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Preface

There is a continuing need for surveys to establish the frequency, distribution
and risk associations of cardiovascular diseases (CVD). They define in cross-section
the individual and population characteristics related to disease, and they provide
base data for follow-up of defined cohorts that allow hypotheses of disease causation
and prevention to be tested. Surveillance, including population-based surveys, is
also needed to establish time trends of CVD mortality and morbidity, which
indicate the impact of medical care, preventive strategies and cultural change in the
community.

Used intelligently and in conjunction with clinical and laboratory evidence,
surveys provide evidence essential to causal inference. Surveillance provides
information on the status of medical care, public health and cultural priorities.
The two approaches are complementary and both require sound standard methods
and procedures, carefully tested among real populations for reliability, validity, and
feasibility.

This new edition of WHO’s Cardiovascular survey methods goes beyond practical
guidelines to detail different useful methods for data collection, editing, analysis
and interpretation. Besides being an operational manual for surveys, it provides
also the conceptual background and literature base for proposed research approaches
and procedures. Above all, this edition brings both method and concept up to date;
CVD epidemiology today has greater complexity, technicality and subtlety than
it had in 1968 and 1982 when the first two editions of this manual were pub-
lished. The international epidemiological investigators who compiled the new
edition have brought to it new skills and viewpoints, and their rich and diverse
experience.

The original edition of Cardiovascular survey methods had proved a useful guide over
the last 30 years, mainly to clinicians drawn to the scudy of CVD in the world beyond
the clinic. This new edition is 2 more complete source and critical reference for the
many and varied health care professionals and support personnel now involved in
cardiovascular research, in evaluation of health care effects and costs, in hospital and
population surveillance of trends, and in treatment and prevention trials of new
agents, instruments, and procedures. As such, this edition is most welcome.
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Introduction

The worldwide burden of cardiovascular diseases is substantial. In most industrial-
ized countries, cardiovascular diseases are the leading cause of disability and death.
Developing countries, with previous low rates are now seeing increased rates as
economies develop, infectious diseases are conquered and life expectancy improves.
Therefore understanding the etiology origins, distribution and trends of CVD is
essential to improving public health in all countries.

Cardiovascular diseases are present in many forms and have differing etiologies.
However, among chronic cardiovascular diseases, those related to atherosclerosis,
rheumatic fever, and hypertension comprise the greatest burden. These are diseases
with insidious development and long latency periods, punctuated by acute clinical
presentations such as myocardial infarction, stroke and heart failure. Often the first
clinical manifestation of disease is sudden and unexpected death, while chronic vas-
cular insufficiency, arrthythmia or heart failure are common presentations.

Epidemiology is central to understanding cardiovascular disease etiology, patterns and
prevention. Mortality data provide an index of the health of a population; morbid-
ity data define the burden of acute illness and chronic disability. Such measures of
disease prevalence and incidence are important, but epidemiology provides many
other useful insights. Among the more useful and powerful contributions are risk
factor measures that predict disease in currently healthy individuals. These include
environmental, genetic and individual factors, which provide critical information for
disease prevention at both the individual and population levels.

Clinical aspects of cardiovascular diseases are also the subject of intense investigation
and new understanding. Advanced technologies have wide application in the treat-
ment of the major cardiovascular diseases, adding dramatically to health care costs.
Finally, epidemiology contributes to the proper design of clinical trials to evaluate
these new therapies, their costs and outcomes.

The more remarkable aspect in the whole area of CVD is that the patterns of cardio-
vascular risk factors and CVD rates are dynamic. In some countries, age-adjusted discase
rates have fallen steadily as population levels of risk factors decline and advanced treat-
ments are applied. In others, disease rates are rising as affluence and industrialization
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increase. Many developing countries are going through an epidemiological transition
phase with a decline in infectious diseases, rheumatic heart disease, and haemorrhagic
stroke counter-balanced by a rise in coronary heart disease, congestive heart failure and
thromboembolic stroke. These trends determine the degree of success or failure in
contro] and prevention. Comparison among populations provides insight into the
evolution of epidemics and their control in differing sociocultural circumstances.

There are several objectives to this third edition of Cardiovascular survey methods.
Since the second edition (1982), the field has advanced with new diagnostic and ther-
apeutic techniques, and new measurement methods (7). This volume attempts to
provide a broad picture of cardiovascular disease epidemiology, including survey
methods, experimental methods and new methods appropriate for use in developed
and developing countries.

Like the previous edition, it seeks to be practical and to provide the methods and ref-
erences necessary for undertaking population studies in a variety of circumstances. It
provides a compendium of methods and forms (appendices 1-37) on a CD-Rom,
which is included with this edition. It is not a substitute for a basic text in epidemiol-
ogy and those interested in greater understanding of the field should consult tradi-
tional textbooks (/—9).
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1.

History of cardiovascular
epidemiology

Introduction

In Foundations of epidemiology (1), Lilienfeld & Lilienfeld trace epidemiology from
Daniel Bernoulli in the 18th century, through LaPlace Poisson and particularly Louis,
to the “European students” of the 19th century. The European students include
William Guy, John Simon, William Farr and William Budd. A parallel movement
in the Americas included Elisha Bartlett, George Shattuck, Francis Delafield and
Alonzo Clark. Observations on mortality and demographics had in fact been made
earlier by William Perty and John Graunt (2). Petty was the father of “political arith-
metic”, a term that he coined to signify collection of data on population, education,
revenue, disease, etc. For his part, Graunt constructed the first “life table” and for-
mulated a principle stating that fashions in the nomenclature of disease can play
havoc with mortality rates (3). The development of epidemiological methods was
influenced from the 17th century by Francis Bacon, who developed inductive logic
and by John Stuart Mill, who published A system of logic in 1843 (I, 4). Ignez
Semmelweis, with his astute observations in 1847 in Vienna on childbed fever and
the effect of handwashing and John Snow with his 1849 study on the spread of
cholera through the water supply, form the basis of modern hygienic and population
interventions. The London Epidemiological Society, founded in 1850, was the first
of its kind and focused on the control of waterborne infectious diseases—notably

cholera (35).

Epidemiological techniques and their application for improving public health
emerged in the mid-19th century in response to the rising levels of infectious dis-
eases. Earlier on, however, the development of CVD epidemiology had relied on clin-
ical observations. William Heberden, physician to the lexicographer Samuel Johnson,
first coined the term “angina” in 1768 (6). According to Proudfit, the origin of the
concept of ischaemic heart disease can be traced back to four doctors in the United
Kingdom around the turn of the 19th century: Edward Jenner, Caleb Hillier Parry,
Samuel Black, and Allan Burns (7). Black is mentioned in an article by John Warren
entitled “Remarks on angina pectoris” in the January 1812 issue of the New England
Journal of Medicine and Surgery reprinted in the sesquicentenary edition (8). In his
book Clinical and pathological reports of 1819 (9), Black wrote that “the Physician
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who ascertains half a dozen of important facts performs a more valuable, though a
less splendid achievement, than he who invents a dazzling theory”. Black truly did
help develop a dazzling theory—the ischaemic hypothesis of angina pectoris.

A most remarkable feature of Black’s work was his adoption of a population approach
in asking how individuals who become ill differ from those who do not. Black,
however, put it far more elegantly: “Is our knowledge of the remote causes of this
disease such as to enable us to classify the liable and the exempt?” He went on to
speculate, “I imagine the persons peculiarly liable are those who are of full and
plethoric habits who live luxuriously, or at least very plentifully, and do not use a suf-
ficient quantity of exercise. If there be, on the other hand, any persons possessing an
exemption from the disease, total or partial, I think we shall be most likely to find
them among the poor, the laborious, those who use strong exercise, the foot-soldier
and the female sex.” Similarly, “We have seen that the disease appears to be con-
nected with a plethoric state of the system and with obesity—thart the great major-
ity of the subjects of it have belonged to better ranks of society, who were in the habit
of sitting down every day to a plentiful table, in the pleasures of which they may
have indulged to a greater extent than was suitable to the tendency of their consti-
tution.” (Black also recognized the genetic component of heart disease.)

By the end of the 19th century the battle against many infectious diseases was being
won and life expectancy began to increase, resulting in a larger proportion of the
population surviving to develop chronic noncommunicable diseases. Myocardial
infarction syndrome was first described by an American, James Bryan Herrick, in
1912. Others claim that credit for the first description of coronary thrombosis, in
1910, belongs to two Russians, Obratzow and Straschesko (10, I1). In the early
decades of the twentieth century the disease was still relatively uncommon; Osler
stated that, among 10934 admissions to the Montreal General Hospital between
1900 and 1909, only six cases of angina pectoris were diagnosed (11). Things were
to change: the reporting by Pardee in 1920 of the evolutionary electrocardiographic
changes of myocardial infarction made the diagnosis more certain, and an epidemic
of coronary heart disease began to emerge (/2). This may have been to some extent
an example of Graunt’s thinking as, according to Bedford, the epidemic was due to
a “far greater ability to recognize the disease, thanks to new knowledge and vastly
improved means of diagnosis”. Angina pectoris had been recognized for a consider-
able time and atheroma has in fact been reported in an Egyptian mummy (13).
However, some authorities maintained that the increased incidence was due to a
reclassification of disease (14).

Credit is due to Sir James Mackenzie for his pioneering work on heart disease. In
1918 he set up the St. Andrew’s Institute for Clinical Research in Scotland (15). He
founded a method for the investigation and prevention of common discases that
would also stimulate research into the earliest manifestations of disease, and believed
that disease must be studied in its earliest forms and then observed over time. A pre-
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liminary investigation, involving a study of the records of 1000 patients, focused on
the different forms of ill health. Thus, Sir James was thinking in terms of the large
numbers required for modern epidemiological studies (16).

The modern era

The modern era of cardiovascular epidemiology began after the Second World War
with the establishment of a number of cohort studies, including the Framingham
Heart Study, MA. Clinicians including White—who had spent time with
Mackenzie—and Mountain persuaded Van Slyke to initiate the Framingham Heart
Study. Commitment to the epidemiological approach to cardiovascular disease
research at the new National Heart Institute was far from universal. Many then, as
now, believed that the answer to most of the important questions regarding the
natural history of atherosclerotic vascular disease would come from basic laboratory
research, not from the study of the disease in populations. In any event, the
Framingham Study heralded the modern era of the epidemiological study of cardio-
vascular disease, as did a parallel study at Newton delving into aspects of hygiene,
a demonstration programme of which much less was subsequently heard (17, 18).
It was at Framingham that the term “risk factor”—a concept borrowed from the
world of insurance—was introduced in a paper in 1957 (19). The first symposium
on cardiovascular epidemiology was given a “leading position” at the Second
World Congress of Cardiology in 1954, as it was “one of the most important of all
subjects” (20).

The Seven Countries Study (21) was the first to compare cardiovascular disease inci-
dence and risk factors using a common protocol in different international popula-
tions. That study found large differences in dietary fat intake, serum cholesterol and
heart disease incidence (21, 22). In his excellent and often humorous account On
the trail of heart attacks in seven countries, Henry Blackburn records (23) that Ancel
Keys got the idea during a sabbatical year at Oxford and related travels in 1951 and
1952, which “opened his eyes” to cultural differences in diet, behaviour and disease
risk. The Seven Countries Study and other cohort studies developed methodology,
questionnaires and validated instruments of measurement for future studies.

Post-mortem studies were also carried out, for example the International Athero-
sclerosis Project from 1960 to 1965 (24), which assessed in many countries the
degree of atherosclerosis of the coronary arteries and aorta in more than 31000
persons who died aged 10-69 years.

These and countless other studies have led to the present level of understanding in
cardiovascular epidemiology.
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2.

General principles

Concepts

The basic science underlying population studies of cardiovascular diseases is epi-
demiology. However, many other disciplines are involved, including those of the
physical and social sciences. Epidemiology is defined by MacMahon as “the study of
the distribution and determinants of disease frequency in populations” (7). By mea-
suring population distributions, epidemiology seeks to understand the who, when
and where of health and disease. Does the condition occur in men or women, old
or young, rural or urban residents, winter or summer? Are there periods when the
disease is more common (i.e. epidemic)? Epidemiology also seeks to understand the
determinants of disease. It describes factors in the population that are associated with
individuals becoming ill or, conversely, being protected from illness.

Two important assumptions underpin epidemiology. First, disease patterns and char-
acteristics in populations are not random events but are describable and quantifiable.
Second, much can be learned from focusing on the population; this distinguishes
epidemiology from clinical medicine, which focuses on the individual patient.

Epidemiology has numerous and growing uses in the understanding of human health
and disease. Traditionally, it secks to understand the origins and causes of disease.
This so-called etiological epidemiology determines environmental and individual
characteristics that are associated with the onset or presence of disease. It evaluates
characteristics in diseased individuals that help to describe the natural history of their
condition, posing the basic question, “How does a person with a disease differ from
one without it?”

Epidemiological methods are used to define the health status of populations. Char-
acterization of the population’s disease burden facilitates the rational allocation of
health care resources. Success or failure in addressing the disease burden in the pop-
ulation can be gauged by evaluating the time trends in disease discribution. More-
over, epidemiological studies of the costs, uses and outcomes of various treatments
provide information for health services research. Finally, epidemiological methods are
crucial to disease control and prevention. By allowing an understanding of disease
distribution and causal factors, they enable the development of methods for the pre-
vention and control of disease.
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The origins of epidemiology can be dated to the 19¢th century, when outbreaks of
infectious diseases were common. Control of the major waterborne infectious dis-
eases through public health measures resulted in a striking decline in their incidence.
Further advances in public health and treatment of infection have improved health
and resulted in increased life expectancy. However, chronic diseases have now become
the leading health problems in much of the world as the population lives to an age
when these diseases are common. These are diseases with insidious onset, long latent
periods, serious clinical manifestations and substantial prolonged morbidity. Many
of these diseases, including various cancers, degenerative joint diseases and chronic
lung diseases, are common. Cardiovascular diseases, particularly those of atheroscle-
rotic origin, rheumatic heart discase and hypertension, are among the most wide-
spread of the chronic conditions. They are so frequently observed as a cause of
disability and death that they can be reasonably called “epidemic” in many countries.

Surveys to determine the distributions, frequencies and determinants of these dis-
eases and their trends are essential to developing prevention and control programmes.
Survey methods that characterize populations, disease burdens and trends in these
disease conditions form the basis of this book. As a bridging science, epidemiology
borrows from basic scientific laboratory methods on pathophysiological processes and
from clinical observation of sick individuals to ascertain population disease patterns.
However, it also contributes to basic and clinical sciences by making observations in
human populations that require further research and elaboration in the laboratory or
the clinic.

Epidemiology is particularly linked with concepts of exposure and risk. An under-
standing of factors that increase or decrease the likelihood of ill-health or disease
outcomes leads naturally to interventions for prevention and control.

There are also limits to epidemiology: patterns and outcomes observed in popula-
tions do not predict outcomes in individuals. Using statistical methods, epidemiol-
ogists can assess the probabilities of a disease occurring or progressing with certain
exposures, treatments, or risk characteristics. For example, an epidemiologist can say
that patients with an acute myocardial infarction and heart failure have a 25% one-
year mortality rate but they cannot state whether or when an individual patient with
that combination of conditions will die.

Objectives of cardiovascular disease surveys

Overview

Cardiovascular disease surveys and survey methods are important to the under-
standing of many aspects of disease and health in human populations. The methods
currently used go well beyond describing disease distributions and patterns in the
population. Epidemiology also looks at associations to elucidate disease etiology, the
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natural history of disease, gene—environment interactions and cost—benefit ratios of
medical interventions. Furthermore, the rigorous definitions and diagnostic criteria
developed for cardiovascular surveys are also important in experimental epidemiol-
ogy (e.g. intervention trials).

Frequency and distributions

Cardiovascular disease surveys describe the frequency and distribution of diseases in
defined populations. To understand the distribution of a disease it is important to
ask the questions who, where and when. Information on both frequency and distri-
bution of disease in the population leads naturally to the observation of disease pat-
terns, which in turn leads to hypotheses on etiology, prevention and treatment. As
described later, the study of disease frequency and distribution requires systematic
definitions of the disease (cases) and of the population studied.

Figure 2.1 shows the distribution of mortality for cardiovascular diseases compared
with other causes of death in the population of the United States of America. It rep-
resents a use of frequency data derived from death certificates. Figure 2.2 shows the
distribution of cerebrovascular accidents in different geographical areas of the USA,
with higher prevalence in the south-eastern “stroke belt”. Information such as this
leads to studies of etiology and allocation of health care resources for prevention and
control.

Associations

An understanding of disease distributions in populations can prompt a search’ for
associations or factors that may be related to these patterns. Finding associations is
another central task in epidemiological surveys. While associations should not be con-
fused with causation, they can, along with other scientific evidence, provide impor-
tant information for establishing a causal connection. This is discussed in greater
detail elsewhere.

Epidemiological surveys usually include the collection of information on factors
already known or thought to be associated with health or disease. Five major areas
are usually considered: demographic, physical, behavioural, environmental and
genetic. Demographic factors include age, sex, race and socioeconomic status, and
are usually ascertained by interview or review of written records. Physical character-
istics—height, weight, blood cholesterol, blood pressure, urinary sodium levels and
exercise capacity, for example—are usually measured directly. Behavioural character-
istics include cigarette smoking, physical activity patterns and eating patterns; and
environmental factors can include not only substances in the air and water, but also
community factors such as social support. Increasingly, there is interest in informa-
tion on family members and gene polymorphism as a means of characterizing an
individual’s genetic make-up.

10



2. GENERAL PRINCIPLES

Fig. 2.1. Percentage breakdown of deaths from cardiovascular diseases,
USA, 1998

Congenital cardiovascular defects 0.5%
8 | Rheumatic fever/rheumatic heart disease 0.5%

Atherosclerosis 2%

Congestive heart failure (CHF) 5%
High blood pressure (HBP) 5%

Stroke 17%
Coronary heart disease (CHD) 48%

Other 23%

Source: American Heart Association. 2001 Heart and Stroke Statistical Update.
Dallas, Texas: American Heart Association, 2000.

An example of the association of CVD mortality with age and sex is shown in Figure
2.3. As with most chronic diseases, frequency increases with age. Similarly, the
association of CVD mortality with blood cholesterol levels by age, measured when
subjects are still healthy, is shown in Figure 2.4. When associations found in
epidemiological studies with factors such as serum cholesterol levels are confirmed
by clinical and experimental data, the label “risk factor” is appropriate. A risk factor
is a characteristic associated with a disease outcome. It may be positively associated,
such as age with increased risk of coronary heart disease (CHD), or negatively asso-
ciated, such as physical activity with lowered risk of CHD. Risk factors that are part
of the direct causal chain for CVD may act in a proximal way, promoting the disease
process directly or indirectly through other characteristics.

