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Background: Although the PHQ-9 is widely used in primary care, little is known about its
performance in quantifying improvement. The original validation study of the PHQ-9 defined
clinically significant change as a post-treatment score of ≤9 combined with improvement of
50%, but it is unclear how this relates to other theoretically informed methods of defining
successful outcome. We compared a range of definitions of clinically significant change
(original definition, asymptomatic criterion, reliable and clinically significant change criteria a,
b and c) in a clinical trial of a community-level depression intervention.
Method: Randomised Control Trial of collaborative care for depression. Levels of agreement
were calculated between the standard definition, other definitions, and gold-standard
diagnostic interview.
Results: The standard definition showed good agreement (kappaN0.60) with the other
definitions and had moderate, though acceptable, agreement with the diagnostic interview
(kappa=0.58). The standard definition corresponded closely to reliable and clinically
significant change criterion c, the recommended method of quantifying improvement when
clinical and non-clinical distributions overlap.
Limitations: The absence of follow-up data meant that an asymptomatic criterion rather than
remission or recovery criteria were used.
Conclusion: The close agreement between the standard definition and reliable and clinically
significant change criterion c provides some support for the standard definition of
improvement. However, it may be preferable to use a reliable change index rather than 50%
improvement. Remission status, based on the asymptomatic range and a lower PHQ-9 score,
may provide a useful additional category of clinical change.
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1. Introduction

The PHQ-9 (Kroenke et al., 2001) is a widely used self-
report measure of depression that is brief, easy to administer
and has well-established psychometric properties (Lee et al.,
2007). For these reasons it has been recommended as an
integral part of the management of depression in primary

care, including tracking symptom change and defining suc-
cessful treatment outcome to inform treatment decisions
(Clark et al., 2009; Dejesus et al., 2007). However, little is
known about the performance of the measure in quantifying
clinically significant improvement.

A small number of studies have established that the
measure if sensitive to change (Cameron et al., 2008; Lowe
et al., 2004a) and one study has used minimal clinically
important difference (MCID) criteria to define a change of 5-
points or more as indicating MCID (Lowe et al., 2004b). Apart
from the study by Lowe et al. (2004b), the only other
guidance on defining clinically significant change comes from
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the original validation study of the PHQ-9, which recom-
mended a score of ≥10 to indicate the presence of probable
depression (Kroenke et al., 2001) based on an analysis of
sensitivity and specificity data. In that dataset, scores of ≥10
indicated an increased probability of receiving a diagnosis of
major depressive disorder (MDD); whereas few people who
scored ≤9 met diagnostic criteria for MDD. On the basis of
this, Kroenke et al. (2001) made a recommendation that a
post-treatment score of ≤9 along with the commonly used
criterion of a 50% reduction in scores could be used to define
clinically significant improvement. Kroenke et al. (2001),
however, pointed out that their definition of improvement
was provisional and that further work was needed to validate
it.

There are a number of alternative methods of conceptualis-
ing improvement on measures of psychological functioning in
general and depression in particular with clear theoretical
underpinnings, and it is not clear how the standard definition
recommended in the original validation study relates to these.
These include recovery and remission criteria (Frank et al.,
1991) and the concepts of reliable and clinically significant
change (Jacobson and Truax, 1991).

Frank et al. (1991) provided several conceptual definitions
of improvement in depression that have proved influential in
current thinking about defining treatment outcome (Keller,
2003) The concept of remission requires a period, typically at
least several weeks, in which a person remains in an
asymptomatic range, defined as no or very few symptoms.
Recovery requires that the person remains in this asymp-
tomatic range, but for a longer duration. The concepts of an
asymptomatic range, remission and recovery may be impor-
tant in measuring treatment outcome for depression. Rates of
relapse and recurrence following successful treatment for
depression remain high. A consistent finding is that people
who are classed as improved but continue to have some
residual symptoms have a substantially higher rate of relapse
and recurrence than those who meet criteria for remission or
recovery (Paykel et al., 1995).

