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Training statisticians for biostatistical consultation

B. L. VERMA, G. D. SHUKLA

Unsatisfactory biostatistics contributes to poor standards of
medical research in developing countries. This paper covers
only one aspect of biostatistical consultation, and suggests
an appropriate training programme for biostatisticians. It
also highlights the current status of the consultation and the
growth of some new statistical methods which may be useful
to medical researchers.

INTRODUCTION
To clarify the meaning of 'biostatistical consultation' we will
define the terms-biostatistics and consultation. Zelen'
defined the term biostatistics, as 'the application of statistics,
probability, computing and mathematics to the life sciences'.
Chiang- defined it more widely-'biostatistics is a discipline
that is concerned with the development and application of
statistical theory and methods for the study of phenomena
arising in the life sciences'. Greenberg- felt that this body of
knowledge is 'transmissible by teaching and is subject to
changes resulting from research'. Biostatistics is now
'irredeemably associated with applications in medicine
rather than the wider field of biology'. 4

O'Fallon,' while contributing to the discussion on a paper
entitled 'Biostatistical collaboration in medical research',
defined the term consultation and differentiated it from
'collaboration'. Giving general definitions of a 'consultant'
and 'collaborator', she wrote 'a consultant is an expert
periodically called in to provide technical advice to responsible
investigators', whereas 'a collaborator. is a full-fledged
member of a team of scientific investigators, incharge of a
given study or programme'. Thus, 'biostatistical consulta-
tion' may be defined as 'providing technical advice periodically
to medical research investigators on the development and
application of statistical theory and methods to study
phenomena arising from studies on population, medicine
and health'. This article stresses the need for biostatistical
consultation for medical researchers in developing countries,
reviews existing programmes for the training of statisticians
in biostatistical consultation in India and some developed
countries, and proposes a need-based syllabus for training
statisticians.

Besides teaching medical statistics and undertaking
research, biostatisticians in medical institutions are also
providing consultations in biostatistics to their medical
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colleagues. Biostatistical consultation should: (i) improve
research by enhancing the quality of statistical applications,
and (ii) bring forth newer ideas for research on the
methodological aspects of the subject under investigation.
Consultation always involves two parties-the consultant
and consultee." For a biostatistical consultation to be effec-
tive, it is necessary for them to have a good interpersonal
relationship.

CHARACTERISTICS OF A BIOST ATISTICIAN
Sunder Ra06 and Gehan 7 have suggested that for successful
bioconsultations a biostatistician should have the following
major characteristics:

1. Proper training and adequate knowledge of biostatistics
2. Vocabulary orientation (i.e. an ability to listen, under-

stand and communicate on the subject matter)
3. Knowledge of ethical issues arising from the statistical

applications to medical data
4. Sensitivity to bias
5. Orientation towards the application of statistical theory

and methods
6. Willingness to be supportive
7. Ability to set priorities

Similarly, the medical researcher seeking a biostatistical
consultation needs to:

1. Recognize biostatistics as a specialty
2. Be aware of some basic biostatistical concepts
3. Have the ability to communicate and a willingness to

involve the statistician as a full-fledged member of the
research team from the beginning