Natural history of diseases

Epidemiological techniques are also commonly employed to elucidate the natural
history of a disease. For example, individuals who may be at high risk but are
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Fig. 2.2. Age-adjusted death rates® for stroke by state, USA, 1995-1997

Deaths per 100000 population

B Highest 70 to 89 (12)
Bl High 64 to 69 (12)
7 Low 60 to 63 (13)
[]Lowest 44 to 59 (13)

@ Age-adjusted to the 2000 standard.
Source: National Heart, Lung and Blood Institute (NHLBI), Morbidity and Mortal-
ity: 2000 Chart Book on Cardiovascular, Lung, and Blood Diseases.

clinically disease-free are assessed at baseline and then evaluated at regular intervals
thereafter for clinical signs and symptoms of the discasc and its natural progression.
Such an approach is less frequent today because individuals at elevated risk must be
treated if acceptable treatments are available, and this can alter the natural history of
the disease. Patients who are at high risk or have clinical manifestations and who are
receiving treatment are assessed at baseline and then followed at regular intervals to
determine the effects of treatment on outcomes. The goal of treatment is to alter the
natural history of the disease.

Trends

The evaluation of population trends in disease, as well as the evaluation of risk and
treatments over time are important CVD survey methods. Knowledge of these trends

12
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Fig. 2.3. Estimated prevalence of cardiovascular diseases® in Americans age
20 and older by age and sex, USA, 1988-94
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Source: American Heart Association. 2001 Heart and Stroke Statistical Update.
Dallas, Texas: American Heart Association, 2000.
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Fig. 2.4. Age-adjusted coronary heart disease (CHD) death rates per 10000
person-years by level of serum cholesterol for men screened in the
Multiple Risk Factor Intervention Trial, 12-year follow-up
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Source: Neaton JD, Wentworth D, for the Multiple Risk Factor Intervention Trial
Research Group. Serum Cholesterol, Blood Pressure, Cigarette Smoking, and
Death From Coronary Heart Disease: Overall Findings and Differences by Age for
316,099 White Men. Archives of Internal Medicine, 1992; 152:56-64.

helps to provide a better understanding of the nature of CVD, its projected popula-
tion burden, and the effectiveness of control measures. As shown in Figure 2.5, CHD
mortality trends differ strikingly between countries. In many countries mortality is
rising, while in others it is falling or stable (2). Similarly, as shown in Figure 2.6, risk
factors such as tobacco use in the USA have been falling in the past three decades,
suggesting that programmes to reduce or eliminate smoking are succeeding (3). Trend
analysis also allows evaluation of the adoption of medical treatments. As new treat-
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Fig. 2.5. Annual change in coronary heart disease mortality in Europe®
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ments are developed and tested, they are used increasingly, while others are rejected.
For example (see figures 2.7 and 2.8), coronary bypass surgery and drug use to control
high blood pressure has varied over the past 20 years (4, 5). Central to the analysis
of trends is the reliable and consistent measurement of the characteristic. This is a
problem when disease definitions and measurements also change.
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Fig. 2.6. Per capita consumption of different forms of tobacco in the USA,
1880-1995
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Source: U.S. Department of Agriculture, 1996.

Fig. 2.7. Rates for annual age-adjusted gender-specific operative mortality
(3-year running averages) for residents of Minneapolis-St. Paul
undergoing coronary artery bypass graft surgery, 1970-1984
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Source: Doliszny KM et al. Estimated Contribution of Coronary Artery Bypass

Graft Surgery to the Decline in Coronary Heart Disease Mortality: The Minnesota
Heart Survey. Journal of American College of Cardiology, 1994; 24:95-103.
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Fig. 2.8. Percentage of drug mentions by class of antihypertensive agent,
19821993
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Source: Manolio TA et al. Trends in pharmocologic management of hypertension
in the United States. Archives of Internal Medicine, 1995; 115:829-837.

Trials

Trials of cardiovascular disease treatment and prevention measures make effective use
of epidemiological methods to evaluate patients, groups or even communities. Con-
sistent methods of measurement and case definition are essential to trial execution
and valid comparisons. Figure 2.9 shows an example of a study that randomly allo-
cated patients to medical or surgical therapy once extensive measurements had been
made (6). Follow-up included measurement of clinical outcomes in a consistent
manner.

Health services research

The study of the costs and benefits of medical care and procedures has assumed
increasing importance as health care costs have risen dramatically. The combination
of frequent CVD and expensive, high-technology treatments threatens the health care
budgets of many countries. It is essential that the individual and social costs of CVD
are appreciated, as well as the benefits and risks of various treatments. While epi-
demiology has not traditionally been involved in health services research, the gath-
ering of population data on disease prevalence and trends and on treatment outcomes
is important for understanding the costs, risks and benefits included in treatment
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Fig. 2.9. Kaplan-Meier survival plot of coronary artery bypass graft surgery
(CABG) versus percutaneous coronary intervention (PCl)
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Versus Coronary Artery Bypass Graft Surgery For Patients with Medically Refrac-
tory Myocardial Ischemia and Risk Factors for Adverse Qutcomes with Bypass:
A Multicenter, Randomized Trial. Journal of American College of Cardiology, 2001,
38:143-9.

and control of diseases. Data from cardiovascular surveys are increasingly used in
planning and evaluating needs and effects of health care strategies. Readers may wish
to refer to a more extensive work on this subject (7).

Unique aspects of cardiovascular
disease epidemiology

One frequent and unique presentation of CVD is sudden out-of-hospital death. Evi-
dence suggests that this is actually more common than in-hospital mortality for CHD
(see figure 2.10). Many deaths from CVD are sudden and unattended, frequently
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Fig. 2.10. Trends in in- and out-of-hospital death from CHD in men and
women aged 30-74 in the Twin Cities
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without warning symptoms, and related to malignant arrhythmias or rupture
of major blood vessels. This observation implies the need for primary prevention
techniques (8, 9).

Epidemiological research has resulted in a substantial understanding of the major car-
diovascular diseases, including rheumatic heart disease, coronary heart disease, stroke
and hypertension, their risk characteristics and treacment. Understanding of the phys-
iological factors that increase risk, and of the social, environmental, behavioural, and
genetic mechanisms that influence these factors, has allowed the development of pre-
vention strategies. The extensive data available on CVD patterns in populations, risk
factors and treatment modalities also permit a detailed understanding of time trends.
Such data are available for many countries but are still lacking in others.
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Ethics of epidemiological research

Introduction

Much research in cardiovascular disease is observational and the information
gathered emphasizes simple standard tests and questionnaires. Consent from both
the individual and/or the organization is required before a survey may be carried
out—even in observational studies, there is a potential for harm. Simple medical tests
may lead to morbidity and, rarely, death. Questionnaires may induce fear, anxiety
and emotional distress. Information gathered on individuals may be released
inappropriately leading to problems in such areas as employment, life insurance
or economic advancement. In all epidemiological research, independent review of
proposals, informed written consent and protocol of safeguards for subjects are
essential.

The following sections describe the basic concepts and guidelines that are considered
appropriate for ethical research in cardiovascular epidemiology. These issues are
described in greater detail in the ethical guidelines for epidemiological investigations
(CIOMS and WHO) (10~12) and in other works (13—15).

Basic precepts

All medical research must consider severa,l basic rinci lCS, includin respect fOI‘
persons, beneﬁcence, non—malfeasance and justice (10)

“Respect for persons” makes several assumptions. Individual subjects in a research
project should be capable of understanding both the project and, after full and honest
explanation, the risks and benefits involved. They should be free to decide on par-
ticipation without coercion or other pressure such as financial inducements. Partic-
ular care to guard against harm or abuse is required in the case of children, prisoners
and individuals who are seriously ill or mentally impaired.

Beneficence implies some benefit for the health of the individual or population. Even
those studies that have the potential for large benefit must balance this against pos-
sible harm. The overriding consideration must be to do no harm. An ethical scudy
asks important health questions while it maximizes potential benefit and minimizes
potential harm.

Justice for participants must prevail in any research project; that is, all subjects must
be treated equally. Populations who will benefit from the findings of a study should
bear the risks of the study. This is of particular concern when research is carried out
in developing countries or among economically deprived populations. Studies that
will benefit only subgroups of that society or wealthier countries should be performed
only in those groups or countries. Weaker members of society should not bear
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disproportionate risks. Finally, research deemed unethical in one country should not
be undertaken in another.

Informed consent

Informed consent implies that a competent individual, group or community involved
in research understands the risks, benefits and responsibilities of the study. It also
implies absence of coercion and inappropriate inducements.

Informed consent is best achieved through a written statement read by or to the par-
ticipant and signed by the participant and a witness. The study must be presented
clearly and honestly, and in terms that subjects comprehend. A basic description of
the nature and goals of the project, the risks and benefits to the participant, the
responsibilities of the participant, and actions that will be taken in the event of side
effects, injury or harm should be detailed. The process should be undertaken in the
presence of an informed investigator who can answer questions and provide details
when required. Individuals must also be informed of their right to withdraw from
the study. Examples of consent forms and formats used in epidemiological studies,
including one for genetics studies, can be found in Appendix 1. The complexity of
the consent procedure varies by country and institution.

Even higher standards must be applied with certain categories. These include
children, those who are dependent upon others (e.g. prisoners), and those who are
otherwise impaired or vulnerable. In such cases, informed consent may be given by
a parent, guardian or responsible official. That individual should have the dependent
subject’s interest as the main goal and should be independent of the study.

In certain instances, such as record review or secondary data analysis, informed
consent may not be sought. However, it is the responsibility of the investigator to
justify to an appropriate review board the reasons for not obtaining informed consent.

In studies of institutions, organizations or communities, informed consent by indi-
viduals may not be available or appropriate. In such cases, agreement may be sought
from a community or institutional representative, elected officials or other appro-
priate leaders. However, even when broader approval is obtained by this method,
individuals may still exercise their right to withdraw.

Because much medical research is performed by physicians and nurses who have clin-
ical responsibility for and a certain authority over patients, there is the potential for
undue influence. A subject who does not want to participate in the study may be
uncomfortable in refusing the practitioner who provides their clinical care. This posi-
tion of power must be neutralized. Informed consent should therefore be obtained
by a third party not involved in the subject’s usual care. In all cases, subjects should
be assured that refusal to participate in the study will not affect future clinical care.
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Rewards and inducements

It is increasingly common for inducements to be used to encourage participation in
studies. This is particularly true in studies involving many participants, long data
collection sessions, numerous tests or multiple visits. As in any study, the risks of the
research must be acceptable even if inducements are not available. Inducements, par-
ticularly of a monetary nature, pose a particular problem in deptived ot poor com-
munities. The use of large amounts of money (by local standards) may encourage
individuals to participate in studies that are not in their interest. This practice must

be avoided.

Responsibility to diseased or high-risk subjects

Researchers are frequently involved in studies that screen individuals for disease or
high risk of disease: incidence or prevalence can be estimated only by identifying
cases. Finding cases of disease or high-risk individuals involves a medical duty to
assure appropriate treatment. In all surveys the investigators should assure clinical
follow-up of individuals found to be ill or at high risk. If facilities are not readily
available in the community, they should be provided by the research team. Infor-
mation on disease or increased risk should be shared clearly, directly, and promptly
with the individual and the designated health care provider.

It is the responsibility of investigators to transmit findings of a population study to
appropriate officials and health care organizations in the surveyed community. If
increased prevalence of a disorder or new findings about that disorder are uncovered,
the community that has provided the information must be told promptly so that
appropriate changes in public health or medical care can be planned. Similarly,
control or placebo subjects in a clinical trial should be informed and offered treat-
ment as soon as the new therapy is determined to be effective. These ethical guide-
lines preclude the conducting of “natural history” studies in which subjects are
observed without treatment.

Confidentiality

Epidemiological studies gather information on risk, other personal characteristics
and disease conditions of individuals, and confidentiality of that information is
an integral part of the right to privacy of the individuals. It is a primary duty of
researchers performing studies to maintain confidentiality.

Some epidemiological studies require no link to the subjects: investigators remain
“blinded” to individual data and consent is not needed. Data of this type are devoid
of identifying factors (name, age, date of birth, address, telephone number) and are
frequently obtained from large insurance or government databanks.
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In most observational studies in epidemiology, the investigator is not interested in
individual names but rather in analysing grouped information. In this approach iden-
tifiers are not needed and it is best to eliminate names from such data sets. In many
circumstances, however, follow-up for mortality or morbid events may be necessary,
and identifiers are then needed. Nevertheless, care must be taken to ensure that the
identifying information is made available only to investigators in the study, who must
protect the confidentiality of the information from uses not relevant to the investi-
gation. This is usually achieved by eliminating names or other identifiers from the
record and replacing them with a number. That number can then be linked to the
identifiers in a separate, protected file available only to approved individuals.

In many countries, there is an increasing call from politicians and the public to limit
the use of personal medical information in research projects. Some countries have
enacted laws to limit access even for qualified investigators. This is partly the result
of increased public concerns about privacy but also of failure by researchers to pre-
serve confidentiality. Clear protocols and vigorously enforced procedures to protect
the confidentiality of information are crucial to the survival of survey research.

Ethical review panels

Central to the protection of human subjects in medical research is an independent
review panel to oversee the conduct of research, approve study protocols and monitor
study conduct on a regular basis. All institutions performing medical research should
have such a panel, with the authority to ban studies that do not meet ethical stan-
dards and stop those that fail to meet the stated criteria. In most settings, funding
agencies and industry will not provide resources for the research unless a review panel
has approved the study protocol and design. The panel should be composed of
scientists, ethicists and representatives of the public. It should establish standards for
ensuring that research applications meet the ethical criteria prevalent in the com-
munity concerned. It must have the expertise to determine whether a study that
places subjects at risk also offers “adequate” benefit to individuals and the commu-
nity. The panel should be independent of external pressures, with its core task being
the protection of research subjects.

Special circumstances in epidemiological and
public health research

Conflict of interest

Conflict of interest is an increasing concern in all scientific research. When researchers
may benefit personally or financially from a research outcome or use of a treatment,
there is potential for perceived and real conflict. Clinical trials, where the success of
a certain drug or device may result in considerable financial gain, are an obvious
source of this difficulty. Even observational studies may have outcomes that result in

23



CARDIOVASCULAR SURVEY METHODS

gain or loss for individuals or institutions. Investigators must eliminate the potential
for real or perceived conflict by distancing themselves from any personal gain or other
incentives associated with their projects. Some institutions have developed com-
mittees and policies to review such potential conflicts of interest (Appendix 2).

Vulnerable or dependent groups

Certain groups in the population are not able to make reasoned or free choices. These
include children and severely ill individuals. Others, such as prisoners, employees,
medical students, and others may feel obliged to participate in a study because of the
authority vested in their wardens or supervisors. Pregnant and nursing mothers always
require particular care when involved in research because of danger to their children.
Economically and socially deprived communities may not be able to make free
choices. All of these groups require special protection, and review panels must be
particularly vigilant in asking whether there is free or responsible choice where such
groups are concerned.

Control groups

In randomized clinical trials, control subjects are necessary for comparison with the
treated groups. They frequently have some disease or increased risk and, during a
trial, must receive at least the normal standard of community care for their condi-
tion. For example, when effective drugs are available, control subjects cannot be given
a placebo to test against a new agent. Controls must be made aware of their condi-
tion and treated for acute episodes. When the trial is complete, successful treatments
or procedures should be offered to them, usually at no cost as compensation for
participating in the trial.

“Primitive” communities

In order to achieve a better understanding of the origins of disease, epidemiologists
and medical anthropologists often study “primitive” societies, i.e. communities that
have no access to modern technologies and communications and whose lifestyle, diet,
and environment are unaffected by the influences common in more industrialized
societies. Particular care is needed when working with communities where the under-
standing of medical research, its benefits and its dangers is limited. The study of such
communities requires the investigator to be knowledgeable about and sensitive to
their culture.
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Interpretation of data: bias and confounding

Overview

In all scientific data, there is always a question of truth. How do we know what we
think we know? Statistical analysis can quantify the likelihood of chance affect-
ing outcome but provides no indication of whether the data collected are true.
Truth is based on validity, the threats to which must be considered in design and
interpretation.

Internal validity involves truth in measurement of risk characteristic, exposure or
disease condition. For example, simple measures such as body weight and height
are susceptible to errors when pootly collected or misreported: men commonly
over-report their height and women under-report their weight (16). Exposure to
environmental factors can be misreported, particularly with increasing time since
exposure, or when a participant may have some reason to over- or under-report an
exposure. Diseases can be misclassified when political, social and economic factors
influence the data recording. Even pathologists may differ in their interpretation of
biopsy specimens. All of these threats to internal validity argue for careful attention
to measurement.

External validity allows the results of a study to be generalized to the broader social
context. It requires consideration of data in relation to other work on similar popu-
lations using other methods, as well as of the representativeness of the popula-
tion sampled. A representative population mirrors the overall population. Internal
validity, which reflects quality of measurement, must precede external validity or
generalization.

The various threats to the validity of any study are described in the following
paragraphs.

Random error

Random error, above or below the true value, is caused by problems with the sam-
pling or measurement systems. Sampling error can occur when more ot fewer “abnot-
mal” individuals are surveyed than actually occur in the population, and is a particular
problem when the sample is small. For example, if 50% of a population actually has
hypertension and 10 people are randomly sampled, there is a significant likelihood
of observing 7 hypertensive and 3 normotensive individuals (70% prevalence) or a
variety of combinations other than 50%. Such random effects lead to the mis-
reporting of rates, however accurate the blood pressure measurement.

Random measurement error is a common problem. It includes biological variability
as characteristics change over short or longer time cycles. For example, blood
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pressure varies with each beat of the heart as well as during a 24-hour cycle. Mea-
surement error also concerns the reliability and reproducibility of measurements:
equipment may deteriorate with time, the techniques may vary, or external
conditions—including temperature, humidity and barometric pressure—may affect
the measurement. Even the most carefully calibrated equipment is susceptible to this
type of error. Random error of measurement must be reduced to the extent possible,

and should be quantified.

Random variability, too, must be minimized; sampling error and biological variabil-
ity are reduced by increasing the number of subjects or the number of measurements.
For pootly reliable measurements, there may be technical solutions such as using
better equipment or repeated measures to stabilize the estimate around the true value.
In large studies performed over extended periods with many subjects, random error
tends to be eliminated (but not systematic error).

