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Abstract 

Objective: Patient-reported transition ratings are supposed to reflect the change between a previous baseline health state and a present 
follow-up state, but may reflect the present state to a greater extent. This so-called “present state bias” (PSB) potentially threatens the 
validity of transition ratings. Several criteria have been proposed to assess PSB. We examined how well these criteria perform and to 
which extent confirmatory factor analysis (CFA) for categorical data provides an accurate assessment of the degree of PSB. 

Study Design and Setting: We simulated multiple samples with baseline and follow-up item responses to a hypothetical ques- 
tionnaire, and transition ratings. The samples varied with respect to various distributional characteristics and the degree of PSB. The 
performance of criteria proposed in the literature, and a new CFA-based criterion, were evaluated by the proportion of explained variance 
in PSB. In addition, four real datasets were analyzed. 

Results: The known criteria explained 36–74% of the variance in PSB. A new CFA-based criterion, namely the ratio of the factor 
loadings of the transition ratings plus one, explained 81–98% of the variance in PSB across the samples. 

Conclusion: Present state bias in transition ratings can be estimated accurately using CFA. © 2021 The Author(s). Published by 
Elsevier Inc. This is an open access article under the CC BY license ( http:// creativecommons.org/ licenses/ by/ 4.0/ ) 
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What is new? 

Key findings 
• Transition ratings, which are supposed to reflect 

change between an earlier state and the present 
state, may be overly affected by the present state 
(which is called “present state bias”). 
• A new CFA-based method was introduced to assess 

present state bias. 
What this adds to what was known? 

• Previously published criteria to evaluate the exis- 
tence of present state bias performed variably. 
• The new method not only assesses the existence of 

present state bias, but also accurately estimates the 
degree of present state bias. 
What is the implication and what should change 

now? 

• Studies using transition ratings as an indicator of 
change should examine and report the degree of 
present state bias using the new CFA-based method. 

1. Introduction 

Transition ratings, or global ratings of perceived change,
represent patients’ ratings of the extent to which their
health state (e.g., pain, fatigue, daily functioning) has im-
proved or deteriorated between an earlier time point (base-
line, T1) and the present (follow-up, T2). These transi-
tion ratings are commonly used as an outcome in clinical
studies [1] or as “anchor” question in studies estimating
minimal important change (MIC, also labeled “meaningful
change threshold”) of patient-reported outcome measures
(PROMs) [2] . To reflect the true change, these ratings
require patients to remember their previous health state
and compare it with their current state [3] . However, ev-
idence suggests that people may experience difficulty re-
calling how they felt earlier [4] . Patients may rely more on
their present state than on the actual change when asked
to respond to a transition question [ 3 , 5 , 6 ]. This so-called
“present state bias” (PSB) potentially threatens the validity
of transition ratings [7] . 

Commonly, the validity of transition ratings is evalu-
ated by assessing its correlation with the change scores
of a PROM measuring the same construct [3] . A correla-
tion greater than 0.30 is often considered acceptable [2] .
However, such correlations may be misleading, as substan-
tial correlations might also occur if the transition ratings
reflect the follow-up health state rather than the change
in health state [3] . Therefore, Guyatt et al. suggested two
specific criteria to assess PSB: equal magnitude but op-
posite signs of correlations between the transition ratings
and T1 and T2 scores, and of regression coefficients of
the transition ratings on T1 and T2 scores ( Table 1 ) [3] .
A number of studies have used these criteria to assess the
validity of transition ratings (e.g., [8–14] ). In many stud-
ies, the correlation of the transition ratings with the T2
scores was of greater magnitude than the correlation with
the T1 scores, thus implying PSB. Recently, Devji et al.
published a tool for assessing the credibility of published
MIC values [15] . The credibility tool includes 3 criteria
concerning the correlations between the transition ratings
and the PROM (change) scores ( Table 1 ). 

We used simulations to examine the performance of the
Guyatt and Devji criteria. In addition, we examined the
value of confirmatory factor analysis (CFA) to assess PSB.