Reliable and clinically significance change criteria (Jacobson
and Truax, 1991) are among the most commonly used method
of quantifying improvement in studies of psychological treat-
ments (Ogles et al., 2001) and have been recommended as a
standard reporting strategy for all published research involving
these types of interventions (Evans et al., 1998). At a conceptual
level, clinically significant change defines improvement as a
move froma clinical to a non-clinical range. Jacobson and Truax
(1991) provide several operational definitions of cut-off points
to distinguish between these ranges based on the central
location and distribution of scores for a clinical and non-clinical
group. As an additional criterion, the change in scores must
be greater than that which could be due to the inherent
unreliability of the measure.

It is not clear how the standard definition of improve-
ment for the PHQ-9 relates to other commonly used
methods of defining improvement on psychological mea-
sures. The aim of this study is to examine the performance
of this standard definition by comparing it to other
commonly used definitions of improvement. As an addi-
tional index of corroboration, we compared the agreement
between these definitions and a gold-standard diagnostic
interview.

2. Method

2.1. Sample

The sample was taken from a randomised control trial of
collaborative care for depression (Richards et al., 2007).
Participants were recruited from primary care services, and
were included if they were aged above 18 years, had received
a diagnosis of depression by a GP, and scored ≥5 on the
Structure Clinical Interview for DSM-IV defined major
depressive disorder (MDD) (Spitzer et al., 1992). Exclusion
criteria included active suicidal plans, primary drug or alcohol
dependence and some types of depression (post-natal,
bereavement-related, depression with a physical cause).
114 participants were recruited. The majority of the sample
were female (77%) and the mean age of the sample was
43.3 years (sd=13.6; range 18–77). Approximately half of
the participants were married (54%) and a similar proportion
was employed (49%).

2.2. Measures

The PHQ-9 is a nine-item measure of depression based on
the Diagnostic and Statistical Manual (DSM) diagnostic
criteria for major depressive disorder (Kroenke et al., 2001).
Each item is rated on a 0 to 3 scale relating to the frequency of
depressive symptoms (0=“not at all” to 3=“nearly every
day”). Scores range from 0 to 27 with higher scores indicating
a greater severity of depression. The original validation report
on the PHQ-9 indicated adequate psychometric properties
(Kroenke et al., 2001).

The Structured Clinical Interview for DSM-IV (SCID) is a
semi-structured interview for making DSM axis I diagnoses
(Spitzer et al., 1992), and is extensively used as a research
instrument. Trained research assistants conducted all of the
SCID interviews.

2.3. Procedure

Patientswith depressionmanaged in primary care practices
were randomised to case management (n=41) or usual care
conditions (n=73;38 individually randomised, 35 randomised
by primary care cluster). The PHQ-9 was completed at pre-
treatment and 3-months post-randomisation. The SCID was
conducted at pre-treatment to establish eligibility for inclusion
and repeated at 3-months post-randomisation. See Richards
et al. (2007) for a detailed description of trial methods.

2.4. Analysis

We defined treatment response in five ways.

2.4.1. Standard definition
The standard cut-off point requires a person to move from

a depressed range, defined as a score of ≥10, pre-treatment
to a non-depressed range, defined as a score of ≤9, post-
treatment. In addition, the person's score had to improve by
50% or more from pre- to post-treatment.
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2.4.2. Asymptomatic range
There are no accepted definitions of an asymptomatic

range, remission or recovery for the PHQ-9. Frank et al.
(1991) provided operational definitions of an asymptomatic
range for a number of standardised depression instruments.
On the Beck Depression Inventory (BDI; Beck et al., 1961), the
asymptomatic rangewas defined as a score of≤8. This closely
matches the demarcation of the non-depressed range (0–9)
and mild-moderate range (10–18) recommended by the
originators of the test (Beck et al., 1988). For the 17-item
Hamilton Rating Scale for Depression (Hamilton, 1960), a
score of ≤7 was taken to indicate an asymptomatic range,
which again is close to the demarcation of the non-depressed
(0–6) and mild depression range (7–17) on the measure
(Dozois and Dobson, 2002). The original validation study of
the PHQ-9 recommends that scores of 0–4 are in the minimal
range and score of 5–9 the mild depression range. We
therefore defined the asymptomatic range as a score of ≤4.
The absence of follow-up data in the current studymeant that
were we were not able to include a duration criteria to define
full remission or recovery.

