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is confirmed by a relatively large decrease in area under the
curve between the development and validation data, especially
for the model predicting physical independence (area under
the curve of 0.913 in development data and 0.850 in external
validation).
Third, the Hosmer–Lemeshow test for the model predicting
physical independence showed substantial miscalibration (χ2 statistic, 34.50; P=0.001).1 Thus, although the Maugeri model was
externally validated, the results are unsatisfactory. How did the
authors incorporate this finding in the final model and the conclusion of their study? To obtain the best estimates for the regression
coefficients, a preferable approach would be to fit the Maugeri
model on the combined data of both cohorts.
In conclusion, there are potential methodological improvements in the development and validation of the Maugeri model.
Therefore, the current study results should be interpreted with
caution. Application of the Maugeri model in rehabilitation
research and stroke management can only be recommended after
thoroughly performed external validation and incorporation of
the validation results in the model.

To the Editor:
With great interest, we read the study by Scrutinio et al,1
which describes the development and validation of the Maugeri
model that predicts functional outcome after inpatient stroke
rehabilitation based on easily obtainable clinical characteristics.
We agree with the authors that prediction of functional outcome
after stroke rehabilitation is important to inform patients and
relatives on prognosis and to identify rehabilitation goals. The
authors performed external validation of the model, which is crucial to evaluate generalizability. However, we noted opportunities
for methodological improvement in the development and validation of the Maugeri model. More specifically, do the modeling
strategies that were used support the authors’ conclusion on applicability in clinical practice? We will address some key methodological concepts and provide recommendations for future stroke
prediction research.
First, Scrutinio et al1 dichotomized the primary and secondary ordinal outcome measures (motor Functional Independence
Measure score >61 points and physical independence grade
≥5 according to the Functional Independence Staging system).
However, dichotomization of ordinal and continuous outcome
measures reduces statistical power.2 Statistical approaches preserving the ordinal or continuous nature of outcome measures,
such as proportional odds logistic regression or linear regression,
have been recommended.
Second, an effective sample size and adequate selection
of predictors are necessary to develop a robust model for
prediction purposes. Scrutinio et al1 considered 19 candidate
predictors for potential inclusion in the models. For binary or
categorical outcome measures, a minimum of 10 events (ie,
patients with the defined outcome) per variable is required for
an effective sample size.3 The derivation cohort had a sample
size of 717 patients, with 206 patients achieving the primary
outcome and 100 patients achieving the secondary outcome.
Therefore, an effective sample size is only just attained for the
primary outcome (10 events per variable), and sample size is
insufficient for the secondary outcome (5 events per variable).
Furthermore, the final model for each outcome was derived
with a forward stepwise selection approach. Stepwise selection methods have the disadvantage of causing instable predictor selection and biased estimates of regression coefficients.4
The combination of a relatively small sample size and the forward stepwise selection approach causes overfitting, resulting
in an overoptimistic impression of model performance. This
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