2. Design of the simulations 

This work builds upon a recent study in which CFA
was used to estimate the reliability of transition ratings
[16] . Following a similar simulation strategy, we used a
graded response model [17] , a specific item response the-
ory (IRT) model [18] , to simulate item response data from
2 consecutive measurements (T1 and T2) and the responses
to a transition question reflecting the perceived change be-
tween these measurements. Given that a multi-item ques-
tionnaire purports to measure an unobservable construct
(such as “physical functioning”) using questions (items)
that are assumed to function as indicators of that construct,
IRT provides a probabilistic model for understanding per-
sons’ responses to the items as an interaction between per-
son characteristics and item characteristics [18] . The “level
of the construct” is often expressed in an arbitrary metric
(denoted by the Greek letter “theta,” θ). 

We used the “mirt” package, version 1.33.2 [19] within
the software program R, version 4.0.3 [20] , to simulate
item responses based on a set of simulated item parameters
representing a hypothetical questionnaires with 10 items
(item parameters are included in the online Supplement).
Table 2 presents an overview of the simulation parameters.

Each simulation started with a normally distributed theta
T1 ( θT1 ) with an standard deviation (SD) of 1, representing
the latent baseline state of a sample of simulated persons.
Next, we created normally distributed theta change ( Δθ)
scores, representing the latent change. The mean Δθ score
was chosen in such a way that the proportion of patients
whose Δθ score passed their individual minimal important
change (iMIC; see below) varied between 0.20 and 0.80.
A distribution of theta T2 ( θT2 ) scores was obtained by
adding Δθ to θT1 . Responses to the items of the hypo-
thetical questionnaire at T1 and T2 were then simulated
based on the item parameters and the distributions of θT1 

and θT2 respectively. 
We assume that persons have their own individual

thresholds to judge their change by, and that their re-
sponse to a transition question (e.g., “much worse,” “a
little worse,” “unchanged,” “a little better,” or “much bet-
ter”) is based on a comparison of their perceived change
with their individual thresholds [ 21 , 22 ]. So, we needed to
simulate four thresholds (to distinguish between five lev-
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Table 1. Known validity criteria for transition ratings in the literature 

Criterion label Description 

Guyatt I [3] The correlation between the transition ratings and the T1 scores ( R TR , T1 ) should be of equal magnitude but opposite sign 
of the correlation between the transition ratings and the T2 scores ( R TR , T2 ), that is, R TR , T1 + R TR , T2 = 0 . 

Guyatt II [3] In the regression of the transition ratings on the T1 and T2 scores, the T1 regression coefficient ( B 1 ) should be of equal 
magnitude but opposite sign of the T2 regression coefficient ( B 2 ), that is, B 1 + B 2 = 0 . 

Devji I [15] a The transition item has a satisfactory correlation with the T2 scores: R TR , T2 > 0.2: “definitely yes” (i.e., no indication of 
PSB), 0.1 to 0.2: “to a great extent,” 0 to 0.1: “not so much,” < 0: “definitely no” (i.e., strong suspicion of PSB). 

Devji II [15] a The transition item should correlate negatively with the T1 scores: R TR , T1 < 0: “definitely yes” (i.e., no indication of 
PSB), 0 to 0.1: “to a great extent,” 0.1 to 0.2: “not so much,” > 0.2: “definitely no” (i.e., strong suspicion of PSB). 

Devji III [15] a The correlation of the transition item with the change scores should be appreciably greater than the correlation of the 
transition item with the T2 scores: R TR , Change − R TR , T2 > 0.2: “definitely yes” (i.e., no indication of PSB), 0.1 to 0.2: 
“to a great extent,” 0 to 0.1: “not so much,” < 0: “definitely no” (i.e., strong suspicion of PSB). 

Abbreviations : PSB, present state bias; TR, transition rating; T1, baseline; T2, follow-up. 
a These criteria assume that the transition item is scored in the same direction as the PROM. 