2.4.3. Reliable and clinically significant change
Jacobson and Truax (1991) provide three strategies for

defining clinically significant change. Criterion a defines the
non-clinical range as scoresmore than two standard deviations
below the mean of a clinical sample. Criterion b identifies the
non-clinical range as a score within two standard deviations of
the non-clinical mean. Criterion c uses the score at which the
probability of coming from a clinical and non-clinical distribu-
tion is equal; scores below this point are classified as the non-
clinical range. Clinically significant change for each of these
criteria requires that aperson is above the cut-off pre-treatment
(i.e. is in the clinical range) but below it at post-treatment. We
used pre-treatment data (n=114) from the current study to
derive the clinical mean (17.3) and standard deviation (5.0).
We used data from the original validation study (Kroenke et al.,
2001) to provide the non-clinical mean (3.3) and standard
deviation (3.8).

The reliable change index identifies the level of change (pre-
treatment to post-treatment) that is required on a measure for
the change to be classified as reliable. The reliable change index
uses the standard error of the difference, which indicates the
distribution of change scores that would be observed were no
change to have taken place, to identify the level of change that
would be unlikely to be observed (pb0.05) were no change to
have taken place (Jacobson and Truax, 1991). If the difference
between pre-treatment and post-treatment scores for a person
exceeds this level, the person is classified as making reliable
change. This reliable change index can be used to identify
people showing a reliable improvement or a reliable deterio-
ration in scores. The calculation requires data on the standard
deviation of a pre-treatment clinical group and an indication of
the reliability of the measure. The internal reliability estimate
(Cronbach's alpha) of 0.89 for the PHQ-9 reported in the
original validation study was selected to make this calculation
(Kroenke et al., 2001) along with the pre-treatment standard
deviation from the current study.

On the basis of these data, reliable and clinically
significant change criteria were calculated, and these are

summarised in Table 1 along with improvement criteria for
the other definitions.

2.4.4. Statistical methods
Absolute rates of improvement were calculated for each

definition of improvement. Kappa was used to estimate the
level of agreement between the different methods and with a
post-treatment diagnosis of major depressive disorder based
on the SCID; ranges for kappa (e.g., 0.61–0.80=good
agreement) are based on the recommendations of Altman
(1991). Treatment effect sizes (measured as Odds Ratios with
95% confidence intervals) were calculated between improve-
ment status and treatment group for each definition of
improvement. We adjusted confidence intervals for cluster-
ing within practices using the Huber–White estimator
(Ukoumunne et al., 1999; White, 1980).

3. Results

The standard definition suggested a similar level of
improvement (36.5%) to the other definitions, with the
exception of the asymptomatic criterion (27.1%), which
suggested lower rates of improvement than all other
definitions (Table 2). Of those participants who scored in

Table 1
Operational definitions of improvement.

Definition of
improvement

Pre-treatment
score must be:

Post-treatment
score must be:

Improvement in
score must be:

Standard definition ≥10 ≤9 ≥50% of
pre-treat score

Asymptomatic ≥5 ≤4 N/A
RCSC (criterion a) 1 ≥8 ≤7 ≥5
RCSC (criterion b) 2 ≥11 ≤10 ≥5
RCSC (criterion c) 3 ≥10 ≤9 ≥5
1 RCSC (criterion a): Reliable and clinically significant change using

criterion a (reliable improvement and a score 2 sd below the clinical mean).
2 RCSC (criterion b): Reliable and clinically significant change using criterion

b (reliable improvement and a score within 2 sd of the non-clinical mean).
3 RCSC (criterion c): Reliable and clinically significant change using

criterion c (reliable improvement and a greater likelihood of the person
being in the non-clinical than the clinical distribution).

Table 2
Proportion showing improvement using different definitions.