Systematic error or bias

Selection bias

Systematic error or bias is any source of error in design, measurement or analysis that
is not random. It is an even more serious problem than random error. Whereas
random error (chance) is reduced by increasing sample size or the number of mea-
surements, systematic error may persist and can be obviated only by careful design
and conduct of the study. Of the two major categories of systematic error—selection
bias and information bias—selection bias is common in population surveys. Here,
the methods used to select subjects may result in those who participate differing from
those who refuse or are non-participants for other reasons. That difference can affect
the outcome, because the participants are not representative of the population. Selec-
tion bias is crucial in surveys but is less important in clinical trials where subjects
may be selected for certain characteristics or where randomization allows matching
of characteristics.

Of a number of different types of selection bias, “referral bias” is common in surveys.
It is an error often made by clinicians doing studies of patient populations and select-
ing patients from those admitted to the hospital or seen in the clinic. The problem
is that those who are in the hospital or who are referred are usually far more seri-
ously ill, or have the best access to medical care. Many are excluded because of milder
illness, access to services, cost of care or patient choices. The more frequent hospi-
talization of patients who suffer from more than one discase gives a bias towards an
association between diseases in observation of hospitalized patients only (77). Their
characteristics may differ significantly from the usual disease patterns in the popula-
tion, which will include many mild and sub-clinical cases. Hospital series may also
ignore seriously ill cases who do not have access to medical attention or those who

26



2. GENERAL PRINCIPLES

die before reaching the hospital. Referral bias is a particular problem in tertiary care
university hospitals, which receive the most seriously ill cases.

“Detection bias” or “surveillance bias” is another common threat to validity. Patients
under regular surveillance are more likely to have their diseases detected because they are
tested systematically. For example, if blood pressure is measured more frequently, it is
likely thar at least one elevated measurement will be found. Individuals who are not so
frequently measured may appear to have a lower frequency of elevated blood pressure.

In most population surveys, those who refuse to participate or are excluded are likely
to be more ill or to have the risk characteristics of particular interest. For example,
individuals with manifest CVD may choose not to participate in a survey because
they are already under regular medical care. Their non-participation will lead to an
underestimation of disease prevalence. Population surveys of CVD or cancer also
under-represent individuals who smoke cigarettes. Many smokers are aware of the
deleterious effects of smoking and prefer not to participate, which leads to an under-
estimation of smoking rates (/8).

Unlike individuals who avoid participating in surveys because of illness or fear of
illness, others are particularly likely to volunteer. These include the “worried well”, a
group that is health-conscious but needs the constant reassurance of negative tests
(e.g. chest X-ray, blood pressure). Individuals who exercise regularly may seek to par-
ticipate in a study of the effects of exercise because they are proud of their lifestyles.
Volunteers for a study of exercise may produce a population with vigorous, but
atypical, exercising patterns. In general, volunteer populations do not adequately
represent the general population.

Studies of groups may be prone to bias where groups are comprised of individuals
who are affluent or highly educated, or have other common attributes but who have
different healcth behaviours and characteristics in relation to CVD.

Similarly, the “healthy worker effect” is frequently observed in businesses, and is char-
acterized by better health and lower relative mortality from all causes. This occurs
because healthy individuals are more likely to gain and retain employment. These
effects were first described in 1885 by William Ogle, who observed that “some occu-
pations may repel, while others attract, the unfit at the age of starting work” and
noted the “considerable standard of muscular strength and vigour to be maintained
by those who pursued various occupations”. Thus, the observed frequency of disease
may be low in such a cohort, despite exposure to a putative risk factor, since persons
who are less fit have been excluded from the workplace.

Another category of selection bias is “survival bias”, which involves the selection of
prevalent cases rather than incident cases (cases reporting with acute coronary disease
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for the first time). This is also called the prevalence-incidence bias or Neyman’s bias.
In CHD, for example, a large pr‘oportion of patients die during the first days of an
initial acute coronary event. The survivors represent people with less severe disease
and/or other factors that favourably influence the outcome. In addition they are likely
to have modified their lifestyle and to have lowered their risk factors. A patient’s risk
factors could also be affected positively or negatively by treatment with cardioactive
drugs. Thus, the prevalent cases may be unreptesentative of the natural disease in the
population, and a study restricted to prevalent cases may misidentify factors that lead
to better survival. Risk factor surveys of prevalent cases will certainly lead to under-
estimation of the link between disease and lifestyle. Incident cases should be free from

this source of bias.

Other forms of selection bias must be considered in any non-random selection of a
population. To control selection bias, objective measures of exposure and disease are
established and consistently applied, and characteristics for inclusion and exclusion
of cases are carefully defined before the study. Maximal participation rates in well-
defined populations are sought to minimize bias due to differential participation.
Refusal and non-participation should be kept to a minimum. For most survey work,
self-selected volunteers are not acceptable. The investigator strives for a clear defini-
tion of the population and high participation rates to the survey, while recognizing
the limitations of generalizability if the population is restricted.

Information bias

Even surveys with high participation rates are subject to bias in data collection. Most
surveys use questionnaires to define exposures, treatments and other characteristics.
There may be recall bias—people have difficulty remembering distant events or may
suffer from distortion or loss of memory of events refated to their illness. For example,
individuals with a recent myocardial infarction are more likely to cite stressful events
associated with the onset. The common belief that stress causes attacks encourages a
memory search by the patient for associated episodes. Control patients do not have
similar concerns and may under-report identical stressful events.

In addition to bias introduced by the participant, the interviewer may also add
distortion. Interviewers who are aware of an individual’s disease status may inquire
more vigorously about associated factors than they do with non-diseased subjects.
The age, sex and race of the interviewer affects participants’ responses (/9). For
example, women may be uncomfortable giving information on menstrual history
to male interviewers. In some settings, participants do not want to admit actions
or behaviours that they regard as socially or personally unacceptable. For example,
the use of objective measures such as expired carbon monoxide significantly increases
the “prevalence” of smokers in groups for whom this is a socially unacceptable

habit (20).
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There are many methods of reducing bias in data collection. Aids to memory, such
as counting backward in dates, can help the recall of distant events. Interviewers
blinded to subject status can be taught to ask questions in a consistent manner.
Closed-ended questions that have numerical or categorical answers minimize probing
and differential responses. Finally, a study that blinds not only the interviewers but
also the participants to interview goals may result in information of higher quality;
neither those being interviewed nor the interviewers know the “correct” answer.

In addition to random error, physical measurements may also introduce further
biases. Poorly calibrated measurement devices, unstandardized chemical reagents and
inadequately trained technicians give rise to systematic errors. These factors may
change over time and be particularly difficult to detect in the absence of continual
standardization and quality control. Figure 2.11, a standard sample was run several
times daily over a period of 12 years. The figures showed daily random variability for

Fig. 2.11. Daily laboratory drift from Abell-Kendall reference method from
1979-1991
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Cholesterol level mg/dl
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3 No data available for 1989.
Source: Minnesota Heart Survey—unpublished

Comparison of automated machine values to reference method (Abell-Kendall)
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the machine throughout the period. However, a change in reagents to a new lot
resulted in a dramatic increase in the average cholesterol measurement. These differ-
ences were large enough to be biologically significant. Evaluation with a reference
technique demonstrated that the initial values were systematically low while the later
values were systematically high. These examples of erroneous measurements indicate
the absolute need for calibration and quality control.

Confounding

Confounding occurs when exposed and non-exposed groups are not comparable
because of differences in background disease risk. This is due to a mixing of effects
between the exposure, the disease and a third factor associated with the exposure,
independently affecting the risk of disease. The extrancous third factor is the “con-
founder” or “confounding variable”. Three conditions are necessary for a factor to be
a confounder. First, it must be associated with the disease, even in the absence of the
exposure under study. Second, it must be associated, positively or negatively, with
the exposure (the proposed risk factor in the study). Third, the potential confounder
must not be an intermediate step in the causal pathway between exposure and disease.
In summary, the confounding variable is independently associated with both the
exposure and the disease and is not a mediator.

For example, in a study evaluating the relationship between oral contraceptives and
CHD in women, smoking is an independent risk factor for the disease; moreover
there is an increased frequency of smoking in women consuming oral contraceptives
(association with the exposure). Smoking is thus a confounder. The true effect of oral
contraceptives can be assessed only after controlling for the differential frequency of
smoking. Otherwise, the increased frequency of smoking-related disease in users of
oral contraceptives will result in an overestimate of the relationship between contra-
ceptives and the disease. Similarly, truck driving may appear to be associated with
increased coronary risk unless an adjustment is made for the higher smoking rates
among truck drivers. Age, sex and social class are frequent confounders related to
both exposure and disease.

Confounding must be distinguished from effect modification. An effect modifier is
a factor that modifies the effect of a putative causal factor under study. Age, for
example, is a modifier for the effect of systolic blood pressure on stroke, in that older
people have a lower relative risk than younger people for the same level of systolic
blood pressure. Similatly, sex is a modifier of the effect of serum cholesterol on the
risk of CHD, since at younger ages women have a lower relative risk than men for
the same level of serum cholesterol at younger ages.

Confounding should be controlled by appropriate design and analysis. If a factor

does not vary between those who are exposed and those who are not exposed, or
between those who are diseased and those who are not, confounding does not occur.
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Specific methods to control confounding include restriction of the study population,
matching, randomization of exposure, stratification and multivariate analysis (dis-
cussed below).

Overview

Much of health research aims to ascertain cause-and-effect relationships. Epidemiol-
ogy helps in identifying causal relationships from the associations noted among the
many variables of interest.

The cardinal requirement for developing effective preventive strategies is knowledge
of causation. The term “risk factor” is used to describe characteristics that are agents
in the chain of causation and also show statistical association. Before any associated
factors are declared to be the cause of a disease, it is necessary to apply the criteria
for causal inference.

Two questions that must be asked in evaluating the causal role of any factor are:

1. Is there a valid statistical association?
2. Can this association be judged as cause and effect?

Statistical associations

Statistical association refers to statistical dependence between two variables, which in
the context of disease causation is the degree to which the proportion of disease in
persons with a specific exposure is either higher or lower than the proportion of
disease among those without that exposure. The first step in evaluating causation is
to establish such an association statistically. The next is to determine whether this
association is due to bias or confounding.

Since the samples (preferably random samples) being studied are samples of the total
“universe”, the role of chance in observing a particular association needs to be eval-
uated. A large sample reduces the role of chance and enhances precision of estimates.
Quantification of the extent to which chance may account for the results observed
in an individual study is obtained through hypothesis testing and the derived prob-
ability statement (2 value).

The P value is a composite measure that reflects both the sample size and the mag-
nitude of the difference between groups. Even a small difference may be statistically
significant if the sample size is sufficiently large; conversely, a large effect may not be
significant if the sample size is insufficient. A related and informative measure is the
confidence interval, or the range within which the true magnitude of effect lies with
a certain degree of assurance. A statistically significant result does not mean that
chance cannot account for the findings, only that such an explanation is unlikely.
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A result that is not statistically significant does not mean that chance is responsible
for the results, only that it cannot be excluded as a likely explanation. While tests of
statistical significance merely estimate the role of chance as an explanation for the
observed result, the confidence interval estimates the likely range of size of the effect.

Systematic error or bias (described above) is any source of error in design, measure-
ment or analysis that results in deviation from the truth. It reflects the difference
between what the study is actually estimating and what it is intended to estimate.
Whereas random error (chance) is reduced by increasing sample size, systematic error
may persist and can be obviated only by careful design, measurement and conduct
of the study.

Criteria for causal inference

Once a statistical association has been identified, it is essential to ascertain whether
it can be judged a cause. This is more complex than determining statistical signifi-
cance, and the guidelines for causality have been framed by Hill and modified by
Evans (21, 22).

The following questions need to be answered to infer causality:

1. Is the association strong?

2. Is the association consistent across studies?

3. Does the “cause” precede the “effect”? That is, is the temporal relationship
correct?

4. Is there a dose—response relationship? For example, is there a relationship between
the number of cigarettes smoked and CHD rates?

5. Is the association specific? That is, is a single causative factor directly related to a
single disease?

6. Is there experimental evidence in humans?

7. Does the association make biological sense? Is it concordant with laboratory,
animal and clinical studies?

8. Does the association make epidemiological sense? Is it reasonable to infer these
associations?

9. Is the association analogous to a previously proven causal association? Are there
other known causal chains that are similar?

Most of these criteria must be met before it is possible to infer that X causes Y. Fle-
vated serum cholesterol in atherosclerotic coronary artery disease, for example, fulfils
all of these criteria. Long-term prospective studies have revealed a strong association
(in relative risk), consistency of association, a dose—response relationship, and a tem-
poral relationship, the cause preceding the outcome (23). Therapy with cholesterol-
lowering drugs and diet has been shown, in controlled clinical trials, to result in a
reduction in the incidence of coronary events (24, 25). Angiographic regression of
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coronary lesions has also been demonstrated (26, 27). Exclusion of bias, chance and
confounding as explanations is well demonstrated, and biological proof has been
established from animal and human studies demonstrating cholesterol deposition in
atheromatous plaques.

Design of research studies to determine causation

Many types of epidemiological studies aid in the demonstration of causation. They
include case—control studies, cohort studies and randomized controlled trials, with
a hierarchy of methodological strength in the three designs. In contrast, descriptive
epidemiological studies are methodologically weaker because bias and confounding
may be unavoidable or unassessable. Merely stating that 65% of Indian patients below
the age of 40 years with myocardial infarction were smokers does not establish
causation; data on prevalence of smoking in sex- and age-matched controls, and
matching for confounders such as blood pressure, serum cholesterol, body weight
and diabetes are also essential. However, descriptive studies often help to generate
hypotheses. Based on the hypothesis, a more powerful study design can be employed
to estimate the strength as well as the validity of this association. Case—control studies
are susceptible to several sources of bias. Cohort studies are methodologically stronger
but are expensive and also susceptible to bias. Randomized controlled trials are dif-
ficult to perform and expensive, but yield the most unbiased estimates of risk and
the effects of risk modification.

Use and misuse of epidemiological data

Misuse of survey data

Data from cross-sectional descriptive and other surveys are frequently used to draw
causal inferences about associations. This is particulatly true in the popular press and
is invalid for several reasons. A temporal relationship is usually impossible to estab-
lish in cross-sectional data. “Survival bias” is a major problem since the survey can
identify only the survivors and not high-risk cases who may have succumbed to the
disease. For example, if acute coronary events cause higher mortality among smokers
than among non-smokers, a survey would identify more non-smokers among patients
with a history of myocardial infarction, leading to the erroneous conclusion that
smoking is protective. Thus, cross-sectional surveys provide information only about
prevalent cases and not about incident cases. The onset of the disease or its clinical
recognition may have led to modification of the risk factor status, for example, angina
pectoris leading to sedentary habits, or a lipid profile altered by diet changes or lipid-
lowering medications. There are thus many reasons to avoid inferring causation from
cross-sectional surveys.
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Regression dilution bias

In most surveys, single measurements of variables are obtained. The phenomenon of
regression towards the mean, however, reduces the variance in repeat estimates of any
variable in stable subjects. Regression to the mean implies that any measurement
above or below the true mean will tend towards that mean (i.e. regress) on subse-
quent measurement. For example, if individuals with high blood pressure have their
pressure remeasured, it will be more likely to be lower. Multiple averaged measures
are more likely to represent the true value. The strength of association in studies
where repeat sampling or repeat measures are carried out is increased. Where only
single measures are made, the strength of association is diluted. This has been demon-
strated for variables such as serum cholesterol and blood pressure and vascular events.
It is therefore advisable to carry out repeat measures in surveys.

Generalizability

Can a causal relationship that has been determined in a single age, sex or racial group
be generalized to other age, sex or population groups? Are the relative risks at various
risk factor levels the same in every population? Are risk factors likely to differ with
the presence and extent of other risk factors in the population? For example, is the
coronary risk of smoking different in an alcohol-consuming population from that in
a community that traditionally abstains?

While most of the CVD risk factors are universally relevant, as demonstrated by the
consistency of association in different populations, the sex-specific or race-specific
nature of some risk factors suggests that they should be evaluated in as many groups
as feasible. Similarly, risk factor interactions and risk gradients may differ across pop-
ulations. It would be ideal, therefore, to estimate these in each population group. In
developing countries, this issue becomes particularly relevant. Public health action is
urgently needed to contain the emerging cardiovascular epidemic, yet there have been
few risk factor studies in these populations. An appropriate strategy might be:

* to conduct cross-sectional surveys in different geographical or ethnic groups to esti-
mate average risk factor levels and to study the ecological associations with disease
rates, so that prevention priorities can be identified;

* to conduct case—control studies to evaluate risk gradients of “known risk factors”
and to generate hypotheses about putative risk factors of relevance in these popu-
lations; and

* to plan and conduct cohort studies in the samples assembled in the cross-sectional
surveys. However, such a plan may be impossible to implement or may take many
years, in which case it may be necessary to generalize from other data and then
implement the indicated public health measure.
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Study designs

Overview

Surveys of cardiovascular disease use several study designs broadly categorized as
either observational or experimental. In the former, disease patterns and their asso-
ciations are evaluated using systematic observations. In the latter, one or more study
factors are deliberately manipulated to test the effects of an intervention or treatment
on randomly selected individuals or populations. The study design used depends on
the aim of the survey and the current state of scientific knowledge about the disease
ot characteristic. Observational studies generally precede intervention studies as an
understanding of the disease characteristics, risk factors and natural history is needed
to develop treatments.

Ecological studies

Ecological studies are common, basic methods for describing associations between
diseases and other factors of interest: disease rates in a population are correlated with
levels of exposure or risk. The unit of analysis is the whole population rather than

individuals.

One type of ecological study computes the correlations between disease rates in
populations and the level of a certain characteristic in those populations. In
Figure 3.1, CHD mortality rates are correlated with fat intake in different countries.
The mortality rates are derived from national data submitted to WHO. Fat
consumption is based on agricultural data submitted to the Food and Agricultural
Organization of the United Nations (FAO). The figure shows a positive correlation
between mortality rates and fat consumption, indicating that there is a true associa-
tion between fat intake and CHD. However, it is not possible to infer causality from
these data. There are many possible explanations for this association and ecological
correlations such as this can be used only in genecrating hypotheses for further
investigations. They may also provide -confirmatory or non-confirmatory data for
other hypotheses.

Another type of ecological study is a study of trends. Here changes in disease rates

are related to changes in other characteristics in a population. In Figure 3.2, for
example, CHD mortality and average population cigarette smoking rates are
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Fig. 3.1. Coronary heart disease and dietary fat
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compared. Again, these observations are thought-provoking but alone they do not
establish cause and effect.

Similar associations derived from ecological studies, which may contain some truth,
include those between television licences (as an indicator of sedentary lifestyle) and
CHD, or between intake of dietary fat and CHD in Norway during the Second
World War. However, without other confirmatory data or a demonstrated biological
mechanism, there is no reason to assume a causal association.