Table 2. Parameters varying across the simulated samples 

Parameter Values Explanation 

Mean theta T1 ( θT1 ) -1, 0, 1 Mean θT1 reflects the average level of the construct at T1 

SD theta change ( Δθ) 0.75, 1, 1.25 SD Δθ reflects the variability in the change between T1 and T2 

Correlation between θT1 and Δθ -0.50, 0.00 Values are correlation coefficients 

Proportion improved 0.2, 0.5, 0.8 Proportion of patients having a change greater than their individual minimal 
important change 

Reliability of the transition ratings 0.3, 0.5 Values are reliability coefficients 

Abbreviations : SD, standard deviation; T1, baseline score. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

els of perceived change (from “much worse” to “much
better”) and a perceived change value for each simulated
person. Assuming that thresholds vary among people, we
simulated a normally distributed variable for each thresh-
old, creating four threshold variables with means of -1.5,
-0.5, 0.5 and 1.5 Δθ and SDs of 0.075 Δθ. An individ-
ual person might, for instance, have the following set of
personal thresholds -1.44, -0.55, 0.47 and 1.52 Δθ, to de-
fine what they consider a change that is “much worse” (if
the perceived change is ≤-1.44 Δθ), “a little worse” (if
the perceived change is > -1.44 Δθ and ≤-0.55 Δθ), “un-
changed” (if the perceived change is > -0.55 Δθ and ≤0.47
Δθ), “a little better” (if the perceived change is > 0.47 Δθ
and ≤1.52 Δθ) or “much better” (if the perceived change
is > 1.52 Δθ). If the person has a perceived change of -
1 Δθ they are expected to score their transition question
as “a little worse” based on their perceived change pass-
ing their first threshold (-1.44 Δθ) but not their second
(-0.55 Δθ). We denote the individual thresholds between
“unchanged” and “a little better” the individual minimal
important change (iMIC) thresholds [21] . 

The perceived change variable under various degrees of
PSB was simulated as follows. Assuming that patients tend
to put more weight on their present state than on their past
state, we simulated a weighted theta change ( Δθw 

) variable
using the following equation [16] : 

Δθw 

= ( 1 + w ) ∗ θT2 − ( 1 − w ) ∗ θT1 (1)
where w represents a weight factor, varying between 0 and
1, with w = 0 representing no PSB and w = 1 representing
complete PSB. Equation (1) can be transformed into the
following equation: 

Δθw 

= 2 w ∗ θT2 + ( 1 − w ) ∗ ( θT2 − θT1 ) 
= 2 w ∗ θT2 + ( 1 − w ) ∗ Δθ (2)

showing that the weighted change can be seen as a linear
combination of the present state ( θT2 ) and the true change
( Δθ). Hence, we defined the degree of PSB as the propor-
tion of the weighted change that is derived from the present
state instead of the true change. On the group level, we
defined the degree of PSB as the mean proportion of the
weighted change that is derived from the present state. The
degree of PSB can then be expressed as: 

PSB = 2 w/ ( 2 w + 1 − w ) = 2 w/ ( 1 + w ) (3)

We used appropriate mean w-values to simulate group-
level degrees of PSB of 0, 0.2, 0.4, 0.6, 0.8 and 1, that is,
between no PSB and complete PSB. The w-values were
varied across the patients because we did not assume that
the degree of PSB was the same for every individual in the
sample. The weighted change ( Δθw 

) was then calculated
using Equation (1) . To ensure that varying the degree of
PSB did not change the distribution of the transition rat-
ings and the proportion improved, Δθw 

was rescaled to
the mean and SD of Δθ. 