Definition of
improvement

Meets criteria
for improvement
% (n)

Does not meet
criteria for
improvement
% (n)

Pre-treatment
score in non-
clinical range
% (n)

Standard cut-off
point

36.5 (35) 54.2 (52) 9.4 (9)

Asymptomatic
(≤4)

27.1 (26) 72.9 (70) 0 (0)

RCSC (criterion a) 1 36.5 (35) 61.5 (59) 2.1 (2)
RCSC (criterion b) 2 40.6 (39) 46.9 (45) 12.5 (12)
RCSC (criterion c) 3 40.6 (39) 50.0 (48) 9.4 (9)
1 RCSC (criterion a): Reliable and clinically significant change using

criterion a (reliable improvement and a score 2 sd below the clinical mean).
2 RCSC (criterion b): Reliable and clinically significant change using

criterion b (reliable improvement and a score within 2 sd of the non-clinical
mean).

3 RCSC (criterion c): Reliable and clinically significant change using
criterion c (reliable improvement and a greater likelihood of the person
being in the non-clinical than the clinical distribution).
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the clinical range pre-treatment for all definitions (n=84),
approximately half (53.8%) did not meet improvement
criteria for any definition and 23.8% met criteria for all
definitions; there were disagreements between the defini-
tions for 22.6% of participants.

Figs. 1 to 3 plot pre-treatment scores against post-treatment
scores for the sample and indicate improvement criteria for
three of the definitions (original definition, asymptomatic
criterion, reliable and clinically significant change criterion c).
Scores to the right of the vertical line indicate those people
scoring above the minimum pre-treatment criterion for the
definition; those scores below thehorizontal line indicate those
people scoring below the post-treatment cut-off point for the
definition. In Fig. 1 the diagonal line indicates the point of 50%

improvement. Fig. 3 uses the “tramline” display recommended
by Jacobson and Truax (1991) to illustrate reliable change. The
central diagonal indicates no change. Scores below the lower
diagonal exceed the minimum level of improvement for
reliable improvement, in this case five points. Scores above
the upper diagonal indicate those people showing reliable
deterioration in their scores from pre- to post-treatment
(deterioration in score of five points or more). In all of the
figures, the shaded areas indicate the combinations of pre- and
post-treatment scores that would meet the improvement
criteria for the particular definition.

Table 3 summarises kappa levels of agreement between
the definitions and gold-standard diagnostic interview. The
standard definition of improvement showed a very good level

Fig. 1. Standard definition (≤9 and 50% improvement).

Fig. 2. Asymptomatic range (≤4).
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of agreement (kappaN0.80) with reliable and clinically
significant change criterion c as well as the other Jacobson
and Truax (1991) methods of quantifying change. It also
showed a good level of agreement (kappaN0.60) with the
asymptomatic criterion. Agreement with the gold-standard
diagnostic interview was moderate (kappa=0.58), though
still within the acceptable range. The standard definition
tended to be more conservative than the SCID rating. For 17

out of the 18 cases in which a disagreement occurred
between the two, the SCID rated the person as improved
when the standard definition did not.

Table 4 summarises the proportion in each treatment
group showing improvement and Fig. 4 summarises the odds
ratios adjusted for clustering within practices. The odds ratio
and 95% CI for the standard definition were similar to those of
the reliable and clinically significant change criteria b and c,

Fig. 3. Reliable and clinically significant change criterion c.

Table 3
Agreement (kappa) between definitions and structured clinical interview.

Definition of improvement Asymptomatic (≤4) RCSC (criterion a) 1 RCSC (criterion b) 2 RCSC (criterion c) 3 SCID diagnosis

Standard cut-off point (≤9) 0.64 0.88 0.88 0.91 0.58
Asymptomatic (≤4) – 0.69 0.53 0.56 0.36
RCSC (criterion a) 1 – – 0.81 0.84 0.54
RCSC (criterion b) 2 – – – 0.98 0.67
RCSC (criterion c) 3 – – – – 0.62

Note: All kappa values are significant at pb0.001.
1 RCSC (criterion a): Reliable and clinically significant change using criterion a (reliable improvement and a score 2 sd below the clinical mean).
2 RCSC (criterion b): Reliable and clinically significant change using criterion b (reliable improvement and a score within 2 sd of the non-clinical mean).
3 RCSC (criterion c): Reliable and clinically significant change using criterion c (reliable improvement and a greater likelihood of the person being in the non-

clinical than the clinical distribution).