Ecological studies may well generate hypotheses about disease causes and trends.
Because the data being compared are frequently gathered by different organizations,
primarily for other purposes, they are inexpensive and they provide quick but partial
answers to exploratory questions. They tell something about the phenomena of inter-
est, define the burden and support the potential of population strategies.

Ecological studies also have limitations. Information about the population as a whole,
frequently expressed as averages or means, does not apply to individuals: the method-
ology does not allow for this linkage. Thus, individuals who develop the disease may
not be those who were exposed to the risk factor of interest. The possibility of lack
of association between the exposure and those affected is termed the “ecological
fallacy” (1). Ecological data frequently involves large numbers of subjects resulting
in statistical significance without biological significance. Second, ecological data
provide little or no information on associated or confounding factors. For example,
the ecological association between cigarette sales and the fall in CHD could be con-
founded by age, with mortality occurring in the older group but cigarette consump-
tion falling only among younger individuals. Data on age distribution of CHD
mortality and [the age] of cigarette smokers are obviously necessary to analyse
this relationship, but may not be routinely or readily available. Finally, the use of sec-
ondary data sources in ecological studies may demonstrate basic weaknesses in these
darta. Even essential public health data, such as mortality from death certificates, may
be poorly collected in certain countries or areas.

Ecological studies are frequently misquoted in the popular press. They are useful but
need careful interpretation.

Case reports and series

Reports by clinicians of observations in individual patients (case reports) and groups
of patients (case series) are commonly used as a basis for characterizing diseases. These
sometimes anecdotal and frequently unique observations serve to generate hypothe-
ses that lead to more substantive studies.

Individual case reports may lead to new thinking and to the collection of case series,
in which more consistent and systematic information is collected. Cardiovascular
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survey methodology can be useful at an early stage in defining systematic and
rigorous data collection in groups of patients to facilitate internal comparison as well
as comparisons with other case series. The astute clinician will make use of these
systematic methods to improve the information gathered by case series.

Case series and case reports have many strengths. They may function as an early
warning system to alert the medical community to a new disease or its manifesta-
tions. There is no other system at present for many new diseases. Such reports are
inexpensive and easy to prepare from the information that is readily available to most
clinicians.

Case reports and case series, however, are only an initial step in understanding disease
patterns. They rarely reflect disease in the general population and can be strongly
affected by selection or referral bias. For example, individuals with rare and new dis-
eases may be sent to a particular hospital and thus become common there but remain
infrequent in the broader population.

Cross-sectional surveys

A cross-sectional study seeks to define disease status, exposures and other character-
istics in a population at a given point in time. Associations between disease states
and other characteristics can be evaluated using this method. The prevalence of
disease in a population can be ascertained along with the prevalence of associated
factors. Although a cross-sectional study technically covers a discrete point in time,
practical considerations mean that surveys last over a defined interval, but rarely more
than a year. Longer survey periods are subject to changing trends in disease and
associated characteristics (secular trends). On the other hand, shorter periods may
introduce seasonal or other biases.

There are numerous examples of cross-sectional surveys. Figure 3.3, for example,
shows a cross-sectional study of a large urban area demonstrating an association
between cigarette smoking and educational level (2). A population sample was
surveyed and individuals were asked about their smoking habits and their level of
education: in many industrialized countries cigarette smoking is increasingly associ-
ated with the less educated and less affluent groups.

Periodic cross-sectional surveys of a population employing identical measurement
methods are used to evaluate disease trends. Mortality statistics, for example, repre-
sent a form of multiple annual cross-sectional survey of causes of death in a popula-
tion (Figure 3.4). Other examples of regular cross-sectional surveys are found in data
from the WHO MONICA Project (Monitoring trends and determinants in CVD)
where data on CHD incidence and treatment surveillance were maintained over a
decade (3). Figure 3.5 shows data from several sites in the MONICA study for active
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Fig. 3.3. Smoking prevalence and education level

60 I
—&— Men
50 L
4 —m— Women

o %0 > \
2
N
=20 —

10

0
<HS HS SuU ‘UG
less than high school high school 3OME university university graduate

Education

Source: Iribarren C et al. Twelve-year trends in cardiovascular disease risk factors
in the Minnesota Heart Survey: Are socioeconomic differences widening? Archives
of Internal Medicine, 1997; 157:873-881.

Fig. 3.4. Age-adjusted stroke and CHD mortality 1960—1998: all Minneapolis—
St. Paul residents
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Fig. 3.5. Coronary incidence rates per 100000 population (age 35-64)
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smoking in men. At each site, two independent surveys were conducted approxi-
mately 10 years apart to describe cigarette smoking trends (4).

Although cross-sectional studies usually focus on specific and defined populations,
the unit of measurement is the individual, with information on various health and
disease characteristics being collected from each person surveyed. This approach
allows comparisons to be made between individuals and groups.

There are many uses for cross-sectional surveys. They are essential to describing the
disease status and health of populations, and this information in turn is critical to
the development and planning of health services and medical care facilities. The study
design also allows determination of population characteristics and the association of
environmental and individual risk factors with disease status. Cross-sectional studies
have allowed the development of several hypotheses on exposure~disease relation-
ships. Repeated cross-sectional studies are the basic method for determining disease
rates, exposure and risk factor trends in a population, and are therefore, essential for
assessing the effectiveness of prevention and control strategies.
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Cross-sectional surveys also have limitations. For instance, they are of little use in
studying rare diseases where a large and costly population survey may reveal only a
few prevalent cases. They are also unsuitable for studying diseases of short duration,
except in outbreaks in small, well-defined population groups. In the case of CVD,
rarity and short duration are not usually issues—most diseases are both common and
chronic.

While cross-sectional studies can provide important information on associations and
suggest causal connections, the approach also has limitations for chronic diseases.
The simultaneous measurement of disease status, exposures and risk factors may
distort the picture of the disease. This is particulatly true of CVD since the risk factors
and exposure may precede the condition by many years and treatment advice after
diagnosis may alter associated factors in the presence of disease. For example, indi-
viduals with a previous myocardial infarction may smoke less because they have been
encouraged to quit after their event, or the heaviest smokers may have died as a result
of their first infarction. A typical cross-sectional survey may therefore suggest that
smoking and myocardial infarction are unrelated or negatively related because sur-
vivors appear to have lower smoking rates. This example illustrates the importance
of a detailed smoking history and of determining when a patient ceased to smoke.

Case—control studies

Case—control studies are commonly used to study factors associated with disease.
Because they are particularly suited to uncommon or rare diseases and must assess
exposure retrospectively, they are less frequently used in CVD than for cancers or
other rarer diseases. Nonetheless, the case—control methodology can be useful in the

study of CVD.

In a case—control study, cases (those with disease) are compared with controls (those
without disease) to determine whether the exposure of interest is more, or less,
common in the cases. The initial step is the selection of cases and controls for com-
parison. Cases are individuals who, according to a strict definition, have a specified
illness or condition; they are chosen to be as alike as possible in their disease status.
Ideally, cases should include all new or incident events in a defined population over
a specified period of time. A comprehensive disease registry, on a population basis,
is the “gold standard” in assembling cases. The WHO MONICA Project has been
designed in this way (3). In most circumstances, however, this ideal does not prevail.
In practice, cases are more commonly collected from one institution or clinic and do
not represent any specific population other than patients who attend that clinic.
Frequently the cases are patients whose conditions have already been diagnosed and
who have undergone extensive treatment before initial contact.

Selection of appropriate control patients presents a similar challenge. Controls are
individuals without the disease but with the same background characteristics as the
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patients with disease. Controls should come from the same community as the cases.
In practice, controls are generally recruited from patients referred to the same hos-
pital, usually with other diseases, and they are matched with cases on basic demo-
graphic characteristics such as age and sex. The result of a case—control study is
expressed as an odds ratio (OR) which describes the association of the diseased (cases)
having a certain exposure or presumed risk factor with the presence of that charac-
teristic in controls.

Table 3.1 shows an example of a case—control study in CVD. An association was pos-
tulated between coffee intake and increased rates of myocardial infarction. Patients
with incident non-fatal myocardial infarction were drawn from 78 hospitals. Con-
trols were drawn from patients at the same hospitals admitted for trauma or non-
respiratory infections but with no history of myocardial infarction. Those with other
evidence of CHD were excluded. As shown in Table 3.1, individuals with high intake
of coffee, with or without caffeine, had an adjusted OR suggesting an association
with myocardial infarction. Other factors such as smoking, obesity, alcohol use and
physical activity were controlled in the adjusted analysis.

The case—control study design has strengths and weaknesses. It is quick, easy and
relatively inexpensive, and it can be repeated in a number of centres using identical
case and control definitions. It is particularly useful when the disease of interest is
uncommon and when it is not easy to recruit cases. However, the approach also has
limitations. Since many case—control studies are performed in referral hospitals, it is
difficult to know whether the cases or the controls are representative of any popula-
tion other than those referred to the hospital. Because these studies are usually ret-
rospective ot based on prevalent cases of the disease, it may be difficult to ascertain
whether the associated exposure is important in the causal chain or the result of the
disease. These selection factors for patients and controls may result in the odds ratio
incorrectly estimating the true relative risk. For example, myocardial infarction and
stroke survivors provide an incomplete sample when they are evaluated by the
case—control methodology because high case-fatality rate for these diseases eliminates

Table 3.1. Coffee intake and myocardial infarction

Coffee Type Cups/day Cases Controls Crude OR Adjusted OR
None 0 147 205 1.0 1.0
Regular 1-2 235 275 1.4
3-4 351 219 2.0
5-9 437 199 2.7
10+ 288 70 4.9
Decaffeinated 1-2 48 55 1.0
3-4 41 26 1.8
5+ 36 15 3.1

Source: Rosenberg L et al. Coffee drinking and nonfatal myocardial infarction in men under 53 years
of age. American Journal of Epidemiology, 1988; 128:570-578.
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an important portion of the population. Finally, diseased individuals are more likely
to over- or under-evaluate their previous exposures and experiences on interview
when they know that they are ill: controls do not have similar recall bias.

Cohort studies

The cohort survey is the most commonly recognized and widely used study design
in CVD. It is uniquely suited to the understanding of common conditions with long
development periods and delayed clinical manifestations. Cohort studies offer impor-
tant evidence about the relationship to subsequent disease manifestations of risk
factors found when the patient is healthy.

The cohort study starts much as a cross-sectional study. A population is selected and
extensive data are collected from a sample or from the entire group, including disease
status so as to allow separate analysis of individuals who are already affected. Cohort
members are then followed for evidence of disease, the appearance of or change in
risk characteristics, and exposure to medical treatment. Follow-up of the cohort after
the baseline measurement is an essential feature of the strategy, in contrast to the
cross-sectional design.

There are many well-known historical examples of CVD cohort studies, includ-
ing the Seven Countries Study, Minnesota Business and Professional Men’s Study,
Framingham Study, Men Born in 1913 Study, Whitehall Study, Isracli Heart
Study, Tecumseh Study, Tromse Study, and the Honolulu Heart Study (5-13).

For example, the Framingham Study, which began in 1949, evaluated a group of
5209 adults, aged 30-59, in Framingham, Massachusetts (7). This cohort of indi-
viduals was examined every second year after the initial evaluation; surveys included
a re-evaluation of characteristics thought to be associated with CVD as well as eval-
uation for disease end-points. Questions about medical history were supplemented
by physical examinations and other testing. In addition, local hospitals were kept
under constant surveillance to ascertain whether cohort members were admitted.
Rigorous criteria were established to define disease end-points, and new events were
recorded. For those who died, information on cause of death was collected. This
information was then related to the participants’ characteristics found in the surveys
before the onset of disease. In this way, it was possible to demonstrate the effect of
such characteristics as systolic blood pressure on subsequent sudden death (Figure
3.6). Data from multiple measurements also showed the effect of change over time
in physical characteristics, such as weight, on disease end-points (Figure 3.7).

At the international level, the Seven Countries Study enrolled cohorts of healthy
middle-aged men around the world (5). Baseline measurements were collected in the
late 1950s. The men were then evaluated at 5-year intervals for risk factor levels,
disease endpoints and other health characteristics. The study provided information
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Fig. 3.6. Systolic blood pressure at initial exam and sudden death
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Source: Kannel WB et al. Precursors of sudden coronary death: Factors related
to the incidence of sudden death. Circulation, 1975: 51:606-613.

on risk factors and disease within countries but also allowed comparisons across coun-
tries based on identical information. The study demonstrated the universal impor-
tance for CVD of risk characteristics such as lipids, smoking and blood pressure, and
provided an understanding of the widely differing health habits and disease preva-
lence in different populations.

Cohort designs may include a variety of population groups. They may include groups
that share high exposure to specific factors, e.g. cigarette smokers or industrial
workers; others that share the same occupation, behaviours, or level of education,
e.g. physicians, college graduates, military pilots and athletes; and others that share
a common geographical origin or residence, e.g. Honolulu, Hawaii, or Bogalusa,
Louisiana (13, 14).

Cohort studies are usually prospective, with individuals surveyed at baseline and then
followed through time, but may be retrospective, looking back in time. In a retro-
spective study, a cohort was previously defined, usually for another purpose, and its
health characteristics were evaluated. The cohort is then surveyed or measured for
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Fig. 3.7. Coronary heart disease risk and weight change
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Source: Ashley FW, Kannel WB. Relation of weight change to changes in athro-
genic traits: The Framingham Study. Journal Chronic Diseases, 1974; 27:103-114.

subsequent disease. Young men evaluated for induction into military service (15), or
individuals who underwent evaluation on their entrance into university commonly
lend themselves to this type of retrospective cohort study (16), since records are
usually kept of these initial evaluations and are available for review. A historical study
is one that includes elements of both retrospective and prospective studies. The cohort
is defined at a time before the start of study and then evaluated at regular intervals
thereafter to determine disease experience (17).

There are several advantages to cohort studies. They allow a direct determination
of risk characteristics and the relative risk of developing disease. Because people are
classified according to strict evidence of disease, the relationship between measured
characteristics and subsequent events is viewed as strong causal evidence (temporality).
Cohort studies provide information about the lag time between risk characteristic
appearance and disease manifestation. Depending on the selection of the population,
it is usually much easier to generalize the findings of a cohort study than those of a
case—control study.

One technique that is frequently used as an integral part of cohort studies is the

nested case—control study. Here the cohort study provides both the new cases and
the controls. Specialized tests may be performed on this smaller number of subjects
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to test a hypothesis at reduced cost. For example, genetic testing may be performed
on stored DNA, compating cases with controls in a cohort subgroup.

Among the limitations of cohort studies of chronic diseases are many years of effort
and sustained support that are necessary. The studies are costly and difficult to imple-
ment and maintain. Loss to follow-up, where cohort members become unavailable
or are unwilling to be re-examined, is a particular problem. Multiple measurements
may cause subjects to change their behaviours or seek additional medical care. Finally,
cohort studies are most effective for common diseases, and less effective for rare dis-
eases because of the very large populations that must be assembled and measured to
generate a few cases.

Trials

There is often a need to evaluate the effects of an intervention on individuals or pop-
ulations, to ascertain its real benefits and risks, to confirm causal relations, or to assess
interventions with potential clinical benefit. Scientists who perform observational
studies such as those described above may also perform controlled trials using many
of the same research methods.

Controlled trials consist of the administration of an intervention to a study group
and comparison of defined outcomes with those in a similar group that has not
received the intervention. The two groups should be comparable, in all respects,
except for the intervention under evaluation. This is usually achieved through the
method of randomization that should result in an equal allocation of confounders
between the two groups. Such an experimental design provides the most unbiased
evaluation of the independent effects of any intervention. The presence of a control
group is essential to distinguish between the true effects of the intervention and
changes that may occur as part of the natural history or other concurrent influences.
This may be an untreated group, placebo controls (in a drug study) or randomiza-
tion to the usual type of care (to compare with a new approach).

Community trials

Community intervention approaches are being increasingly used in CVD prevention
research. There are examples of such studies in many countries; they include
the North Karelia Project, the Stanford Three Town and Five Cities Studies, the
Minnesota Heart Health Project, the Pawtucket Heart Health Project, and the
German Cardiovascular Project (18-24). In each of these, intervention communities
were selected and compared with matched reference areas.

Community projects offer distinct advantages but present unique methodological

problems. Usually they are long-term projects to provide adequate time for the eval-
uation of CVD outcomes. Demonstrating the effectiveness of primary prevention
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interventions aimed at modifying the risk of CVD and its consequences requires
many years. Furthermore, the intervention is applied to the whole community which
is thus more likely to represent the complete spectrum of the disease and its deter-
minants in that population. The results of a community intervention have great gen-
eralizability in their applications at the population level. Community-based studies
also provide for “effectiveness” evaluation under operational “real world” conditions
in contrast to most clinical trials which take place in artificial experimental settings
and which provide for “efficacy evaluation”. Impact on total mortality is also easier
to assess in community trials, which may have sufficient “power” to evaluate coro-
nary mortality and total mortality.

However, community projects also suffer from several drawbacks. First, the sampling
unit is the whole population, not the measured individual, so that the number of
units for comparison is limited (25). Secondly, the community units may not be fully
comparable with respect to known and unknown confounders that may influence
the outcome. In a clinical trial, the process of random allocation of individuals pro-
vides for maximal comparability of known and unknown confounders between the
intervention and control groups. Such a balance is unusual in a community project
because it is usually impossible to deal with more than a few units. Even if adjust-
ments are made for known confounders, differences in unknown confounders may
influence the outcome. Thus, an unbiased assessment of the independent effect of
the intervention cannot be assumed.

Another methodological problem in community projects is “contamination”. When
an intervention starts in a community, its effects are likely to diffuse into the control
community through increased public awareness (18). For example, health messages
in North Karelia also diffused to the control community in Kuopio (18). This con-
tamination tends to reduce the net impact of an intervention. The strict separation
of the two groups in terms of the intervention of interest, which is a strength of an
experimental study, may not be fully achievable in community studies.

Finally, because of their scope and complexity, community trials are very costly and
difficult to implement.

More about the design and analysis of community trials can be found elsewhere

(25, 26).

Clinical trials

Most clinical trials are randomized, that is, the participants are randomized to an
intervention group receiving the treatment and a control group receiving “standard”
treatment or an inert placebo. An “uncontrolled” trial, in which the effects of inter-
vention are assessed, as a “before” and “after” comparison in a single group is a much
weaker design.
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Clinical trials may be of “parallel group” or “cross-over” design (Figure 3.8). In
the former, a population is randomized to different regimens (new therapy versus
standard therapy, for example) throughout the trial period; in the latter, each
randomized group is exposed sequentially to both regimens. The trials may be “open”
{unblinded, unmasked) or “blinded” (masked), depending on whether the subjects
and physicians are aware of the nature of the intervention being administered to each
subject. If only the subjects are unaware, the trial is said to be single blind; if both
subjects and research staff are unaware, the trial is spoken of as double blind. Where
possible, those involved in treatment assignment and in the assessment of outcomes
should be unaware of the nature of the intervention.

