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Preface to the first edition

To improve the college education and the quality of teaching, and to
enhance the practical competence of foreign languages and students’ social
adaptation in learning their advanced professional knowledge, we have compiled
this Medical Statistics (English version) as the bilingual teaching materials for
students taking undergraduate and master courses, and an ideal reference book
of medicine in English.

Statistical analysis is becoming increasingly important as a tool in scientific
research, not only in industry, but also in the field of biological medicine.
Most biologists are not so much concerned with acquiring detailed knowledge of
the mathematical theory of statistics, as in learning how to select and how to
use those statistical techniques which will help them interpret the results of
their experiments.

We have emphasized the practical applications of statistical analysis, and
have kept mathematics to a minimum. There is a limit to the number of
techniques which can be dealt with in an introductory text of this size.

The general plan of this book is to show first, in Chapter 1 (Introduction
to Statistics). The definition of medical statistics has been made, which is an
applied branch of mathematical statistics in medical research area. Some basic
concepts of statistics have been introduced such as population and samples,
types of statistical data, variable and value of variable, and probability.
Chapter 2 (Descriptive Statistics) introduces some ways that you can organize

and describe the data, the tabular and graphical representations, provide the



distribution pattern of data and help determine the statistical methods to be used
in data analysis. Measures of central tendency, introduce three commonly used
measures for describing the central tendency of a population or sample,
namely, mean, median and geometric mean, and the choice of the appropriate
measures mainly depending on the distributional property of data. Measures of
dispersion and variability, introduces the commonly used measures of
dispersion: range, inter-quartile range, variance, standard deviation and
coefficient of variation. In Chapter 3 ( The normal distribution and its
application ), properties of a normal distribution and its application are
introduced. In addition, Sampling distributions and the central limit theorem
and distribution of mean and standard error have also been discussed. In
Chapter 4, r-distribution and confidence interval estimation, and basic process
of hypothesis testing are introduced. In Chapter 5 (Statistical inference of
measurement data), testing the difference between means (small independent
samples), testing the difference between means (dependent samples), and
testing the difference between means (large independent samples) are all
covered. Chapter 6 (Analysis of variances) introduces two kinds of ANOVA
accordingly, used for analysis of data from completely randomized design and
randomized block design. Besides, the commonly methods of multiple
comparison between each two means are also introduced. Relative number
indexes used for categorical data including rate, proportion (constituent ratio)
and relative ratio, applicability as well as the formulas of both direct and
indirect standardized rate are discussed in Chapter 7.

Chapter 8 (Analysis of enumeration data) is about using a z-test testing
the difference between two population proportions p; and p. using a sample

proportion from each population. Chapter 9 (Chi-square (x*) testing) covers



the Chi-square goodness of fit, and the 2X2 contingency table. The frequency
table for categorical data includes RXC table which is called contingency table.
R X C Table includes two or more sample rates (or proportions). Chi-square
test can be used to infer whether there is a difference among two or more rates
(or proportions ), and an association between two categorical variables.
Binominal distribution and Poisson distribution, and two important probability
distributions of discrete variables are introduced in Chapter 10 and Chapter
11. A variety of rank sum tests including Wilcoxon signed rank test, Wilcoxon
test for independent two samples, Kruskal-Wallis and Friedman test, and their
applications in the area of public health and biomedicine are introduced in
Chapter 12. Simple Linear Correlation and Linear Regression, and the
Spearman rank correlation coefficient are introduced in Chapter 13. Two
commonly used statistical models of multivariate analysis in the area of
biomedicine and public health are briefly introduced in Chapter 14, together
with multiple linear regression model and logistic regression model. Statistical
tables and graphs are introduced in Chapter 15. In Chapter 16, we introduce a
special type of interval scale, namely, a circular scale. This chapter also
introduces some basic considerations useful in calculating descriptive statistics,
including graphical presentation of data, sines and cosines of circular data, the
mean angle, angular dispersion and confidence limits for the mean and median
angles, etc. And the final Chapter 17 discusses the hypothesis testing of circular
data.

An important feature of this book is the summary in the end of each
chapter. This is intended for a quick-reference guide for readers with some
knowledge of statistics. Many workers who have already acquired a basic

training in statistics, either from this book or elsewhere, are frequently



required to have their memories refreshed.

The eighteen Appendix Tables provided enable readers to carry out the
commonest statistical tests without special reference to more extensive
compilations. There is, however, some advantages in possessing a good set of
tables for more general application.

