
73.2%; interval since baseline: 7.3-10.6 years).

All participants provided written informed consent
(for respondents aged 18 years and younger parental
consent was provided). The EDSP project and its family
genetic supplement have been approved by the Ethics
Committee of the Medical Faculty of the Technische
Universitaet Dresden (No: EK-13811).

Diagnostic assessment

Face-to-face interviews were conducted by trained
clinical (mostly psychologists) interviewers using the
computer-assisted lifetime (T0) and interval (T1/T2/T3)
versions of the Munich-Composite International Diag-
nostic Interview (DIA-X/M-CIDI) (Wittchen et al., 1998a;
Wittchen and Pfister, 1997), providing information on
lifetime and 12-month symptoms, syndromes and diag-
noses of 48 mental disorders. Clinical reappraisal studies
have documented good reliability and validity of the
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-1V) diagnoses derived by the M-
CIDI (Reed et al., 1998; Wittchen, 1994; Wittchen et al.,
1998a).

The same 10 diagnoses as considered in the NCS-work
by Krueger (1999) are considered here: Major Depressive
Episode (MDE), Dysthymic Disorder, Generalized

Anxiety Disorder (GAD), Panic Disorder with or without
Agoraphobia, Agoraphobia with or without a history of
Panic Disorder, Social Phobia, Specific Phobia, Alcohol
Dependence, illicit Drug Dependence, and Antisocial
Personality (ASP). With the exception of ASP, all diag-
noses were obtained by using the M-CIDI/DSM-1V algo-
rithms (Wittchen and Pfister, 1997) without applying
hierarchical exclusion rules. For Social Phobia and Spe-
cific Phobia, the impairment criterion was applied only if
respondents were aged >18 years at the respective assess-
ment. Due to the age of the respondents in the EDSP (not
all respondents were 18 years or older), ASP was defined
as meeting criteria for Conduct Disorder (CD) or Antiso-
cial Personality Disorder (APD). Using symptom lists
reflecting DSM-IV criteria, respondent CD was assessed
at T1 using parent reports (n = 1053) and at T2 from the
respondents (n = 2548). APD was assessed at T2 from the
respondents (n = 2548). Information on ASP is available
on n = 2638 respondents with either T1 family assessment
or T2 respondent assessment and missing for others.
A discussion of our approach to analysis with missing
data is described later.

Statistical analysis

Analysis focuses on the replication of Krueger’s (1999)
three-factor model in our sample of adolescents and
young adults by means of CFA. We also fitted models with
the three latent factors ‘externalizing’, ‘anxious-misery’
and ‘fear’ while omitting the second-order ‘internalizing’
factor since the original model yielded loadings of ‘inter-
nalizing’ on ‘anxious-misery’ close to one indicating that
one can hardly separate these factors in our data (see
later). As no prior study has tested a three-factor structure

Int. J. Methods Psychiatr. Res. 18(4): 204—220 (2009). DOI: 10.1002/mpr

Copyright © 2009 John Wiley & Sons, Ltd

211



The structure of common mental disorders

in a non-adult sample, we also tested the fit of a two-factor
internalizing-externalizing model following findings of
the only other study examining youth (Krueger et al.,
1998). We did not test a one-factor model nor a four-
factor model because they did not fit prior data both in
youth and adult samples when using a similar range and
type of diagnoses (compare Table 1).

Two sets of analyses were conducted using data from
all four assessment points focusing on (1) 12-month data
and (2) person-year data in which the measures of interest
were lifetime-to-date diagnoses.

— 12-month data: The 12-month diagnoses from all four
assessments were compiled in a dataset with 9007
observations [3021 (T0) + 1228 (T1) + 2548 (T2) + 2210
(T3) = 9007] reflecting the current disorder status for
14-34 year olds at the respective assessment. For ASP,
only 3601 observations were available [1053 (T1 family
assessment) + 2548 (T2)].

— Person-year data: A person-year data file was build
with variables indicating whether a proband had ever
fulfilled the diagnostic criteria for the disorders up
through age #, with ¢ ranging from age one up to
the individual age at the last completed assessment
(maximum age = 34). For instance, a proband aged 20
at the last completed assessment contributes to the data
set 20 observations. In cases where reported age-of-
onset for a particular disorders varied for a given
respondent over time, the minimum reported age-of-
onset was used. The dataset had a total of 75,613 obser-
vations. Age-of-onset of ASP was defined as the parental
onset information provided at T1 family assessment for
the CD cases at that assessment, and for all other cases
it was defined as 13 (APD requires pre-existing CD
symptoms). Thus, 8488 observations with missing
values occurred due to ASP only being assessed at T1
family assessment and T2 and a further 865 missing
values occurred due to lacking age-of-onset informa-
tion for specific diagnoses, leaving 66260 complete
observations.

