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ABSTRACT

The PHQ-9 has been found to be reliable and valid, but with both a single and two-factor structure suggested in the literature. This measure has not yet been subject
to psychometric investigation using Mokken scale analysis. Confirmatory Factor Analysis (CFA) and Mokken analysis were performed on retrospective data from an
NHS Trust. CFA found a two-factor structure was a significantly better fit; however, the factors were highly correlated. Mokken analysis suggested that a single scale
was viable. The findings support recent research by Gonzalez-Blanch et al. (2018) in suggesting a one factor model is most appropriate for the PHQ-9

1. Introduction

The PHQ-9 is a nine item self-rating measure of depression severity
developed by Spitzer et al. (2001). The nine items on the PHQ-9 cor-
respond to the nine DSM-IV diagnostic criteria for depression. The va-
lidity of the PHQ-9 has been investigated in two large scale primary
care studies across the United States (Spitzer et al., 2001) The PHQ-9
displayed good internal reliability in both studies (a = 0.89 and
a = 0.86 respectively). A single factor model was also found by
Ryan et al. (2013) in PHQ-9 data (N = 23,672) gathered from a London
Improving Access to Psychological Therapies (IAPT) service; con-
firmatory factor analysis (CFA) found a single factor model to be a good
fit for the completion of the PHQ 9 face-to-face (SRMR = 0.04,
RMSEA = 0.09, CFI = 0.94).

The PHQ-9, however, has not always been found to fit a single factor
model. For example, Titov et al. (2011) found a single factor had a poor
fit in a sample of 172 depressed patients. Furthermore, Richardson and
Richards (2008) found a two factor structure when using exploratory
factor analysis in a study of 2,570 spinal injury patients.
Beard et al. (2016) studied 1,023 psychiatric participants who com-
pleted the PHQ-9 at admission and discharge from an outpatient pro-
gramme. CFA suggested a two-factor solution; the first factor re-
presented cognitive and affective symptoms whilst the second factor
reflected somatic symptoms. Furthermore, Elhai et al. (2012) study of
2,615 Army National Guard Soldiers in Ohio, USA used CFA to evaluate
three, two-factor models previously established in the literature. A two-
factor model (X?=210.35, p < 0.001, CFI=0.96, TLI = 0.94,
RMSEA = 0.05) fitted the data better than a single factor model
(X = 317.71, p < .001, CFI = 0.94, TLI = 0.91, RMSEA = 0.06). The

preferred two-factor model reflected a somatic factor and a cognitive-
affective factor of depressive symptoms. The cognitive-affective items
loading on to factor 1 were items 1 (Anhedonia), 2 (Depressed mood), 6
(Feelings of worthlessness) and 9 (Suicidal ideation). Items 3 (Sleep
difficulties), 4 (Fatigue), 5 (Appetite changes), 7 (Concentration diffi-
culties) and 8 (Psychomotor agitation) loaded on to the somatic factor.
More recently still Gonzalez-Blanch et al. (2018) found that both one
and two factor models provided reasonable fit. They argued, however,
that as the two factors were highly correlated, for the sake of parsi-
mony, a one factor model should be preferred.

Although the PHQ-9 has been found to be a psychometrically valid
and reliable tool, it is unclear from CFA whether a single or two-factor
structure is best. Mokken scaling is a non-parametric method of item
response theory which can be used to investigate the dimensional
structure of scales. Mokken scaling is similar to Rasch scaling techni-
ques but has the advantage of having fewer restrictions in its use
(Mokken, 1971). Although based on Guttman scaling, Mokken does not
assume error-free data. Nor does it include assumptions about the sig-
moid shape of item characteristic curves that can result in the rejection
of many items and so decrease the reliability of the resultant measure.
In the present study we use both Mokken scaling and CFA to investigate
the structure of the PHQ-9. The use of both classical psychometric
methods and item response theory should provide a fuller picture of the
overall structure
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2. Method
2.1. Sample

The sample consisted of 4,348 adult males (36%) and 7,603 adult
females (64%) who had completed the PHQ-9. The mean age for the full
sample was 43.23 years (SD = 15.48; range 17-93); male mean
age = 43.28 (SD = 15.17; range 17-93), female mean age = 43.14
(SD = 15.64; range 17 — 92). Data was retrieved from a database for all
service users accessing a primary care service for people with depres-
sion and anxiety in the north of England between February 2009 and
August 2015. The first contact with this service by telephone, at which
point the PHQ-9 was collected. It has been established previously that
data collected by telephone is acceptable (Ryan et al., 2013).

2.2. Data analysis

Ordinal alpha was used to calculate the reliability of the measures,
which modifies Cronbach's alpha to take into account the ordinal nature
of the data. Confirmatory factor analysis (CFA) was carried out using
the SEM Package in R Commander. Mokken analysis was used to further
understand the latent traits of the scales using the Mokken package in R
(van der Ark, 2012). Loevinger's coefficient (H) is the most important
calculation in Mokken scale analysis. The basis of Loevinger's coeffi-
cient is the extent to which pairs of items conform to Guttman criteria.
Scores on pairs of items should consistently be relative to one another.
That is, an item that is more or less likely to be endorsed than another
should be consistently so across participants. The ‘difficulty’ of an item
refers to how easily an item of a scale is agreed with by respondents;
more difficult items have lower mean scores. If the easier to endorse
item is endorsed less than the more difficult item then this is a Guttman
error. In this case for a PHQ-9 item, a higher depression level should
lead to a higher score on the item. Loevinger's H calculates the size of
this error for each item, pairs of items and the overall scale. H values of
0.5 indicate a strong scale; weak scales are represented by H values of
0.4 and below.

