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Abstract

We examined change over time in depression with standard sum vs. Item 
Response Theory (IRT) scoring. Patient Health Questionnaire 9 item responses 
were extracted from the electronic health records of 5,405 people receiving 
depression treatment at the start of treatment and 30 to 180 days later. We used 
four methods to classify change: the Reliable Change Index (RCI), the 5-point 
change and 50% change from baseline for sum scores and the z-test for IRT 
scoring. The 5-point change and 50% change from baseline are both Health 
Effectiveness Data and Information Set measures. The z-test mostly agreed 
with the RCI, 5-point change or 50% change. More people had change using 
5-point change or 50% change but not IRT scoring than no change using 5-point 
or 50% change but change using IRT scoring. Kappas between changes on 
IRT and sum scores ranged from 0.620 to 0.813. This difference in agreement 
is likely meaningful at the individual, patient level. People classified differently 
between IRT and sum scoring had moderate symptom change. Differences in 
conclusions from IRT and sum scoring may be most relevant in challenging 
clinical situations such as small or moderate symptom change.
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emphasizing measurement based care [11] are expected to accelerate 
use of measurement-based care, assessing individual change in 
measurement-based care is particularly difficult and remains a 
barrier to implementation [5,10]. IRT may be one way to address this 
challenge. But the benefits of IRT scoring in measurement-based care 
needs to be considered against the practical advantages of standard 
sum scoring (simpler, easier, more transparent to clinicians). For 
example, nearly half of practicing clinical psychologists are in private 
practices [12] and only 15% of psychiatric hospitals have electronic 
medical records [13]. Implementing a complicated scoring system 
like IRT would be challenging in these settings as they do not have 
the infrastructure of large medical-surgical hospitals or academic 
centers. Research on different scoring methods for individual change 
have been mixed [14-18].

The aim of this study was to compare agreement between IRT 
scoring to standard sum scale scoring in classifying change from 
depression treatment initiation to follow-up on the Patient Health 
Questionnaire-9 (PHQ9). HEDIS focuses on simple, easy to compute 
measures of change such as 50% change from baseline [11] and more 
sophisticated measures of statistically significant change such as from 
IRT would only be needed if these methods disagreed substantially 
and were not interchangeable. Measurement-based care includes 
evaluating whether the initial treatment choice was successful, so 
determining change of symptoms from treatment initiation could 
help inform clinical decision making. We therefore focused on 

Introduction
Item Response Theory models (IRT) have been increasingly used 

as an alternative to classical test theory in measure development 
and validation for psychiatric outcomes such as depression and 
anxiety [1]. IRT scoring may have more precision in distinguishing 
statistically significant individual differences in change over time [2]. 
A cross-sectional study found that even among people with the same 
standard sum score, IRT scores were associated with external criteria 
in the hypothesized direction [3], suggesting that IRT scoring may 
be more informative of actual level of depression or other symptoms 
in treatment compared to standard sum scores. Simulation studies 
demonstrate that IRT scoring may reduce bias in estimating rates of 
change over time compared to standard sum scoring [4]. Part of this 
reduction in bias may stem from IRT models not assuming that error 
is constant along the continuum of a measure, unlike classical test 
theory [2]. Although IRT scores and sum scores are highly correlated, 
even the small amount of disagreement between the scores may have 
impact at the individual patient level [5].

While there may be some psychometric advantages of IRT 
compared to classical test theory, different scoring methods may 
have different usefulness in measurement-based care. Measurement-
based care is the use of patient-reported data in healthcare 
treatment, Primarily Patient-Reported Outcomes (PROs) [6-9], 
adoption in community is variable and below 20% [10]. New Health 
Effectiveness Data and Information Set (HEDIS) quality metrics 
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whether IRT and standard scoring provided different results on 
whether the initial treatment was effective or not. We also specified 
two sets of change measures for sum scores, statistically significant 
change by the Reliable Change Index [19] and general guidelines [20], 
for comparison to IRT scoring.