Consistent with Krueger (1999) the analysed matrix in
CFA was the tetrachoric correlation matrix of the disor-
ders and the standardized root mean square residual RMS
(usually abbreviated as SRMR; we use the abbreviation
‘RMS’ as in Krueger to avoid confusion) was chosen as
the main index of model fit. RMS = 0 indicates perfect fit;
RMS = 0.05 is considered good fit, and RMS = 0.08 ade-
quate fit. RMS has been shown to be sensitive to model
misspecification and less sensitive than other global fit
measures to distribution and sample size in covariance

Beesdo-Baum et al.

structure models (Hu and Bentler, 1998). We also calcu-
lated the CFI (Comparative Fit Index) and TLI (Tucker—
Lewis Index; Relative Noncentrality Index) measures of
model fit to confirm that the selection of the best-fitting
model based on RMS was not sensitive to the particular
measure of fit used. Values close to one in the CFI and
TLI indicate good fit and values around 0.9 indicate
acceptable fit. TLI might become greater than one. Finally,
the chi-squared goodness of fit test is reported (irrespec-
tive of the limited value in very large samples).

CFA was carried out in Mplus, Version 5. Krueger
(1999) used PRELIS and LISREL and seemingly has
excluded cases with missing data. For each of the datasets
we ran three analyses dealing differently with missing
values: (a) all available information was used with the full
information maximum likelihood method based on the
missing at random assumption, (b) complete case analy-
sis, and (c) missing values were replaced with zero; here,
missing values due to missing age-of-onset information
were not coded as zero because they are known to be
cases. Since Mplus does not calculate RMS in case (a)
(because the therefore necessary residuals are missing for
some cases) and we wanted to ensure that our results were
robust against choosing (a), (b) or (c) all three analyses
were run.

Unlike in the Krueger (1999) analysis, our data were
clustered within persons (because of our longitudinal
data with four assessments). Simple weighted least squares
yielded non-positive definite covariance matrixes between
the latent variables here and the method was therefore not
used. Instead, the weighted least squares mean and vari-
ance adjusted estimator based on a diagonal weight matrix
was applied (known to yield more robust results for clus-
tered data). Valid chi-square tests of model fit and stand-
ard errors taking into account clustering within persons
could not be calculated in (b) and (c) because RMS can
not be computed at the same time in Mplus.

At TO the probands had been sampled with different
weights according to age (Wittchen et al., 1998b; Wittchen
et al., 1998¢). In all analyses sampling weights were used
to adjust the sample at TO to the source population regard-
ing age, sex and geography.

Results
Replication using 12-month data

Table 2 reveals the results of the CFA using 12-month
diagnoses. In our primary analyses we tested Krueger’s
three-factor model with the second-order internalizing
factor (column one). Both when coding missing values of
ASP as zero and in the complete case analysis, fit was good

Int. J. Methods Psychiatr. Res. 18(4): 204—220 (2009). DOI: 10.1002/mpr
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Table 2 Results of CFA using 12-month diagnoses

The structure of common mental disorders

Three factors with
‘internalizing’

Three factors
without ‘internalizing’

Two factors ‘internalizing’
and ‘externalizing’ only

Missings of ASP treated with the full information maximum likelihood method

N 9007
Model fit
Number of free parameters 23
Chi-square 24.44
Degrees of freedom 21
p-Value 0.272
Fit indices
CFl 0.996
TLI 0.997
RMS n.a.
Subsample with complete data
N 3601
Model fit
Number of free parameters 13
Chi-square 12.82!
Degrees of freedom 19
p-Value 0.848
Fit indices
CFl 1.000
TLI 1.014
RMS 0.060
Missings of ASP coded zero
N 9007
Model fit
Number of free parameters 13
Chi-square 31.55'
Degrees of freedom 24
p-Value 0.139
Fit indices
CFl 0.995
TLI 0.994
RMS 0.044

9007 9007
23 22
24.44 33.63
21 22

0.272 0.054

0.996 0.988

0.997 0.989

n.a. n.a.