Finally, a word should be said about further reading. This book attempts
to provide the groundwork basic to most statistical methods. However, those
workers who are closely concerned with special fields need to know something
about methods more advanced. It is possible in the subject of experimental
design, for example, to learn to use relatively sophisticated patterns of
experimentation without becoming involved in higher mathematics. To some
extent the choice of the textbook is a personal one, depending on the reader’s
own interests and way of looking at things. Specific recommendations are thus
liable to be difficult. The section on Suggestions for more Advanced Reading,
therefore, includes a variety of statistical books, some of them rather
specialized, which the readers may find useful to consult.

A book of this nature requires and benefits from the assistance of many
people. 1 wish to acknowledge the invaluable help and advice given by Professor
Cheng Jiahui, English department of Youjiang Medical College of Nationalities.
During the preparation of the manuscript he has kept a watchful eye for errors
of English translation. Nevertheless, responsibility for mistakes of any kind

remains my own.

Lu Xianjie
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Chapter 1 Introduction to Statistics

r Chapter 1 Introduction to Statistics T

Many of the investigations in medical sciences have become quantitative, in
that a great many types of medical observations consist of numerical facts called
data. As medical entities are counted or measured, it becomes apparent that
some objective methods are necessary to aid the investigator in presenting and
analyzing research data.

The word “statistics” is derived from the Latin for “state”, indicating the
historical importance of governmental data gathering, which related principally
to census taking and tax collecting. The layman uses this term as a synonym
for “data”; One hears of college enrollment statistics (how many freshman
students, how many students from each province, etc. ). Statistics of diseases
(how many people are suffering from hypertension in a certain area. ), and so
on. In this book, “statistics” will be used to refer to the analysis and interp-
retation of data with a view toward objective evaluation of the reliability of the
conclusions based on the data.

Before data can be analyzed, they must be collected, and here statistical
considerations can aid in the design of experiments and in the setting up of
hypothsis to be tested. Many are the researcher who will attempt the analysis
of their research data only to find that too few data were collected to enable
reliable conclusions to be drawn, or that much extra effort was expended in
collecting data that cannot be of ready aid in the analysis of the experiment.
Thus, the knowledge of basic statistical principles and procedures is important
even before an experiment is begun.

Once the data have been obtained, we may organize and summarize them in
such a way as to arrive at their orderly presentation. Such procedures are often
termed descriptive statistics. For example, a tabulation might be made of the
heights of all members of freshman from Clinical Medicine class, indicating an
average height for each sex, or for each age. However, it might be desired to
make some generalizations from these data. We might, for example, we wish
to make a reasonable estimate of the heights of all freshmen in the university.
Or we might wish to conclude whether the males in the university are on the
average taller than the females. The ability to make such generalized
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conclusions, inferring characteristics of the whole from characteristics of its
parts, lies within the realm of inferential statistics.

1. 1 Definition of Medical Statistics

Statistics is a helpful science for inherent law deduction by means of
fortuitous phenomena analysis, and a research for collection, collation,
analysis and deduction of the data about uncertain phenomena, whose theory is
based on the theory of probability and the mathematical statistics with the
application of the principle and method in medical research. Statistics applied to
medical problems is called medical statistics or health statistics.

1. Significance of medical statistics

The service objects of the medical and health care are all the inhabitants.
To carry it out effectively, a survey and analysis of the health of the inhabitants
must first be done for a scientific appraisal usually with the help of medical
statistics.

Medical statistics is an essential tool for learning about the quantitative
characteristics of the medical phenomena, a basic principle and method for the
application of the probability theory and the mathematical statistics, and a
process for medical research design and collection, collation, analysis and
deduction of the data. Statistics is an important premise and approach for
scientific research.

2. The use of medical statistics

(1) Study of influence of social condition and environment factors on the
human health;

(2) Appraisal of quality and effect of treatment and prevention;

(3) Survey, experimental design and data processing of medical and health
research.

3. Main contents of medical statistics

(1) Principle and method of health statistics

(2) Health statistics including demographic statistics, morbidity statistics,
and growth and development statistics

(3) Health service statistics, etc.

