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Abstract

The 5-2-1 criteria are intended to help general neurologists identify patients with advanced Parkinson’s disease who
may benefit from treatment optimisation, such as with a device-aided therapy. Although the 5-2-1 criteria claim to
address an unmet need, we urge readers to cautiously interpret the results of this validation study.

Keywords Advanced Parkinson's disease, Device-aided therapy, 5-2-1 criteria, Validation, Positive predictive value

Dear editor,

We have read with great interest the article entitled,
“Does the 5-2-1 criteria identify patients with advanced
Parkinson’s disease? Real-world screening accuracy
and burden of 5-2-1-positive patients in 7 countries” by
Malaty et al. [1]. The authors correctly point out the lack
of an objective and uniform method or tool for timely
identification of patients with advanced Parkinson’s dis-
ease (PD) who are inadequately controlled on oral medi-
cation and who may benefit from treatment optimisation,
such as the initiation of a device-aided therapy (DAT)
[2]. The apparently user-friendly 5-2-1 criteria reviewed
in the article have been proposed to meet this clinical
need [2, 3]. Although these criteria are based on expert
opinion (a Delphi study) and have not been developed
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according to accepted scientific guidelines for multivari-
able models, they might still be fit for purpose [4, 5].

The authors present the results of a validation study of
the 5-2-1 criteria in a cohort of 4714 patients from 7 dif-
ferent countries [1]. However, we are concerned about
some aspects of the methodology and the non-reporting
of less favourable test characteristics, as we will discuss
below. We will also cover the response to our comments
by Antonini et al. [6].

First, the composition of the study population might
have resulted in overestimation of the 5-2-1 criteria’s
performance measures. For accurate validation, a model
should be evaluated in a setting that reflects its intended
use [5]. The 5-2-1 criteria are intended for use by general
neurologists who may typically lack expertise in identify-
ing patients with advanced PD eligible for DAT referral.
However, the population in this validation study, com-
prised of PD patients naive to DAT, had a higher preva-
lence of advanced PD (14.9%) compared to that observed
in general neurological practice (6.7% in our own study)
[7]. It is important to note that a high prevalence within
a validation population will generally lead to overly opti-
mistic estimates of both the positive predictive value
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(PPV) and sensitivity of the 5-2-1 criteria, particularly
when compared with estimates derived from populations
with lower prevalence, such as those seen in a general
neurological practice [8, 9].

Second, in this validation study, the reference test (gold
standard) was based on a single neurologist’s assess-
ment of each patient’s disease severity [1]. This approach
reflects the particular setting of the current study, i.e.,
the evaluating neurologists had substantial expertise in
identifying patients with advanced PD. However, if we
assume that the study population is representative of a
general neurological practice, it is unlikely that all eval-
uating neurologists have such extensive experience in
assessing advanced PD. This discrepancy could have led
to outcome misclassification in the validation study (i.e.
patients being misclassified by the ‘gold standard’ evalu-
ating neurologist as having or not having advanced PD)
[10]. A possible method to reduce such bias is to use a
consensus of multiple experts as the gold standard [7, 11].

Third, the accuracy of the 5-2-1 criteria was misre-
ported. The researchers define the correct classification
rate (CCR) as the sum of true positives and true negatives
divided by the total number of patients [1]. However, the
percentages in the table on page 5 of the article by Malaty
et al. do not correspond to the figures in the cross-tabu-
lation shown [1]. In our Table 1, we have presented the
tabular data from the article with our own calculations,
which show a CCR of 75.7%, whereas the article reports
88.1%. Moreover, it is important to note that the CCR is
a misleading evaluation metric in so-called imbalanced
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datasets [12]. For example, if the sensitivity of a test is
as low as 0% in a setting with a prevalence of 14.9%, the
CCR would still be 85.1% (table Al in Appendix).

Finally, some less favourable test characteristics of
the 5-2-1 criteria were not reported (Table 1) [1]. The
authors chose to report the area under the curve (AUC)
values, rather than also including the sensitivity (78.6%)
and specificity (75.2%). As a summary metric, the AUC
does not provide an immediate insight into the clinical
implications of using the 5-2-1 criteria [13]. Similarly, the
authors did not discuss the implications of the low PPV
of 35.7%, which suggests that a significant proportion of
5-2-1-positive patients may not yet have advanced PD
according to the reference test [1]. This low PPV implies
that application of the 5-2-1 criteria could lead to many
patients being classified as having advanced PD, poten-
tially leading to premature referral for DAT and conse-
quently an increased burden on the referral network.

Our outlined concerns about the validation study of the
5-2-1 criteria have been addressed by Antonini et al. [6]
(published elsewhere in this journal). In their response,
Antonini et al. also provide additional accuracy measures
for both the unadjusted 5-2-1 screening criteria and the
adjusted regression model of these criteria. The authors
seem to claim that the adjusted model reflects the true
performance of the 5-2-1 criteria. However, below
we argue that only the unadjusted analysis should be
considered.

