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Abstract

Background—There is controversy on whether generalized anxiety disorder (GAD) and major
depressive disorder (MDD) constitute the same or separate disorders. This study sought to
examine the factor structure of the DSM-1V diagnostic criteria of GAD and MDD and the patterns
of comorbidity associated with both disorders.

Methods—Data were drawn from the National Epidemiological Survey on Alcohol and Related
conditions (NESARC), a representative sample of the adult general population in the United States
(N=43,093). Sociodemographic and psychiatric comorbidity correlates of GAD, MDD and co-
occurring GAD-MDD were obtained. Exploratory and confirmatory factor analyses of the DSM-
IV diagnostic criteria for GAD and MDD were conducted, followed by a Multiple Indicators
Multiple Causes (MIMIC) model to examine the invariance of the model across several
sociodemographic covariates.

Results—A bifactor model with one general factor underlying all the MDD and GAD diagnostic
criteria and another factor with large loadings only for the GAD criteria best represented the latent
structure. This model showed excellent fit indices (CFI=1.00, TLI=1.00, RMSEA <.02), and a
high degree of invariance across sociodemographic covariates. The comorbidity patterns of
individuals with MDD only (n=4,885), GAD only (n=947) and GAD-MDD (n=810) were clearly
distinguishable.

Conclusions—The latent structure of the diagnostic criteria of MDD and GAD and their
comorbidity patterns suggests that GAD and MDD are closely related but different nosological
entities, with distinct latent structures, clinical manifestations and patterns of comorbidity.

Keywords
Anxiety/anxiety disorders; epidemiology; mood disorders; factor analysis; nosology

Corresponding Author: Carlos Blanco, M.D., Ph.D. Professor of Clinical Psychiatry Department of Psychiatry College of Physicians
and Surgeons of Columbia University 1051 Riverside Drive, unit 69 New York, New York 10032 ch255@columbia.edu (W)
212-543-6533 (F) 212-543-6515.




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

1duasnuey Joyiny vd-HIN

Blanco et al.

METHODS

Page 2

Generalized anxiety disorder (GAD) and major depressive disorder (MDD) are highly
prevalent, disabling conditions associated with considerable personal and societal burden.(1)
Because MDD and GAD have high symptom overlap(2) and often co-occur,(3) there is
considerable controversy regarding their separation as distinct diagnostic entities.

Some studies and meta-analyses have suggested that MDD and several anxiety disorders
have a modest familial aggregation and moderate levels of cross heritability,(4) but other
studies have found mixed evidence for shared familial risk.(5) Other studies have found
distinguishable patterns of comorbidity between GAD and MDD, (6) although whether co-
occurrence of MDD and GAD has any influence on these differences is unknown. Several
twin studies have also examined the relationship between MDD and GAD in large
population samples.(7) The Virginia Adult Twin Study of Psychiatric and Substance Use
Disorders (VATSPSUD) found that the correlation for environmental risk factors between
MDD and GAD was 0.51, indicating that environmental risk factors for these disorders are
moderately correlated. The VATSPSUD estimated the genetic correlation between MDD
and GAD to be 1, indicating a very strong relationship between the genetic risk factors for
both disorders.(7) Data from the Australian and Dutch Twins and Siblings Study also
suggest considerable overlap in genetic risk factors for GAD and MDD, (8) and data from
the Swedish Twin Registry(9) indicate that GAD and MDD share the same genetic factors
but their environmental determinants are mostly distinct. Three large prospective
epidemiological studies have also indicated that the developmental risk factors for GAD and
MDD do not fully overlap,(10-12) suggesting that despite their similarities, the etiological
pathways of these two disorders may differ.

