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by the International Consortium for Health Outcomes 
Measurement (ICHOM), including cost-related issues for 
the use of proprietary or licensed patient-reported out-
come measures (PROMs) [4]. Many of these issues have 
been highlighted by researchers who propose the imple-
mentation generic sets of PROMs instead of condition-
specific sets of PROMs [5]. Nevertheless, disease-specific 
PROMs are still being developed and published almost 
daily.

One step forward are efforts to make scores of different 
instruments measuring the same outcome comparable. 
The use of different measures with different scales com-
plicates the interpretation of test results and hampers the 
implementation of outcome measurement in healthcare. 
The psychometric process used to establish a relation-
ship between the scores of two (or more) instruments is 
generically referred to as linking [6]. Linking procedures 

Introduction
There is an urgent need to harmonize outcome measure-
ment. Despite international efforts to harmonize out-
comes measured in clinical trials and clinical practice 
(by using core outcomes sets (COS) [1]) or standard sets 
[2]), still many different outcomes are being measured 
and different outcome measurement instruments are still 
being used for measuring the same outcome. The uptake 
of COS is still low in most research areas [3]. Many chal-
lenges in implementing standard sets have been identified 
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Abstract
There is a clear need to harmonize outcome measurement. Some authors propose to express scores as T scores 
to facilitate interpretation of PROM results in clinical practice. While this is a step in the right direction, there are 
important limitations to the acceptance of the T score metric as a common metric when T scores are based on raw 
sum scores of ordinal items: Such T scores of different instruments are not exactly comparable because they are 
not interval scaled; T scores of different measures are only on the same scale if exactly the same reference group is 
used; and the T sore metric cannot be maintained because it is reference population-dependent and needs to be 
updated regularly. These limitations can be overcome by using an item response theory (IRT)-based metric. Items 
from different measures can be placed on the same IRT metric to make scores comparable on an interval scale. 
The PROMIS initiative used IRT to develop item banks for measuring various health outcomes. Other PROMs have 
been linked to the PROMIS metric. Although PROMIS uses a T-score metric for practical reasons, the underlying 
PROMIS metric is actually an IRT metric. An IRT approach also enables further development of an item bank while 
preserving the underlying metric. Therefore, IRT-based metrics should be considered as common metrics for the 
future.
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have been applied in the educational field for decades and 
are increasingly used to link patient-reported outcomes 
(PROs). Initiatives such as PROsetta Stone® (www.pro-
settastone.org ) and Common Metrics (www.common-
metrics.org) developed and applied linking methods to 
link instruments such as Patient-Reported Outcomes 
Measurement Information System (PROMIS®) instru-
ments with related instruments to provides equivalent 
scores for different scales that measure the same health 
outcome [7].

Different linking methods and different common met-
rics (the scales on which the scores are expressed) have 
been proposed in the literature [6, 8]. Some methods are 
based on simple statistics, such as means and variances 
or percentile ranks, while others use more complex mod-
els, such as item response theory (IRT) models, which 
place more demands on the data. Different methods have 
different advantages and disadvantages.

In the clinical psychological literature it has often been 
suggested to use standardized metrics such as z-scores or 
T-scores to facilitate interpretation of PROM scores [9, 
10]. Recently, de Beurs et al. promoted this approach to 
facilitate interpretation of PROM results in clinical prac-
tice [8]. T scores are Z-scores (i.e. scores converted to 
a standard scale with a mean of 0 and SD of 1 based on 
the mean and SD of a reference group) multiplied by 10 
with 50 points added. T scores are often used to facili-
tate interpretability of scores, for example in PROMIS 
instruments. T scores are attractive because they have a 
simple interpretation: A T score of 50 then represents the 
average score of the reference population, a score of 40 
or 60 represents a score that is one SD lower or higher 
than the reference population, respectively. For example, 
a score of 60 on a PROMIS Depression measure indicates 
that the individual scores one SD higher (indicating more 
depressive symptoms) than the average general popula-
tion [11].