For the adjusted regression model of the 5-2-1 crite-
ria, the apparent higher PPV comes at the cost of a much

Table 1 Data from Table 2 of the article by Malaty et al. (2022) [1] with our own calculations of the accuracy measures. It should
be noted that we inverted the columns and rows of the cross table, so that “yes”and “positive” appear on the left and top of the
cross table, respectively. In the cross table, the letters A, B, C and D are shown to indicate the calculation steps used to calculate the

diagnostic measures

advanced PD Malaty et al. Our calculations of accuracy measures
5-2-1 screening criteria yes no 2 CCR SENSVA+Q) GpECD/CHD)  ppyA/A+B)
(A+D)/(A+B+C+D)
pos 552R 9948 1546 88.1% 75.7% 78.6% 75.2% 35.7%
neg 150 3018® 3168
z 702 4012 4714
=2 h off-time/day yes no z 88.4% 80.5% 70.4% 82.2% 40.9%
pos  494* 7138 1207
neg  208° 3299 3507
z 702 4012 4714
=1 h troublesome dyskinesia/day yes no z 87.1% 86.0% 15.8% 98.3% 62.0%
pos 111* 688 179
neg  591¢  3944® 4535
z 702 4012 4714
=5 doses of oral levodopa/day yes no z 87.1% 804%  41.2% 87.3% 36.1%
pos 289" 5118 800
neg 413  3501° 3914
z 702 4012 4714

Abbreviations: CCR=correct classification rate, SENS=sensitivity, SPEC=specificity, PPV=positive predictive value, pos=positive, neg=negative, ¥ = row/column

total.
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Table 2 Cross table based on the accuracy measures as provided in the response by Antonini et al. [6]. The calculation steps for
creating the cross table of the adjusted model are described at the bottom of the table

advanced PD CCR SENS SPEC PPV NPV

adjusted regression model of 5-2-1 criteria yes no b3 88.1% 41.9% 96.2% 65.9% 90.4%

pos 294+ 152§ 446

neg 408¥% 3860* 4268

)3 702 4012 4714
unadjusted yes no )3 75.7% 78.6% 75.2% 35.7% 95.3%
5-2-1 screening criteria pos 552 994 1546

neg 150 3018 3168

)2 702 4012 4714

Abbreviations: CCR=correct classification rate, SENS=sensitivity, SPEC=specificity, PPV=positive predictive value, NPV=negative predictive value, pos=positive,

neg=negative, ¥ = row/column total.

1 the number of true positives was calculated as follows: sensitivity x total number of patients with advanced PD (41.9% x 702=294).

¥ the number of false negatives was calculated as follows: total number of patients with advanced PD - true positives (702-294=408).

* the number of true negatives was calculated as follows: specificity x total number of patients without advanced PD (96.2% x 4012=3860).

§ the number of false positives was calculated as follows: total number of patients without advanced PD - true negatives (4012-3860=152).

lower sensitivity of 41.9%. The authors erroneously state
that a low false negative rate (FNR) was maintained.
However, the FNR here refers to patients with advanced
PD who are not identified by the 5-2-1 criteria and is
calculated as 100 - sensitivity. In the adjusted model, the
ENR is 58.1%, which we consider to be very high. Con-
trary to the author’s claim, the negative predictive value
(NPV) is not a good indicator of the FNR, as the NPV
depends on the prevalence [14]. While Antonini et al.
argue that the 5-2-1 criteria would reduce under-referral,
they neglect the implications of the low sensitivity of the
adjusted model.

Because the adjusted model reported by Antonini et
al. has different accuracy measures than the unadjusted
analysis, we reconstructed the crosstabs (Table 2). The
question then becomes, which crosstab reflects the true
screening performance of the 5-2-1 criteria? The adjusted
model with low sensitivity but high specificity and PPV,
or the unadjusted 5-2-1 criteria with reasonable sensitiv-
ity but lower specificity and low PPV?

The adjusted model was constructed using multivari-
able logistic regression to adjust for potential confound-
ers, such as country, age and gender [1]. Importantly,
adjustment for confounding was unnecessary because
confounding is only an issue in research on causal rela-
tionships, not in prediction research such as screening
studies [10, 15]. In addition, the authors did not pres-
ent the full regression model including the intercept
and regression coefficients, making it impossible for
the reader to apply the model to an individual patient
of a particular gender, age and nationality [5]. Further-
more, it is unclear how the final regression model was
derived, as not all modelling steps are documented [5,
13]. For example, the authors do not explain why a cut-off
of 0.5 was chosen for the calculated probabilities of the
adjusted model, whereas any other cut-off would result in

a different ratio of sensitivity to specificity (see Appendix
for more details).

We argue that the unadjusted analysis is the only cor-
rect method to assess the true performance of the 5-2-1
screening criteria. This method allows a direct assess-
ment of the accuracy measures from the cross-tabulation
data. Therefore, we maintain that the 5-2-1 criteria have
acceptable sensitivity but relatively low specificity, result-
ing in a low PPV of 35.7%. This is consistent with our own
analysis of the 5-2-1 criteria [7]. Possibly, the PPV could
be increased by modification of the 5-2-1 screening cri-
teria to require the presence of >2 criteria instead of >1.

In conclusion, the 5-2-1 criteria represent a welcome
initiative flagging an unmet need. However, the valida-
tion study has several shortcomings, and the adjusted
models of the 5-2-1 criteria do not provide a realistic
estimate of the screening accuracy. To demonstrate the
added value of the 5-2-1 criteria for real-world practice,
the tool should be validated in representative PD popu-
lations, preferably following the established guidelines of
STARD and TRIPOD [5, 16].

Abbreviations

AUC  Area under the curve
DAT  Device-aided therapy
FNR  False negative rate

NPV Negative predictive value
PD Parkinson’s disease

PPV Positive predictive value
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