Table 4
Proportion showing improvement by different treatment group.

Definition of improvement Proportion of intervention
showing improvement % (n/total n)

Proportion of patient randomised
showing improvement % (n/total n)

Proportion of cluster randomised
showing improvement % (n/total n)

Standard cut-off point (≤9) 43.8 (14/32) 45.2 (14/31) 29.2 (7/24)
Asymptomatic (≤4) 34.3 (12/35) 23.5 (8/34) 22.2 (6/27)
RCSC (criterion a) 1 45.7 (16/35) 43.8 (14/32) 18.5 (5/27)
RCSC (criterion b) 2 54.8 (17/31) 50.0 (15/30) 30.4 (7/23)
RCSC (criterion c) 3 53.1 (17/32) 48.4 (15/31) 29.2 (7/24)
1 RCSC (criterion a): Reliable and clinically significant change using criterion a (reliable improvement and a score 2 sd below the clinical mean).
2 RCSC (criterion b): Reliable and clinically significant change using criterion b (reliable improvement and a score within 2 sd of the non-clinical mean).
3 RCSC (criterion c): Reliable and clinically significant change using criterion c (reliable improvement and a greater likelihood of the person being in the non-

clinical than the clinical distribution.
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and all crossed 1. Only the 95% CI for the reliable and clinically
significant change criterion a did not include 1.

4. Discussion

If the PHQ-9 is to be of use in clinical practice it will be
necessary to define clinically significant improvement on the
measure. Although Kroenke et al. (2001) offered such a
definition, they were careful to point out that it was
provisional and further work was needed to validate it. To
this end, this study compared the definition of Kroenke et al.
(2001) with other theoretically informed methods of quan-
tifying improvement as well as a gold-standard diagnostic
interview.

The standard definition showed a good or very good level
of agreement with the other definitions and a moderate level
of agreement with the gold-standard diagnostic interview. It
is of note that the reliable and clinically significant change
criterion c used the same cut-off point of ≤9. Of the three
methods of defining clinically significant change described by
Jacobson and Truax (1991), criterion c is recommended as the
most appropriate strategy when the clinical and non-clinical
distributions overlap as they frequently do for psychological
measures, including the PHQ-9. This provides some corrob-
oration for the standard definition.

The two methods, however, use different additional
criteria for the minimal level of improvement needed
between pre- and post-treatment (minimum of five points
improvement vs. minimum of 50% improvement). Despite
this, in practice they classified similar people as improved or
not improved (see Figs. 1 and 3). The five-point criterion has
the advantage of recognising the inherent unreliability of
psychological measures, and specifies a minimum level of
change that must be exceeded before someone is classified as
showing improvement. This helps reduce the likelihood of
falsely classifying someone as making improvement when in
fact the change in scores may be due to the unreliability of the
measure. However, the 50% criterion will also require this
level of improvement when combined with the criterion that
a person's pre-treatment score must be ≥10, because anyone

scoring 10 or more pre-treatment and improving by 50% or
more will also improve by at least five points.

While it may not make much practical difference which
additional criterion is used alongside the cut-off point of ≤9,
there may be a number of reasons to prefer the reliable
change index over 50% improvement. First, the method has a
theoretical basis whereas the 50% improvement criterion has
been criticised as arbitrary (Evans et al., 1998). Secondly, the
level of improvement it requires correspondswith the level of
improvement specified by the minimal clinically important
difference criterion (Lowe et al., 2004b), which should permit
comparisons across studies using these different criteria.
Thirdly, as further data on themeans, standard deviations and
reliability of the measure accumulate it will be possible to
further refine the definition of improvement, which may
include developing separate criteria for different types of
clinical groups.

Perhaps the most important argument for the use of the
reliable change index, however, is that it allows clinicians to
detect a reliable deterioration in symptoms, which on the
basis of the current psychometric data would be a deterio-
ration of five points ormore.While variations in scores during
treatment of less than five points either way of the initial
starting score suggest that no change has taken place, if a
score increases by five points or more it indicates a worsening
of depressive symptoms. These two situations may require
different clinical management strategies.