The next step was to add measurement error, in the
form of a random variable, to Δθw 

, to obtain the “per-
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Table 3. Sample characteristics across 1296 simulated samples 

Characteristic Mean (range) 

Reliability a (T1) 0.86 (0.84, 0.88) 

Mean T1 scale score 15.0 (8.2, 21.8) 

SD T1 scale score 6.7 (6.1, 7.5) 

Skewness T1 scale score 0.00 (-0.86, 0.82) 

Kurtosis T1 scale score -0.37 (-0.98, 0.17) 

Floor effects T1 scale score 0.02 (0.00, 0.08) 

Ceiling effects T1 scale score 0.02 (0.00, 0.08) 

Mean T2 scale score 17.7 (5.9, 27.6) 

SD T2 scale score 7.0 (3.4, 9.4) 

Skewness T2 scale score -0.39 (-2.36, 1.33) 

Kurtosis T2 scale score 0.13 (-1.20, 6.94) 

Floor effects T2 scale score 0.03 (0.00, 0.24) 

Ceiling effects T2 scale score 0.09 (0.00, 0.44) 

Mean scale change score 2.7 (-4.3, 10.4) 

SD scale change score 6.8 (4.8, 9.1) 

Skewness scale change score 0.04 (-0.40, 0.66) 

Kurtosis scale change score 0.13 (-0.66, 1.34) 

Floor effects scale change score 0.00 (0.00, 0.00) 

Ceiling effects scale change score 0.00 (0.00, 0.00) 

Abbreviation : SD, standard deviation. 
a Cronbach’s alpha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ceived change” variable [22] . The random error variable
was given a mean of zero and an SD necessary to obtain
reliabilities of 0.30 or 0.50. These reliability values were
based on the reliability estimates of transition ratings in a
number of datasets [16] . Note that the perceived change
is in the theta (change) metric ( Δθ). Finally, we simulated
transition ratings by comparing the perceived change with
the thresholds [22] . 

For each unique combination of sample characteristics
( Table 2 ) and 6 different degrees of PSB we simulated two
samples, with size 2000, yielding a total of 1296 samples
(the full simulation code is provided in the Supplement).
Descriptive sample characteristics are summarized in
Table 3 . 

3. Correlations and regression coefficients 

3.1. Analysis 

In each simulated sample, we calculated polyserial cor-
relations between the transition ratings and the T1 and T2
scores to evaluate the Guyatt I and Devji criteria. The Guy-
att II criterion was evaluated using linear regression. Table
S1 in the Supplement shows the correlations by degree
of PSB and the reliability of the transition ratings. Table
S2 shows the regression coefficients. As a measure to as-
sess the overall performance of the criteria we used the
proportion of variance in degree of PSB explained by the
criterion, for the following reasons. The Guyatt and Devji
criteria do not pretend to accurately estimate the degree
of PSB or to detect PSB in a yes/no manner. Therefore,
accuracy statistics (i.e., mean squared error) or diagnos-
tic statistics (i.e., type I error and power) could not be
used. However, a relatively high correlation between the
criterion value and the degree of PSB is a prerequisite of
any criterion to assess PSB. Thus, the explained variance
(i.e., the squared correlation) seems a suitable performance
statistic. 

3.2. Guyatt criteria 

According to the equal-but-opposite correlations rule
(Guyatt I criterion), the sum of the correlations ( R TR , T1 +
R TR , T2 ) should be zero in the absence of PSB, whereas
it should be greater than zero in the presence of PSB.
Figure 1 A shows that, in the absence of PSB, the sum
of the correlations was greater than zero in about 75%
of the samples. A linear regression analysis, using the
degree of PSB as the outcome and the Guyatt I cri-
terion as the determinant, showed that the criterion ex-
plained 64% (R-square) of the variance in degree of
PSB. 

According to the Guyatt II criterion the sum of the re-
gression coefficients ( B 1 + B 2 ) should be zero in the ab-
sence of PSB, whereas, in the presence of PSB, it should
be greater than zero. Figure 1 B shows that, in the absence
of PSB, more than 75% of the sums of coefficients were
greater than zero. The criterion explained 70% of the vari-
ance of PSB. 

3.3. Devji criteria 

The Devji I criterion ( R TR , T2 ) performed poorly with
respect to discriminating between samples with more or
less PSB ( Fig. 1 C). Interestingly, the samples with 40%
PSB or more qualified for the “definitely yes” judgment
(i.e., no indication of PSB) according to this criterion’s in-
terpretation guidelines, whereas none of the samples would
receive a “definitely no” (i.e., strong suspicion of PSB)
qualification. The criterion explained 45% of the variance
of PSB. 