CURRENT STATUS
According to Stephen Lock ,8 the former editor of the British
Medical Journal,the 1960s and 1970s are remembered as the
era when the importance of ethics was emphasized while the
last 20 years of the century promise to lay stress on statistics.
However, Ellenberg," in his presidential address to the
15th International Biometric Conference at Namurs in
Belgium in 1988, on 'Biostatistical collaboration in medical
research', was critical, and less than satisfied with the present
role of biostatisticians, He held the view that biostatisticians
were still reactive rather than initiative. In developing
countries, there are further problems for biostatisticians
including a lack of independent status, insufficient oppor-
tunities for professional growth, inadequate library and
computing facilities, and insufficient exposure and training
in the applied aspects of biostatistical methods.
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Many researchers have assessed the quality of statistics in
submitted as well as published papers and have observed
numerous errors, some of them serious. Most of these
reports have appeared in the past two decades.P:" In these
reports, 37% to 95% of papers had at least one statistical
error. These were committed by the authors at all levels of
research-planning, data collection, analysis and report
writing and included the absence or inappropriateness of
controls, ignoring 'blind' techniques in control studies,
violation of underlying assumptions, inadequate and
improper analysis, spurious presentation of results, misuse of
graphs and charts and wrong interpretation of results. A
statistical evaluation of 100 papers which had appeared in
three Indian medical journals (Indian Journal of Medical
Research, Indian Journal of Medical Sciences and Indian
Journal of Preventive and Social Medicine-the last publishing
articles mostly from the Departments of Social and Preven-
tive Medicine [SPM] where a biostatistician is on the faculty),
demonstrated that 78% of the articles had at least one serious
statistical error in the methodology--41 % at the stage
of planning and 49% during data analysis. The number of
statistical deficiencies in this study did not vary greatly
between departments or specialties suggesting that the
presence of a biostatistician in the SPM department did not
contribute towards any improvement in the statistical quality
of its research papers. This may be because biostatisticians
are usually not trained in biostatistical consultations.

Medical researchers in developed countries lack even a
working knowledge of elementary statistics. A study'> under-
taken on Danish doctors supports this contention. A multiple
choice test with nine statistical questions was sent to a random
sample of 250 Danish doctors as well as to 97 participants of
postgraduate courses in research methods who were mainly
junior hospital doctors. The purpose was to study their
knowledge of elementary statistics, such as standard
deviation, standard error, the p values and correlation
coefficient. The median number of correct answers was 2.4
in the random sample of doctors and 4.0 in the junior hospital
doctors. A worse state of affairs probably prevails in most of
the developing countries.

The standard of medical research from poorer countries
is usually below international levels. In fact American
scientists have observed'> that research in tropical diseases
is best done in the West. In a study'? on Indian medical
journals, it was estimated that about 98% of the papers
published by Indian doctors, who contribute about half of the
articles published from the Third World, go unnoticed by the.
international community. Another study" from India on the
research output of Indian medical institutes, based on the
corporate index of the Science Citation Index (SCI), counting
publications included from 128 institutions in the country
during 1981-88, showed that 41 (32%) institutions had less
than 1 article included per year in the SCI while 7 had none.
The poor quality of biostatistical consultation may have some
role to play in this dismal state of affairs.

One of the reasons for poor biostatistical consultation in
the medical schools in developing countries is inadequate
expertise. A survey of the Indian medical schools'? revealed
that there are few separate Departments of Biostatistics.
There is usually only one faculty member in biostatistics in
these medical colleges working in the SPM Department. The
work of the other biostatisticians posted in the Postpartum
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programme is usually confined to the analysis of family
welfare data, they are generally not adequately trained and
do not have proper computing facilities to help their medical
colleagues.

TRAINING PROGRAMMES IN BIOSTATISTICS
One of the primary requirements for effective consultation
by biostatisticians is good training which should aim to
provide adequate knowledge and experience on the practical
aspects of working, vocabulary orientation and skills of
communication, and should focus on other aspects of con-
sulting in research in clinical medicine and public health. This
can be achieved through regular educational courses, short-
or long-term refresher courses, workshops and distance
learning.

In India
There are few formal training programmes for statisticians in
biostatistical consultation. However, some organizations
undertake regular or ad hoc courses and these include: All
India Institute of Hygiene and Public Health, Calcutta (now,
Institute of Tropical Medicine); All India Institute of
Medical Sciences, New Delhi; University of Pune, Pune;
Christian Medical College, Vellore; the Institute of Research
in Medical Statistics, New Delhi; the National Institute
of Health and Family Welfare, New Delhi; and the Indian
Society for Medical Statistics, New Delhi.