3601 3601
13 11
12.82' 15.91'
19 19

0.8478 0.6631

1.000 1.000
1.014 1.007

0.061 0.066

9007 9007
13 11
31.55' 43.76'
24 25

0.1387 0.0115

0.995 0.987

0.994 0.986

0.044 0.050

'Tests not valid because it does not take clustering within probands into account.

with RMS equalling 0.044 and 0.060, respectively; also
CFI and TLI values indicated good fit. Fit indices and also
factor loadings (table available on request) showed very
similar results across all three models.

Figure 2(a) depicts results for the model with missing
values coded zero. Of note, all models yielded high factor
loadings of ‘anxious-misery’ on ‘internalizing’ (>0.9).
Considering the standard error this value could be
greater than 1.0. Therefore we also tested the three-factor

model without ‘internalizing’ (Table 2, middle column).
Model fits and factor loadings were almost identical to
the ones of the three-factor model with ‘internalizing’.
Figure 2(b) depicts results for the model with missing
values coded zero. High factor loadings were found for
‘anxious misery’ with ‘fear’ (0.834—0.848); estimates for
‘externalizing’ with ‘anxious misery’ (0.456 — 0.505) and
‘fear’ (0.453—0.494) were lower. In both three-factor
models (with and without ‘internalizing’), factor
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Figure 2 Results of CFA using 12-month diagnoses (N = 9007 cases, missing values of antisocial personality coded as
zero): (a) three-factor model with ‘internalizing’, (b) three-factor model without ‘internalizing’.
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loadings for the disorders were generally high (>0.6)
except of the factor loading of ‘fear’ on specific phobia
(0.427 to 0.439).

The two-factor internalizing-externalizing model also
fit the data satisfactorily but worse than the three-factor
models (Table 2, third column).

Table 3 Results of CFA using person-year data

The structure of common mental disorders

Replication using person-year data

Table 3 shows the results of the CFAs using person-year
data and focusing on lifetime-to-date disorders. The
three-factor Krueger model provided a good fit indicated
by RMS (0.057 and 0.061), CFI and TLI values (see Table
3). Again, ‘internalizing’ loaded almost perfectly on

Three factors with
‘internalizing’

Three factors without
‘internalizing’

Two factors ‘internalizing’
and ‘externalizing’ only

Missings of ASP treated with the full information maximum likelihood method

N 75613
Model fit
Number of free parameters 23
Chi-square 49.287
Degrees of freedom 22
p-Value <0.001
Fit indices
CFI 0.984
TLI 0.984
RMS n.a.
Subsample with complete data
N 66 260
Model fit
Number of free parameters 13
Chi-square -
Degrees of freedom 24
p-Value =
Fit indices
CFlI ~!
TLI ~!
RMS —!
Missings of ASP coded as zero
N 74 634
Model fit
Number of free parameters 13
Chi-Square 726.942
Degrees of freedom 25
p-value <0.001
Fit indices
CFI 0.971
TLI 0.970
RMS 0.058

75613 75613
23 21
49.250" 60.089"
22 23
<0.001 <0.001

0.985 0.979

0.984 0.979

n.a. n.a.

66 260 66 260

13 25
621.522 738.93°

24 25

<0.001 <0.001

0.972 0.966

0.970 0.966

0.057 0.061
74 634 74 634
13 11

726.95' 846.86'
25 26
<0.001 <0.001

0.971 0.966

0.970 0.966

0.058 0.061

"The covariance matrix of the latent variables was not positive definite.
2Tests not valid because they do not take clustering within probands into account.
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Figure 3 Results of CFA using person-year data (N = 74 634 cases, missing values of antisocial personality coded as

zero).

‘anxious-misery’ (0.972 when imputing missing values
and 0.982 when coding them zero). Considering the
standard errors these values could be greater than one.
In the complete data analysis, the second-order factor
‘internalizing’ was even estimated to be greater than one
yielding a negatively definite covariance matrix between
the latent variables meaning that the specified model is
logically inconsistent with the covariance structure of our
data.

Omitting ‘internalizing’ from the three-factor model
(Table 3, middle column) again revealed almost identical
fit indices compared to the models with ‘internalizing’.
Model-fit was also good in all models. Consistently, high
factor loadings were found for ‘anxious-misery’ with
‘fear’ (0.861-0.881); estimates for ‘anxious-misery’ with
‘externalizing’ (0.557-0.580) and ‘fear’ with ‘externaliz-
ing’ (0.488-0.501) were lower (results available on
request). Figure 3 depicts results for the model with
missing values coded zero.

