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a b s t r a c t

Little research has examined the underlying symptom structure of major depressive disorder (MDD)

symptoms based on DSM-IV criteria. Our aim was to analyze the symptom structure of major

depression, using the Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 was administered to a

sample of 2615 Army National Guard soldiers from Ohio. A one-factor model of depression and three

separate two-factor models previously established in the literature were evaluated using confirmatory

factor analysis. Results demonstrated greater support for the two-factor models of depression than for

the one-factor model. The best fitting model was the two-factor model of somatic and non-somatic

symptoms supported previously by Krause et al. (2010) and Richardson and Richards (2008).

Implications for understanding the components and mechanisms of MDD are discussed.

& 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

A substantial body of research has investigated the underlying
symptom structure of depression symptoms (Shafer, 2006). How-
ever, this body of research has rarely used depression measures
with items that map onto DSM-IV symptom criteria for major
depressive disorder (MDD). Thus, little is known about the
symptom structure of DSM-IV-based MDD. The Patient Health
Questionnaire-9 (PHQ-9), on the other hand, is one of the few
depression screening instruments comprising items that map
onto DSM-IV diagnostic criteria for MDD symptoms. Although
the PHQ-9 has been well-researched and used, few studies have
assessed its factor structure.

The PHQ-9 is a nine-item major depression module from the
Primary Care Evaluation of Mental Disorders (PRIME-MD), a
standardized assessment for mood, anxiety, somatoform,

alcohol-related, and eating disorders (Spitzer et al., 1994). It
was originally designed for the purpose of screening in primary
care, an important issue because primary care is the most
frequent setting in which individuals seek treatment for mental
health reasons (Wang et al., 2006). The PHQ-9 items are self-rated
and map onto DSM-IV symptom criteria for MDD. An additional
item assesses the impact of depressive symptoms on functional
impairment. Psychometric evidence demonstrates adequate con-
struct and criterion validity across diverse samples of civilian
primary care and obstetrics–gynecology patients (Kroenke et al.,
2010; Flynn et al., 2011). Total cut-off scores of 5, 10, 15 and 20
represent ‘‘mild,’’ ‘‘moderate,’’ ‘‘moderately severe,’’ and ‘‘severe’’
(clinically diagnosable) depression respectively; although these
labels should not be confused with similar specifiers for major
depression from DSM-IV. The PHQ-9 diagnostic scoring algorithm
corresponds to DSM-IV MDD requirements, wherein five or more
items must be recently experienced at least ‘‘more than half the
days,’’ with one symptom being depressed mood and/or anhedo-
nia (Kroenke et al., 2001).

There is a paucity of research on the factor structure of DSM-

IV-based MDD symptoms. The PHQ-9 is an instrument that
queries such symptoms. It is true that the Major Depression
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Inventory (MDI) (Olsen et al., 2003) is another instrument of DSM-

IV-based MDD symptoms. Despite being analyzed using item
response theory which assumes unidimensionality, the MDI’s
factor structure has not been investigated. Research is necessary
in understanding the latent structure and mechanisms underlying
MDD, and studying the PHQ-9 is one means of examining this
relatively unexplored research area.

Several studies have used exploratory factor analysis (EFA) to
discover relatively unique sets or ‘‘factors’’ of PHQ-9 items that
are correlated with each other, in samples of primary care
patients, outpatient substance abusers and spinal cord injury
patients (Huang et al., 2006; Cameron et al., 2008; Dum et al.,
2008; Kalpakjian et al., 2009; Krause et al., 2010). Other studies
have used confirmatory factor analysis to test hypothesized
models generated from EFA studies, using samples of spinal cord
injury and primary care patients (Krause et al., 2008; Baas et al.,
2011). Some EFA studies (Huang et al., 2006; Cameron et al.,
2008; Dum et al., 2008; Kalpakjian et al., 2009) and CFA studies of
the PHQ found support for a one-factor model (Baas et al., 2011),
reflecting unidimensionality of the depression construct. Other
EFA studies (Richardson and Richards, 2008; Krause et al., 2010)
and a CFA study (Krause et al., 2008) found support for a two-
factor PHQ model, with one factor primarily based on somatic
items (e.g., sleep difficulties, appetite changes and fatigue) and
the other factor primarily based on non-somatic or affective items
(e.g., depressed mood, feelings of worthlessness and suicidal
thoughts). Importantly, these studies typically investigated only
one depression model per paper. Lacking in the literature is a
comprehensive evaluation of the various depression factor mod-
els, from a DSM-IV-based instrument such as the PHQ-9, tested
against each other using objective statistical criteria.

