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Extract from Medical Biostatistics, Second Edition, 2008 by A. Indrayan (Chapman & Hall/CRC Press)

___________________________________________

Biostatistics as a science of managing medical uncertainties

The Role of Biostatistics 

Medicine is not just ingesting a drug.  It involves intimate interaction with the patient.  More often than not, a large number of steps are taken before reaching to a treatment regimen. The patient’s history is taken; measurements such as weight, blood pressure, and heart rate are recorded; physical examination is carried out; and investigations such as the electrocardiogram (ECG), x-ray studies, blood glucose measurements, and stool examination are done.  In passing through these steps, the patient sometimes encounters many observers and many instruments. Variations among them contribute their bit to the uncertainties in clinical practice. The assessment of diagnosis, treatment, and prognosis can all go wrong.  In order to highlight the large magnitude of these uncertainties, details of various contributing factors is provided in Sec. 1.1. These details show how profound uncertainties are and how important it is to delineate them and to contain their effect. The role of statistics is precisely this. It is a science of management of uncertainties—a tool to measure them and to minimize their impact on decisions. 
Biostatistics comprises statistical methods that are used to manage uncertainties in the field of medicine and health. Although the ‘bio’ part of it should stand for all biological sciences, it has become convention to apply the term biostatistics to statistical applications to medical and health sciences only. 

Since the uncertainties are glaring, one wonders how medicine has been successful, sometimes very successful, in giving succor to mankind. The silver lining is that a trend can still be detected among these variations, and following this trend yields results within clinical tolerance in most cases. The term clinical tolerance signifies that the medical intervention may not necessarily restore the system to its homeostatic level but tends to bring it closer to that level so that the patient feels better, almost cured. Also note the emphasis on ‘most cases’. Positive results are not obtained in all cases, nor is this expected. But a large percentage of cases respond to medical intervention. Thus, the statement is doubly probabilistic. As we proceed, I hope to demonstrate how statistical medical practice is and what can be done to delineate and minimize the role of uncertainties, and thus increase the efficiency of medical decisions. 

____________________
1.4 Management of Uncertainties—About This Book

The discussion in the previous sections may have convinced you that uncertainties are present in practically all medical situations and they need to be properly managed. Management in any sphere is a complex process, more so if it concerns phenomena such as uncertainties. Management of uncertainty requires a science that understands randomness, instability and variation. Biostatistics is the subject that deals specifically with these aspects.  Instead of relating it to conventional statistical methods such as test of hypothesis and regression, biostatistical methods are presented in this text as medical necessity to solve some medical problems. In doing so, I deliberately avoid mathematical intricacies. The attempt is to keep this text light and enjoyable for the medical fraternity so that biostatistical methods are perceived as a delightful experience, and not a burden. For better communication, the text is sometimes is in interactive mode. Sometimes the same concept, such as different types of bias, is explained many times in different contexts in various chapters, to bring home the point. For example, crossover trials are discussed for experiments, clinical trials, analysis for proportions, and analysis of means in four different chapters, respectively. Such repetition is deliberate. It is desirable too from the viewpoint of medical and health professionals who are the target audience, although statisticians might not appreciate such repetitive presentation.

A new science establishes itself by demonstrating its ability to resolve issues that are intractable within the perimeters of present knowledge. The effort in this text is to establish biostatistics as a science that helps manage medical uncertainties in a manner that no other science can do. 

As already stated, uncertainties in most medical setups are generally intrinsic and can seldom be eliminated. But their impact on medical decisions can certainly be minimized and it can be fairly ensured that the likelihood of a correct decision is high and that of a wrong decision is under control.  Sec. 1.2.2 briefly described some elementary methods to minimize the impact of uncertainties on conclusions of a research investigation. This minimization is indeed a challenge in all setups—clinical practice, community health care, and medical research. Measurement and consequent quantitation are a definite help. This can lead to mathematics, perhaps intricate calculations, but effort in this text is to describe the methods without using calculus. I also try to avoid complex algebra and provide heuristic explanations instead.  Even the high school algebra based material is gradually introduced after first few chapters. This may be friendlier to medical and health students and professionals, who generally have less rigorous training in mathematics. Real-life examples, some of which are from the literature, should provide further help in appreciating the medical significance of these methods. The methods and their implications are explained fully in narrative form that should plug much of the gaps in the existing biostatistics literature. For example, Sec. 15.4 on When Significant is not Significant demystifies many statistical processes. Readers may find this kind of friendly explanation as another distinctive feature of this book.