Application of latent variable techniques to three large community surveys in which
psychiatric diagnoses were used as indicators have suggested that MDD and GAD may be
part of an underlying factor named “anxious misery”,(13-16) but other studies have found
divergent results.(17) In addition, a recent meta-analysis of the relationship between anxiety
sensitivity and internalizing disorders found that anxiety sensitivity is more strongly
correlated with agoraphobia, GAD and posttraumatic stress than with depression, raising
new questions regarding the relationship between GAD and MDD.(18)

The present study seeks to build on existing knowledge by examining data from the National
Epidemiologic Survey on Alcohol and Related Conditions (NESARC), a large, nationally
representative sample of US adults. The specific goals of our study were: 1) to compare the
sociodemographic characteristics and comorbidity patterns of individuals with GAD, MDD,
and those with both disorders (GAD-MDD); and, 2) to determine the factor structure of the
individual DSM-IV criteria for GAD and MDD.

Sample and Data Collection

The 2001-2002 National Epidemiological Survey of Alcohol and Related Conditions
(NESARC) surveyed a representative sample of the U.S. population.(19) The target
population was the civilian non-institutionalized population 18 years and older residing in
households and group quarters (e.g., college quarters, group homes, boarding houses, and
non-transient hotels). The survey included residents of the continental United States, District
of Columbia, Alaska and Hawaii. Face-to-face computer-assisted interviews were conducted
with 43,093 respondents. The overall survey response rate was 81%. Blacks, Hispanics, and
adults ages 18-24 were oversampled, with data adjusted for oversampling, household- and
person-level non-response.(20) All procedures, including informed consent, received full
ethical review and approval from the U.S. Census Bureau and U.S. Office of Management
and Budget.
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DSM-1V diagnostic interviews—The diagnostic interview was the Alcohol Use Disorder
and Associated Disability Interview Schedule-DSM-1V version (AUDADIS-1V).(21) Test-
retest reliabilities for AUDADIS-1V mood, anxiety and personality disorders diagnoses in
the general population and clinical settings were fair to good (x=0.40-0.77).(22, 23) Test-
retest reliabilities of AUDADIS-IV personality disorders compare favorably with those
obtained in patient samples using semistructured personality interviews.(24) Convergent
validity was good to excellent for all affective, anxiety, and personality disorders diagnoses.
(3, 22, 23, 25) Selected diagnoses showed good agreement (x=0.64-0.68) with psychiatrist
reappraisals(26) and fair to good test-retest reliability for lifetime DSM-1VV MDD and GAD
diagnoses (x=0.65 and k= 0.42 respectively).(22) Cronbach's a was .95 for both GAD and
MDD.

Analytic Plan

Weighted percentages were computed to derive prevalences, sociodemographic correlates,
and rates of comorbidity of respondents with lifetime MDD, GAD and GAD-MDD. For the
purposes of this study, MDD refers to MDD without GAD, GAD is GAD without MDD,
and GAD-MDD consists of any lifetime comorbidity between MDD and GAD. Logistic
regression analyses yielded odds ratios (ORSs) indicating measures of association between
lifetime MDD, GAD and GAD-MDD diagnosis and sociodemographic characteristics and
comorbid psychiatric disorders. Point estimates, standard errors and confidence intervals for
all these analyses were estimated using SUDAAN(27) to adjust for design characteristics of
the survey.

To examine the factor structure of the MDD and GAD we initially conducted an exploratory
factor analysis (EFA) using geomin oblique rotation. Items included in the analysis were:
depressed mood most of the day, nearly every day (D1); markedly diminished interest or
pleasure in all, or almost all, activities most of the day, nearly every day (D2); significant
weight loss when not dieting or weight gain (D3); insomnia or hypersomnia nearly every
day (D4); psychomotor agitation or retardation nearly every day (D5); fatigue or loss of
energy nearly every day (D6); feelings of worthlessness or excessive or inappropriate guilt
nearly every day (D7); diminished ability to think or concentrate, or indecisiveness, nearly
every day (D8) and recurrent thoughts of death (D9) for MDD and restlessness or feeling
keyed up or on edge (Al); being easily fatigued (A2); difficulty concentrating or mind going
blank (A3); irritability (A4); muscle tension (A5); sleep disturbance (A6) for GAD.