Randomization of treatment allocation is mandatory for unbiased comparisons.
Systernatic schemes (quasi-randomization), in which every alternate subject is
assigned to the intervention, are suspect because future assignment is predictable.
Such methods are vulnerable to manipulation by staff and to other biases. Physicians
may manipulate assignment because they want, more or less consciously, to make
their preferred therapy look better, or because they genuinely believe that one form
of therapy is better for their patient. In any case, the desired balance between the two
groups is lost. Other forms of assignment, using birth dates, odd or even date of
admission, or telephone numbsers, are also flawed as the staff can ascertain a subject’s
treatment assignment. Selective enrolment may be manipulated and a lack of blind-
ing may lead to a biased assessment of outcome events.

Compliance with the treatment protocol is essential in clinical trials. Measures used
to promote compliance with therapy should be applied equally in both treatment

Fig. 3.8. Crossover experiment
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and placebo groups. Blinding of the subjects and of research staff protects against
selective application of compliance-enhancing measures.

A good trial report must provide full details of the follow-up of patients in each
group so that all subjects are fully accounted for. While withdrawals before ran-
domization (due to lack of consent, for example) are permissible, all patients
who have been randomized must be included in the analysis (intention-to-treat
principle). Post-randomization withdrawals are to be avoided as far as possible. If
unacceptable side-effects lead to drug withdrawal, this fact must be reported, and the
patients must continue to be counted in the group of original allocation: in effect,
they constitute treatment failures and merit inclusion in that category. Ideally, there
should be no loss to follow-up. Any such losses may be analysed by applying the
group averages to them. The test treatment is still most likely proven to be better,
despite the worst-case of assuming that all of its follow-up losses have unfavourable
results.

Non-compliance or unintended cross-overs are usually analysed as though they are
still a part of the group to which they were originally allocated (“intention to treat”
analysis). This may appear illogical but is necessary to maintain the balance created
by the randomization. If they are excluded, the groups will no longer be compara-
ble in terms of baseline characteristics and the trial may be flawed. Therefore, in order
to preserve the structure of randomization and comparability, these protocol viola-
tions are regarded as originally assigned. Such an analysis is also referred to as an
“effectiveness trial” in which the net benefit from the cherapy is assessed, in opera-
tional conditions that include drop-outs and cross-overs. A trial may report both
types of analysis. An “intention to treat” analysis must, however, be reported in all
trials. In some situations, such an analysis is the only logical one despite the impres-
sion that it is not.

Consider a trial of coronary artery bypass surgery versus medical treatment for unsta-
ble angina pectoris in which 20% of the patients assigned to medical treatment cross
over to surgery by the end of the trial period. Any “intention to treat” analysis that
includes these patients as part of the medical therapy group seems open to question.
However, if the research aims to determine whether the policy of initally treating
the patients with unstable angina with medical therapy is comparable to the policy
of initially treating them by surgery, the situation becomes clearer. Initial medical
therapy does not preclude surgery as a later option. Cross-over to surgery one year
later does not mean that surgery should have been the initial option. If both groups
fare equally well at the end of 5 years, then the policy of initial medical treatment,
with the option of later surgical referral when necessary, is not flawed. Here the
“intention to treat” analysis does justice to the question of choosing the initial
line of management. A comprehensive description of clinical trial methods can
be found elsewhere (27, 28). A checklist for evaluation of clinical trials is shown in

Table 3.2.
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Table 3.2. A checklist for evaluating a clinical trial

. Was a primary hypothesis clearly stated?

. Were the groups randomized?

. Was comparability of the groups ensured at entry and/or analysis?

. Were effective blinding procedures followed?

Was there any contamination between the intervention groups?

Was the follow-up complete, with equal compliance and diagnostic surveillance in treatment
and control groups?

. Were the outcome criteria clearly defined and their reproducibility assessed?
. Were appropriate statistical tests of the hypothesis applied?

. Was the sample size adequate to test for a clinically relevant difference?

. Are the results of the study generalizable?

. Was the study ethically sound?
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Clinical trials are complex and costly, requiring sustained, substantial effort on the
part of the investigators.

Genetic epidemiology

Thete is a growing realization thar the study of genetic variation will contribute to
the understanding of common disorders such as CHD and cancer. Interest in this
area has been kindled by an important study from the Swedish Twin Registry in
which 21004 monozygote twins were investigated (29) for the risk of death from
CHD. Relative hazard estimates were obtained in a multivariate survival analysis. The
study assessed the relative hazard of a twin’s death from CHD when the other twin
had died from this cause before the age of 55 years, compared with the hazard when
the twin had not died. The relative hazard in monozygotic twins was roughly double
that of dizygotic twins and, although the effect decreased with age, an excess per-
sisted well into old age.

It is now well recognized that susceptibility to most CVD is polygenic, that is, it
involves many genes, and that it is also influenced by interactions with environmental
factors. Newer methods permit the search for any significant contribution of single
genes to diseases of complex etiology and to variation in quantitative traits such as
plasma cholesterol. For complex diseases, as for rare single gene defects, statistical
analysis of family data can provide clues to the existence of a basic metabolic defect.
However, it is considerably more difficult to demonstrate that a familial pattern of
disease is consistent with Mendelian segregation ratios for a disease with a complex
etiology than for a simple autosomal dominant or recessive disorder. Although
numerous genetic loci may determine susceptibility to CVD, most may have only a
minor effect. There may be one or a few that independently, or in combination, have
a major effect. In addition, complex diseases such as CHD may exhibit etiological
heterogeneity, with one locus having a major impact in some families, and another
locus or an environmental variable having a bearing in others. Because of these intri-
cacies, statistical analyses of family patterns of such diseases may sometimes yield
ambiguous results. The statistical methods used include association studies, linkage
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analysis and segregation analysis. A straightforward account of these techniques can
be found in Molecular genetics for the clinician (30); Genetic variation and human
disease (31) provides a more advanced text.

The study of DNA structure has been greatly facilitated by the use of restriction
endonucleases—naturally occurring enzymes that will cleave DNA only at sites of a
specific nucleotide sequence. Nucleotide insertions, deletions or substitutions, which
either create or destroy a recognition site, will alter the size distribution of the DNA
fragments and these will be detectable after hybridization to a specific cloned or syn-
thesized hybridization probe (32). DNA variations can be arbitrarily divided into two
classes. One class comprises DNA variations that have a direct cause—effect relation-
ship with the disease phenotype; the other represents those variations that have no
such cause—effect relationship with disease, either because they occur outside coding
regions or because they are mutations which have no effect. The majority of these
“restriction fragment length polymorphisms” fall into the latter class. Although they
result from events independent of those directly responsible for the disease pheno-
type, they can be used as a marker of a segment of the chromosome on which a gene
functions in an abnormal fashion. The frequency of association between a gene
marker and a “disease” gene will depend on variations in the frequency of the marker
in different populations. In addition, it is important to remember that genetic
markers are based on a concept of statistical association rather than on physical prox-
imity of the relevant loci.

Another issue often not addressed in studies of association among genetic markers
and disease is that of biological interaction between the genetic marker and other
genetic and environmental factors. In the presence of gene—environment interaction,
a truly causal association between a marker and disease may be diluted by the
proportion of the population that is or is not exposed to environmental factors that
interact with the susceptible genotype (32).

While these types of study can provide evidence of association at a population level,
the contribution of a major locus to disease susceptibility is more convincingly
demonstrated when alleles at a marker locus co-segregate with disease in families. The
lack of proven association at a population level does not preclude the marker con-
cerned associating with a disease locus in a particular family. Linkage analysis thus
involves calculation of the likelihood of obtaining an observed transmission pattern
of a disease and a marker in a set of families (33). When two loci are situated closely
together on the same chromosome they tend to be transmitted together from parent
to offspring. If recombination events occur at this site during meiosis—when DNA
replicates during the production of germ cells—the resulting chromosome will
contain a paternally derived allele at one locus and a maternally derived allele at the
other. The probability of recombination, the recombination fraction, is a function
of the distance between the two loci, taking a maximal value of 0.5 for loci on
different chromosomes or 0 for loci that are so closely linked that recombination (a
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combination of genes in the offspring, not seen in the parents) is never observed. In
linkage analysis, the likelihood of the observed transmission pattern in a set of fam-
ilies is calculated for various values of recombination fraction @. In order to distin-
guish between coincidence and significance, the probability of a set of observations
representing true linkage is expressed as the “logarithm of the odds” or the lod score
(7). Methods for estimating the power of a family structure to produce significant
linkage tests have been worked out for various conditions and are beyond the scope

of this text (34).

Segregation analysis involves calculating the likelihood that a particular familial
pattern of disease would be observed under alternative hypotheses concerning genetic
and environmental contributions to susceptibility. This is done by comparing the
observed proportion of affected sibs and offspring with the proportion expected
according to a particular genetic hypothesis.

For a “major locus” model, there are essentially two key parameters: the proportion
of individuals of each major locus genotype who are aftected (that is to say the pen-
etrance for each genotype) and the frequency of the disease allele. The values of these
parameters are estimated using a likelihood approach: the likelihood of observing
pedigree data under a sporadic, or alternatively a major locus model, is determined

and compared (35).

Other factors that can lead to misinterpretation of the results of segregation analysis
are the presence of undetected age or sex effects, population and etiological hetero-
geneity, and shared environmental factors that contribute to discase susceptibility.
These problems are compounded in the study of CHD because the disease end-point,
however defined, is usually the result of an interacting sequence of events, only some
of which are directly related to a specific gene product. Thus the analysis of quanti-
tative, rather than dichotomized, traits is considerably more powerful. Frequently,
the levels of quantitative risk factors for atherosclerosis are adjusted for age and sex
effects before analysis; alternatively, these factors may be included as covariates. In
addition, because the distribution of some traits (such as the triglyceride level) is
skewed, log-transformation may be required before analysis. In the “measured geno-
type” approach the average effect of each allele is computed as the difference in the
trait value between individuals who carry the allele and the population mean. The
contribution of the locus to quantitative variation of the trait is the ratio of the vari-
ance among the mean trait values for the separate genotypes to the total phenotypic
variance (36).

These methods were elegantly demonstrated in the Nancy Study, France, (37, 38) by
Cambien et al., who investigated the origin of familial resemblance of plasma
angjotensin converting enzyme levels. In this study, plasma-angiotensin converting
enzyme (ACE) levels were correlated with age in offspring but not in parents; height,
weight and blood pressure were uncorrelated in both parents and children. After
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adjusting for age, the father—offspring, mother—offspring and sibling correlations
were 0.166, 0.323 and 0.303 respectively. The question remains as to why, if the trait
is deleterious, it is so common. The probable reason is that it conferred an advan-
tage at some time during human evolution. There are other examples of this: sickle-
cell disease is very common in some parts of the world where it protects against

malaria (39).

Not surprisingly, analysis of genetic data from different populations sometimes yields
discrepancies in results. Disease susceptible loci detectable in one population may not
be found in another because of different environmental risk or other genetic or racial
factors, or because of differing methods of ascertainment. While these potential short-
comings must always be borne in mind, more advanced statistical approaches are
continually being developed that can at least partially take account of such factors.
For recent reviews of this area sec references (40, 41).

Sample size and power

An adequate sample size capable of detecting relevant differences is an essential
prerequisite to any study. For all observational and trial studies the description of
the methods should include pertinent details of the calculation of sample size.

Sample sizes are estimated by using appropriate formulae for detecting statistical
differences between proportions (for dichotomous events such as death, stroke
or myocardial infarction), or differences between means (for continuous variables
such as exercise time, blood pressure and serum cholesterol). A study sample size is
based upon:

* An estimate of the event rate or the mean level of the continuous variable of

interest in the population, usually taken from previous work in the literature.

A (delta)—biologically relevant differences that the study seeks to detect, if present.

* o (alpha)—probability of the observed difference arising by chance (probability of
a type I error or false positive).

* B (beta)~—probability of missing a true difference (probability of a type II error or
false negative). 1-B is che ability of the trial to detect a difference, if it truly exists,
and is known as the “power” of the study.

The conventional significance level is 0.05 but may vary from 0.1 t0 0.01. The sample
size will also vary according to whether the test is one- or two-sided. If the alterna-
tive hypothesis is at all possible (the new treatment could be better or worse than the
control therapy, or one group might have a higher or lower value than the other), a
two-sided or two-tailed alpha is used. A two-tailed alpha is preferred because it
recognizes that alternative outcomes are possible. A one-tailed alpha requires a smaller
sample size. The beta (B) is conventionally set between 0.05 and 0.20, i.e. power of
0.80 to 0.95.
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An appropriate formula for the calculation is as follows:

SE=pal

where SE = standard error
= proportion affected
g={1-p)

7 = number in sample.
This simple formula is slightly inaccurate when rates are low.

In comparisons between two studies, the significance of the differences between esti-
mates is given with sufficient accuracy by:

PP
SE difference

where p; = proportion affected in first sample
2 = proportion affected in second sample.

This function has a normal distribution.

The SE difference is given by the expression:

nav g

m 7y

In order to calculate the required minimum values for #; and », (the sample sizes), a
second type of error must be considered—namely, that of failing to demonstrate a
difference that really exists. If an investigator is prepared to accept an 85% chance
of recognizing a real difference between two populations with various specified true
rates, some of the required sample sizes may be obtained from Table 3.3.

Table 3.3. Required sample sizes for giving an 85%
chance of recognizing a specified difference in
rates (1 power) between two populations,
significant at the 5% level, (two-tailed test)

Estimated true rates (%)

Required sample sizes

P Pz (nz=m)
5 2 670
10 5 490
15 5 160
20 5 80
20 10 230
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Studies of continuous variables

The error in estimating the mean value of a continuous variable depends not only
on the sample size but also on the amount of variation of individual values between
subjects:

Standard error = vSD?/n

where SD = standard deviation of individual values for each subject
n = number of subjects.

If this variability is known approximately, either from previous studies or from a pilot
study, then it may allow the advance estimate of either the confidence range that will
be obtained from a specified sample size or the sample size that will yield a specified
confidence range.

The variance of individual values between subjects has three components: true
between-subject variation; biological variation within subjects; and measurement ‘
error. The effects of the last two may be reduced by replicate measurements, and mea-
surement error may also be reduced by attention to technique. Such steps will reduce
the necessary sample size (or improve confidence limits).

In comparisons between two studies, the significance of a difference observed between
the two estimates of mean values is given with sufficient accuracy by:

X1 — X3

SE difference

where % and x, are the two mean values (x;, — % = A), and SE difference =

VSE? +SE}
This function has normal distribution.

In planning a comparative study the investigator may wish to get some idea of the
necessary sample sizes. First there is a need to specify: the magnitude of difference
that it is desired to detect; the significance level at which any difference can be demon-
strated; the acceptable risk for failing to demonstrate a real difference; and estimates
of the variability of individual values.

Table 3.4 illustrates the sample sizes needed to meet various specifications. It may
also be used to indicate the magnitude of difference that an investigator may rea-
sonably hope to detect between two samples of specified size. The table should be
used only as a rough guide, since the means and standard deviations on which it is
based will not actually be known until after the study is completed. In addition, it
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Table 3.4. Required sample sizes for giving an 85% chance of recognizing a specified
difference in mean values between two populations, significant at the 5%
level (two-tailed test)

Required sample size in each sample for demonstrating
the following differences in mean values:

Standard deviation of

individual values 1 2 5 10 25 50
1 20 <10 <10 <10 <10 <10
2 70 20 <10 <10 <10 <10
5 450 110 20 <10 <10 <10

10 1800 450 70 20 <10 <10

25 11000 2800 450 110 20 <10

assumes equal variability in the two populations and ignores the risk of biased mea-
surement errots.

Other considerations

In the case of a quantitative variable, any random measurement error naturally affects
the accuracy of results and may necessitate an increase in the size of the study. For
qualitative variables, on the other hand, random etror does not affect the standard
error of a prevalence estimate, and it is important only in so far as it tends to be asso-
ciated with systematic error. In cither situation it is systematic error that is really dan-
gerous; the effects of systematic error are not reduced by increasing the size of the
sample.

The choice of sample size is of course affected by many practical issues besides the
statistical estimates. This does not mean that an investigator should begin a study
without first making the best possible calculations of whether or not it is likely that
reasonable answers to the study questions will be obtained, but there are other con-
siderations. Too large a study is laborious, and the overstretching of resources may
impair the quality of results. Many groups have found that the detailed examination
of 500-1000 subjects is ample work for one study. If large numbers are necessary, it
may be better to carry out two smaller studies than a single large one.

More details on sample size calculations are found in statistical textbooks (42-46).
Statistical analysis.

Table 3.5 provides a brief guide to commonly applied statistical tests.

A common problem is multiple significance testing. If a large number of variables

are tested for differences between two groups, some variables may show statistically
significant differences by chance alone. Subgroup differences may emerge even when
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Table 3.5. Commonly applied statistical tests

Design Data Statistical test
Two independent groups Proportions (nominal) Chi-square; Fisher's exact
Rank ordered (ordinal) Mann-Whitney U
Measured quantities Unpaired t-test
(interval ratio) Mantel-Haenszel
Survival data
Two related groups Proportions McNemar's chi-sqg; Binomial test
(before/after; matched Rank ordered Sign test; Wilcoxon signed rank
pairs; cross-over) Measured quantities Paired t-test
More than two independent Proportions Chi-square
groups Rank ordered Kruskal-Wallis
Measured quantities Analysis of variance
Survival data Log rank
More than two related Proportions Cochran Q
groups Rank ordered Friedman
Measured quantities Analysis of variance
Multivariate Proportions Log linear models
Measured quantities Multiple regression
Discriminant function
Cohort design Rates exposed Relative risk
Case—controf and unexposed Odds ratio

Unpaired or paired

the overall study shows no difference. Such subgroup analyses should always be
considered as hypothesis-generating and not as hypothesis-testing. Each positive
subgroup difference needs to be tested afresh with a study designed for that purpose.
Differences often vanish when tested.

The best way of avoiding this problem is to state clearly the primary and secondary
hypotheses before the study is done (a priori) and to design the study on the
basis of these prior hypotheses. Secondary hypotheses may also be stated and analysed
but these should be specified in advance and not be the results of “post hoc data
dredging”.