We believe that using CFA is more defensible in examining the
structure of MDD symptoms, and we built on this area in the
present paper. EFA is exploratory and capitalizes on chance error
in statistically ‘‘discovering’’ the best patterns of item sets based
on computer-generated mathematical algorithms. Given the sub-
stantial Type I error, and lack of ability to narrowly specify
hypothesized models of interest in EFA a priori, EFA findings do
not often cross-validate with other samples (Fabrigar et al., 1999).
Unlike EFA, CFA requires the testing of a specifically hypothesized
model (or models), evaluating how well the model’s patterns of
intercorrelations are represented in the observed data (Bollen,
1989; Kline, 2010).

The PHQ-9’s depression models derived from EFA and CFA
have important implications for understanding the core compo-
nents of depression—specifically, with implications for under-
lying dimensions and mechanisms of the disorder. For example,
three PHQ-9 items have consistently been found represented by
the somatic factor (sleep difficulties, appetite changes and fati-
gue); three additional items have been represented by the
affective/non-somatic factor (depressed mood, feelings of worth-
lessness and thoughts of death) (Krause et al., 2008, 2010;
Richardson and Richards, 2008). These preliminary studies thus
suggest somatic and affective components of MDD that may have
implications for the disorder’s underlying mechanisms. Addition-
ally, the psychomotor difficulties item was less represented by
the somatic and non-somatic factors (Krause et al., 2008, 2010),
thus possibly reflecting that this symptom may not be as strong of
a general depression marker.

The current study aimed to study the factor structure of DSM-

IV-based MDD symptoms by comparing four empirically-sup-
ported models using CFA to assess which model fits best. We
used the PHQ-9 to examine our research question. We used
objective statistical criteria to judge and compare model fit. Our
sample included a large, regional epidemiological sample of
National Guard soldiers, many of whom had been deployed to a

war zone which places soldiers at risk of depression soon and
months after returning from combat (Grieger et al., 2006). This
sampling plan broadens previous research on the PHQ-9’s factor
structure from the restricted samples that have included patients
with spinal cord injury (Krause et al., 2008, 2010; Richardson and
Richards, 2008; Kalpakjian et al., 2009), and primary care patients
(Huang et al., 2006; Baas et al., 2011). We found no studies
examining the PHQ’s factor structure among a military
population.

2. Method

2.1. Participants and procedure

The present study was part of the Ohio Army National Guard Mental Health

Initiative, a large-scale epidemiological study of mental health among National

Guard soldiers in Ohio. We initially invited all members of the Ohio National

Guard who served between July 2008 and February 2009 for participation in the

telephone interview portion of the study, executed through an alert letter. 12,225

Guard members with a valid mailing address were invited to participate (345

additional individuals were excluded for having no mailing address). Among the

pool of potential subjects, 1013 (8.3%) declined to participate, 1130 (10.1%) did not

have a telephone number listed with the Guard, and 3568 (31.8%) did not have a

correct or working phone number. Among the remaining 6514 Guard members

(58.1%), the following individuals were excluded: 187 (2.8%) based on age

eligibility restrictions, 1364 (20.9%) declined to participate, 31 (0.4%) for having

English language or hearing difficulties, and 2316 (35.5%) for not being contacted

before the cohort was closed to new recruitment. Of the remaining 2616 subjects,

one subject was excluded for missing six items on our primary measure (PHQ-9),

leaving 2615 participants.

Age ranged from 17 to 61 years (M¼30.69, S.D.¼9.50). Most participants were

men (n¼2227, 85.2%), with 388 women (14.8%). The vast majority of participants

were either currently married (n¼1227, 47.0%) or had never been married

(n¼1133, 43.4%). A small proportion of respondents were of Hispanic ethnicity

(n¼82, 3.1%). Most identified their racial background as Caucasian (n¼2295,

87.9%), or African American (n¼194, 7.4%). The majority had some college or

technical school education (n¼1233, 47.2%), a completed college education

(n¼466, 17.8) or a terminal high school or equivalent degree (n¼598, 22.9%).