Methods
Population and procedures 

Data were collected from the Electronic Health Records (EHR) 
of people starting treatment for depression (psychotherapy or 
antidepressants) in three integrated health systems: Kaiser Permanente 
Washington (formerly Group Health), Kaiser Permanente Colorado, 
and HealthPartners (n=5,420, see flow chart in Figure 1). A new 
episode of either antidepressant medication or psychotherapy 
was defined by a psychotherapy visit or a filled antidepressant 
prescription associated with a diagnosis of depression, preceded by 
at least 180 days without a psychotherapy visit or antidepressant 
prescription. Data were extracted for the period between January 1, 
2010 and December 31, 2012. PHQ9 item responses were collected at 
baseline, defined as when participants were first starting depression 
treatment within our time window, and at a follow-up health care 
visit that occurred at least 30 days after baseline but no more than 180 
days after baseline. Limited demographic information was collected 
from the EHR including age, sex, race/ethnicity and presence of 
medical comorbidities. As this study was a secondary analysis of data 
collected from another study, we did not have specific diagnoses for 
comorbidities nor number of comorbidities, though we had data 
on whether medical comorbidities were present as measured by the 
Charlson Comorbidity Index [21]. Responsible Institutional Review 
Boards for each health system reviewed all study procedures and 
approved a waiver of consent for use of de-identified records data 
for this research (IRB#213058). Study procedures complied with all 
ethical standards including the Helsinki Declaration.

Measures
The PHQ9 [22,23] is a questionnaire-based measure of depressive 

symptoms based on the Diagnostic and Statistical Manual [24,25]. 
It has nine items, each representing one of the symptoms assessed 
for a diagnosis of depression: depressed mood, anhedonia, sleep 
disturbance, fatigue, appetite or weight changes, feeling guilty, 
perceived cognitive changes, psychomotor agitation or retardation, 
and suicidal ideation. Response categories for each item refer to how 
frequently the respondent experienced each of these symptoms in the 
past two weeks. Respondents rate their symptoms on a scale of 0 (not 
at all), 1 (several days), 2 (more than half the days), or 3 (nearly every 
day). Traditional sum scores range from 0 to 27.

Statistical Analyses
PHQ9 scoring

The PHQ9 has a single factor structure [26-29] and has been 
found to be sufficiently unidimensional for IRT analyses [30]. An 
exploratory factor analysis using maximum likelihood estimation 
from the complete cases (n=5,351) in our follow-up sample 
showed a unidimensional structure (first eigenvalue=4.166, second 
eigenvalue=0.982). We used the graded response model [31] to 
determine IRT parameters for the PHQ9 using the follow-up sample 
(n=5,420); the resulting scores had a mean of 0 and SD of 1 (z-scores). 

The graded response model estimates two types of parameters per 
item. First is the slope parameter, which indicates how accurately 
the item reflects the underlying construct (depression in this case). 
The second parameter type is the severity or level parameter that 
indicates how much of the underlying construct a person has to 
have before they respond yes to a particular item, or in the case of 
multi-category responses, to that particular response category. These 
parameters can then be used to estimate how much information the 
measure provides along the continuum of the construct. We chose 
the follow-up sample to ensure broadest spread of depression levels; 
since we studied initiation of depression treatment, most patients 
were expected to be experiencing significant depressive symptoms at 
baseline. As depression improves for some patients during treatment 
but not others, this means the follow-up scores would have better 
range of the construct for estimating item parameters. As our sample 
came from integrated health systems that tend to have patients 
slightly different from the general population, we elected to create 
item parameters rather than use already published parameters [32]. 
We used IRTPRO 2.0 (Skokie, IL, Scientific Software International) 
to calculate item parameters and scores at the follow-up visit. We 
then used the resulting item parameters to calculate IRT scores for 
the baseline data using IRTPRO and Expectation A Posteriori (EAP) 
estimation. IRT scores account for different levels of error for more 
extreme (very high or very low) scores and throughout the continuum 
of scores whereas sum scores treat all scores as equally reliable.