Factor selection was guided by interpretability of the factor pattern loadings, number of
eigenvalues =1, the scree plot, and goodness of fit indices. The factor structure suggested by
the EFA was tested in confirmatory factor analysis (CFA). Standard indices, including chi-
square, comparative fit index (CFI), Tucker Lewis index (TLI) and root mean square error
approximation (RMSEA) were used to assess the goodness of fit of the CFA. Following
Muthen and Muthen (1998), (28) CFI > 0.95, TLI1>0.95, and RMSEA< 0.06 were used as
cut-offs indicating good model fit. When sample sizes are large (as in the present study), it is
well known that a nonsignificant chi-square goodness of fit test is rarely obtained [Bentler
and Bonett, 1980], nevertheless we present its value and degrees of freedom.(29) In
addition, we considered a useful complement to traditional “simple structure” CFA and also
examined the confirmatory “bifactor model” which examines the strength of evidence in
favor of items being used as measures of a single overall “general” factor versus subgroups
of items forming subscales measuring distinct “group” factors.(30) Specifically, the bifactor
model assumes that each criterion loads on two factors, one overall “general” factor (shared
by all criteria) and another “group” factor shared only by those other criteria potentially
measuring the same (sub)construct. The model estimates how strongly the criteria load on
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the overall general disorder factor versus the group-specific factors obtained after
controlling for the overall general factor. All MDD and GAD criteria were allowed to load
on the general factor. In addition, the MDD and GAD criteria were respectively allowed to
load on their own “group” factor. A single dimension is supported by loadings >0.40 for all
criteria on the general factor, with smaller loadings on the group-specific factors. Larger
loadings on the group-specific factor indicate criteria with variability not fully captured by
the general factor. Fit statistics for the bifactor model were compared with that of the 2-
factor simple structure CFA model. In the current study we chose not to implement cross-
validation (e.g. fit EFA models on half the data, then CFA on the other half) given that its
utility to protect against chance findings diminishes as the sample becomes fully
representative of the population. Given this study's very large sample size weighted to the
national population, there is little sampling variability expected and so it is highly unlikely
that different factor solutions would emerge from random halves.(31)

Finally, a multiple indicators multiple causes (MIMIC) model was fit with demographic
covariates included in the bifactor model to: 1) assess the associations between demographic
variables and the latent factors; and, 2) to assess the invariance assumption of the factor
structure across demographic groups. The MIMIC model includes three sets of relationships:
those between the symptom items and the factors (the measurement model); those between
the factors and the covariates (the structural regression equations); and those between the
symptom items and the covariates (the direct effects). The presence of direct effects implies
that there are differences in the factor model based on the covariates (e.g., factor structure is
not identical for all population subgroups). It is important to stress, though, that both the
reported measurement model and structural equation models are adjusted for the present of
direct effects, in the same way that main effects are adjusted for other covariates in more
traditional regression models. Age, sex, race, educational level, marital status, and
employment status were entered to estimate associations between factors and covariates.
Those estimates represent standard deviation change in the latent factor across comparison
groups of predictor, except for age which represents the effect of a one year increase.

Modification indices were used to identify if any additional direct effects from covariates to
specific MDD and GAD criteria were warranted indicating lack of uniform invariance
(intercept invariance) in the relationship between the criterion and the latent factor across
that particular demographic characteristic. A MIMIC analysis provides advantage over
multiple group testing for measurement invariance as it allows for multiple covariates to be
examined simultaneously without the need to stratify the data into small subgroups and
further allows testing for invariance across continuous variables such as age.(32) Multiple
studies have shown inflated Type 1 error when assessing model invariance (i.e. higher than
desirable probability of declaring non-invariance when actually the factor structure is
invariant)(33-35) and hence it is recommended to use a conservative cut-off (i.e. Bonferroni
correction) for testing modification indices.(36) Given 10 covariates and 15 GAD-MDD
criteria, we use Modification index cutoff of 16 corresponding to a Chi-square test with 1
degree of freedom and a p-value of .01/150 to identify criteria exhibiting non-invariance.