The Devji II criterion ( R TR , T1 ) performed significantly
better than the Devji I criterion ( Fig. 1 D). Three quarters
of the samples without PSB qualified for “definitely yes,”
but only samples with very high degrees of PSB qualified
for the “definitely no” verdict according to this criterion.
The criterion explained 63% of the variance of PSB. 

The Devji III criterion ( R TR , Change −R T R,T 2 ) per-
formed better than the other Devji criteria, explaining 74%
of the variance of PSB. However, Figure 1 E shows that, in
the absence of PSB, less than half of the samples would
qualify for “definitely yes.” On the other hand, the crite-
rion performed well in identifying all samples with 60%
PSB or more as “definitely no.”
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Fig. 1. Values of 5 known criteria and a new confirmatory factor analysis (CFA)-based criterion for detecting present state bias, by degree of present 
state bias across 1296 samples with sample size 2000 (the criterion values are depicted on the Y-axis). A: Guyatt I criterion ( R TR , T1 + R TR , T2 ). 
B: Guyatt II criterion ( B 1 + B 2 ). C: Devji I criterion ( R TR , T2 ). D: Devji II criterion ( R TR , T1 ). E: Devji III criterion ( R TR , Change −R T R,T 2 ). F: 
New CFA-based criterion ( λTR 1 / λTR 2 + 1 ). See Table 1 for an explanation of the Guyatt and Devji criteria. 

 

 

 

 

 

 

 

 

 

 

 

4. Assessing PSB using CFA 

4.1. Analysis 

To examine the value of CFA to assess PSB, we fitted
a longitudinal measurement model to the simulated sam-
ples, including the transition item as an indicator of both
T1 and T2 factors ( Fig. 2 ). The specific model represents
 

a scalar measurement equivalence model for categorical
data in which the fact that the same questionnaire is used
at two time points is expressed by constraining the item
factor loadings and thresholds across time [23] . To account
for local dependence of repeated item scores, the residual
variances of same items are allowed to correlate over time.
Theta parameterization allows the latent traits at both time
points to be estimated on the same metric. We used the
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* X j1
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Time 1 Time 2

X11 X21 X31 X j1 TR X12 X22 X32 X j2

e31

θ31=1

e21

θ21=1

e11

θ11=1

ej1

θj1=1

eTR

θTR=1

e12 e22 e32 ej2

θ12 θ22 θ32 θj2

ϕT1=1

MT1=0

ϕT2

MT2

λTR1λ3 λjλ1 λ2 λTR2 λ3 λjλ1 λ2

�31-�3k�21-�2k�11-�1k �j1-�jk �TR1-�TRm �11-�1k �21-�2k �31-�3k �j1-�jk

Fig. 2. Path diagram of a repeated measurement confirmatory factor analysis (CFA) model with two measurements (Time 1 and Time 2), j items 
per scale and a transition rating item (TR). X represents the ordinal item scores, indexed by the number of the item in the questionnaire (1 – j) 
and the time (1 or 2). X ∗ represents the modeled continuous latent item response underlying the manifest item scores (X ∗ is also indexed by item 

number and time). Time 1 and Time 2 represent the continuous latent trait distributions underlying the item scores at both times. The latent mean 
(or intercept) of Time 1, represented by M T1 , is fixed to zero, and its latent variance, represented by φT1 , is fixed to 1. The latent mean ( M T2 ) and 
variance ( φT2 ) of Time 2 are freely estimated. Time 1 and Time 2 factors are allowed to correlate. Because of the requirement of measurement 
equivalence over time, the factor loadings and thresholds are constrained to be equal for same items over time. Therefore, the factor loadings, 
represented by λ, are only indexed by the number of the item. The thresholds, represented by τ , are only indexed by the number of the item (1 