1. 2 Basic Procedure of Statistical Work

Plan and design, data collection, collation and analysis are the four steps
for medical statistics, which are closely related. A scientific, deliberate design
ensures the collection for precise and reliable data. Therefore, plan and design
is the key for medical statistics, while deliberate, integral and timely data
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collection and proper collation is the basic for statistical analysis. On that
basis, only with the right method can a scientific conclusion be made. This
chapter mainly covers analysis of statistical data.

1. Plan and design

The research plan should include research objective, method, manpower,
resource, organization, etc. Design means further completion of survey and
experiment design after a deliberate medical research plan is made. A good
design should be scientific, deliberate and concise so as to attain more precise
research data with less manpower, resource, and time.

2. Data collection

(1) Data source

Regularly data; (D statistical report forms, @ reporting card, @) daily
health care record.

Temporary data: Recording of particular survey or experiment.

Plan for data collection includes: (Doptions for personnel, place and time
@draw-up for the training of the data collection personnel @) draw-up for pre-
survey and pre-experiment Dways of data record Gdraw-up for survey list and
printing (6 survey or preparation for experiment instruments and reagent (7)
sampling method for survey data (®provision for outlay of the data collection, etc.

(2) Types of statistical data

There are three types of data; (DMeasurement data (include ratio data and
interval data), (@ Enumerate data (nominal data), @) Rank data (ordinal
data).

Data on a ratio scale. The data values in ratio data do have meaningful
ratios.

First, there is a constant size interval between any adjacent units on the
measurement scale. That is, the difference in body height between a 50 cm and
51 cm is the same as the difference between a 164 ¢cm and 165, and someone
who is 40 is twice as old as someone who is 20. Temperature is ratio data,
weight, body height, and the number of heart attacks also is ratio data.

Second, it is important that there exists a zero point on the measurement
scale and that there is a physical significance to this zero. This enables us to say
something meaningful about the ratio of measurements. We can say that a 90
cm tall body height is half as tall as a 180 cm.

Measurement scales having a constant interval size and a true zero point are
said to be ratio scales of measurement. Besides lengths and numbers of items,
ratio scales include weights (mg, g, kg, etc), volumes (cc, cu etc),
capacities (ml, qt. etc), age (year)., and the number of heart attacks also is
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ratio data.

Data on an interval scale. Some measurement scales possess a constant
interval size but not a true zero; they are called interval scales. An outstanding
example is that of the two common temperature scales: Celsius (C) and
Fahrenheit (F). We can see that the same difference exists between 5 °C
(40 °F) and 10 ‘C (50 °F) as between 20 C (68 °F) and 25 °C (77 °F);
i. e. , the measurement scale is composed of equal-sized intervals, but it cannot
be said that a temperature of 40 °C (104 °F) is twice as hot as a temperature of
20 C (68 °F); i.e., the zero point is arbitrary.

Some interval scales encountered in biological data collection are circular
scales. Time of day and time of the year are examples of such scales. Circular
biological data are occasionally compass points, as if one records the compass
direction in which an animal or plant is oriented. Since the designation of north
as 0° is asbitrary, this circular scale is a form of interval scale of measurement.
Some special statistical procedures are available for circular data; these are
discussed in Chapters 16 and 17.

Data on a nominal scale. Sometimes the variable under study is classified
by some quality it possesses rather than by a numerical measurement. In such
cases the variable is called an attribute, and we are said to be using a nominal
scale of measurement. 1i.e., nominal data refers to data that represent
categories or names, and there is no implied order to the categories of nominal
data. Some examples of nominal data are: (1)Eye color, an animal’s eye color
may be blue or brown, and if human hair color were the attribute of interest,
we might record black, brown, or red; (2)Race; (3) Sex; and (4) Marital
status. etc. Sometimes data from an ordinal, interval, or ratio scale of
measurement may be recorded in nominal scale categories. For example,
heights may be recorded as tall or short, or performances on an examination as
pass or fail.

Data on an ordinal scale. The preceding paragraphs on ratio and interval
scales of measurement discuss data between which we know numerical
differences. For example, if man A body weights 50 kg and man B body
weights 60 kg, then man A is known to weigh 10 kg more than B. But our data
may, instead, be a record only of the fact that man A weights more than man B
(with no indication of how much more). Thus, we may be dealing with
relative differences rather than with quantitative differences. Such data consist
of an ordering or ranking of measurements and are said to be on an ordinal scale
of measurement ( “ordinal” being from the Latin word for “order”). Ordinal
data refers to data that are ordered, but the spaces or intervals between the