While the proposal to express scores as T scores is 
a step in the right direction to standardize outcomes, 
there are important limitations to the acceptance of the 
T score metric as a common metric when T scores are 
based on raw sum scores. These limitations can be over-
come by using an item response theory (IRT)-based 
metric. It should be noted that PROMIS T scores are 
not transformed raw sum scores but transformed IRT-
based scores. For practical reasons the PROMIS initiative 
decided to convert the IRT metric to a T score metric to 
avoid negative scores and facilitate interpretation of the 
scale by shifting the metric in such a way that a T score 
of 50 represented the average of the US population with 
a SD of 10. However, the benefits of the underlying IRT-
based theta metric were retained. The aim of this paper 
is to address the limitations of the T score metric as a 

transformation of raw sum scores and highlight the value 
of IRT-based metrics as common metrics.

What is a common metric?
A common metric is an agreed unit or scale of mea-
surement that is applied to data from different sources 
measuring the same construct. A well-known common 
metric is the Celsius scale (or Fahrenheit) for measur-
ing temperature. We use different kind of thermometers 
to measure the temperature of our body when we are ill, 
the temperature in the oven when we bake a cake, and 
the temperature outside the house when we go for a hike. 
These thermometers also measure in different ranges of 
the temperature scale, e.g. the body thermometer mea-
sures in the range of 35–42 degrees Celsius, while the 
thermometer for the oven measures in the range of 100–
250 degrees Celsius. Despite these different thermom-
eters and different measurement ranges, the underlying 
measurement scale is the same Celsius scale. These ther-
mometers measure the construct temperature on a com-
mon metric.

This is not the case for most clinical tests and patient-
reported outcome measures (PROMs). For example, dif-
ferent PROMs exists to measure depressive symptoms, 
such as the Center for Epidemiologic Studies Depression 
scale (CES-D), Beck Depression Inventory-II (BDI), and 
the 9-item Patient Health Questionnaire (PHQ-9). The 
scale of the CES-D ranges from 0 to 60, the BDI scale 
ranges from 0 to 63, and the PHQ-9 scale ranges from 0 
to 27. These scales are not the same and scores are not 
comparable; there is no underlying common depression 
metric.

Different solutions have been proposed to solve this 
problem. De Beurs et al. present an overview of some 
possible solutions and argue that the T score metric is 
the best choice [8]. An advantage of the T score metric is 
that it can be interpreted universally, provided a general 
population reference group is used. A T score of 50 then 
represents the average score of the general population, a 
score of 40 or 60 represents a score that is one SD lower 
or higher than the general population, respectively.

Limitations of the T score metric as a common 
metric
There are four limitations to the acceptance of the T 
score metric as a common metric when based on raw 
sum scores. First, T scores of different instruments are 
not exactly comparable when T scores are based on raw 
sum scores because T scores are not interval scaled if 
the underlying scales of the tests are ordinal. Transform-
ing an ordinal scale into a Z-score or T score, does not 
make it an interval scale. This means, for example, that 
the distance between a T score of 45 and 50 may not be 
the same as the distance between a T score of 40 and 45 
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and a the distance between a T score of 45 and 46 is not 
necessarily the same for the BDI’s T score scale as for the 
PHQ-9’s T score scale.

Second, T scores of different measures are only on the 
same scale if exactly the same reference group is used. If 
different general population samples are used for obtain-
ing T scores of the BDI and the PHQ-9 (e.g. the popu-
lation samples were obtained in different years or in 
different countries), the scores will not be on the same 
scale because the means and SDs of the samples may dif-
fer (see for an example Terwee et al. [12]). For example, a 
T score of 40 on the BDI represents a score that is one SD 
lower than the general population sample that was used 
for defining the T score metric of the BDI. However, it 
may represent a score that is e.g. 0.9 SD lower or 0.1 SD 
higher than the general population sample that was used 
for defining the T score metric of the PHQ-9. Using dif-
ferent reference groups is confusing and lead to incompa-
rable scores. To obtain a really similar T score depression 
metric, one would have to administer all existing depres-
sion measures to the same sample, which is practically 
not feasible.