Some of these institutions have regular courses and award
degrees on successful completion of the courses including
PhD (Biostatistics), MSc (Biostatistics/Biometry), and
Diploma in Health Statistics (DHS). Depending upon their
scope, the duration of the courses ranges from a few weeks to
2 years or even more and the trainers are usually faculty
members of the concerned institutions.

Since the emphasis differs from course to course, there are
obvious differences in content. The topics covered often
include: research designs and data processing, distribu-
tions-theory and applications, epidemiological methods,
applied biostatistical .inference, methods of fertility and
mortality data analysis, demographic methods and life-table
techniques, methods of programme planning and evaluation,
health services research, applied operations research,
applied stochastic process, population genetics and bioassay,
and communicating and attitude research.

In developed countries
There are very few training programmes even in developed
countries. There are some short-term courses which award a
diploma. Among the institutions organizing such courses
are the School of Public Health, University of Michigan,
USA; the School of Hygiene and Public Health, The Johns
Hopkins University, USA; the Biometric Society; the
Royal Statistical Society, the International Society for
Clinical Biostatistics; the Society for Clinical Trials;
Statistical Services Centre, University of Reading; London
School of Hygiene and Tropical Medicine, UK; The New
England Epidemiology Institute, UK; the Department of
Epidemiology and Biostatistics, McGill University, Canada;
and the International Agency for Research on Cancer,
France. The duration of these courses ranges from 1 day
to 8 weeks. Trainers are senior faculty members of the
Departments of Biostatistics, Medical Computing and
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Epidemiology. Epidemiologists are also involved if there is
an emphasis on some aspects of clinical epidemiolo~y.

The content differs from course to course, depending upon
their objectives, duration and emphasis. These courses, by
and large, cover topics such as repeated measurements,'
probit, logistic and other models, methods. for ordered
categorical data, causal inference, proportional hazard
models time-series analysis and forecasting, demographic
methods-standardization and life-table projections,
survival analysis, methods of health risk assessment,
advanced epidemiological methods, operations research
in health care, applications of the microcomputer in
epidemiological studies, clustering of dise~se in space
and time, sequential analysis, and meta-analysis.

New methods of design and analysis
There has been considerable growth in new methods of
design and analysis of medical studies during the last few
years. Ellenberg? claimed that during the past 40 years, over
100 000 pages have been contributed on methodology alone
in standard journals of statistics and biostatistics. There
has also been a preponderance of studies on analysis, though
those dealing with methodology have also increased sub-
stantially. Some of these methods have been found to be of
great use in medical research studies. Among these are .the
Kaplan-Meier survival curves designed to study survival
experience of a group of patients, and the Log-rank or
Mantel-Haenszel test which is useful in comparing the survival
curves of two or more populations.P The Wilcoxon rank
statistics, i.e. the Wilcoxon sign rank test and the Wilcoxon
rank sum test provide non-parametric analogues to the paired
t-test and t-test for two independent samples. 21 Cox's propor-
tional hazard mode[22-allows for covariate adjustments, using
both continuous and discrete covariates in modelling
survival. Group sequential stopping boundaries have pro-
vided procedures for stopping clinical trials earlier than
would be required in fixed sample designs. 23 The emergence
of the concept of surrogate end-points in clinical trials enables
the investigator to control the cost and completion time of a
trial.24 Correspondence analysis, which examines dependence
between various clinical symptoms, can be used as a screen-
ing method for indicants in clinical diagnosis.P Similarly, the
ordered logistic regression model which is an extension of
binary logistic regression, is particularly appropriate for
ordered outcome variables and has been found to be well
suited to the analysis of many psychiatric scores." Meta-
analysis can be used as a method for summarizing data or
pooling the results from several studies." Though many
aspects, such as differences in study protocols, publication
bias towards positive results, and bias introduced by the
selection of studies for pooling, need to be carefully addressed
before applying the method, meta-analysis provides a useful
analytical tool for combining results from several indepen-
dent studies. These important methods have not always
found their rightful place in the application of biostatistics to
medical and health care data, possibly due to the infrequent
dialogues between medical authors and biostatisticians.

