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Abstract

The validity of any biomedical study is potentially affected by measurement error or misclassification. It can affect 
different variables included in a statistical analysis, such as the exposure, the outcome, and confounders, and can 
result in an overestimation as well as in an underestimation of the relation under investigation. We discuss various 
aspects of measurement error and argue that often an in-depth discussion is needed to appropriately assess the 
quality and validity of a study.

Introduction

Measurement error (or misclassification) potentially 
threatens the validity of medical studies. Many variables 
can be affected by measurement errors, which is especially 
the case for variables that are difficult to measure and 
classify (e.g. exposure to air pollution, environmental 
chemicals) or that rely on self-reporting (weight, smoking, 
alcohol intake). Nevertheless, in the discussion section of 
research articles, authors often make rather uninformative 
claims that measurement error probably did not result in 
any substantial bias; a claim that is often not supported 
by quantitative arguments (1). Here we will provide 
an introduction to measurement error, using various 
examples from endocrinological research, and argue that 
a more thorough discussion of it is often needed to be able 
to fully assess the quality of published results.

A few remarks on terminology

The term measurement error is often used to denote 
the situation where a continuous variable (e.g. HbA1c 
or BMI) is not perfectly measured. Measurement error 
of categorical variables is called misclassification, for 

example, when a Cushing patient is incorrectly classified 
as a non-Cushing patient. Mind that measurement error 
and misclassification are not separate issues, especially 
when categorization (obesity yes/no) is based on error-
prone continuous variables (self-reported weight). 
Random measurement error means that the error does 
not depend on other variables or on the true value of the 
variable itself and – on average – does not affect the value 
of the intended measurement; an example would be blood 
pressure measurement, where direction and magnitude of 
the error is probably not related to the true blood pressure 
(high or low) and also not related to other variables like 
BMI. In principle, measurement error and misclassification 
can affect all variables measured in a study, including the 
exposure (e.g. risk factor or treatment), the outcome, and 
confounding variables.

Bias due to measurement error

Consider an observational cohort study to assess the 
relation between BMI and the risk of type 2 diabetes 
mellitus, the latter being measured by means of HbA1c 
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levels. In this study, measurements of BMI may be 
based, for convenience, on self-reporting instead of a 
standardized measurement using scales. Note that the 
intended measurement according to a fixed protocol 
(BMI measurement using scales) need not correspond 
perfectly to the ‘true’ value of BMI. Nevertheless, 
the intended measurement is often referred to as the 
error-free measurement, whereas the measurement 
contaminated with error is referred to as the error-prone 
measurement.

The illustration in Fig. 1 shows the estimated relation 
between the error-free (standardized) measurements 
of BMI and HbA1c levels (grey points, grey line) and 
between the error-prone (self-reported) values of BMI and 
HbA1c levels (black points, black line). In this example, 
the relation between BMI and HbA1c is attenuated due 
to measurement error of the independent variable (BMI). 

It shows that the true association is underestimated by 
almost 50% due to measurement error.

Although in this example measurement error results in 
an underestimation of the relation, such underestimation 
cannot be assumed in general (2). Measurement error 
can also lead to an overestimation of the relation, even 
if the misclassification is random. This is important, 
as it means that a remark in the discussion that ‘any 
remaining bias due to measurement error will have 
caused an underestimation of the observed effect’ is not  
necessarily true.

In a large cohort study, the relation between BMI and 
mortality was investigated. The cohort data contained 
information on both measured and self-reported BMI, 
which was categorized. Using self-reported data would 
have introduced misclassification in 36% (3); this 
misclassification occurred in both directions, resulting 
in both over and underestimations of the measured BMI. 
When comparing mortality risk between BMI categories, 
mortality was higher for overweight persons (BMI: 
25–29.9) compared to the reference category (BMI: 22.6–
24.9) when the analysis was based on self-reported data 
(hazard ratio: 1.24). However, when the analysis was based 
on measured BMI, the apparent increased risk disappeared 
(hazard ratio: 0.85), underlining that measurement error 
can overestimate an observed association.

The problem gets more complex, when confounders 
are also measured with error. In the example mentioned 
previously (BMI and HbA1c), one could consider lifestyle 
factors (diet, physical activity) as potential confounders; 
yet both variables are likely measured with error. Adding 
these two variables to the statistical model will result in 
incomplete adjustment for confounding. Therefore, also 
measurement error of confounders could lead to either an 
overestimation or to an underestimation of the relation 
of interest (4).

The direction and the magnitude of the bias due to 
measurement error depend on the discrepancy between the 
intended (error-free) measurement and the measurement 
that was made and used for the analysis (error prone). But, 
how measurement error plays out also depends on whether 
the error is made in an independent variable (exposure or 
covariate) or in the dependent (outcome) variable. In the 
example mentioned previously, the association between 
BMI and HbA1c was attenuated due to measurement error 
in the exposure (BMI). However, random measurement 
error in a continuous outcome variable in a randomised 
trial will generally not result in a bias of the estimated 
treatment effect (although it will lead to lower power). 
However, misclassification of treatment status will often 

Figure 1
Relation between BMI and level of HbA1c in a hypothetical 
study of 30 subjects. Grey points represent observations 
based on standardized measurements of BMI. The slope of 
the grey line represents the estimated relation between BMI 
and HbA1c; it was estimated that BMI increases HbA1c by  
0.09 mmol/mol (95%CI: 0.02–0.15) per unit increase in BMI. 
Black points represent observations based on self-reported 
values of BMI. The slope of the black line represents the 
estimated relation between BMI and HbA1c; it was estimated 
that BMI increases HbA1c by 0.05 mmol/mol (95%CI: −0.01to 
0.11) per unit increase in BMI. The arrows indicate the change 
in BMI value due to measurement error.
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result in a bias of the treatment effect, even in otherwise 
well-conducted randomised trials. Another relevant 
aspect to consider is whether the error is dependent on 
other variables or other errors being made (5).

Measurement error may not only lead to bias and/
or loss of power but also mask certain patterns in the 
data. For example, precise rhythmic patterns of cortisol 
secretion may go unnoticed if cortisol levels are measured 
imprecisely.

Various methods have been proposed to correct for 
measurement error, all of which require some information 
on the extent and direction of the errors. Such information 
may come from, for example, a subsample of a study, in 
which error-prone measurements are complemented by 
error-free measurements or from an external validation 
study. For an overview of the theory on measurement 
error and methods to correct for measurement error, we 
refer to the literature (5).

Concluding remarks

Measurement error is a potential source of bias that 
can occur in all types of clinical studies. However, 
because in randomised trials often many precautions 
are taken to prevent measurements are made with error, 
the impact in these studies probably is smaller than in 
observational studies based on, for example, routinely 
collected electronic health records data. Nevertheless, 
even randomised trials are not immune to bias from 
measurement error and misclassification.

We reiterate that measurement error can result in 
an underestimation as well as in an overestimation 
of the relation being investigated. Therefore, making 
unsubstantiated claims that measurement error did not 
materially affect the results of a particular study is jumping 
to conclusions. Instead, well-informed sensitivity analysis 

can be helpful to quantify the possible impact of this 
source of bias (6). The responsibility for this lies with the 
researchers; after all, they are best informed about the 
nature of potential measurement error in their study.
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