Participants were primarily employed full-time (n¼1560, 59.9%), part-time

(n¼340, 13.1%), unemployed (n¼419, 16.1%) or of student status (n¼244, 9.4%).

Household income of $20,000 or less was reported by 326 participants (12.9%),

between $20,001 and $40,000 by 604 respondents (23.8%), between $40,001 and

$60,000 by 568 participants (22.4%), between $60,001 and $80,000 by 426 (16.8%),

and more than $80,000 by 611 participants (24.1%). Service in the military ranged

from 0 to 50 years (M¼10.08, S.D.¼8.41). Roughly one-third of the sample had

never been deployed (n¼939, 36.0%), while most deployed participants reported

being deployed once (n¼816, 31.3%), twice (n¼469, 18.0%), or three times

(n¼213, 8.2%). Exactly 765 participants (46.0%) had been deployed to Iraq or

Afghanistan between 2003 and 2009.

Study enrollment began in November 2008 and ended in November 2009. The

National Guard Bureau, Office of Human Research Protections of the U.S. Army

Medical Research and Materiel Command, along with several affiliated hospital

and university institutional review boards, approved the study, with written

informed consent waived in lieu of verbal consent by telephone. We complied

with the Declaration of Helsinki in ethically conducting this research.

2.2. Instrumentation

A computer-assisted telephone interview was conducted for all participants

by trained professionals, to assess demographic characteristics and mental health

functioning using standardized questionnaires.

Of relevance to the present study, the PHQ-9 was administered by telephone

(Kroenke et al., 2001). The PHQ-9 measures depression symptoms over the

previous 2 weeks based on DSM-IV major depressive episode symptom criteria.

We modified the instructions in order to query depression symptoms over the

course of the respondent’s lifetime; support for this approach was found in

Cannon et al. (2007). The PHQ-9 is a Likert-type self-report instrument with four

response options ranging from ‘‘0¼Not at all’’ to ‘‘3¼Nearly every day.’’ As a

severity measure, scores on the PHQ-9 range from 0 to 27. Internal consistency has

ranged from 0.86 to 0.89 (Kroenke et al., 2001) (alpha¼0.86 in the present

sample). Test–retest reliability within 48 h was r¼0.84. Diagnostic validity has

been demonstrated in detecting an MDD diagnosis based on structured diagnostic

interviews. Lastly, construct validity is reflected in the association of PHQ-9

severity scores and measures of functional status, number of disability days and

difficulties based on symptoms (Kroenke et al., 2001).
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2.3. Analysis

Of the 2615 participants, 62 were missing between one to two PHQ items

each, and one subject missed three items. We used multiple imputation proce-

dures with an iterative Markov chain Monte Carlo method and the Gibbs Sampler

procedure (in SPSS’s Version 17 Missing Value Analysis software) to estimate

missing item-level PHQ data, generated across 10 imputed datasets. CFA analyses

were conducted using Mplus 6.1 software, averaging parameter estimates across

the 10 imputed datasets. Three PHQ items had kurtosis values greater than 2.0,

thus deemed non-normally distributed. Therefore CFA analyses implemented

maximum likelihood estimation with a mean-adjustment, using the Satorra–

Bentler w2 value which is robust to non-normality (Satorra and Bentler, 2001).

CFA analyses were implemented by specifying the four models discussed

above (and displayed in Table 1), treating PHQ items as continuously-scaled. All

residual error covariances were fixed to zero. In scaling the factors within a model,

we fixed factor variances to 1. Goodness of fit indices are reported below,

including the comparative fit index (CFI), Tucker Lewis Index (TLI), root mean

square error of approximation (RMSEA) and standardized root mean square

residual (SRMR). Models fitting very well (or adequately) are indicated by CFI

and TLI 40.95 (0.90–0.94), RMSEA o06 (0.07–0.08), SRMR o0.08 (0.90–0.10)

(Hu and Bentler, 1999). All tests were two-tailed. Comparing nested models by

examining differences in traditional goodness of fit indices (mentioned above) is

not appropriate, and inaccurate (Fan and Sivo, 2009). Therefore, in comparing the

one-factor model with a given two-factor model, we used a difference test for

nested models between Satorra–Bentler w2 values (with a correction factor

because the Satorra–Bentler w2 value is not distributed normally on a w2

distribution) (Muthén and Muthén, 2006). We also present Bayesian Information

Criterion (BIC) values for comparing the two-factor models with each other; w2

difference testing is not possible between the two-factor models since they are not

nested within one another. In comparing BIC values between models, a 10-point

BIC difference represents a 150:1 likelihood and ‘‘very strong’’ (po0.05) support

that the model with the smaller BIC value fits best; a difference in the 6–9 point

range indicates ‘‘strong’’ support (Kass and Raftery, 1995; Raftery, 1995).