– j) and the number of the threshold (1 – k). The factor loadings of the transition item on both time factors ( λTR1 and λTR2 ) are not constrained. 
The (residual) latent item response means (or intercepts) are fixed to zero (not shown). The (residual) latent item response variances of the items 
at Time 1 and the transition item (represented by θ and indexed as the items) are fixed to 1 (theta parameterization), but the (residual) latent item 

response variances of the items at Time 2 are freely estimated. Finally, the residual item variances (represented by e and indexed by item number 
and time) of same items over time are allowed to correlate (as indicated by double headed arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

weighted least squares mean and variance adjusted estima-
tor for modeling ordinal indicators. 

4.2. New CFA-based criterion 

In the absence of PSB, the transition ratings should
serve as an indicator of the latent change (i.e., Time 2
– Time 1). Therefore, we expected the factor loadings
of the transition ratings on the Time 1 and Time 2 to
be equal in magnitude and opposite in sign (e.g., pos-
itively related to Time 2, and negatively to Time 1; in
Fig. 2: λTR 1 = −λTR 2 ). For complete PSB, we expected
the Time 1 factor loading λTR 1 to be zero. 

In the absence of PSB, λTR 1 equaled −λTR 2 , as ex-
pected (see Table S3 in the Supplement). Consequently,
the ratio λTR 1 / λTR 2 equaled -1. As PSB increased to
100%, the mean λTR 1 decreased to zero, and λTR 1 / λTR 2 

increased to zero. It thus appeared that the factor loading
ratio plus one ( λTR 1 / λTR 2 + 1 ) could well serve as an in-
dicator of the degree of PSB. Across all samples, the mean
factor loading ratio plus one was -0.01, 0.20, 0.39, 0.62,
0.81, and 1.01 for PSB degrees of 0, 0.2, 0.4, 0.6, 0.8,
and 1 respectively. As an estimate of the degree of PSB,
the factor loading ratio plus one criterion behaved in an
exemplary (accurate and precise) manner, explaining 98%
of the variance in PSB ( Fig. 1 F). 

4.3. The effect of sample size 

We repeated the analysis with a smaller sample size
(n = 250). The graphical results are shown in the Supple-
ment. The effect of the smaller sample size is a decrease in
the precision of the estimates. The superiority of the CFA-
based criterion is still evident and it can still be used as
an accurate estimate of the degree of PSB. The variance in
PSB explained by the criteria were: Guyatt I: 0.58, Guyatt
II: 0.70, Devji I: 0.36, Devji II: 0.58, Devji III: 0.70, CFA:
0.81. 

5. Effect of present state bias on the transition ratings

Given the fact that change and follow-up (T2) state are
often correlated (see Table S1), the question is justified
whether PSB makes much difference to the transition rat-
ings. We examined this in the simulated samples by cal-
culating the Pearson correlation between the true change
( Δθ) and the weighted change ( Δθw 

). Figure 3 shows that,
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Table 4. Real data examples 

Statistics and criteria Dataset 1 Dataset 2 Dataset 3 Dataset 4 

Sample size 137 300 909 909 

λTR 1 / λTR 2 + 1 (new CFA criterion) a 0.54 0.60 0.33 -0.04 

R TR , T1 + R TR , T2 (Guyatt I criterion) b 0.57 0.63 0.56 0.37 

B 1 + B 2 (Guyatt II criterion) b 0.093 0.062 0.054 0.045 

R TR , T2 (Devji I criterion) b,c 0.41 

++ 0.46 

++ 0.54 

++ 0.42 

++ 

R TR , T1 (Devji II criterion) b,c 0.17 

− 0.17 

− 0.02 

+ -0.05 

++ 

R TR , Change −R TR , T2 (Devji III criterion) b,c -0.10 

−− -0.12 

−− -0.04 

−− 0.05 

−

Abbreviation : CFA, confirmatory factor analysis. 
a λTR 1 and λTR 2 : factor loadings of the transition ratings on the Time 1 and Time 2 factors respectively. 
b See Table 1 for explanation. 
c Devji credibility scores: ++ definitely yes (no indication of PSB), + to a great extent, − not so much, −− definitely no (strong suspicion 

of PSB). 