The rate of improvement based on an estimate of the
asymptomatic range differed from those of the other
definitions and also showed the lowest rate of agreement
with the SCID. The criterion was by far the most stringent of
the definitions in that it requires a score similar to or below
the mean of a non-depressed group. If a person is to be
classified as improved on the basis of this criterion, he or she
needs to move from a clinical range to a point lower than a
substantial proportion of people who are not depressed.

The differences between the asymptomatic range and the
other definitions reflect different conceptual approaches to
improvement. While the other definitions are attempting to
estimate a move from a clinical to a non-clinical range, an

Fig. 4. Odds ratios and 95% confidence intervals for treatment group and improvement status adjusted for clustering.
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asymptomatic range along with the additional duration
criteria for remission and recovery, aim to index a level of
improvement that substantially lowers the probability of
relapse or recurrence. A residual level of symptoms, and
therefore an increased probability of relapse, may be within a
non-clinical range. While a score in the range of, for example,
5 to 9 may indicate that a person's mood is comparable to
someone who is not depressed, a score in this range may
mean something different in terms of the probability of a
future episode of depression for a person who has never
experienced depression than for someone who has recently
recovered from an episode.

A remission criterion could, therefore, act as an additional
tier of improvement. A score of ≤9 combined with an
improvement of five points or more would indicate clinically
significant improvement; a score that meets remission
criteria would demarcate an additional level of improvement
indicating a markedly reduced risk of relapse and recurrence.
Whether or not a score of ≤4 represents an adequate
definition of an asymptomatic range remains to be seen.
Ideally, prospective data on the relationship between post-
treatment scores on the PHQ-9 and future depressive
episodes would be needed to establish this cut-off point.

The recommendations for quantifying improvement on
the PHQ-9 are provisional for a number of reasons. The data
are taken from a small randomised trial (Richards et al.,
2007), and the study used a number of exclusion criteria. It is
unclear whether similar results would have been found in a
larger, more representative clinical sample. Although the
trained research assistant conducted the SCID interviews, no
data are available on reliability. The recommended cut-off
points for reliable and clinically significant criteria can vary
depending on the psychometric data used in their calculation.
It is possible that different results would have been obtained
were different psychometric values used and these would not
have shown agreement with the standard definition. It may
be helpful, therefore, to use systematic review strategies to
increase the reliability of estimates of the psychometric
values and to explore the reasons for variation in these values
between studies. It is also important to note that the results
apply only to quantifying improvement for major depressive
disorder. Different cut-off points may be needed for
other types of depressive difficulties or in situations in
which the PHQ-9 is used as an index of general psychological
functioning.

The standard definition of improvement on the PHQ-9
showed generally good agreement with other theoretically
informed methods of quantifying improvement. In particular,
it used the same cut-off point as Jacobson and Truax (1991)
clinically significant change criterion c, the recommended
method of quantifying improvementwhen there is an overlap
in the distribution of clinical and non-clinical scores. This
provides some support for defining clinically significant
change as requiring a move from a score of ≥10 pre-
treatment to a score of ≤9 post-treatment. Although there
were differences in the minimal degree of change required by
the standard definition and that of criterion c, when
combined with the additional criteria (≥10 pre-treatment,
≤9 post-treatment) they will broadly agree in their categor-
isation of people as improved or not improved. However,
there may be some reasons to favour the reliable change

index over the standard definition, which requires an
improvement of 50% or more. This suggests that in addition
to a score moving from ≥10 pre-treatment to ≤9 post-
treatment, the improvement must be ≥5 points on the
measure. The use of the reliable change index also allows the
clinician and researcher to identify those people showing a
reliable deterioration in depressive symptoms, which can be
defined as a deterioration of ≥5 points. This may be
important for treatment planning. Finally, it may be useful
to establish remission and recovery criteria for the PHQ-9,
which are likely to require a cut-off point substantially lower
than nine to indicate an asymptomatic range.
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