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External validation of new risk prediction models is infrequent and
reveals worse prognostic discrimination
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Abstract

Objectives: To evaluate how often newly developed risk prediction models undergo external validation and how well they perform in
such validations.

Study Design and Setting: We reviewed derivation studies of newly proposed risk models and their subsequent external validations.
Study characteristics, outcome(s), and models’ discriminatory performance [area under the curve, (AUC)] in derivation and validation
studies were extracted. We estimated the probability of having a validation, change in discriminatory performance with more stringent
external validation by overlapping or different authors compared to the derivation estimates.

Results: We evaluated 127 new prediction models. Of those, for 32 models (25%), at least an external validation study was identified; in
22 models (17%), the validation had been done by entirely different authors. The probability of having an external validation by different
authors within 5 years was 16%. AUC estimates significantly decreased during external validation vs. the derivation study [median AUC
change: �0.05 (P ! 0.001) overall; �0.04 (P 5 0.009) for validation by overlapping authors; �0.05 (P ! 0.001) for validation by
different authors]. On external validation, AUC decreased by at least 0.03 in 19 models and never increased by at least 0.03 (P ! 0.001).

Conclusion: External independent validation of predictive models in different studies is uncommon. Predictive performance may
worsen substantially on external validation. � 2015 Elsevier Inc. All rights reserved.
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1. Introduction

Risk prediction models can be useful tools to guide clin-
ical decision making, including treatment selection and pa-
tient counseling. Numerous such models are constantly
being developed in the medical literature; however, very
few of them are actually used in clinical practice [1]. Some
models are only described once and never used afterward in

subsequent publications. For example, there are 94 models
to assess risk of incident diabetes in the medical literature,
and only 14 of those have been calculated again in subse-
quent publications [2].

Successful application of a risk prediction model re-
quires validation in different populations (external valida-
tion) [3]. External validation may be done in different
geographical areas, periods, and settings (eg, secondary
vs. primary care), and this may involve the same authors
or different authors. Moreover, external validation may
be performed as part of the same article that describes
the original development of the model, a different article
by the same or overlapping authors, or by completely
different teams in different investigations. These steps of
increasing independence document that the model can
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What is new?

Key findings:
� The majority of the newly proposed risk prediction

models never undergo an external independent
validation.

� The discriminatory performance of risk prediction
models is substantially worse in subsequent
validations.

What this adds to what was known?
� Proper external validation and reporting strategies

of new risk models is suboptimal.

� Risk prediction models have worse discriminatory
performance when applied to an independent sam-
ple. This performance is likely to be closer to the
models’ discriminatory ability when applied in
clinical practice.

What is the implication, what should change now?
� External independent validation should be done by

default for all risk prediction models.

perform well in diverse circumstances and in the hands of
different investigators. Clinicians who trust the original
claim of predictive ability of a new model that has not been
externally validated may have an unrealistically optimal
impression about how good the predictive tool is. For
example, the Mortality Probability Models (MPM II) for
the prediction of mortality in critically ill patients had very
good discriminating ability when it was first developed
[area under the curve (AUC), 0.837] [4], but in a study pub-
lished 16 years later by different investigators, its perfor-
mance was very modest (AUC, 0.66) and could not
compete with other models [5].

Methodologists have long established the importance
and implications of external validation of multivariate
models [6,7]. However, it is unclear whether these practices
are adhered in the literature, and lack of proper external in-
dependent validation may result in unrealistic expectations
for the performance of these models. For example, for high-
ly cited and popular single biomarkers [8,9], validation ef-
forts in large studies have shown much smaller (or even
null) effects compared with early studies. Comparisons of
risk prediction models for cardiovascular disease have also
shown allegiance or optimism bias: when the authors of the
comparative study have developed one of the models, they
report favorable results for their own model [10]. To our
knowledge, there is no large-scale systematic evaluation
on the performance of diverse proposed risk prediction
models when these are tested in external independent vali-
dation efforts by the same or different teams than those who

originally developed them. An evaluation of a large number
of such studies is needed to get a sense of the external in-
dependent performance of such models because single
models and validations may have results that are difficult
to generalize.

Here, we aimed to perform an empirical evaluation on
the external independent validation practices of risk predic-
tion models. We aimed to evaluate how often external val-
idations were performed, in particular by different authors
than those who had developed the model. We also evaluated
whether the estimates of model performance deteriorated
substantially during external validation efforts by overlap-
ping or different authors.

2. Methods

2.1. Literature search and eligibility criteria for
derivation studies of risk prediction models

We adopted two different searches in ISI Thomson Web
of Science database with the following keywords: search A.
Title 5 (‘‘risk score’’ OR ‘‘risk model’’ OR ‘‘prognostic
model’’ OR ‘‘prognostic score’’ OR ‘‘predictive model’’
OR ‘‘predictive score’’) AND Title 5 (‘‘new’’ OR ‘‘novel’’)
and search B. Topic 5 (‘‘novel risk score’’ OR ‘‘novel risk
model’’ OR ‘‘novel prognostic model’’ OR ‘‘novel prog-
nostic score’’ OR ‘‘novel predictive model’’ OR ‘‘novel pre-
dictive score’’ OR ‘‘new risk score’’ OR ‘‘new risk model’’
OR ‘‘new prognostic model’’ OR ‘‘new prognostic score’’
OR ‘‘new predictive model’’ OR ‘‘new predictive score’’).
The search strategies did not aim to identify all newly devel-
oped risk prediction models but to generate a pool of articles
that would be enriched in eligible studies where a new
model was presented for the first time. Search was limited
to derivation studies published until the end of 2010, so as
to allow at least 2.5 years for the publication of subsequent
external validation studies.

We deemed eligible those original derivation studies that
describe risk prediction models that are developed for the
first time, built from a set of candidate predictors, pertain
to biomedical application (eg, we excluded prediction
models on economics), and include more than one variable
(eg, excluding single biomarkers). We did not consider an-
imal studies, reviews, editorials, letters, and studies not
published in English.

2.2. Eligibility criteria and search strategy for
subsequent validation studies

For each eligible derivation study, we searched the
citations made to this study by subsequently published
articles. These citations were retrieved from ISI Web of
Science (search last updated on July 1, 2013), and among
them, we identified citing articles that have claimed to vali-
date the same model in different populations (validation
studies) by either at least one author in common with the
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