Syllabus for training programmes
Radhakrishna-" pointed out that working biostatisticians are
usually weak in some areas of statistics applicable to medical
research. He accordingly listed some of the topics for
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statisticians' training in biostatistics. The suggested topics do
not, however, include some useful topics on methodological
developments in design and analysis of medical studies,
developed in recent years. We propose here a list of topics
for a training programme of statisticians, keeping in view the
topics suggested by Radhakrishna.P and the statistical
needs of medical investigators in developing countries.

1. Communication skills: vocabulary orientation, steps in
scientific methods--problems, objectives and hypotheses
and methods of medical writing.

2. Epidemiological and clinical studies: types of studies-
observational v. experimental, retrospective v. pros-
pective, cross-sectional, linked cross-sectional and
longitudinal, incomplete follow ups, data-censoring and
truncation, sources of errors. .

3. Data processing methods: applications of microcomputers
to clinical and epidemiological data, uses of relevant
statistical packages. '

4. Data presentation skills: formation of tables, making
graphs and charts using manual and computer aids.

5. Designing a research protocol: writing objectives,
sample size determination, ethical issues in biostatistical
applications.

6. Categorical data analysis: scale of measurement, rating
scales, relative risk, odds ratio.

7. Statistical significance: Type I and II errors, interpreta-
tion of p values, confidence intervals.

8. Non-parametric methods: the sign test, Wilcoxon sign
rank test, Wilcoxon rank sum test, etc.

9. Life-tables: application and projections.
10. Discriminant analysis, principal component analysis,

correspondence analysis.
11. Methods of programme planning and evaluation: indices

of health facilities, health status and health promotion,
measuring performance outcomes, models of evaluation.

12. Regression: binary logistic regression, proportional
hazard model.

13. Applied stochastic process: transition probabilities,
some simple stochastic models, Markov chains, competing
risk models.

14. Survival analysis: hazard function (force of mortality),
some survival distributions, Kaplan-Meier survival
curves, Log-rank or Mantel-Haenszel test.

15. Applied operations research: queuing theory, simulation.
16. Randomized clinical trials: design, conduct, blinding,

cross-over designs, surrogate end-points, stopping rules
and meta-analysis.

17. Measurement errors and observer agreement studies.
18. Other topics: analysis of serial measurements and probit

analysis.

The list of topics proposed is long but a competent bio-
statistician should be able to provide technical advice on all
these. Depending upon the duration of the proposed training
programme, the topics most relevant to a given situation
should be screened out from the list, and it may be advisable
to organize the training covering all these topics at two
levels.

Levell. Deal with topics 1 to 11
Level 2. Selected advanced subjects (topics 12 to 18)

We feel that training in Levell topics should be made com-
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pulsory for 'all statisticians working in medical institutions
whereas training in Level 2 topics could be optional, depend-
ing upon the research requirements of a particular institution.
Technical advice on Level 2 topics may not always be
required by the medical investigators of developing countries
from their biostatistical colleagues. Unfortunately, the avail-
able courses in biostatistics in developing countries do not
include even 50% of the topics listed above. For instance,
current courses in biostatistics in India cover only very basic
topics such as research designs, theoretical distributions,
epidemiological methods, measures of fertility and mortality,
life-table techniques and methods of programme planning
and evaluation. As a result, biostatisticians of these countries
hardly get any training in advanced topics listed under Level
2. Thus, some newer methodological advancements in bio-
statistics, though of great value, have not found any place in
applied biomedical research in developing countries. The
standard of medical research papers can be improved only
when concerted efforts are made to improve biostatistical
consultation by all involved-medical authors, biostatisticians,
editors, funding agencies and the government.
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