0.0       0.2       0.4       0.6       0.8       1.0
Present state bias
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Fig. 3. Correlations between the true change ( Δθ) and the weighted 
change ( Δθw 

), by degree of present state bias. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in general, the correlation between the true change and the
weighted change decreased as PSB increased. However, the
effect of PSB on the transition ratings was limited if the
degree of PSB was less than 0.5. Even if the PSB was 0.6,
the average correlation was still 0.80. 

6. Real data examples 

We analyzed four empirical datasets with sample sizes
between 137 and 909 (see the Supplement for a detailed
description). The results are shown in Table 4 . The CFA
criterion suggested that serious PSB was present in datasets
1 and 2 (with 54% and 60% PSB respectively). However,
it should be noted that the confidence intervals of these
estimates (Table S4) were rather wide. Dataset 3 showed
some non-serious PSB (33%), and dataset 4 showed no
PSB (-4%). These results can be compared with the Guy-
att and Devji criteria. The Guyatt criteria would lead to
the suspicion of PSB in all datasets, correctly so in the
first three but erroneously in the fourth dataset. The Devji
I criterion did not raise any suspicion of PSB in all four
datasets. The Devji II criterion correctly identified the ab-
sence of PSB in dataset 4. Datasets 1 and 2, with probably
serious PSB, were scored as “not so much.” In contrast,
the Devji III criterion correctly classified these datasets as
“definitely no,” but failed to appreciate the absence of PSB
in dataset 4. 

7. Discussion 

Since Guyatt et al. [3] introduced the equal-but-opposite
correlations and regression coefficients rules, a number of
studies have used these criteria, often coming to the con-
clusion that their transition ratings were subject to PSB
(e.g., [ 8–10 , 24–27 ]). As the Guyatt criteria lack recom-
mended cut-off values, they are difficult to interpret. If
any inequality of the correlations or regression coefficients
is taken as indicative of PSB, the presence of PSB may er-
roneously be assumed. However, differences between the
absolute correlations as high as 0.5 are compatible with
the absence of PSB, and as high as 0.70–0.80 with the
presence of non-serious PSB (see Fig. 1 and S1). Devji
et al. offered three additional criteria with recommended
cut-off values [15] . However, the Devji I criterion is use-
less because it consistently misclassifies serious PSB. The
Devji II criterion is prone to misclassification especially
when the correlation is between 0 and 0.2. The Devji III
criterion is great at detecting (serious) PSB, but tends to
misclassify minor or no PSB. 

Our newly developed CFA-based criterion represents the
first measure that actually estimates the degree of PSB ac-
curately. As the Guatt and Devji criteria (as currently de-
fined) are no viable alternatives, we recommend that this
new criterion be used in future studies to estimate PSB. Be-
cause a specific form of the CFA model (see Fig. 2 ) must
be employed, the R-code is provided in the Supplement.
Another point of interest is that PSB estimation requires
relatively large samples to obtain precision. In any case,
we recommend bootstrapping to determine a confidence
interval around the estimate. 
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The main clinical implication of PSB is that it affects
the validity of transition ratings as indicator of the change
between two time points. On the other hand, given the
correlation between the true change and the PSB-related
weighted change, this may not be a big problem as long as
the PSB does not exceed 40–50%. Greater degrees of PSB
imply that the transition ratings are driven by the present
state, more so than by the actual change. Nevertheless,
if transition ratings are used as an outcome to compare
two or more treatments in controlled clinical trials, even
large degrees of PSB may not be a big problem provided
that the degree of PSB is the same across the treatment
groups and the ratings are correctly interpreted as provid-
ing mixed information about both the post-treatment state
and the pre-post change. How PSB affects the estimation of
MIC thresholds is a topic for future (simulation) research.

In conclusion, PSB in transition ratings can be estimated
accurately using longitudinal CFA. 
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