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a b s t r a c t

Background: Few rigorous studies have examined the factor structure of major depression symptoms as
assessed by current diagnostic systems. This study evaluated four competing models of depressive
symptomatology among a large, heterogeneous sample of U.S. veterans.
Methods: To determine the best fitting model of major depressive symptoms among four competing
models, this study conducted a series of confirmatory factor analyses on a national sample of 986,647 U.S.
veterans.
Results: A two-factor model first reported by Krause, Reed, and McArdle (2010) provided superior fit to
symptom-level data compared to three other models. The optimal model consists of a somatic factor
including anhedonia, sleep difficulties, fatigue, appetite changes, concentration difficulties, and psycho-
motor agitation; and a non-somatic factor including depressed mood, feelings of worthlessness, and
thoughts of death. Factorial invariance testing found this model to be invariant by gender and major
depression diagnosis.
Limitations: Awidely used self-report measure of depressionwas used and the sample consisted solely of
veterans so further study is needed with clinician-administered measures and non-veteran samples.
Conclusions: Together, these findings support separating symptoms of major depression into somatic and
non-somatic factors which may have clinical relevance, and help clarify debates about the factor
structure of depressive symptoms.

Published by Elsevier B.V.

1. Introduction

Major depressive disorder (MDD) is among the most prevalent
and commonly diagnosed psychiatric disorders (Grant et al., 2009;
Hasin et al., 2005; Kessler et al., 2003, 1994). However, little is
known about the symptom structure of MDD as assessed by
diagnostic criteria in the most recent version of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5; American
Psychiatric Association, 2013) and its predecessor, the DSM-IV
(American Psychiatric Association, 2000). Understanding the
structure of MDD symptoms is important because it may inform
approaches to the assessment, treatment, and neurobiology of this

disorder (Antonijevic, 2008; Hasler et al., 2004; Henningsen et al.,
2003; Sullivan et al., 2000).

A widely used screening instrument for MDD that maps
directly onto DSM-IV and DSM-5 criteria is the Patient Health-
Questionnaire-9 (PHQ-9; Kroenke et al., 2001). There is cur-
rently debate about the factor structure of MDD as assessed by
the PHQ-9. Four competing, empirically-supported models have
emerged (Table 1). The first labeled Model 1 is a one-factor
model, in which all MDD symptoms represent one latent con-
struct. Three two-factor models (Model 2a–c) have been found,
all containing latent constructs that can be labeled somatic (e.g.,
sleep difficulties, appetite changes, and fatigue) and non-
somatic (e.g., depressed mood, feelings of worthlessness, and
thoughts of death) factors. However, these three two-factor
models differ with respect to the factor assignment of three
MDD symptoms, namely, anhedonia, concentration difficulties,
and psychomotor agitation/retardation.
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Concentration difficulties and psychomotor agitation/retardation
are assigned to a non-somatic factor in Model 2a (Krause et al., 2008),
but to a somatic factor in Models 2b (Richardson and Richards, 2008)
and 2c (Krause et al., 2010). Anhedonia is assigned to a non-somatic
factor in Models 2a and 2b, but to a somatic factor in Model 2c. Thus,
there lacks empirical consensus on the optimal model of MDD
symptoms. Knowing which symptoms cluster with which somatic or
non-somatic symptoms may contribute to knowledge about depres-
sive symptomatology and its etiology, and may have implications for
treatments targeted at certain symptom clusters.

A recent study of 2615 soldiers in the Ohio Army National
Guard compared these four models using confirmatory factor
analysis (CFA) and found that Model 2c provided the best fit to
PHQ-9 data (Elhai et al., 2012). However, this finding has not been
replicated on a large national heterogeneous sample and the
factorial invariance of Model 2c with respect to gender and
diagnostic status has not been evaluated. CFA is one of the best
statistical tools to compare competing structural models as, unlike
exploratory factor analysis, it provides fit indices based on pre-
specified and theory-driven models.

Using CFAs, we evaluated four competing models of MDD
symptoms using the PHQ-9 in a sample of nearly one million U.S.
veterans. We then examined factorial invariance of the optimal model
with respect to gender and clinician-assessed MDD diagnosis. We
hypothesized that Model 2c would provide a superior fit compared to
the other models and that this model would demonstrate factorial
invariance by gender and MDD diagnosis.

2. Methods

2.1. Sample

Using U.S. Department of Veterans Affairs (VA) electronic
medical record databases that capture outpatient care and test
results, we identified all veterans who received mental health care
and completed a PHQ-9 between October 2007 and September
2012. The data were unduplicated to include only the first record.
The data were unduplicated to include only the first record so that
there were no repeated measurements for any individual veteran.
The study sample included 986,647 unique veterans from 130 VA
facilities across the country.

