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COVID-19 Prediction Models Need Robust and
Transparent Development
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Sciences, University of Oxford, Oxford, UK

The 2019 coronavirus disease (COVID-19) pandemic has led researchers to develop prediction
models for COVID-19 to aid diagnosis and prognosis. To date, 145 COVID-19 prediction
models have been developed, and all have been critically rated at high risk of bias with flaws
in the design, statistical analysis, and reporting.1 The recent study by Niu and colleagues
describes the development of a new prediction model to identify COVID-19 patients
at increased risk of dying.2 Disappointingly, this study shares many common features of the
aforementioned existing models.

Sample size is a key design feature to ensure that sufficient numbers of participants are
included to meet the study objectives. The study by Niu and colleagues did not include a sample
size calculation. The study used published sample size formulas for developing prediction
models,3 based on information reported in Niu et al.’s study, namely, examining 69 predictors,
an outcome prevalence of 31/150= 0.21, along with a conservative (unreported) estimate of the
anticipated model R2 (based on 15% of the maximum possible R2, which is dependent on
the outcome prevalence, ie, 15% of 0.64= 0.096), the minimum sample size in 6118 individuals
(1265 events). The study by Niu and colleagues included 150 individuals, where 31 individuals
died, a substantially lower than the required sample size. To precisely estimate the intercept
alone requires 252 individuals (52 events), again larger than the sample size included in their
study.

The consequences of an inadequate sample size to develop a prediction model are the risk of
overfitting, such that the model fits idiosyncrasies in the development data, yet fails to work in
new data. This is illustrated by their near perfect area under the curve (AUC) of 0.97, a value that
is undoubtedly overestimated. An internal validation using bootstrapping (not carried in this
study, though recommended),4 would have shown the actual AUC to be substantially lower.
Although Niu and colleagues evaluated their model in an external data set, the sample size
of these data was insufficient. Sample size considerations suggest a minimum of 100 outcome
events; Niu et al.’s study included an external data set containing only 12 deaths, making the
drawing unreliable of any conclusions on predictive accuracy.

The next concern relates to the handling of continuous variables, where all variables were
dichotomized – a practice widely discredited.4 Dichotomizing continuous variables is biologi-
cally implausible, with individuals on either side of the cut-point with similar values being
assigned different levels of risk, yet individuals at the lower and upper end in each group with
different values were assigned with the same risk. Furthermore, dichotomizing continuous
measurements discards important predictive information.

Other major concerns include the use of univariate screening, forward selection, and the
handling of missing data. These issues impact on model reliability and accuracy and, along with
the other issues highlighted, will lead to a model producing inaccurate predictions,5 making the
model potentially harmful to use.

Both the conduct and reporting of this study and others developing new COVID-19
prediction models would be improved with adherence to the TRIPOD Statement (www.
tripod-statement.org) that outlines important information to report, as well as provides
guidance on best practice to develop clinical prediction models.4
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