For standard scoring, we used the traditional method of summing 
the items. A very small number of people (n=15, 0.3%) were missing 
more than 50% of the items at one of the assessments and we elected 
to exclude these individuals from the standard scoring analyses. We 
choose 50% as this is what is currently used in the Patient-Reported 
Outcomes Measurement Information System (PROMIS) measures 
[33]. For the people included in the standard sum scoring (n=5,405), 
we used individual mean imputation when there were fewer than 5 
items missing. This was calculated by using the mean of the items the 
person did answer to impute the missing items. This did not use the 
mean for the sample but rather the mean for items that the individual 
answered.

Figure 1: Flow chart of participants included and excluded. PT: 
Psychotherapy; AD: Antidepressants; PHQ9: Patient Health Questionnaire 9.
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Statistical Analysis
Assessment of change

We used four approaches to categorize people as having 
meaningful improvement, meaningful worsening or no meaningful 
change in depressive symptoms, three appropriate to standard sum 
scoring and the other appropriate for IRT scoring. We used the 
Reliable Change Index (RCI) [19] for statistically significant change 
in sum scores. We used the previously published Minimal Clinically 
Important Difference (MCID) of 5 points on the PHQ9 [34] and 
50% change from baseline [11] for clinically meaningful change in 
standard sum scoring. The z-test [35] showed statistically significant 
change for IRT scoring.

( ) ( )2 2 = /Ztest baseline followup baseline followupθ θ σ σ− +

An alpha level of 0.05 was used for determining significant 
improvement at the individual level for both the z-test and RCI.

The RCI is calculated from the difference between two scores 
(baseline and follow-up in this case) and the difference is then 
divided by the sample standard error of the difference between the 
two scores, calculated from the standard deviation of the sample and 
the reliability of the scores. In the equation below, the X’s represent 
the two scores, SD is the sample standard deviation (baseline SD in 
this study) and r is the reliability of the PHQ9. 

( ) ( )( )/ 2 1RCI Xpre Xpost SD r∗ ∗= − −

Participants were classified as improved by the RCI if the RCI 
showed statistically significant decreases on the PHQ9 and as 

worsened by the RCI if the RCI showed their PHQ9 scores had 
significantly increased. All other patients were classified as no change. 

The 5-point change (MCID) for the PHQ9 was established as two 
standard errors of measurement from a group of people who had 
completed depression treatment in a different study [34]. Unlike the 
RCI, since the 5-point changed is already established and requires 
no calculations, it is readily available at the time of visits. The 50% 
change in symptoms from baseline is a standard measure of clinical 
response in the treatment of depression [36]. For the 5-point change, 
cases were classified as improved if their symptoms decreased by 5 
or more points and worsened if their symptoms increased by 5 or 
more points. For the 50% change, cases were classified as improved 
if their symptoms decreased by 50% or more of the baseline level (i.e. 
if a person with a score of 20 at baseline had a score of 10 or lower at 
follow-up) and worsened if symptoms increased by 50% or more of 
the baseline level.

The z-test is calculated similarly to the RCI in that it involves the 
difference between two IRT scores, but unlike the RCI the difference 
is divided by a pooled standard error of measurement derived from 
the standard error of measurement associated with IRT-based scores. 
Standard IRT software produces not only an estimate of each person’s 
score, but also an estimate of the standard error of measurement, 
indicating how precise the score is. Like the RCI, significant decreases 
in the PHQ9 by the z-test were classified as improved, significant 
increases were classified as decreased and all others were classified 
as no change.

We used SPSS 22 (IBM Corp., Armonk, NY) and SAS 9.3 (SAS 

  Concordant IRT and Sum Score Results Discordant IRT and Sum Score Results Total sample 

  N=4981 N=424 N=5405

Sum score, baseline 14.0 (5.6) 13.8 (5.6) 14.0 (5.6)

Sum score, follow-up 12.4 (6.3) 12.1 (6.1) 12.3 (6.3)

IRT score, baseline 0.27 (0.81) 0.23 (0.79) 0.27 (0.81)

IRT score, follow-up 0.01 (0.93) -0.07 (0.93) 0.00 (0.93)

Time to follow-up (days) 84.7 (43.9) 85.6 (43.7) 84.8 (43.9)