We finally also tested the two-factor internalizing-
externalizing model to our person-year data. Again,
model fit was satisfactory but worse than for the three-
factor models (Table 3, third column).

Discussion

The consistent observation of high comorbidity among
mental disorders even in community samples (e.g. Kessler
et al., 2005; Wittchen and Jacobi, 2005) has prompted
investigations of higher order structure. Using only 10
diagnoses assessed among adults in the cross-sectional
NCS, Krueger (1999) suggested that the bivariate associa-
tions (tetrachoric correlations) between all logically
possible pairs of lifetime and 12-month disorders assessed
in his study could be adequately characterized as caused
by a hierarchical three-factor structure with ‘anxious-
misery’ and ‘fear’ as correlated factors summarized
in a second-order ‘internalizing’ factor and one
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‘externalizing’ factor. This three-factor model has been
replicated in several other community adult samples using
both lifetime (Cox et al., 2002; Watson, 2005) and 12-
month diagnoses (Cox et al., 2002; Slade and Watson,
2006; Vollebergh et al., 2001). To date, though, only one
other study examined the factor structure specifically
amongadolescents and young adults (Krueger et al., 1998).
In this study, a two-factor internalizing-externalizing
model fit the data better than a one-factor and four-factor
model; a three-factor model was not tested.

The present study is the first that tested the original
Krueger (1999) three-factor model in a sample of adoles-
cents and young adults from a prospective-longitudinal
community survey. We also examined the two-factor
solution that was found to have good model fit in the only
other study that examined a non-adult sample (Krueger
et al., 1998).

We used similar methods and conventions as in the
Krueger (1999) analysis of the NCS data. Fitting identical
10 diagnoses from 14-34 year olds to CFAs, the current
study provides replication for the three-factor model
using both 12-month data and person-year data, yet with
the difference that the higher order ‘internalizing’ factor
summarizing ‘anxious-misery’ and ‘fear’ had to be
omitted indicating that there is no hierarchy between the
three factors ‘anxious misery’, ‘fear’ and ‘externalizing’
in our data. A two-factor internalizing-externalizing
model fitted worse to the data than the three-factor
model.

Our findings among adolescents and young adults are
consistent with data from adults (Cox et al., 2002; Slade
and Watson, 2006; Vollebergh et al., 2001; Watson, 2005),
in that the Krueger three-factor model could be repli-
cated. In contrast to other studies, however, the second-
order ‘internalizing’ factor was not consistent with our
data. In Krueger (1999) factor loading of ‘anxious-misery’
on ‘internalizing’ was also high (0.93), while the loading
of ‘fear’ on ‘internalizing’ was somewhat lower (0.78).
Moderate changes in design might have yielded data with
a ‘more than perfect’ loading that did not allow to fit the
three factor model including ‘internalizing’ in our data.
Our prospective-longitudinal study may have yielded
higher comorbidities than data sets in the Krueger model
fitted before (cross-sectional 12-month diagnoses (Cox
et al., 2002; Slade and Watson, 2006; Vollebergh et al.,
2001) and lifetime diagnoses derived from a single assess-
ment (Cox et al., 2002; Krueger, 1999; Watson, 2005).

Noteworthy, some of the factor loadings in our data
were also much smaller than in the Krueger model (1999)
where they range from 0.72 to 0.84. This is particularly
evident for ‘fear’ on specific phobia (models with 12-
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month data: 0.439, person-year data: 0.553 versus 0.77 in
Krueger’s model). This indicates that ‘fear’ is less strongly
related to specific phobia in our sample and thus specific
phobia seems to be a less reliable indicator for this factor.
In general we found more heterogeneity between loadings
of latent variables on diagnoses.

Beyond the three-factor model, we also tested a two-
factor ‘internalizing’-externalizing’ model following
findings from the only other non-adult study (Krueger
et al., 1998). Our findings are consistent with this study
in that the two-factor model fitted the data. In contrast
to this other study, we also tested a three-factor model
and showed that the three-factor solution fitted the data
better. It remains open, whether these findings would also
have occurred in this other non-adult sample if tested.

Before implications of these findings can be discussed
several limitations must be considered. We replicated the
Krueger (1999) findings using the same methods and
assumptions. Yet, if these methods and assumptions are
inadequate, the model is questionable. Thus, a first group
of limitations relates to the question to what degree such
data are appropriate to identify underlying dimensions
and core psychopathological processes.