All factor analyses were conducted in Mplus Version 7.0,(28) which takes into account the
NESARC sampling weights and design effects, in the parameter and standard error
estimation as well as model fit calculations. The default estimator for the analysis was the
variance-adjusted weighted least squares (WLSMYV), a robust estimator which does not
assume normally distributed variables and provides the best option for modeling categorical
or ordered data.
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Prevalence and Sociodemographic Correlates

The lifetime prevalence of GAD, MDD and GAD-MDD were 2.16%, 11.25% and 1.98%,
respectively. GAD was more common in African Americans, those that did not complete
high school and unemployed individuals. By contrast, individuals with the incomes over
$70,000 were more likely to have MDD or GAD-MDD than GAD. Individuals who were
separated, divorced, or widowed and those aged older than 30 had higher odds for GAD-
MDD than MDD. Women were more likely to have GAD-MDD than GAD or MDD,
whereas Hispanics and foreign-born individuals had higher odds for MDD or GAD than for
GAD-MDD. Among individuals who had GAD-MDD, 17.8% had GAD onset before MDD,
36.7% had the onset of MDD prior to GAD, 41.6% had in the same year and in 3.9% the
order of onset was unknown (Data not shown).

Psychiatric Comorbidity

The prevalence of having at least one comorbid psychiatric disorder was 90.2% among
respondents with GAD, 75.5% among respondents with MDD and 88.5% among those with
GAD-MDD. Respondents with GAD and GAD-MDD had higher odds than those with
MDD of having other Axis | and Il comorbid disorders.

Individuals with GAD had higher odds than those of the GAD-MDD and MDD groups of
having any comorbid substance disorder, alcohol dependence, drug abuse and dependence
and pathological gambling. They were also more likely to have any comorbid anxiety
disorder, including panic disorder, social anxiety disorder and, specific phobia or any
psychotic disorder than individuals with MDD. Individuals with GAD-MDD were more
likely than those with MDD or GAD to have comorbid dysthymia. Individuals with GAD
had higher odds of personality disorders than those with GAD-MDD who, in turn, had
higher odds of personality disorders than those with MDD (Table 1).

Exploratory Factor Analyses (EFA)

An EFA of the DSM-1V criteria for GAD and MDD indicated the existence of two factors
with large eigenvalues, 11.53 and 2.50. The remaining eigenvalues had values well below 1
and formed a straight line (0.24; 0.15; 0.12; 0.11; 0.10; 0.08; 0.06; 0.05; 0.04; 0.03; 0.02;
0.01; 0.00). One-factor (;2=19740.6, d.f.=90, p<.0001; CF1=0.989, TLI1=0.987,
RMSEA=0.071), two-factor (32=976.3, d.f.=76, p<.0001, CFI=1.00, TLI=1.00,
RMSEA=0.017) and three-factor (32=622.1, d.f.=63, p<.0001, CFI=1.00, TLI=1.00,
RMSEA=0.014) solutions were obtained.

Although the three-factor model yielded slightly better fitting indices than the two-factor
solution, all of the loadings on its third factor were below 0.3. Furthermore, only two
eigenvalues were larger than 1 and the scree plot suggested leveling off after two. Based on
these considerations the two-factor model, which had very high loadings and very good fit
indices, was chosen. All the items assessing DSM-1V GAD had loadings close to unity in
the “Anxiety” factor, whereas their loading in the “Depression” factor were close to 0.
Conversely, all the DSM-IV MDD criteria loaded close to unity on the “Depression” factor,
but had a loading close to 0 on the “Anxiety” factor. The correlation between the “Anxiety”
and “Depression” factors was 0.64 (Table 2).