Time to follow-up (days), median (interquartile range) 71 (48, 119) 74 (48, 121.25) 71 (48, 119)

Treatment

 Medication 30% (1479) 29% (124) 30% (1603)

 Therapy 70% (3502) 71% (300) 70% (3802)

% female 72% (3565) 71% (300) 72% (3865)

% with comorbidity 17% (853) 17% (72) 17% (925)

Age 46.2 (16.8) 46.8 (16.6) 46.2 (16.8)

Race/Ethnicity

White 78% (3900) 76% (323) 78% (4223)

 Black/AA 6% (280) 6% (27) 6% (307)

 Asian 3% (159) 3% (12) 3% (171)

 Hispanic 5% (268) 7% (28) 5% (296)

 Other 8% (374) 8% (34) 8% (408)

Table 1: Descriptive statistics for the total sample. Sum scores refer to the scores calculated from the items reported in the health record. Values are means (standard 
deviations) and percentages for column (n) unless otherwise noted. Concordance was determined using IRT scores (z-tests) and the Reliable Change Index (RCI) for 
sum scores.

AA: African American; IRT: Item Response Theory. Percentages may not add up to 100% due to rounding. Comorbidity is based on the Charlson Comorbidity Index.
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Institute, Cary, NC) to calculate descriptive statistics and compare 
change over time. Participants could be categorized into one of nine 
categories, although two categories did not occur in this sample (see 
Figure 1 in supplementary materials). Agreement between IRT and 
sum score change classification was examined using the kappa statistic 
and percent agreement. We also compared agreement between the 
different sum score methods. Participants in groups one through 
three were classified as concordant and participants in groups four 
through seven were classified as discordant. 

Results
Demographic and clinical characteristics for the sample are 

reported in Table 1. Most were middle-aged (mean 46.2 years old) 
and most were female (72%). More people were starting treatment 
with psychotherapy (70%) compared to medication (30%). 

Item response theory model
The slope parameters from the graded response model for all 

items were in a similar range to those previously reported for the 
PHQ9 (See Supplementary Materials, Table 1; ranging from 1.28 
to 2.90, [32]). The IRT model had an RMSEA of 0.05. The standard 
error curve for the PHQ9 (see Supplementary Materials, Figure 2) 
indicated that depression at the follow-up visit was measured with 
the least amount of error between 1.5 standard deviations below 
the mean to 1.5 standard deviations above the mean. This suggests 
that measurement error was highest for those with no measurable 
depressive symptoms to very low depressive symptoms or those 
with extremely high levels of depression. For the whole sample, IRT 
scores decreased between baseline and follow-up by an average of 
0.27 points (CI: 0.25, 0.30, t(5419)=20.42, p<0.001) and standard 
sum scores decreased by an average of 1.64 points (CI: 1.47, 1.82, 
t(5404)=18.41, p<0.001). 

Change for IRT scoring vs. standard scoring
Using the RCI (sum scores) and z-test (IRT scores), most 