3. Results

We first estimated descriptive statistics for the PHQ-9 total
score. The sample ranged in score from 0 to 27, with a mean of
5.12 (S.D.¼6.01). Thus this sample, as a whole, was represented
by only mild depression. Based on the diagnostic scoring algo-
rithm described above and discussed by Kroenke et al. (2001), 282
participants (10.8%) would be classified as a ‘‘probable depres-
sion’’ case. Based on a more liberal screening method, using a
cutoff score of 10 or higher, 564 participants (21.6%) would be
classified as a ‘‘probable depression’’ case.

The one-factor model (Model 1) fit the data reasonably well
(see Table 2), as indicated by relatively high estimates on CFI and
TLI, and low estimates of RMSEA and SRMR. As demonstrated by
w2 difference testing (implementing the Satorra–Bentler correc-
tion factor) each two-factor model fit significantly better than the
one-factor model (with uniformly lower w2 values for the two-
factor models); thus the PHQ-9 appeared to be multidimensional
rather than unidimensional. Based on BIC values, Model 2b fit
significantly better (with a smaller BIC value) than Model 2a,

which in turn fit significantly better than Model 2c. Model 2b’s
superior fit is evidenced by a difference in BIC values of 66 when
compared to Model 2a, and a difference of 92 when compared to
Model 2c.1

Table 3 presents factor loadings for Model 2b, which was the
best fitting model. All factor loadings were 0.65 or higher, except
for the last loading per factor. Thus for the most part, the items
within a given factor hung together very well. The correlation
between factors was 0.87.

Table 1
Factor models tested, and factors on which items were mapped..

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. Feeling 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 2a is based on Krause et al. (2010) EFA model at baseline measurement and Krause et al. (2008) CFA model. Model 2b is

based on Krause et al. (2010) EFA model at 17 months post-injury, and Richardson and Richards’ (2008) model at 1 year post-injury.

Model 2c is based on Krause et al. (2010) EFA model at 29 months post-injury.

Table 2
Comparison of fit statistics for the four PHQ factor analytic models.

Model Satorra–

Bentler w2

(d.f.)

CFI TLI RMSEA SRMR BIC Compared to

Model 1 w2
Diff

(d.f.)

1 317.71(27)* 0.94 0.91 0.06 0.04 56,476.07

2a 246.62(26)* 0.95 0.93 0.06 0.04 56,356.37 69.64(1)n

2b 210.35(26)* 0.96 0.94 0.05 0.03 56,290.75 101.02(1)n

2c 261.63(26)* 0.95 0.93 0.06 0.04 56,382.56 53.87(1)n

Note: CFI¼Comparative fit index; TLI¼Tucker–Lewis Index; RMSEA¼Root mean

square error of approximation; SRMR¼standardized root mean square residual;

BIC¼Bayesian information criterion.
n po0.001.

Table 3
Standardized factor loadings for Model 2b.

Factor loadings b

Non-somatic

1. Anhedonia 0.76

2. Depressed mood 0.79

6. Feelings of worthlessness 0.68

9. Thoughts of death 0.48

Somatic

3. Sleep difficulties 0.68

4. Fatigue 0.71

5. Appetite changes 0.65

7. Concentration difficulties 0.65

8. Psychomotor agitation/retardation 0.50

1 Because CFA results sometimes do not replicate with other samples, we

drew a random subsample of �50% of participants (n¼1304) and re-computed

the CFA analyses, comparing those results with results computed for the remain-

ing 1311 subjects. We found nearly identical results across subsamples and when

compared to the results presented above, with only very minor discrepancies in fit

indices. Furthermore, as in the findings presented above, in both randomly

generated subsamples all fit indices were strongest for Model 2b.