Demographic information and diagnoses of major depression
for each veteran were also obtained from the electronic medical
record. Diagnoses of major depression were made and documen-
ted by VA clinicians in the medical record within a year of the
initial administration of the PHQ-9. Of the study sample, 91.71%
were male, 60.67% were White, 51.46% were married, 12.76%
served in Operations Iraqi Freedom/Enduring Freedom, and
8.08% had a clinician-assessed MDD diagnosis.

2.2. Assessment

The Patient Health-Questionnaire-9 (PHQ-9; Kroenke et al.,
2001) is a 9-item multipurpose instrument for screening, diagnos-
ing, monitoring, and measuring the severity of depression. The
PHQ-9 incorporates DSM-IV and DSM-5 diagnostic criteria for
MDD. Respondents are asked to rate the frequency to which they
experience various symptoms, such as “little interest or pleasure in
doing things,” “poor appetite or overeating”, or “thoughts that you
would be better off dead or of hurting yourself in some way.”
Response options range from 0 (not at all) to 3 (nearly every day).
The PHQ-9 has been found to have strong psychometric proper-
ties, including diagnostic validity and reliability (Kroenke et al.,
2001).

2.3. Data analysis

First, we conducted CFAs to examine absolute model fit of the
four models. Model fit was evaluated using the Comparative Fit
Index (CFI), Tucker Lewis Index (TLI), Akaike Information Criterion
(AIC), Sample size-adjusted Bayesian Information Criterion (BIC),
Root Mean Square Error of Approximation (RMSEA), and Standar-
dized Root Mean Square Residual (SRMR) values. Model fit was
determined using empirically-defined benchmarks, as follows: CFI
and TLI Z .95 indicative of excellent fit; RMSEA r .08 for adequate
model fit; and SRMR r .05 for excellent fit (Hu and Bentler, 1999);
and lower AIC and sample-size adjusted BIC values.

Second, we compared the four competing models using robust
maximum likelihood estimation with the Satorra–Bentler chi-
square (S–B χ2) scaling correction, robust to non-normality
(Satorra and Bentler, 2001). PHQ-9 items were specified to load
on only one factor, factors were allowed to correlate, all error
covariances were fixed to zero, and all tests were two-tailed. S–B
χ2 difference tests for nested models were used to compare the
relative fit of the one-factor model to the three two-factor models
(Fan and Sivo, 2009). The different two-factor models, which are
non-nested, were compared on fit indices. A 10-point BIC differ-
ence between models represents a 150:1 likelihood and “very
strong” (po .05) support that the model with the smaller BIC value
fits best (Kass and Raftery, 1995).

Third, we tested the factorial invariance of the optimal model.
The total sample was divided into three random samples and CFAs
were repeated on each random sample. CFAs were also repeated
on subsamples of only female veterans and only veterans with a
diagnosis of clinician-assessed MDD diagnoses. Factorial invar-
iance tests were conducted for gender and clinician-assessed MDD
diagnosis at the configural, metric, and scalar levels. The configural
level requires the same items to load on the same factors across
groups. The metric level further requires equivalence of factor
loadings for items across groups. The scalar level requires both

Table 1
Four competing factor models of the Patient Health Questionnaire-9 (PHQ-9) items.

PHQ-9 Items Model 1 Model 2a Model 2b Model 2c

1. Anhedonia Depression Non-somatic Non-somatic Somatic
2. Depressed mood Depression Non-somatic Non-somatic Non-somatic
3. Sleep difficulties Depression Somatic Somatic Somatic
4. Fatigue Depression Somatic Somatic Somatic
5. Appetite changes Depression Somatic Somatic Somatic
6. Feelings of worthlessness Depression Non-somatic Non-somatic Non-somatic
7. Concentration difficulties Depression Non-somatic Somatic Somatic
8. Psychomotor agitation/retardation Depression Non-somatic Somatic Somatic
9. Thoughts of death Depression Non-somatic Non-somatic Non-somatic

Note: Model 1 proposes one latent factor and Models 2a–2c propose two latent factors. Model 2a was originally reported by Krause et al.
(2008). Model 2b was originally reported by Richardson and Richards (2008) and 2c was reported by Krause et al. (2010).
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equivalence of factor loadings and item intercepts across groups.
Factorial invariance testing often relies on chi-square difference
testing, which is affected by sample size (our study uses an
unusually large sample size) and unequal sample sizes can bias
results (Brown, 2006). Thus, it is recommended that difference in
CFI values between models be evaluated as this fit index has been
found to be superior to chi-square difference testing; a change in
CFI of .01 or less is indicative of invariance (Cheung and Rensvold,
2002). All analyses were conducted with Mplus version 7.1
(Muthén and Muthén, 2012).