3. Results

The item means and totals for the scale can be seen in Table 1. The
ordinal alpha for the PHQ-9 scale was 0.9. For CFA a Comparative Fit
Index (CFI) of more than 0.95 and a Root Mean Square Error of Ap-
proximation (RMSEA) of less than 0.06 have been taken as indicating a
good fit. The one factor model was found to be a moderate fit (Satorra-
Bentler X2 = 2586.53, df = 27, CFI = 0.92, RMSEA = 0.10). The two-
factor model, based upon a cognitive-affective factor and a somatic
factor, was found to be a significantly better fit (Satorra-Bentler
x% = 1692.52, df = 26, CFI = 0.95, RMSEA = 0.08) than a single
factor model (AX? = 894.01, p < .01). There was a high correlation
between the two factors (r=0.87), as both Gonzalez-
Blanch et al. (2018) and Elhai (2012) also found. The two scales were

Table 1
Mokken Scale analysis of Full PHQ-9 and somatic and cognitive factors.
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significantly correlated (r = 0.68, p < .001). The ordinal alpha for the
cognitive scale was 0.86 and 0.83 for the somatic scale.

Mokken scale analysis examined the unidimensionality of the items
on the PHQ-9. The automated item selection procedure of the Mokken
package (van der Ark, 2012), which selects items that meet Mokken
criterion, was used. The H; values of all nine items for the full data set
were above the recommended threshold for retaining items (H; > 0.3)
and were deemed to be sufficiently homogenous and unidimensional
based on their H; values and Loevinger's H for the scale of 0.47
(SE = 0.004). Each item within the full data sample was sufficiently
homogeneous to demonstrate the PHQ-9 is measuring the same un-
derlying construct with a hierarchy of responses on a single scale. A
strong scale is evident with an H value of 0.5 and above, moderate
scales H = 0.4 — 0.5 and weak scales H = 0.3 — 0.4 (Molenaar et al.,
2000). In this case the PHQ-9 is a moderate scale. It should also be
noted that there were no violations of monotonicity and the invariant
item ordering statistic H" was 0.31 suggesting a low but acceptable
level of invariant order. Furthermore, nine items were automatically
selected for a scale if the default criterion was raised to 0.4. (The in-
terested reader is referred to Stochl et al. (2012) for more details on
these concepts)

Mokken analysis can be used in a confirmatory way to check whe-
ther a proposed scale is acceptable. Both of the scales identified by CFA
would be considered moderate to strong from a Mokken standpoint;
with H values of 0.59 for the cognitive scale and 0.46 for the somatic
scale and with acceptable ordinal alphas of 0.86 and 0.83.

4. Discussion

The PHQ-9, overall, was found to have excellent reliability for both
the one and two scale version. The two-factor model (somatic and
cognitive-affective) has a significantly better fit than a single factor
model when examined with CFA, as others have also found. The
Mokken scale analysis revealed the PHQ-9 to be a moderately strong
scale which retained all nine items, but the separate scales were also
strong. The unidimensional scale results and the correlation of the two
factors from the CFA suggest that the PHQ-9 total score is an acceptable
representation of its results.

Although there is some evidence from a psychometric standpoint
that both the somatic factor and cognitive affective factor can be
identified, one of the weaknesses of the present study is that it offers no
proof for the validity or importance of their use. Future research which
examines the separate factors in more detail might provide clinicians
and services with data to support their use. However it is worth noting
that in this study and also those of Gonzalez-Blanch et al. (2012) and
Elhai et al (2011) the correlation between the two factors was over
0.85. Indeed, even in samples where one might expect a greater se-
parations of factors such as Richardson and Richards (2008) with spinal
injury patients the weighted correlation was still over 0.7, The evidence
suggests that separately assessing factors will not provide any useful
information for the majority of patients.

Item Mean (SD) H of full PHQ-9 H of somatic factor H of cognitive factor
Little interest 1.75 (1.03) 0.72 0.72
Feeling depressed 1.94 (0.97) 0.72 0.72
Trouble sleeping 2.07 (1.06) 0.50 0.47

Feeling tired 2.07 (1.00) 0.52 0.48

Poor appetite 1.61 (1.17) 0.49 0.44

Feeling bad about oneself 1.86 (1.09) 0.59 0.59
Trouble concentrating 1.57 (1.11) 0.54 0.47

Slow or restless 1.10 (1.11) 0.47 0.43

Suicidal ideation 0.57 (0.89) 0.62 0.62
Total scale 14.53 (6.50) 0.47
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Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.psychres.2018.12.048.
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