Health research does not always consist of hypothesis testing (statistical significance).
It also includes estimating the magnitude of the biological effect (clinical signifi-
cance). This is done by estimating the 90% or 95% confidence interval around the
observed treatment effect, and it has two important implications. First, in a “posi-
tive study” it is possible to obtain a statistically significant result (2 < 0.05) by increas-
ing the sample size to such an extent that even minor differences can be detected as
significantly different. It is said, that “with small studies you can prove nothing, with
large studies you can prove almost anything”. The 95% confidence interval may show
the range of differences to be irrelevant despite the statistical significance. Second, in
a “negative study” with inadequate power, an estimate of the likely benefit versus risk
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may still be useful. For example, if it is found that the 95% confidence interval ranges
from a possible 3% increase in adverse clinical outcome to a possible 27% reduction
in that outcome, thanks to an inexpensive and easily administered mode of therapy,
this will encourage efforts to test the therapy in a larger trial. A good study must
therefore report the confidence intervals for all its estimated end-points. Statistical
textbooks provide detailed information (42-46).

Risk assessment

Estimation of risk of a disease outcome is a common result of epidemiological studies.
There are several statistical indices for quantifying risk at the individual level as well
as at the population level.

Relative risk
Disease (present) Disease (absent)
Exposure (present) a b (a+ b)
Exposure (absent) c d (c+d)
(a+0) (b+d)
. . c
Relative risk = +
a+b c+d

Although this estimate views exposure as dichotomous (absent or present), different
levels of relative risk can be calculated for different cut-off levels of a continuous vari-
able such as blood pressure or serum cholesterol.

Odds ratio

The odds ratio for a set of case—control darta is the ratio of the odds in favour of
exposure among cases (a/c) 1o the odds in favour of exposure among non-cases (4/d).
This reduces to adlbe. The disease odds ratio for a cohort or cross-sectional study is
the ratio of the odds in favour of disease among the exposed (#/h) to the odds in
favour of the disease among the non-exposed (¢/4). This also reduces to adlbe.

Attributable risk

Axtributable risk is the rate of an outcome in exposed individuals that can be
attributed to the exposure. It is derived by subtracting the rate of the outcome
(usually incidence or mortality) among the unexposed from the rate among exposed
individuals.
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Population attributable risk

Population attributable risk (PAR) is the incidence of disease in a population attrib-
utable to exposure to the risk factor. It is often expressed as a percentage:

[)e(je—[u) %1

t X t

PAR = 00

where:
P. is the number of persons exposed
D, is the number of persons in the population
L is the incidence rate among exposed
1, is the incidence rate among unexposed
L is the incidence rate for the total population

PAR is a more meaningful figure than relative risk in determining the need for
population-based preventive programmes. Even if the relative risk of a particular risk
factor is not high, but the risk factor is widely prevalent in the population, the total
number of cases attributable to the risk factor may be high. Conversely, a rare risk
factor with a high relative risk will not contribute much to population levels of
disease. Thus, relative risk is useful for estimating individual risk due to a risk factor
exposure, while population attributable risk provides a useful profile of the cumula-
tive risk across the entire population. For example, while severe diastolic hyperten-
sion is associated with a higher relative risk of vascular events than is mild diastolic
hypertension, there are far more cases of mild than severe diastolic hypertension in
the population. Thus, many more vascular events at the population level are attrib-
utable to mild hypertension than to severe hypertension. Similarly, data from the
Multiple Risk Factor Intervention Trial (MRFIT) cohort reveal how more coronary
cases arise in the borderline systolic blood pressure group than in those with severe
elevation (Figure 3.9). Preventive strategics seeking control of disease at a national
level must pay great attention to population attributable risk (47).

Absolute risk

Relative measures such as odds ratio or relative risk may distort the actual danger of
proven risk associations. Attributable risk is one method to clarify these associations.
Another method is to look at absolute risk, expressed as rate/100 000 or similar values.
Actual or absolute risk enhances the relative measures making clinical relevance more
clear. For example, it has been observed that sexual intercourse has a relative risk for
sudden death of 2-3 compared with sedentary activity (48). While this may be ini-
tially of concern, the absolute risk of sudden death during intercourse is so small that
the activity can still be recommended. In this case, absolute risk measures clarify rel-
ative risk.
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Fig. 3.9. Systolic blood pressure and CHD mortality
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4.

Principles of study design
and measurement

Overview

In addition to the basic principles that underlie scientific inquiry, there are others
that are specific to population studies. These principles, ranging from the explicit
statement of a hypothesis to appropriate data analysis, are briefly reviewed. Later
chapters (Chapters 5 and 9) describe the practical 1mplementat10n of these princi-
ples in cardiovascular surveys.

Hypotheses

Any scientific study begins with the statement of the hypothesis, that is, the ques-
tion to be investigated. Such statements are generated by a thorough understanding
of published and unpublished research, observations by the investigators, and dis-
cussions with colleagues working in the field. They are also driven by a need for
answers to health problems. Many studies are guided by a single hypothesis while
others seek to answer several questions. Whether the study rests on one or several
hypotheses, the questions need to be clear, focused, relevant, ethical and answerable
by the proposed study.

Study design

The study design chosen is the best or most practical approach to the research issue
and frequently requires taking into account and balancing different considerations,
including available resources, populations, measurement instruments and feasibility.
Under certain circumstances, a large, complex, costly ideal study can be accom-
plished. Generally, however certain compromises must be made but must not jeop-
ardize the scientific integrity of the research.

Objectives and specific aims

The selection of the hypotheses should translate readily into specific objectives. These
in turn need to be restated into clear activities and targets both for monitoring
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progress and, importantly, for determining whether the plan is realistic given actual
resources.

Population definition

CVD surveys include a definition of the study population, including size and other
characteristics. These are essential in the planning of the study and ascertainment of
it feasibility. Populations may be defined by geography, work site, school, member-
ship, demographic, physical, disease or other characteristics such as age and sex. The
population is chosen based on the hypotheses to be tested, the feasibility of the study,
study objectives and population size. A close examination of the population selected
may reveal significant and unexpected barriers. For example, the participants may be
suspicious of the investigators or their institution or the measurement may call for
undressing the participants, which may be culturally unacceptable. Equally, it may
be difficult to define the population because of inaccurate census data, a high degree
of mobility, or other factors. A clear definition of the population sample, its avail-
ability and its size is a crucial step.

Sample size (see Chapter 3)

While a defined population may be available and a survey feasible, the study may
lack adequate numbers of participants to allow the questions to be answered. Failure
to consider sample size adequately is 2 major flaw of many studies, frequently dis-
covered only after the data are collected. For example, the number of cases collected
in a local hospital might be lower than expected. Statistical consultation is essential
and helps investigators to determine the appropriate sample size before data collec-
tion. While sample size calculation is partly a statistical exercise, calculations
also depend on the estimated characteristics of the group, which are often imputed
from experience or from the literature. Greater numbers of participants allow detec-
tion of smaller differences between groups and more stable estimates of mean values
Or rates.

Measurements

Investigators need to select or develop appropriate tests and measurements to enable
the questions to be answered. They should first choose measurement instruments pre-
viously used in similar studies. This allows for greater comparability with other work
in the field, and offers the benefits of previous testing and experience. In certain
instances, the questions proposed will require new measurements, which may involve
design and evaluation of new instruments, and pilot testing of the suitability of the
tests in the intended population. Development of a new measurement demands con-
sideration of the validity of the test and its accuracy in measuring the variable of
interest. It also includes reproducibility; i.e. the ability to measure accurately a similar
value more than once in the same individual.
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Quality control

A formal quality control protocol is essential for any data collection system. All levels
of data collection, from sample selection to interviews to measurement of collected
samples, require formal standardization with both internal and external quality
control. Internal control refers to methods performed within the study by the staff,
such as double entry of data or re-interview of a sample of participants to evaluate
interview quality. External controls require resources such as a reference laboratory
to evaluate duplicate samples. Such quality procedures assure that the instruments
used are performing to their original specifications throughout the study, and allow
comparisons of values over time within the study. Formal quality control procedures
need to be documented and performed at specified intervals.

Data handling

Current survey data are usually entered on-line and tabulated on computers. The
availability of powerful portable and desk-top machines at reasonable cost makes this
approach universally feasible. Computerization of information allows ready access
and editing as well as rapid data analysis. However, powerful statistical software pack-
ages now available are not substitutes for good statistical consultation and thought-

ful data analysis.
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Data sources

Overview

Approaches to collecting information in a CVD survey range from routine collec-
tion of vital statistics to active performance testing of participating subjects. Each of
these is considered for quality, availability, ease of collection, cost and relevance
to answering the questions. Data sources available for cardiovascular surveys are
described below, along with the strengths and weaknesses of each method.

Vital statistics

Mortality statistics based on classification of cause of death are basic to the study of
the health of any population. Many countries collect such data routinely, and have
done so for decades, while others are only now developing comprehensive systems.
In areas where mortality data are not routinely collected new systems for collecting
this information are crucial.

Almost as important as the fact of death is the cause of death. This information varies
in quality by region and country. Autopsy or postmortem examination is the accepted
“gold standard” by which cause of death is most accurately certified. However, even
autopsy may not always be helpful in cases such as sudden out-of-hospital death, a
common form of demise in CVD. Autopsy is practised with decreasing frequency,
except in cases where criminal behaviour or unnatural causes are suspected. Hence,
most certification of cause of death depends on assessment by a local physician,
medical examiner, coroner or other health professional. This individual may or may
not have been involved in the patient’s care. The absence of accurate or informed
information in the completion of a death certificate leads to misclassification. Social,
political and religious considerations may make some causes of death more o less
acceptable, irrespective of the real cause.

Appendix 3 shows a standardized WHO death certification form and the form used
in the USA. Each requires demographic information on the deceased, on relatives,
on underlying and associated causes of death, and on the certifying individual. Such
information is coded using both a systematic method and the WHO International
Classification of Diseases (ICD-10) System (7). The 10th Revision, the International
Statistical Classification of Diseases and Related Health Problems, introduced in
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1993, provides a comprehensive classification system for cause of death. It is the
global standard and forms the basis of national reporting to WHO and of statistical
comparisons.

While the absolute number of mortal events can be determined from death certifi-
cates, along with cause and age at death, it is impossible to determine disease rates
in a population without knowing the population base or denominator. National and
regional census data may be accurate in many areas and inadequate in others. Even
those census data known to be regularly and rigorously collected have weaknesses,
including incomplete data on mobile, economically deprived or minority popula-
tions. Estimating the population base in years between census surveys presents a
problem: most countries do not conduct annual census surveys. Population size
between census points must be estimated based on information available on births,
deaths, immigration and emigration (2).

Routine patient data

Morbidity data on patients seen in health care facilities are routinely collected in
many countries, and range from demographic characteristics (age, race, sex), number
of visits and hospitalized days, to diagnoses, treatments and outcomes. Such infor-
mation may be less comprehensive and less rigorously collected than the death cer-
tificate information. [t can vary greatly between countries, regions and individual
health care facilities. Information on hospitalization is usually more completely col-
lected and classified than that on outpatient services.

Diagnostic classifications based on the WHO ICD codes (1) are collected in many
hospitals and clinics. For hospitalized patients, the discharge diagnosis is a basic
means for determination of disease patterns. Similar data may be collected on out-
patient visits. A diagnosis is assigned based on the clinician’s diagnosis of the under-
lying disease that resulted in the patient’s contact with the health care system. These
data are commonly available to the researcher.

Data from hospitals and clinics are subject to various sources of bias and misuse. In
some systems, the data are inconsistently recorded and the diagnoses not rigorously
assigned. In other systems, where reimbursement depends on the diagnosis,
informarion is likely to be complete, but diagnoses may be influenced by insurance
reimbursement levels for different diagnoses (3). Information may be complete
in one institution in a city but partly missing in another, and certain regions
may have comprehensive collection schemes while others have nothing. Of course,
individuals who are ill but do not consult the health care system will not be found
by this method.

Morbidity patterns are an important element in determining the health of a popu-
lation. These data are particularly important for chronic CVD which creates popu-
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lation disability and consumes a large portion of health care resources. However,
before these data are used in scientific studies of CVD, their quality, completeness
and availability must be established.

Insurance data

National, local and private health insurance systems frequently collect information
on the disease partterns of individuals insured in their systems.

Information from insurance plans may be useful as it is usually complete. However,
if the insurance scheme is not national or population-based, the data may not be
generalizable and may be biased. The data from insurance organizations are usually
much less comprehensive than those in hospital or clinic records.

Interview data

Information gathered by interviewing patients, or subjects selected from a popula-
ton, is a primary collection method in CVD surveys. Self-completed questionnaires,
direct interviewer-administered questions, and telephone interviews are three of the
more common methods used to collect information. Questionnaire design depends
on the method of administration, and is a critical task for the investigator develop-
ing a survey.

Numerous sources of bias are associated with interviews and the collection of good
quality information from interviews depends on factors detailed above (Chapter 2,
p 38) and in later sections. Good information can be obtained with careful design
of instruments, training of interviewers and control of the interview setting.

Observation of subjects

Most cardiovascular surveys have concentrated on direct interviews or testing.
Increasingly, however, subjects are observed in their natural setting because health
habits may be erroneously reported by participants on interviews or questionnaires.
Individuals tend to over-estimate behaviours that they view as positive and minimize
those that they feel the interviewer will not approve of. Direct observation is one way
to avoid these sources of bias. For example, physical activity among youths in schools
or adults at work can be obscrved directly and quantified (4). Both cating and ciga-
rette smoking behaviours may be unobtrusively observed in such settings as a cafe-
teria or restaurant.

In some cases, bias may occur if the subjects know that they are being observed; this
is the so-called Hawthorne Effect. In addition, they may feel offended. While
informed consent is one way of ensuring acceptance, it also alerts the individual to
the intended study, which in turn may lead to a change in behaviour. Finally, direct
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observation is costly in time and personnel, it requires considerable work to orga-
nize, and is not suitable for all settings.

Physical measurements

Basic physical measurements such as height, weight and waist circumference are
commonly collected using a strict protocol in CVD surveys. Other more complex
tests include electrocardiograms, exercise tests for fitness, underwarter weighing to
estimate body fat, and measurements on blood and urine. The collection of these
samples requires careful adherence to a strict protocol to ensure quality and consis-
tency. In addition, precise handling, storage, and analysis of samples and measure-
ments require careful staff training and consistent methodology. Quality control
protocols are necessary: information regarded as adequate for clinical purposes is fre-
quently inadequate for scientific studies because of variable collection and analysis
methods.

Unobtrusive measures

The ability to monitor risk factors and trends in CVD inexpensively and without
undue effort is an attractive concept. Certain indicators are available, for example
food consumption estimates collected by the FAO, based on production, import and
export. These allow for the international comparison of broad trends.

Perhaps the best population health indicator is a country’s gross national product. It
has been known for a very long time that economic prosperity is good for a nation’s
health. In terms of the total community perspective of burden of disease, it is now
possible, with well developed health information systems using medical record
linkage, to produce a clear indication of what is happening to the burden of some
diseases in the population. This approach requires some form of registry for the
purpose of periodic validation (see Chapter 8).

Information may also be gathered from customs and excise tax data about the sale
of tobacco and cigarettes but, without details of the consumers’ age/sex breakdown,
the data may be less helpful. Information on hypertension and on cholesterol may
be derived from relevant drug sales and prescribing data. In developed countries
there are usually several large retailers who command a large proportion of the
market and it is possible to gain information from computer price scanning directly
from them, for example, on trends in low fat milk use. Anthropometric data are
usually available from school health services and from conscripts to the armed forces.
It has been suggested that the monitoring of weight reduction products might be
useful.

In conclusion, it is stimulating to try to devise innovative methods of easy moni-
toring of CVD, but while there are many things that could be monitored, there is
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no cheap easy substitute for direct collection of high quality epidemiological data by
survey.
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Conducting the research

Overview

Key steps in the development and implementation of a CVD survey include hypothe-
sis formulation, data collection, presentation and interpretation. The following sec-
tions describe specific steps.

Hypotheses

The essential first step is to formulate a hypothesis that encapsulates the questions
for which answers are sought. The questions should be few, brief, clear and answer-

able by the study design proposed.

For example, in a regional study of stroke and high blood pressure, the hypothesis
might be that:

* Region A will have a higher incidence of stroke than Region B.
* Associated with this higher rate of stroke will be:
— higher mean population levels of blood pressure;
— lower rates of detection, treatment and control of high blood pressure.

This example of a survey postulates differences in disease patterns and proposes an
explanation based in turn on past work showing that hypertension is causally related
to stroke.

Alternatively, in a clinical trial of a new cholesterol-lowering drug, it might be hypoth-
esized that:

* Individuals taking new drug x will achieve a lower blood cholesterol level than sub-
jects given a placebo.

* A lower rate of acute myocardial infarction (AMI) will be found in the group taking
active drug x compared with the placebo group.

¢ The lower rate of AMI will be related to lower levels of cholesterol.

Or again, in an ecological study that compares population sodium consumption to
stroke rates, the hypothesis might be that:

74



6. CONDUCTING THE RESEARCH

» Differences in sodium consumption between countries, determined by sales of salt
for human consumption, explain differences in the hypertension-related diseases
of stroke, congestive heart failure and renal disease.

This is an ecological study that relates national salt use in different countries to hyper-
tensive or related disease rates. The hypothesis attempts to support the debated rela-
tionship berween salt intake and blood pressure.

In all these examples, the hypotheses are positive, suggesting that the relationships
exist. Some argue that hypotheses should be phrased in negative terms—the so called
“null hypothesis”—for example, salt intake is unrelated to hypertension complica-
tions. This is 2 matter of practice, and either approach is acceptable.

Specific aims and objectives

Specific aims and objectives are meant to translate the hypothesis into the actual tasks
that need to be accomplished to deliver answers to the scientific questions. They
should be brief, succinct and describe anticipated schedule.

Specific aims
For example, to answer the question about differences in stroke and hypertension
between two regions, specific aims might include:

a) Collection of accurate and identical data on stroke mortality in each region,

b) Measurement of systolic and diastolic blood pressure;

¢) Determination of prevalence of hypertension and its detection. The detection,
treatment and control of hypertension in the population.

To obtain these data, the objectives or practical tasks will include:

Objectives for aim (a)

* Data on stroke mortality in the two regions on adults aged 25-84 years will be
collected for the period of 1990-1995 from death certificates.

¢ Death certificates will be obtained and analysed to ascertain the prevalence of stroke
diagnoses ICD-9: 420427,

* Stroke mortality on a sample of death certificates will be validated using available
medical records, health professionals’ records, and family interviews; a specified
diagnostic algorithm and an expert panel will be used to classify all cases of stroke
mortality.