participants were classified similarly but a small percentage were 

Sum score measure of 
change Group IRT change measured 

through z-test 
Mean, baseline 

PHQ9
Mean, follow-up 

PHQ9
PHQ9 change (baseline 

minus follow-up)
RCI Methods Agreed: Improved 18.6 17.9 6.6 11.28

  Methods Agreed: Worsened 8.3 9.25 19.46 -10.18

  Methods Agreed: No Change 65.2 13.47 13.1 0.37

  Methods Disagreed: IRT found 
improvement 2.7 14.24 8.73 5.54

  Methods Disagreed: Sum scores 
found improvement 2.4 17.31 9.78 7.49

  Methods Disagreed: IRT found 
worsening 1.2 11.71 17.21 -5.5

  Methods Disagreed: Sum scores 
found worsening 1.6 9.52 17.02 -7.5

  Total percent different between IRT & 
sum scores 7.8      

5-point change Methods Agreed: Improved 21 17.49 6.84 10.64

  Methods Agreed: Worsened 9.4 9.51 19.17 -9.63

  Methods Agreed: No Change 53.1 13.42 13.14 0.29

  Methods Disagreed: IRT found 
improvement 0.2 13.46 9.54 3.92

  Methods Disagreed: Sum scores 
found improvement 9.3 16.06 10.11 5.92

  Methods Disagreed: IRT found 
worsening 0.1 15.75 19.25 -3.5

  Methods Disagreed: Sum scores 
found worsening 6.8 10.71 16.64 -5.92

  Total percent different between IRT & 
sum scores 16.4      

50% Change Methods Agreed: Improved 15.8 16.49 4.86 11.61

  Methods Agreed: Worsened 8.7 9.01 18.95 -9.92

  Methods Agreed: No Change 59.1 14.44 13.68 0.75

  Methods Disagreed: IRT found 
improvement 5.5 20.18 12.64 7.55

  Methods Disagreed: Sum scores 
found improvement 3.9 8.89 3.71 5.16

  Methods Disagreed: IRT found 
worsening 0.8 15.79 21.57 -5.79

  Methods Disagreed: Sum scores 
found worsening 6.3 7.66 13.12 -5.45

  Total percent different between IRT & 
sum scores 16.4      

Table 2: Percentage of the sample in each group as categorized by IRT (z-test) and sum scores (RCI, 5-point change, 50% change) and PHQ9 scores. Negative 
numbers for change indicate symptoms worsened. Note when methods disagreed, the method not identified did not find any meaningful change. For example, 
‘Methods Disagreed: IRT found improvement’ means those patients were classified as improved by IRT scoring but as no change by the identified sum score method. 
Methods Agreed means the IRT scores and the identified sum score change measure classified the patient similarly (either improved, worsened or no change).

IRT: Item Response Theory; RCI: Reliable Change Index; PHQ: Patient Health Questionnaire
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classified differently (see Table 2). Most participants (65.2%) were 
classified as having no change by both IRT and sum scoring. Several 
participants’ symptoms were classified as improved by both methods 
(18.6%) or worsened by both methods (8.3%). A small number of 
people had their symptoms classified as not significantly changed by 
IRT scoring but as significantly worse (1.6%) or improved (2.4%) by 
the RCI. For example, one person had a baseline score of 17 and follow-
up score of 10. This person endorsed all symptoms at baseline, except 
psychomotor agitation/retardation. At the follow-up, this person still 
endorsed all symptoms except psychomotor agitation/retardation 
and appetite changes, and most symptoms improved slightly but 
their fatigue worsened. The change in overall sum score was enough 
to be significant by the RCI but not the z-test. Symptoms for a similar 
number of people were classified as not significantly changed by 
standard sum scoring but significantly worse (1.2%) or improved 
(2.6%) by IRT scoring. For example, one person had a baseline score 
of 20 and a follow-up of 25, endorsing all the symptoms except 
suicidal ideation at baseline. This person did endorse all symptoms 
including suicidal ideation at follow-up so although the RCI did not 
take the unique implications of suicidal ideation into account, the 
IRT scoring and z-test did show this as a worsening of symptoms. 
In total, 92.2% of people were classified similarly but symptoms for 
7.8% were classified differently between sum scoring using the RCI 
and IRT scoring with the z-test. The kappa for agreement between the 
z-test and the RCI was 0.813. 

We observed greater discrepancies when comparing the 5-point 
change approach for standard scoring to the z-test for IRT scoring. 
Most participants were classified as having no change by both IRT and 
the 5-point change approach (53.1%), with some classified as either 
worsening symptoms by both methods (9.4%) or improving by both 
methods (21.0%). However, among those classified as no change by 
the 5-point change approach, few were classified as improved (0.2%) 
or worse (0.1%) by IRT scoring. Among the whole sample, substantial 
numbers were classified as either worsening symptoms (6.8%) or 
improving symptoms using the 5-point change approach (9.3%) 
but not by IRT scoring. For example, one individual had a baseline 
score of 21 and a follow-up score of 16. This individual endorsed all 
symptoms except suicidal ideation at both times, however, certain 
symptoms (anhedonia, appetite, guilt and cognition) reduced by 
one or two points leading to the improvement by the 5-point change 
approach but not by the z-test. Overall, 83.6% of people were classified 
similarly by the 5-point change approach and IRT scores, but 16.4% 
were classified differently. The kappa between z-test groups and the 
5-point change approach groups was 0.644.