Third, the T sore metric cannot be maintained because 
it is reference population-dependent. When a new 
depression measure is developed, a T score metric for 
this new instrument comparable to the T score metrics 
of the BDI and PHQ-9 can only be obtained by recruiting 
a new general population sample to complete all depres-
sion questionnaires. However, the original T score met-
rics of the BDI and PHQ-9 will then not remain. This 
makes the T score metric not a sustainable solution.

Fourth, the T score metric needs to be updated regu-
larly to ensure that a T score of 50 still represents the 
average score of the general population, since the health 
of general populations may change over time.

The value of an IRT-based common metric
A solution to the above mentioned limitations is to use 
IRT linking methods [6, 13]. In an IRT model, all items 
of a measure that measure the same construct are cali-
brated on an underlying theta metric, with a mean of 0 
and SD of 1 in the calibration sample. The theta metric is 
a real interval scale. Each item (or its response options in 
more complex models) has a unique location on the theta 
metric. Items from different measures can be placed on 
the same theta metric, for example through simultane-
ous calibration of items from multiple measures, or by 
fixing the item parameters of one measure and calibrate 
the item parameters of items from other measures on the 
fixed metric. If the item parameters of the co-calibrated 
or fixed IRT model are then used to estimate person 
scores, the scores are on the same (interval-scaled) met-
ric [6, 13].

The PROMIS initiative used IRT to develop, among 
others, the PROMIS Depression item bank with an 
underlying PROMIS Depression theta metric [11]. Again, 
the conversion of IRT-based scores to T scores was done 
for practical reasons only. Once IRT scores are estab-
lished, the final form of the scores are secondary to the 
construction. Other PROMs have been linked to the 
PROMIS depression metric using a linking approach 
as described above. For example, Choi et al. converted 
scores of the CES-D, BDI, and PHQ-9 to the PROMIS 
Depression metric [14]. With the IRT-based approach 
it is not necessary for all depression instruments to be 
administered to the same sample, as long as the samples 
receive a few PROMIS items along with the PROM to be 
linked.

An IRT-based common metric is also sustainable 
because the metric can be fixed. The IRT approach 
enables further development of an item bank while pre-
serving the underlying metric. Items can be removed 
from, or added to an item bank and even the item loca-
tions of individual items can be shifted based on new evi-
dence, but the underlying metric will remain the same1. 
The Celsius scale for temperature was established in 1742 
and has not been changed since. The PROMIS initiative 
aims to maintain the PROMIS metrics by using the origi-
nal calibrations of the item banks as the fixed PROMIS 
metrics.

A limitation of the IRT approach is that several 
assumptions must be met to apply IRT and linking, such 
as unidimensionality and a high correlation between the 
PROMs that are to be linked [6]. Also, large sample sizes 
are required to obtain reliable results.

Another limitation of an IRT-based metric is that, as 
with the T score metric, the interpretation of the metric 
may vary across groups and may change over time. While 
the average PROMIS Depression score of the US general 
population was 50 in the year 2000, the current US popu-
lation or the Dutch population may score differently. So 
the value of 50 may not have the same meaning in all 
populations. This limitation could perhaps be overcome 
by simply stating that 50 is the “middle of the scale”, and 
population reference values can vary across the scale.

Conclusion
There is a clear need to harmonize outcome measure-
ment. Linking scores of different PROMs measuring the 
same construct on the same scale is one step in the right 
direction. Expressing scores as T scores is a relatively 
simple solution, but there are important limitations to 
the acceptance of the T score metric as a common met-
ric when T scores are based on raw sum scores. These 

1  In some cases, it was necessary to develop a new metric for a PROMIS 
domain based on new evidence, leading to a new version of the item bank.
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limitations can be overcome by using an item response 
theory (IRT)-based metric.
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