Objectives for aims (b) and (c)

First a population sample of adults aged 25-74 years (# = 3000) from cach of the
regions will be selected by a random process using census lists.
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Then for this population:

— blood pressure will be measured using a standardized method;
— demographic information, history of hypertension and current medication use
will be ascertained.

These aims and objectives are expressed in short definitive statements, and give an
overview of the tasks in the study.

Selecting and defining a population

Selection of a population for CVD survey depends on the study design. For some
studies, some or all of the data may already be available. For others, the population
may need to be defined and sampled, and the data collected. In either case, a clear
definition of the population is essential. Is it well characterized? Are there missing
subgroups? If it is a sample, how does it relate to the larger population and is it
representative?

Available data

Many cardiovascular studies use existing data described in Chapter 5. These may
include mortality data from death certificates, morbidity data from the health care
system, census information and consumption data. Selecting data from available
sources involves several considerations. Are the data relevant to the hypothesis? Is the
quality of the data suitable for research? (It cannot be assumed that data from other
sources, even official sources, is accurate and adequate for research needs.) Will the
source make the data available for the study?

Questions concerning available data are given in Table 6.1.
It is important to know how the data were collected. It is critical to define the pop-

ulation to determine whether it is representative of the particular group of interest
to the survey and the extent to which the data can be generalized. There is a need to

Table 6.1. Characteristics of the available data

How was the population base established? Is it representative?

How was sampling done?

What was collected (i.e. what methods and instruments were used)?

What were the participation rates?

Are there missing data?

What quality control methods were used to assure good data and are these results available for
review?

What are the weaknesses of this dataset?

N oL
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know what was collected and how. What were the participation rates in the survey?
Generally, in a population survey more than 80% participation is considered good
and less than 60% poor. How was quality control of the study assured? Were there
regular quality control measurements, and are those data available? This information
on the methodology may already be in the published literature, but if it is not, inves-
tigators should be willing to share it with anyone secking to use data from the study.
Unavailability of methodological information suggests that there may be serious
problems with the study and makes the data unreliable.

In many instances, there will be no available data on the questions being asked. In
this case, the population will have to be selected and defined and data will have to
be collected. This allows more flexibility in defining the population and the infor-
mation needed than when using available data sources. However, much more work
is required.

Population surveys may include clinical populations where individuals served by an
outpatient clinic or a hospital form the population base. In many countries where
health care systems are centrally organized, a single inpatient and outpatient system
may serve the entire population with private practice being non-existent or repre-
senting a minor component. In this setting, patients attending that facilicy may
indeed represent all those who have a specific illness in that particular geographical
area. Where health care is less centralized, factors such as physician practices, insur-
ance plans and referral patterns may influence the “selection” of the patient popula-
tion by clinics and institutions. That population may therefore not be representative
of the community but instead be a reflection of those who attend or are referred to
each specific physician practice. This pattern can severely limit generalization, unless
it can be demonstrated that the observed population is representative of the larger
community. This can be achieved by a systematic comparison of data from the
observed population with data from the larger community or with a sample known
to be representative of the population. For example, if the characteristics of the
observed population match census data on age, sex, race and income, this would
provide assurance of the representativeness of the observed population. It is critical
to ascertain the source of a clinical population, given the potential for selection or
referral bias.

Many cardiovascular surveys are performed on large populations with a particular affil-
iation, including military recruits, work sites (Western Electric Study, London Civil
Servants, United States Railroad Workers), or insurance enrolment (Prudential Study,
Lutheran Brotherhood Study). Data on such populations may be readily available or
the populations may be willing to participate in a new survey. Again, knowing the
origin of the population is critical in order to gauge its representation. While some
groups such as military recruits may be representative of young men of that age group,
others, such as industry-based populations, may be selected by the employer for
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reasons of background, skills, education, physical health or other characteristics. This
may give rise to the recognized “healthy worker effect”. Employed people are less likely
to have chronic diseases and disabilities than the unemployed and are more likely to
have a lower morbidity and mortality. Yet other groups, such as Seventh Day Adven-
tists who have foresworn cigarettes, meats and alcohol, are of interest because of spe-
cific health habits that allow comparisons with other populations.

The most representative studies are based on a geographical area. Town or city
dwellers usually make up a broad cross-section of society, and a large enough com-
munity may be representative of all social elements. Smaller towns and/or parts of
cities may be less representative. The larger the population or sample, the greater the
possibility of generalization. Geographic boundaries with well defined borders are
used. Thus, the Framingham Study represented a medium-sized town in central
Massachusetts (7). Tecumseh, Michigan is also a middle-sized community (2), while
the Minnesota Heart Survey (MHS) represents the large Minneapolis—St. Paul Met-
ropolitan Area of approximately 2.5 million people (3). In each of these studies, CVD
morbidity, mortality and risk factors are characterized using a sample of all adult
residents in the community.

In cases of a large work site, or a big community, sampling may be necessary to
conserve resources while characterizing the population adequately. Kish (4) describes
population sampling techniques. There are two basic principles. The first is to choose
an adequate sample size to represent the population. The definition of “adequate”
depends on the variables being measured and/or differences being sought: the bigger
the sample, the less is the variability of the outcome estimate and the greater the
reliance that can be placed on the mean value. The second principle is to ensure
representativeness of all elements of a population. For example, studies that rely on
volunteers in a population lead to biased estimates of the population characteristics
since volunteers usually do not have the same health characteristics as the general
population.

Besides the origin of the overall population, other characteristics are considered
depending on the nature and distribution of the disease. These include age, sex and
race. Additional specifications can be built into the population sampling, at the cost,
however, of reducing generalizability.

The following are examples from established studies of population selection.

1. The Honolulu Heart Program recruited all men of Japanese descent born
between 1910 and 1919 who were conscripted during the Second World War.
The geographical area was the entire island of Oahu. The assumption was that
military registration during the war was quite complete (5).

2. The Group Health Cooperative of Puget Sound is a large, prepaid medical prac-
tice with 500000 enrollees living in a defined geographical area. The members

78



6. CONDUCTING THE RESEARCH

of the Cooperative have their health insurance plan purchased for them by their
employers. While the Cooperative’s membership is not population-based, its
large size and diverse enrolment allow comparisons on a population basis (6).
The National Health and Nutrition Examination Survey s carried out at inter-
vals by the United States National Center for Health Statistics. Its aim is to eval-
uate the health and disease status of a representative sample of residents in the
United States (7), and it uses a cluster sampling technique. This technique con-
sists of randomly selecting geographical areas for evaluation as shown for one
city in Figure 6.1. It includes all ages, and samples of minority ethnic groups are
added to ensure adequate characterization of these populations. This study is
costly and takes several years to complete, but it provides an overall picture of
the health of the United States population.

Selecting and defining a population sample are critical in CVD studies. Whether
studies are observational or experimental, the origins of the population and the selec-
tion factors must be clear.

Fig. 6.1. Primary sampling units

O Phase 1
@ Phase 2
Y ® Phase 1 & 2

Source: CDC/NCHS, Third National Health and Nutrition Examination Survey.
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Choosing data collection instruments

The selection of the measurement instruments for a study represents a critical and
time-consuming step. Instruments, in this context, encompass a wide spectrum of
methods, from determining the age of the participant to the most sophisticated clini-
cal testing. All must be given serious consideration, regardless of the degree of com-
plexity of the measurement. Does the instrument provide information essential to
the study hypothesis? Measurement tools that collect core data must be considered
before other items of “ancillary interest” are included. Do they measure accurately
(i.e. is the measurement valid)? Is the measurement reproducible? A proposed new
instrument must undergo rigorous testing before being used in the field.

Every investigator planning a new study should first evaluate available instruments.
This has several advantages. First, it can eliminate the many difficulties of develop-
ing, testing and validating a new instrument: the developmental work has been done
by others. Second, and of equal importance, it allows comparision of new data with
published data. This provides convergent validation when data are similar, or helps
in seeking an explanation if they differ. The use of previously developed instruments
and tests implies faithful duplication of the conditions of administration and evalu-
ation. Even trivial differences in survey wording or sample handling may produce
divergent results.

There are a number of approaches for finding and evaluating data collection instru-
ments and tests. The first is a thorough review of the literature, which frequently will
provide the information needed to duplicate the measurement tool. Many commonly
used and tested instruments are described in the appendices of this book.

When the published literature fails to provide adequate detail about the measure-
ment tool, it may be useful to contact the authors. Most health researchers are pleased
to provide their insttument to other investigators at no cost; others may charge
a modest fee. It may also be possible to obtain insights into data collection instru-
ments that are not reported in the published literature from others working in the
specific area.

For many new and evolving areas of enquiry, there may be no published literature.
However, there may be studies in progress and attendance at scientific meetings and
review of published abstracts from these meetings may help to identify investigators
with similar interests. Again, direct contact with those investigators will usually yield
information about their approaches to solving problems of data collection.

After a review of the literature, contacts with investigators and collection of various
methods, the best instrument to address the research needs must be selected. Of the
available instruments or tests, which provide the best information to test the hypoth-
esis? Next, which instrument will allow comparison of data from this study with rel-
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evant data from other studies in the field? Finally, past instruments need to be eval-
uated in the context of the study and population. Some instruments, although of the
highest quality, may not be appropriate because of cost, differences in cultural char-
acteristics, or differences in the context of administration.

Because CVD is a worldwide problem, the study of its characteristics is international
in scope, involving many cultures and languages. Some tests, such as the measure-
ment of blood cholesterol, blood pressure and other physical indicators, can be uni-
versally applied. Other instruments, such as questionnaires, require consideration of
both cultural contexts and language. It is well known that questionnaires developed
in one language may lose their meaning when translated into another. The usual
method for evaluating this issue involves two steps. First, the questionnaire is trans-
lated into the new language by a skilled bilingual individual. Then a different and
equally skilled bilingual individual translates it back into the original language. This
method verifies comparability of meaning in the setting of the new language.
However, although it ensures accurate translation it may not compensate for cultural
biases that can be associated with an interview. This may require a more focused
approach, with validation of the instrument in the new culture/language against some
reference method or “gold standard”.

In many instances, the question being asked may be new, and there is no appropri-
ate measurement instrument or test to collect the informarion. It may also be that
available tests are not applicable to the population or culture to be studied, in which
case a new instrument must be developed. Table 6.2 shows several essential tasks in
this process.

The scientific questions of the study determine the specific health characteristic to
be measured, which in turn dictate the need for a new instrument. This instrument
can range from a new set of questions to physical measurements to a new form for
collecting information from patients’ records. In each case the steps are the same.
First, the test is developed based on the investigator’s experience of similar tests, with
technical consultation as necessary.

A draft questionnaire is usually then piloted on volunteers. Staff reviews will indi-
cate the time required, and the suitability and acceptability of the instrument. An

Table 6.2. Factors to consider when developing
a new instrument/tool

Specification of information sought.

Development of testing questions and/or procedure.
Pilot testing.

Determining reproducibility or reliability.

ok W=

Validating the test against a “gold standard”.
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abstraction of medical data from available records will determine whether the usual
record provides clear and accurate data. If it is a laboratory test, blood, urine or other
samples can be collected from volunteers to determine whether the handling of
samples and measurements are possible.

The instrument is now ready to test for reliability, repeatability and validity. Differ-
ent interviewers may interview the same individual over a short period of time. For
record abstraction, different abstractors may collect the data from the same record to
test that the procedure is being done in an identical manner. For laboratory tests,
split, blinded samples are used to determine the reproducibility of the sample han-
dling and of the chemical tests. In cach instance, an adequate sample is drawn to
check that measurements made on the same individual or sample over a short period
of time produce the same result.

Of particular interest is the stability of measurements over time. A particular test is
repeated after some predefined interval. A blood or urine test, for example, should
give the same result before or after storage.

Validation of historical information such as clinical records or death certificates is
performed by obtaining more detailed information from diverse sources. For
example, validation of hospital discharge diagnoses may involve a review of surgi-
cal reports and of pathological reports, and interviews with physicians or other
informants.

Laboratory tests are frequently employed to confirm the presence or absence of a
disease or risk factor. While no one test can provide certainty about disease status, it
is clearly desirable to choose diagnostic instruments that offer the highest probabil-
ity of accurate classification with the lowest individual inconvenience and economic
costs. Whether the test is performed as part of a study or the test’s results collected
from available clinical records, similar questions must be asked of the test’s validity

and reliability.

The validity or accuracy of a new test can be best established by “independent” com-
parison with a reference “gold standard”, namely a test that clearly identifies the
disease or characteristic under examination. Such a “gold standard” is usually more
costly or complex than the survey measurement under consideration and is therefore
generally unsuitable for large surveys. Validation may directly evaluate the disease
process (e.g. a biopsy) or physiology (e.g. intra-arterial blood pressure measurement).
Where no “gold standard” exists, a composite standard of several measurements, or
an expert consensus based on the results of several types of tests, is used. However,
care should be taken to ensure that the observers interpreting the test are blinded to
the results of the “gold standard”. The test being evaluated should also not be a part
of the composite standard, as this will produce a bias towards agreement between
results of the two tests.
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The results of the test should also not influence the extent to which the standard test
is likely to be applied. “Verification bias” or “work-up bias” occurs when a test is
restricted to patients in whom the disease status is already known. In such cases, the
magnitude of the bias is directly proportional to the association between the disease
and the result of the test under study. For example, a study validating echocardio-
graphy as a decision-making instrument for cardiac surgery in valvular heart disease
might report excellent diagnostic agreement between the findings at echocardiogra-
phy and at surgery. However, this would not consider the fact that surgery has been
performed only in those selected by echocardiography and that surgery might have
been denied to some deserving patients (false-negatives not identified). It is impera-
tive that the standard be uniformly applied to all persons in the study. For example,
Goldschlager et al. (8) studied the accuracy of treadmill tests in the diagnosis of coro-
nary artery disease using coronary angiography as the “gold standard”. They included
80 “healthy” male volunteers, who were presumed normal on the basis of clinical
evaluation and treadmill testing, in their category of true negative patients even
though no angiography had been petformed. The assumption that all unverified
patients are disease-free leads to false-negatives being classified as true-negatives.

When a “gold standard” is available, it is best to categorize test results into true-
positives (disease present by both tests), false-positives (disease present only by the
test but not by the “gold standard”), true-negatives (disease absent by both) and
false-negatives (disease absent by the test but present by the “gold standard”) is best
done by constructing a 2 X 2 table (Figure 6.2).

It is also essential to evaluate the reproducibility of test interpretation by different
observers. Wide disagreement between observers in interpreting the same set of test
results renders the test useless for clinical or epidemiological application. Two or more
observers should independently evaluate the test results without having access to the
clinical data. If the test results are dichotomously classified, a chance-corrected index
of agreement (Kappa) should be calculated. If the data are continuous (as in a scoring
system), intra-class correlation coefficients are the preferred method of evaluation.

Pilot studies

A pilot field study to test the entire data collection protocol and schedule is neces-
sary before active data collection begins. This differs from a pilot study of new mea-
surement instruments, and it is best done on a population similar to the intended
population of the actual survey, but involving only a small number of subjects. The
objective of the pilot field study is to check that the data collection system is inte-
grated and flows smoothly, thus optimizing the use of time by both the staff and par-
ticipants. Pilot studies serve to reduce problems when the actual survey begins, and
allow evaluation of the feasibility and acceptability to both staff and subjects of the
planned survey. To perform the pilot the various data collection instruments and tests
are first ordered sequentially. A commonly used order of tests is shown in Table 6.3.
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Fig. 6.2. Validity
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Sensitivity

positivity in disease, that is, the ability
of the test to correctly diagnose disease
when present

Specificity

negative for the disease, the ability of
the test to correctly identify the absence
of disease

Positive predictive value
probability of a patient with a positive
test having the disease

Negative predictive value
probability of a patient with a negative
test not having the disease

Table 6.3. Order of data collection

1. Reception and identification of participant.

2. Explanation of study and procedures and signing consent

forms.

3. Collection of data:

— Interviewer-administered questionnaires
—  Self-administered questionnaires

— Physical measurements
— Collection of blood and other samples.

4. Exit interview for questions and participant satisfaction.

The order of the tests following identification and informed consent depends on the
number and types of tests. For example, tests that require disrobing, such as an clec-
trocardiogram or skinfold measurements, should be ordered such that undressing is
convenient, The nature of the information being collected should also dictate the

order of the tests.
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In addition to the right sequence of tests, it is important to determine the length of
each examination and to follow a schedule, recognizing that different measurements
take longer with some individuals than others. Estimates can be determined during
the pilot study and be used to plan flow patterns to make the best use of space and
the staft’s and subjects’ time.

Finally, a pilot study will reveal the suitability of the environment planned for various
tests. For example, quiet areas may be needed for interviews or self-administered ques-
tionnaires, as well as for the measurement of blood pressure. Privacy is important if
clothing has to be removed and in areas where blood is drawn or urine collected. The
pilot study provides information on all these factors and may dictate a restructuring
or even relocation of the survey site.

Similar, though less complex, pilot studies are also applicable to medical record review
surveys. In this case they may provide information about record availability, quality
and quantity of data, and effort needed to extract the data.

Time spent in pilot testing brings significant rewards by allowing detection and cor-
rection of problems before the study goes into full operation.

Manual of operations

A well-designed study documents data collection methods in a manual of opera-
tions (MOOP) that clearly specifies the methods used for data collection. The
MOQOP is essential in training and includes the elements shown in Table 6.4. An
example of survey manuals for a study of acute myocardial infarction is shown in
Appendix 4. Manuals for MONICA are found on the Web site (http://www.

ktl.fi/publications/monica/manual/).
Hypotheses, aims, objectives and background. The questions being asked and the reasons

for asking them should be briefly discussed. Understanding the rationale of a study
will make staff more interested and enhance their performance.

Table 6.4. The manual of operations

Hypotheses, aims, objectives and background for the study.
Data collection forms.

Detailed explanation of the data collection forms, study instruments and tests (including a
description of the intent and method of application for each question or test).

Description of the qualifications and training of the staff needed to coilect the information.
Physican work space and environmental conditions required for the survey site.

The sequence and schedule for collection of data.

Quality control procedures. .

Questions commonly asked by subjects and staff.
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Study Forms. All of the forms used in the study, from the initial collection of identi-
fying information to incident reports, should be included here. A general listing is

shown in Table 6.5.

Explanation of the use of forms. For each form, a question-by-question explanation of
the appropriate use of the form is given in the MOOP. The meaning and definitions
of every answer should be described in detail (Appendix 4). Data-handling proce-
dures for field editing of forms—for accuracy and completeness—are also described.
This gives staff a clear idea of the nature and extent of information required and it
equips staff with the knowledge to extract important information and to answer par-
ticipants’ questions appropriately.