Like the 5-point change approach, a greater discrepancy was 
found between the z-test and 50% change than between the RCI 
and z-test. Over half the sample (59.1%) was classified as no change 
by both IRT scores and 50% change while 15.8% were classified as 
improved and 8.7% were classified as worsened by both methods. A 
very small percentage of the sample was classified as worse by IRT 
with no difference by 50% change (0.8%). More substantial numbers 
were classified as no change by IRT but improved (3.9%) or worsened 
(6.3%) by 50% change. Another 5.5% were classified as improved by 
IRT scores but not by the 50% change. Overall, 16.4% of the sample 
differed between classifications from the IRT scores/z-test and 50% 
change. The kappa between z-test classifications and 50% change 

classifications was 0.620.

When examining the baseline and follow-up means of the PHQ9 
sum scores for the different groups (see Table 2), IRT and sum scoring 
differed in classifying change between one standard deviation below 
the mean to one standard deviation above the mean (baseline sum 
scores between 8.2 and 19.4 for the four discordant groups). For the 
groups in which IRT and sum scores agreed, large average changes 
of 10 points were seen for the two groups reporting improvement or 
worsening of symptoms and practically no change on the means for 
the groups with no change by either method. However, for the groups 
in which IRT scores and sum scores by any method disagreed, mean 
differences from baseline to follow-up were smaller ranging from 3.5 
to 7.6 points. 

Post-hoc analyses: change for different sum scoring 
methods

Because the proportion of people showing change by the 5-point 
change approach but not IRT scoring was so high compared to the 
converse (change by IRT but not the 5-point change approach), we 
conducted post-hoc analyses comparing the classifications of the RCI 
and the 5-point change approach to determine whether these results 
were due to the 5-point change approach (see Table 3). We also 
conducted analyses comparing the RCI with the 50% change criterion. 
There were no cases in which the 5-point approach suggested no 
change but the RCI did suggest change. However, a large minority 
of cases were classified as worse (6.8%) or improved (9.3%) by the 
5-point change approach but not the RCI. For 50% change to RCI 
comparison, results were like the IRT and 50% change results. Few 
cases showed worsening by the RCI but no difference by 50% change 
(0.2%) but several cases showed improvement by the RCI but not 
50% change (5.4%) as well as no change by the RCI but improvement 
(4.1%) and worsening by 50% change (5.4%).

Discussion
This study compared IRT and sum score-based change from 

a commonly-used depression measure among people initiating 
antidepressant or psychotherapy treatment for depression. We 
considered the clinical implications of a variety of scoring methods 

  Percent of total sample

Group 5-point change 50% change

Methods Agreed: Improved 21.2 15.6

Methods Agreed: Worsened 9.9 9.6

Methods Agreed: No Change 53.3 59.7

Methods Disagreed: RCI found improvement 0 5.4
Methods Disagreed: Other method found 
improvement 9.3 4.1

Methods Disagreed: RCI found worsening 0 0.2
Methods Disagreed: Other method found 
worsening 6.3 5.4

Total percent different 15.6 15.1

Table 3: Comparison of RCI with 5-point change and 50% change classifications 
from post-hoc analyses. Note when methods disagreed, the method not identified 
did not find any meaningful change. For example, ‘Methods Disagreed: RCI 
found improvement’ means those patients were classified as improved by RCI 
scoring but as no change by the other sum score method identified in the column 
header. Methods Agreed means the identified sum score change methods 
classified the patient similarly (either improved, worsened or no change).
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for determining meaningful change. When comparing statistically 
significant change using the RCI (standard sum scoring) and the z test 
for IRT scoring, most people’s depressive symptoms were classified 
the same way by both methods. Similar proportions of individuals 
were classified with symptom change by the RCI but not z-test and 
with symptom change by the z-test but not the RCI. When comparing 
meaningful change using the 5-point change approach or 50% change 
from baseline with standard sum scoring and the z test for IRT 
scoring, over 16% of the sample was classified differently. The 5-point 
change approach tended to suggest improvement or worsening of 
symptoms whereas IRT scoring indicated no actual change. Our 
results suggest that different scoring methods may affect measures 
showing change as well as tests suggesting no change. Results also 
showed that differences in meaningful change between IRT and sum 
scores occurred at moderate symptom change levels. A large portion 
of our sample did not improve, consistent with other studies of real-
world depression treatment given the length of follow-up [37]. 