(1) Identical to Krueger (1999) and others (Cox et al.,
2002; Krueger et al., 1998; Krueger and Markon,
2006a; Slade and Watson, 2006; Vollebergh et al.,
2001; Watson, 2005) we only examined a quite
restricted small set of disorders not including other
anxiety diagnoses (specific phobia subtypes,
obsessive compulsive disorder, post-traumatic stress
disorder, separation anxiety), other affective disor-
ders (bipolar disorders, respectively hypomania and
mania), substance abuse disorders and a range of
other clinical conditions (eating, somatoform, psy-
chotic disorders). Thus, the model only applies to the
few diagnoses examined and not to the entire set of
DSM-IV conditions. There is indication that this
structure does not hold or that alternative models are
preferable when the number of included diagnoses is
increased (Kessler et al., 2005; Wittchen et al., 2009).

(2) The data and the analyses only reflect associations for
threshold disorders with the assumption that they
cluster together temporally, which is questionable. For
example, even for the 12-month analyses the co-
occurrence of anxiety and depression might mean in
one case one disorder is always present within a 12
month window, but the other only for one month. In
other cases, there might be complete temporal overlap,
or one disorder is only present on a subthreshold level
while the other one meets the threshold level. This is
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due to the inherent inaccuracy of the assessment
instrument that cannot ascertain fine graded tempo-
ral patterns for most disorders. Further, one needs to
take into account recall bias, particularly in regard to
age-of-onset. This is, however, less concerning for the
present prospective multi-wave study of a young age
cohort in contrast to adult cross-sectional studies.
Nevertheless, this type of data and analyses might not
reflect the clinically relevant more subtle distinctions
of psychopathological variability and their impact.
The failure to distinguish between concurrent and
lifetime comorbidity might result in flawed conclu-
sions (Knduper and Wittchen, 1994; Wittchen, 1996).

(3) The examination of the higher order internalizing
factor in previous and the present analyses is not
developmentally sensitive. There is substantial evi-
dence that the meaning (Knduper and Wittchen,
1994), the incidence/age-of-onset patterns (Beesdo
et al., in press, 2007; Wittchen et al., 1999b), the per-
sistence and expression of mental disorders and their
overlap is quite different in children, adolescents,
young and older adults (Beesdo et al., 2009b; Kessler
et al., 2005). We did not examine whether the three-
factor structure is stable across development. Not-
withstanding our replication of Krueger’s (1999)
model in our sample of adolescents and young adults,
other solutions may be appropriate in other samples
or age groups. Given the differences in the age-of-
onset patterns of mental disorders with anxiety dis-
orders most frequently occurring in childhood and
depressive disorders and substance use disorder
showing a later onset in adolescence or adulthood, it
is conceivable that different factor solutions are reflec-
tive of the structure of common mental disorders in
different developmental stages. Samples with broad
age compositions might fail to reflect the potentially
considerable differences.

A second group of limitations refers to the appropri-
ateness of the statistical procedures and the degree to
which they allow for far reaching interpretations.

(1) In his original work Krueger (1999) only examined
four models when deciding on the candidate dimen-
sions. These models were chosen based on prior
explorative analyses of the same data. The conceptual
justification for picking those restricted models and
not others is quite limited, especially in light of
Krueger’s reliance on CFAs and the fact that he
extends his model beyond adolescence (Wittchen
et al., 1999a).

Beesdo-Baum et al.

(2) The use of tetrachoric correlations implicitly assumes
that the joint distribution underlying two disorders is
bivariate normal — the latent variables being linearly
und uniformly related to one another (Kraemer,
1997). This assumption is likely to be violated, given
the type of data used. Kraemer (1997, p. 1121) has
shown that ‘for associations better than ran-
dom ... and less than perfect’ the tetrachoric correla-
tion coefficient exceeds the kappa statistic, resulting
in an overestimation of the association.

To conclude, we replicated — yet while discarding the
second-order ‘internalizing’ factor — the Krueger (1999)
three-factor model in a sample of adolescents and young
adults. However, the consistency to which this model can
be replicated is only one essential consideration. Particu-
larly in light of the substantial degree of recent speculation
and implications attached to this model (Andrews et al.,
2009; Goldberg et al., 2009), further research is necessary
to provide more complete insight into the meaning of
these findings and their implications particularly for
diagnostic and classificatory issues (Wittchen et al., 2009).
A more comprehensive examination of developmental
issues and stabilities, as well as a broader coverage of dis-
orders seems to be urgently needed to assess the robust-
ness of this model (see Wittchen et al., in this issue).
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