Confirmatory Factor Analysis

Because the EFA suggested two factors with simple structure (i.e. only one criteria loading
on each factor), we examined a model with two correlated factors, as well as a bifactor
model that had a “general” factor for MDD and GAD that would capture the shared aspects
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of MDD and GAD, and separate independent GAD-specific and MDD-specific factors that
would capture their unique aspects. The two models are presented in Table 3. Consistent
with the results of the EFA, the simple structure 2-factor model found that all MDD criteria
had loadings above 0.9 on the MDD factor, and all GAD criteria had loadings above 0.9 on
the GAD factor. The interfactor correlation was 0.66. The bifactor model results showed
high loadings for all criteria on the general factor. The GAD-specific in the bifactor model
also had large loadings ranging between 0.74 and 0.77, whereas the MDD-specific factor
had low loadings ranging between 0.003 and 0.242. Both models showed good fit with
CFI1=1.00, TLI =1.00 and RMSEA <.02, but the bifactor model exhibited better fit in terms
of having smaller chi-square ratio (chi-square/d.f = 429.9/75 = 5.7 bifactor, 572.4/89 = 6.4
simple structure 2-factor) and was thus preferred.

The MIMIC model, including the effects of sociodemographic covariates on the general
factor and specific anxiety and depression factors also provided a good fit to the data
(x2=1021.5, d.f.=219, CFI=1.00, TLI=1.00, RMSEA=0.009). Older age, male gender, being
employed, African American and Hispanic had negative coefficients on the general GAD-
MDD factor, whereas being US-born, previously married or reporting high education had
positive coefficients. Having been previously married had a positive coefficient on the
“Anxiety” factor, whereas old age had a positive coefficient on the “Depression” factor.
Overall, the effects were small and <10% of the variability was explained in any of the
factors by the covariates (Table 4).

Out of 150 different direct effects of covariate on specific GAD-MDD indicators tested for
potential non-invariance there were only 7 that were found significant after Bonferroni
correction and all had effect sizes of 0.13 or smaller. Specifically, male sex had a negative
effect on muscle tension; older age had a positive effect on depressed mood; male sex had
negative effect and black race a positive effect on weight loss; male sex had a positive effect
and having higher than high school education had a negative effect on psychomotor
agitation or retardation; and black race had a negative effect on fatigue. Given the lack of
consistency and small sizes of the direct effects found between covariates and the individual
criteria, we conclude there was a high degree of invariance of the factor structure across all
the demographic covariates (Table 5).

DISCUSSION

In a large, nationally representative sample of US adults, GAD was associated with higher
rates of comorbidity than MDD. Furthermore, the latent structure of GAD and MDD was
best represented by a bifactor model with a general factor underlying criteria for both
disorders, and a specific factor underlying the GAD criteria. The specific factor for MDD
did not have significant loadings, indicating that the structure of the MDD criteria was fully
explained by the general factor.

GAD and GAD-MDD had higher rates of comorbidity with internalizing disorders (mood
and anxiety disorders) than MDD. In addition, GAD had higher rates of comorbidity than
either GAD-MDD or MDD for most externalizing disorders (ADHD, pathological gambling
and all substance use disorders except alcohol abuse). The odds of having a personality
disorder were highest for individuals with GAD, intermediate for those with GAD-MDD
and lowest for those with MDD. Our findings suggest that compared to GAD alone, MDD
alone does not further increase the risk of internalizing disorders and may be associated with
decreased risk of externalizing and personality disorders.