The means of the sum scores and change in sum scores suggest 
that different scoring methods may provide different information 
in areas that would be of great importance to clinicians using 
measurement-based care. The disagreements also occurred with 
average absolute change values ranging from 3.5 to 7.6 points where 
it may be challenging to tell if change has occurred. A 10-point or 
more change on the 0-27 point range of the PHQ9 is clearly a marked 
change and detectable by any method., A smaller changes like 3 points 
is less clear as either error or a true change and IRT scoring could help 
clinicians determine the clinical relevance of that change and whether 
treatment should be adjusted or continued.

The present study adds to previous research showing the benefit 
of using IRT scores over sum scores in the measurement of symptom 
change in depression treatment [15-17] by showing IRT scores are 
possibly providing different information when most needed by 
clinicians within measurement-based care [6]. At the individual level, 
even small amounts of disagreement such as reliability less than 0.90 
can lead to incorrect significance tests [5]. Even the small amount 
of discordance between sum scores and IRT scores observed here 
suggests sum scores might not be an acceptable approximation of the 
true score when measuring change at the individual level, particularly 
as previous studies suggested IRT scores more accurately measure 
change [17]. 

One unexpected finding based on previous literature [15] was that 
IRT scoring showed no change when standard sum scoring showed 
change and this happened nearly as often as IRT scoring showing 
change when sum scoring did not. This possibly happened because 
IRT scores weight items differently whereas sum scores treat all item-
level changes equally. For example, IRT scores would weight minor 
increases in severe symptoms (anhedonia, suicidality) more heavily 
than minor decreases in less severe symptoms (sleep disturbance, 
fatigue). Sum scores would not account for these differences and, if 
the decrease in less severe symptoms was high enough, would lead 
to change by sum scores but not IRT scores. This is particularly 
important for measurement-based care of depression as knowing 
when a treatment is not working, and hence, needs to be changed, is 
just as important as knowing when a treatment works and should be 
continued.

Our results should be considered within the strengths and 
limitations of the study. The data came from actual clinical use of the 
PHQ9, increasing external validity. Also, the same items were used 
for both standard sum scoring and the IRT analyses so any differences 
in classifying symptoms are due to the scoring methods and not to 
the specific items used. Although the three study sites increased 
generalizability, the sites may differ from other clinical settings 
particularly given that nearly all participants had insurance and all 
sites were in the United States. We also created item parameters from 
our sample instead of using published parameters [32]. The sample 
was also predominantly female consistent with depression being 
more prevalent in women [38,39]. Our sample included more people 
starting psychotherapy than medication, although the difference 
would be expected given that the patients had to have at least one 
follow-up assessment. We also only considered the most recent 
follow-up symptom assessment. Although we had to exclude patients 
starting both psychotherapy and medications, it is important to note 
that this was only 5% of the sample likely because patients will often 
try one treatment for a period of time and then add another treatment 
if the first treatment does not bring enough relief.

Conclusion
This study suggests that use of IRT scores instead of sum scoring 

may provide different information both in when a treatment is 
working and when it is not working. This could affect treatment 
delivery within measurement-based care as clinicians would adapt or 
maintain a treatment approach based on whether there is meaningful 
change or no change. Although more research is needed to definitively 
determine whether the use of IRT scoring instead of standard scoring 
in measurement-based care affects outcomes, our results support the 
use of IRT scoring instead of traditional sum scoring in monitoring 
depression.
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