3. Results

As shown in Table 2, all four competing models showed good-
to-excellent fit to PHQ-9 symptom-level data, as evidenced by
standard benchmarks (CFI and TLI Z .95 and RMSEA r .08, and
SRMR r .05). S–B χ2 difference tests revealed that compared to the
Model 1, Model 2a had a significantly better fit, ΔΧ2(1)¼
1383121.13, po .001; as did Model 2b, ΔΧ2(1)¼ 8229.15,
po .001; and Model 2c, ΔΧ2(1)¼ 31647.06, po .001. Therefore,
all three two-factor models showed a significantly better fit than
the one-factor model.

Comparing the two-factor models, Model 2c had better fit
indices, as indicated by higher TLI values and lower S–B χ2, AIC,
and BIC values relative to Models 2a and 2b. Moreover, there was a
greater than 10,000-point BIC difference between Model 2c and
Models 2a and 2b, providing “very strong” support favoring Model
2c (a 10-point BIC difference represents a 150:1 likelihood).

When the total sample was divided in three random subsam-
ples, CFAs repeated on each of the three subsamples yielded
similar results favoring Model 2c (results available upon request
from author). When CFAs were conducted on only subsamples of
female veterans (n¼81,327) and veterans with a MDD diagnosis
(n¼79,263), the results again favored Model 2c. Further, tests of
factorial invariance for both gender and MDD diagnosis at the
configural, metric, and scalar levels found CFI values of.97,.96,
and.96, respectively; this change in CFI values of .01 or less
demonstrates invariance at the scalar level.

4. Discussion

Using a national sample of nearly one million U.S. veterans, we
found that DSM-5 MDD symptoms are best represented by two
factors, a somatic and non-somatic (or affective) factor. Further-
more, we compared three competing two-factor models and found
the model referred to as Model 2c (Krause et al., 2010) provided
superior fit to PHQ-9 data. In this model, the somatic factor
includes sleep difficulties, fatigue, appetite changes, concentration
difficulties, anhedonia, and psychomotor agitation/retardation.
The non-somatic or affective factor includes depressed mood,
feelings of worthlessness, and thoughts of death. This finding

replicates and extends the results of a previous CFA study on a
smaller, geographically limited sample (Elhai et al., 2012).

Furthermore, we demonstrated that this factor structure is
invariant by gender and clinician-assessed MDD diagnoses. Model
2c remained the optimal model when the study sample was
constrained to only female veterans and to only veterans with
MDD. These findings contribute to our understanding of the
nature of DSM-5 MDD symptoms and help clarify debates about
which of the four competing models best represents depressive
symptomatology.

Clinicians treating depression should consider the somatic and
non-somatic components of the disorder, and the symptoms that
underlie these components. For example, concentration difficulties
may reflect restlessness more than affect, and thus may require a
different treatment approach. Different symptom expressions may
also affect treatment engagement and outcomes. Patients with
more somatic complaints may be more likely to be seen in primary
care compared to those who have non-somatic or affective
complaints (Kirmayer et al., 1993; Simms et al., 2012). But further
research is needed on the clinical implications of conceptualizing
MDD as consisting of somatic and non-somatic factors. To further
validate Model 2c, additional studies are needed to examine how
the somatic and non-somatic factors of Model 2c are differentially
related to treatment engagement, functional outcomes, neurobio-
logical substrates, and the phenotype of MDD.

4.1. Limitations

This study had a few limitations worth noting. The PHQ-9 is a
self-report measure and we do not know whether there is a
method variance if a clinician-administered instrument was used
instead. This study also exclusively sampled veterans, as did a
previous study that compared these four competing models (Elhai
et al., 2012), so generalizability to the general adult population is
unknown. There were several strengths of the study including the
use of a large sample size with varying depression symptom
severity; repeated CFA results on randomly divided samples and
subsamples; factorial invariance testing; and the extension of
previous findings.
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Table 2
Fit indices from confirmatory factor analyses of different models using the Patient Health Questionnaire-9 (n¼ 986,647).

Model S–B χ2 df CFI TLI RMSEA AIC Adjusted-BIC SRMR

Model 1 149,337.45 27 .96 .94 .08 21,761,426.73 21,761,659.45 .03
Model 2a 117,690.39 26 .96 .95 .07 21,706,370.11 21,706,611.45 .03
Model 2b 141,108.30 26 .96 .94 .07 21,746,425.06 21,746,666.41 .03

Note: Model 1 proposes one latent factor and Models 2a–2c propose two latent factors. Model 2a was originally reported by Krause et al. (2008). Model 2b was originally
reported by Richardson and Richards (2008) and 2c was reported by Krause et al. (2010). S–B χ2¼ Satorra–Bentler chi-square; df¼ degrees of freedom; CFI¼ Comparative Fit
Index; TLI¼ Tucker Lewis Index; RMSEA¼ Root Mean Square Error of Approximation; AIC¼ Akaike Information Criterion; Adjusted-BIC¼ Sample size-adjusted Bayesian
Information Criterion; SRMR¼ Standardized Root Mean Square Residual.
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