The results of our factor analyses indicate that the differences between GAD and MDD also
extend to their latent structure. The existence of a general factor with high loadings on MDD
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and GAD criteria is consistent with studies that have found that MDD and GAD lie on a
common dimension of internalizing disorders, as well as with findings of common genetic
liability,(13-15) overlapping risk factors,(37) and high rates of comorbidity between GAD
and MDD.(7, 9) The existence of a GAD-specific factor and the lack of an MDD-specific
factor and may help explain why individuals with GAD have higher rates of comorbidity
with other psychiatric disorders than individuals with MDD, as found in this and other
studies.(38, 39) Individuals with GAD and MDD would all be at risk for the comorbidity
associated with the general factor, but only individuals with GAD would be at the additional
risk conferred by the GAD-specific factor. Our results are also consistent with findings from
prospective studies indicating that individuals with GAD are more likely to develop MDD
than individuals with MDD are to develop GAD.(40, 41) (42) Individuals with GAD, with
high scores on the general factor, would be at increased liability for MDD, whereas those
individuals with MDD with low scores on the GAD-specific factor, would not be at higher
risk for GAD.

The MIMIC model indicated that although some covariates were correlated with the factors,
the proportion of variance explained by those covariates was small. These results provide
general support for the validity of these constructs across a broad range of sociodemographic
characteristics, an issue of potential interest for ongoing and future revisions of the current
psychiatric nosology.(43) An interesting finding was that although small, age had a
significant negative effect on the general factor and a positive effect on the depression
factor. These results are consistent with our findings that individuals older than 30 were
more likely to have GAD-MDD than MDD only, and with a larger proportion of individuals
developing MDD earlier than GAD.

Combined with prior research evidence, our findings have etiological and clinical
implications. From the etiological point of view, the existence of two disorders with similar
genetic basis but with different symptom structure, comorbidity patterns, risk factors,(10,
12) neurobiology(44, 45) and clinical manifestations may constitute a large natural
epigenetic experiment. Twin studies with prospective information about the onset and
course of MDD and GAD may provide unique opportunities to examine how the interplay of
identical genetic predisposition with different environmental risk factors can lead to the
development of two distinct nosological entities.

From the clinical point of view, the finding that MDD and GAD are related but different
disorders would suggest that some, but not all treatments that are efficacious for GAD may
be efficacious for MDD. Consistent with this prediction, while SSRIs have demonstrated
efficacy for both MDD and GAD,(46) benzodiazepines are efficacious for the treatment of
GAD, but not MDD.(47) Benzodiazepines may be efficacious for the symptoms of the GAD
through their effects on the specific factor, rather than on the general factor. As our
understanding of the neurobiology and risk factors for GAD and MDD continue to advance,
it may be possible to develop treatment and preventive interventions targeted towards the
common and specific domains of these disorders.

Our study had several limitations. First, consistent with DSM-1V diagnostic criteria, the
AUDADIS-IV uses as gating questions for MDD the presence of depressed mood or
anhedonia. Individuals who answered negatively to both gating questions, were not queried
about other criteria for MDD. Similarly, the presence of anxious mood for more days than
not for six months is used as a screening for GAD. Use of those gating questions could have
artificially inflated the intercorrelations among criteria within each disorder. However,
subanalyses of individuals who answered yes to the gating questions for both MDD and
GAD showed similar results to the bifactor model in our main analyses, suggesting a general
factor underlying both sets of criteria and specific factor just underlying the GAD criteria.
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Second, we focused our analysis of the factor structure of MDD and GAD on cross-sectional
data. To examine whether the factor structure changed over time, we repeated the analysis
including individuals who met criteria for MDD or GAD (or both) in the Wave 2 data
conducted three years later. We found that the bifactor model continued to provide the best-
fitting model, suggesting that the bifactor structure is stable over time. Our results are in
accord with several studies have documented differences in longitudinal course of GAD and
MDD, also supporting the existence of two different disorders.(11, 42) Third, the present
study did not examine treatment response, which has also been investigated in other studies.
(48)

In conclusion, our findings suggest that in the general population GAD and MDD are
closely related but different nosological entities, with distinct latent structures, clinical
manifestations and patterns of comorbidity. This information may help inform future
classifications of psychiatric disorders and guide etiological and treatment research.
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