J.D. Elhai et al. / Psychiatry Research 199 (2012) 169–173 171



Author's personal copy

4. Discussion

We empirically tested four DSM-IV-based depression models
previously investigated using EFA or CFA in order to reveal the
best fitting depression model. Our sample of Army National Guard
soldiers was not a severely depressed sample; rather, they were
represented as a whole by previously having only mild depression
symptoms. As such, our tests of the latent structure of the PHQ-
9’s depression symptoms essentially modeled depression’s com-
ponents at the mild end of the depression continuum.

We found that using the PHQ-9, the two-factor model sup-
ported by Krause et al. (2010) using EFA from their study’s second
wave of data (17-month) of three longitudinal measurement
waves, and by Richardson and Richards (2008), best fit the data.
This model is different from the one-factor model previously
supported in EFA studies because it separates the general depres-
sion factor into somatic and non-somatic factors. It differs from
Krause et al.‘s model found to fit best in the authors’ first of three
longitudinal measurement phases because the current model
conceptualizes concentration and psychomotor difficulties as part
of the somatic factor. The current model differs from Krause
et al.’s model discovered from EFA at their study’s third measure-
ment wave (29-month follow up) because the current model
conceptualizes anhedonia as part of the non-somatic factor.

Each of the two-factor models fit significantly better than the
one-factor model. Thus, we find that MDD symptoms (using the
PHQ-9) are best represented by somatic and non-somatic factors,
rather than a single, unidimensional factor. This distinction
between somatic and non-somatic factors is not only an internal
distinction within a depression instrument (the PHQ-9), but likely
represents differential relations with other types of psychopathol-
ogy. For example, Elhai et al. (2011) found that using the Center
for Epidemiologic Studies-Depression Scale with Canadian mili-
tary veterans, depression’s somatic items were significantly more
related than depression’s affective items to particular posttrau-
matic stress disorder (PTSD) factors. Furthermore, in the present
study, the best fitting model (2b) fit better than the other two-
factor models, determined by objective statistical criteria.
However, because the present study is the first to use CFA with
a DSM-IV-based depression instrument to test competing depres-
sion models, future studies are needed to further examine these,
and perhaps other, competing models.

This research is important in contributing to an understanding
of the true components of MDD. Future research should further
explore the somatic and affective dimensions of MDD and
evaluate which of these constructs is more related to depres-
sion-related psychopathology as well as treatment outcomes.
Understanding these constructs and their correlates can poten-
tially aid clinicians in prioritizing treatment interventions aimed
at reducing the more severe subtype of these MDD symptoms. For
example, if one subtype of MDD symptoms (for example, somatic
items) is found more related to psychopathology, then perhaps
that subtype would represent a priority for clinical intervention
over other depression symptoms. Furthermore, MDD is similar to,
overlaps with, and is comorbid with other mood and anxiety
disorders. This feature of MDD will not likely cease with DSM-5’s
publication, since MDD’s proposal for DSM-5 is quite similar to
the DSM-IV version, as is the case for other mood and anxiety
disorders with which MDD overlaps (American Psychiatric
Association. DSM-5 Development., 2010), Future research should
attempt to examine the latent structure of MDD in relation to the
structure of other mood and anxiety disorders, such as dysthymic
disorder, PTSD, and generalized anxiety disorder, given their
conceptual and empirical overlap with MDD (Watson, 2005,
2009). Although recent studies have examined the underlying
factors accounting for diagnostic variables marking these

disorders (Forbes et al., 2010, 2011), future work should attempt
to analyze this issue with these disorders at the latent construct
level (e.g., Elhai et al., 2011).

Several limitations apply to the present study. First, we used
the PHQ-9 which is a self-report instrument, albeit administered
via telephone format in our study. We do not know the extent to
which our findings with a self-report instrument would replicate
using a comprehensive, structured diagnostic interview to query
MDD, such as the Structured Clinical Interview for DSM-IV’s
(SCID) depression modules, given the difference in instrument
format. Second, our study sampled Army National Guard military
personnel (predominantly male), rather than a broader, repre-
sentative community or clinical sample of men and women.
Future work should explore MDD’s factor structure using more
generalizable civilian and military samples. Third, our sample as a
whole reported only mild depression in their lifetimes, and thus
we were unable to examine depression’s factor structure among a
heterogeneous sample varying on current depression severity.
Finally, future research should test relationships between MDD
factors and specific external constructs of psychopathology.
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