Staff requirements. Staff with different skills and training, ranging from receptionists
to technical personnel, will be needed to collect information. A clear description of
each job, including training requirements and responsibilities, is given. Supervisory
responsibilities and lines of authority are also detailed. In this regard the MOOP con-
tributes to effective recruitment, hiring, supervision and substitution of staff. The
pilot work will have suggested the rime and skills needed to administer each research
instrument.

Space. The MOOP should contain information on the space needed for the survey
and its configuration. For fixed survey sites only the initial configuration and par-
ticipant flow need be detailed. Multiple survey sites require a description of suitable
space rearrangements and subject flow patterns for each site (Table 6.6).

Table 6.5 Examples of form

Subject identification information.

Consent forms:
1. consent for testing
2. consent for results being sent to clinic or physician
3. special consents (e.g. HIV or genetic testing).

Interview forms.
Physical measurement forms.
Forms related to collection and handling of specimens.

Incident reports (e.g. injury of a subject; unexpected
occurrences).

Quality control protocol forms.

Table 6.6. Space requirements

Reception area and waiting room.

Work stations for data collection.

A room for handling body fluid samples.
A locked and secure supply room.

Staff and meeting room.
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There should be a reception area where subjects are welcomed, non-confidential
information is collected, and the consent form is described and signed. It can also
serve as a place for people to wait between examinations. It should be large enough
to seat the maximum number of subjects expected at any one time and should have
reading materials available.

Room size is a function of the equipment needed and of the number of technicians
and participants in the room at any one time. A room for blood pressure measure-
ment or phlebotomy also requires visual and sound isolation to provide a calm setting.
In addition, temperature control and privacy are essential if subjects need to undress
for examination or testing.

Sample processing. Processing of blood and urine samples should take place out of
sight of survey subjects. Tables and electrical outlets are required for laboratory equip-
ment such as centrifuges and refrigerators. Appropriate containers are needed for
disposal of needles and contaminated supplies. A secure supply area with a locked
cabinet should be available.

It is also important to keep a lounge area separate from subject flow where staff can
relax or perform work that does not involve participants.

Supplies. The MOOP should contain a list of all equipment and supplies needed for
the survey clinic operations. Each station of the survey should have a listing of all
the items necessary to operate that station, from pencils to furniture. To ensure ade-
quate supplies for each working day, a staff member should be assigned to maintain
stocks.

Flow pattern. The participant flow pattern should be detailed, including appropriate
room assignments and the time needed at each station.

Quality control. Quality control is described in detail later on (see page 148).
However, the MOOP should include information on the specific procedures for
quality control in the field. Details of the protocol should be included in this section
of the MOOP.

Subject questions. As part of their training, staff should be made aware of commonly
asked questions and suggested responses. These should be written down and included
in the training material. This saves considerable time and reduces participant and
staff anxiety. Experienced staff can frequently foresee the questions before the survey
actually begins. The pilot study will also help to determine questions, which should
then be noted. As the survey progresses, new questions may arise and these should
also be recorded, together with the correct responses.
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The MOOP provides the blueprint for implementation of the study and for train-
ing. It is also a record of how the work is done, and is useful in large field studies
where many different staff will have investigative and technical roles.

Sample participation and collection

Obtaining complete information is essential. If the sample is to be representative of
a larger population, extensive efforts must be made to ensure participation. Com-
pleteness of information applies not only to population surveys but also to record
abstraction and use of secondary data sources. In each instance, participation and
complete data are needed, including characterization of non-participants and of
missing data.

Record abstraction

In the abstraction of data collected by others for secondary data analyses, it should
not be assumed that the data are complete. The extent and quality of data should be
carefully evaluated, and missing records or data should be characterized. Several
examples of problematic situations are described below.

It is a mistake to assume that death certification is complete. Even where there is a
legal requirement for registration of death, data may be missing. In countries with a
history of comprehensive mortality surveillance, it is still possible to find that people
known to be dead, with a local death certificate available, are not registered as such
at the state or national level. This may be the result of inefficiencies or fraud.

Hospitals and clinics too, which have a legal obligation to maintain accurate medical
records, may not always collect comprehensive information. Occasionally, medical
records also are unobtainable. More importantly, mergers of hospitals or lack of recent
attendance by a patient at a clinic or patient death may result in a record being dis-
carded. Legal obligations to maintain medical records also vary by region; in some
areas there are none.

Finally, even when the medical record is available, there is no guarantee that it con-
tains the necessary information. Recording systems vary between and within coun-
tries and institutions. They rely on local and individual practice. For example, many
medical records may contain no information on blood pressure, height or weight.
Even basic and essential measurements are commonly missing.

When using secondary sources such as health insurance data, it is necessary to deter-
mine the source and quality of the data. Good sources will describe the methods used
and the completeness of the data. If this information is unavailable, it is useful
to contact the organization that provided the data to ascertain their quality and
completeness.
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Sampling and recruitment

Recruitment and participation of subjects ate substantial and critical tasks in popu-
lation surveys and clinical trials. The selection of a representative sample for a survey
depends on current lists of names, addresses and telephone numbers, and on other
demographic information (the sampling frame). Such information can be inaccurate
or unavailable, in which case a special census may be needed to characterize the popu-
lation to be sampled. A census involves a survey of households in a geographical area
to establish accurately who is living there. Such work is tedious, time-consuming and
costly, but may be necessary to ensure a complete and representative sample.

The ability to select and define the population of interest does not ensure that people
will be willing to participate. Again, representativeness requires high participation
rates; a 100% response rate is the aim of any study. While such a response is virtu-
ally unobtainable, it should remain the goal because any non-participation introduces
bias. Experience shows that non-participants differ in health characteristics from par-
ticipants (9). For interview-based surveys it is not uncommon to see participation
rates above 90%. For more complex surveys, which involve direct measurements, par-
ticipation rates above 80% are obtainable. When rates are lower (below 60%), it is
likely that the sample is biased. One technique for ascertaining the extent of this
bias involves the intensive recruitment and assessment of a sample of original non-
respondents.

Clinical trials are particularly vulnerable to participation problems. Individuals who
initially elect to join a study may leave later, causing a significant loss of informa-
tion. Many investigators employ eatly “run-in” periods to pick out individuals who
are likely to withdraw from the study. These are asked to complete the requirements
of the study for some weeks or months, which may reduce genecralizability of the
experiment but minimizes subject loss. Many trials or cohorts also develop news-
letters and other inducements to maintain participation.

A good cardiovascular survey requires high rates of participation, good data collec-
tion and thorough follow-up. Accurate record-keeping of recruitment and participa-
tion rates is essential to monitor progress of the study and to introduce remedial
measures. Without regular monitoring of recruitment progress, it may be impossible
to maintain acceptable participation rates.

Staff selection, training and supervision

The selection, training and supervision of the technical staff who collect data are an
important responsibility of the investigator. The quality of the information collected
depends heavily on the staff and their skills. The type of procedures planned, the
time required for different data collection procedures, and the expected number of
subjects or patients to be evaluated each day will determine the number of staff

needed and their skills.
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A survey supervisor should have previous experience of health surveys at a supervi-
sory level and knowledge of the technical procedures to be used. The supervisor
should have good interpersonal skills, preferably come from a health professional
background and have a clear appreciation of the importance of collecting
scientific information in a consistent and rigorous manner. The identification and
recruitment of a supervisor first allows that individual to take part in the hiring of
other technical staff, thus helping to build a team that will work well together.

For each of the technical staff positions, job descriptions should include the formal
education required, previous experience, responsibilities and work expectation. A
well-defined job description is useful when evaluating candidates and later, when
assessing performance.

For certain technical posts formal education is necessary. For example, echocardio-
graphic or laboratory technicians or phlebotomists have to undergo specific training
programmes. For medical record abstraction, nurses have the training necessary for
evaluating and interpreting medical charts. However, for many other tasks commonly
associated with CVD surveys, such as recruitment, interviewing, blood pressure mea-
surement, electrocardiographic recording, a training programme specifically designed
by the investigators may produce better technical staff than formal medical training.
For example, most health professionals learn routine blood pressure measurement in
medical or nursing school. However, this may be inadequate for research purposes
where procedures are to be done in identical and precise ways.

A rigorous programme of training in the skills necessary to implement the protocol
follows the selection of staff. This may take a week or more. The MOOP serves as
an invaluable training tool providing staff with an understanding of the aims and
details of the study. This general training should be provided for all staff, from recruit-
ment personnel to receptionists and laboratory technicians, since all will have ques-
tions asked of them by the subjects and they should be able to explain the study
accurately.

Following the general training, specific training for data collection protocols should
be undertaken with relevant staff. Established training programmes exist for many
of the instruments commonly used in CVD surveys. For example, training in blood
pressure measurement according to scientific data collection standards can take
several days (10). It starts with hearing tests (because many individuals have hearing
losses in the frequency range necessary for blood pressure measurement), and includes
didactic presentations and practice in using various blood pressure devices. Students
are then tested to confirm that they have acquired the skills.

Similarly, there are specific training programmes for a number of commonly used
protocols for data collection by interview. Among the best known is that for collec-
tion of 24-hour food recall data (1), which takes several days.
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For most of the data collection instruments used in cardiovascular surveys, retrain-
ing is important. Staff may subtly and unconsciously alter the collection techniques
that they learned during the initial training programme or adopt “short-cuts” in the
handling of samples or the taking of certain measurements. This may result in a
“drift” in measurement quality over time that may be interpreted as a real change.
Quality control protocols help in detecting this problem but regular retraining is an
effective preventive tool. For many procedures this may be necessary every 3 or 6
months.

Cross-training of certain staff to carry out more than one procedure is a useful invest-
ment. When staff miss work because of illness or holiday, other individuals can
replace them.

It is important to establish lines of authority for supervision. Individual job descrip-
tions and organization charts should contain this information so that staff know
whom to report to, and who reports to them. In small studies or surveys such a system
may be informal, but it should exist nonetheless.

Data handling

Information collected in surveys—be it from documents, subject interviews or
various measurement devices—is brought together and computerized for evaluation
and analysis. The data collection process begins with the development of forms and
ends with storage of information. In between, every step requires attention to data
quality and suitability for analysis. A formal written protocol should be developed
for each step and included in the MOOP to document appropriate data handling
techniques.

The process begins with the development of printed forms. Whether these are for
record abstraction, secondary data analysis or primary data collection in a field survey,
due attention must be paid to the format and wording. With modern software and
desktop publishing, it is possible to develop forms of high quality that are easy to
complete and convenient for subsequent editing and data entry. All forms must
include identifying information on the subject and the data collection site, plus space
for the signature or other identifier of the individual responsible for completing and
editing the form. A sample form for a number of measurements including blood

pressure is provided in Appendix 5.

The forms should be printed on high-quality paper to allow long-term storage. Some
investigators are now entering the “paperless world” and using computer-generated
forms and direct entry of information. This technique is desirable but is in its early
stages and requires sophisticated portable computer equipment and programming
expertise.
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A central element in data collection is the assignment to each subject of a unique
identifying number (see Chapter 9). This may be done when initial recruitment
occurs or during the first interaction with the receptionist. The identifier should then
be applied to every picce of information on that participant. Preprinted adhesive
labels are useful as they can be applied to forms, sample containers or other infor-
mation unique to that subject. Bar-coding or other machine-readable identifiers can
be included on these labels.

A protocol should also be developed to ensure that all portions of all forms are com-
pleted, with a paper-based or computerized logging system to record every form or
item of information (Appendix 6). Such a system is very useful to determine survey
progress or identify missing information.

The initial editing of most forms should take place in the field. It is preferable that
someone other than the primary data collector inspects the forms for completeness
of and appropriateness of the information. This should be done in a timely fashion,
preferably while the participant is still in the survey area and can be readily contacted
in the event of incomplete information. Editing in the field reduces later problems.

Some data may be added later. For example, laboratory information is usually com-
pleted days to weeks after the subject is scen. It is entered on individual forms with
subject identifiers. In some cases direct electronic communication between labora-
tory analysis equipment and the study computer is possible. The original data
collection survey forms should not be sent to the laboratory as primary data may
be lost.

Computer handling of large surveys is the most common and convenient approach.
Forms designed for computer entry with easily visible marks and logical placement
of questions are a distinct advantage. In some instances, computer-scanned forms
may be used. These various methods ensure accurate entry of data. The most rigor-
ous method is the “double entry technique”, in which the form is entered once on
the computer and then re-entered later by a different operator. A matching program
compates the two entries and notes inconsistencies, which are then checked against
the original data. If data entry personnel are accurate and well trained, double entry
may not be necessary for all forms, although a random sample is usually taken for
double entry to ensure accuracy.

The computer is also used to search for missing data or entries that are outside of a
programmed range. In many available database programs, it is possible to set limits
on all numerical values that ensure “reasonable” answers. For example, it would be
important to verify information on an adult who weighed less than 40kg or more
than 200kgs (“constraint violation”), or on an individual classified as male who
responded to questions on menstrual cycles.
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Usually all information on data collection forms is entered into the computer.
However, regulations on data protection and confidentiality may require that only
identifying numbers are entered with the data. A protected file linking the numbers
to names and other identifiers is kept separately and with limited access. In addition,
qualitative information—such as responses written in text form—may not be suit-
able for computer entry until it undergoes a coding or classification procedure; this
requires an additional step in the editing process. A trained individual categorizes
these responses using a written protocol. The collection and coding of textual infor-
mation is costly and time-consuming and is generally kept to a minimum in large

field studies.

Information for long-term use is usually stored in one of two forms. Traditionally,
the original paper forms are stored in a protected area where they will be safe from
fire, water and other damage. They should be stored in an organized system that
permits easy retrieval of information: filing by identifying numbers is a common
approach. Computerized data are stored in an electronic form. It also requires back-
up and safe storage. It is usual to transfer data from an active file to a second copy
in electronic or optical format, which is then stored in a secure area away from the
original data. In most settings, computerized data are backed-up at least weekly and
sometimes daily.

It is clearly important to establish protocols and procedures for the collection, editing
and computerization of data (see Figure 6.3) and to protect the study from inaccu-
rate data and data loss.

Fig. 6.3. Data processing steps

1. Data collection

l

2. Field editing

l

3. Central editing

|

4. Coding textual questions

l

5. Data entry

|

6. Matching of laboratory data

l

7. Data storage and protection
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Quality control

The maintenance of high-quality data is a challenge for all scientific investigations
and requires particular effort for CVD surveys. The selection of study instruments
must be accompanied by assurance of their validity and reliability. An initial assur-
ance of quality, however, does not imply that quality will be maintained throughout
the study. Changes in staff, site, equipment or reagents can lead to a deterioration
of quality over time, with consequent loss of validity or deviation from true values,
increased variability, and problems of comparability over time and within population
surveys. To prevent this deterioration in data quality, a formal and continuous quality
control system is essential. As with other survey procedures, it is essential to docu-
ment all methods of quality control in the MOOP: 1t is then the responsibility of
the investigator to ensure that those procedures are followed. The quality control
methods commonly used in surveys are described below, but specific protocols may
need to be developed for new and unique collection methods.

Field survey centres commonly encounter deterioration in data collection techniques
and deviation from the protocol detailed in the MOOP. A visit to the dara collec-
tion site is a common method for maintaining quality. There are two common
approaches to a “site visit” to a field centre. The first involves sending a trained indi-
vidual unannounced, to participate in the survey as a normal subject, field staff should
be unaware of the person’s identity. The individual then files a detailed written report
on the survey procedures and adherence to the protocols of the MOOP This
approach can be particularly useful as it gives all the information from a subject’s
perspective. '

A second approach is to send a team, ideally unannounced, to observe the survey
centre. However, the mere presence of the team serves as notification of a quality
control visit. Team members follow subjects to each measurement station and observe
the methods used. While this system would be expected to result in maximum adher-
ence to the MOOP, staff may be unable to follow protocol standards even under this
kind of close observation, suggesting that their usual performance is even poorer. At
the end of the site visit, the team files a report describing procedures and adherence
to the study MOOP, and providing recommendations for correction in lapses. It is
the responsibility of the principal investigator and survey supervisor to act on this
report.

Specific measurements require different approaches with regard to quality assurance.

1. Record abstraction. When primary data are being used, it is important to ensure
that they are correctly abstracted and recorded. This is usually done by taking
a sample of records (5-10%) and re-abstracting them wusing a different staff
member. Comparison of the recorded information for concordance of collected
data reveals both errors in recording and different understandings of the objec-
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tives of the questions. Such a re-abstraction procedure is used to evaluate staff on
a regular basis during the study.

. Interview. For data collection by interview, quality control is particularly difficult.

One commonly used approach is editing of the interviewers’ work. Interviewers
whose data consistently require editing and correction are probably not adhering
to the MOOP and may require retraining.

A re-interview procedure is also commonly used. A sample (5%) of subjects
who have been interviewed are re-interviewed, usually by a supervisor or a very
experienced interviewer, shortly after the initial data collection using the same
questionnaire. The second interview is then compared with the first interview for
concordance.

Another method involves the supervisor observing or listening during the inter-
view. A voice recording for later review achieves the same purpose. Although this
may create some anxiety in the staff and subject, it will also reveal deviations from
the protocol.

. Duplicate samples. For testing of blood or other collected specimens, a split

sample technique is commonly used. For example, an extra sample is taken from
the subject at the time of phlebotomy. It is labelled with a new case number,
which, for quality control purposes, blinds the technician to the jdentity of the
subject involved. It is then analysed with the other routine samples in the labo-
ratory. In later evaluation, the blinding is broken and the laboratory value com-
pared with that of the subject’s correctly labelled sample. Differences are analysed
in terms of the known variability of the laboratory technique. As a general rule,
5-10% of all samples should be included ‘in this quality control method.

This approach may also be applied to other measurements, such as ECGs or
pulmonary fanction tests. Here a second measurement is performed shortly after
the initial test. Both the quality of data collection and the interpretation can be
checked.

. Calibration. Many cardiovascular surveys use measurement equipment such as

weighing scales, blood pressure devices and skin calipers in the field setting, for
each of which there is usually a standard calibration method. For example, scales
may lose their calibration when they are moved or as environmental conditions
change. A standard weight is kept with the scale and the device calibrated daily.
A calibration log is kept with the device and records the calibration procedure
and the name of the technician performing it. Quality control during site visits
should include evaluation of these logs.

Calibration and quality control methods for other devices used in the field are
usually provided by the manufacturer. Calibration should be performed at regular
intervals and recorded on a specific document.

. Sample handling. Because many surveys are carried out in the field, the process-

ing of biological samples from distant sites is critical. Handling of samples can
affect values measured in the laboratory and must be consistent both at the site
and during transport. Observation of handling techniques during a site visit is
one way of standardizing handling. However, this is not enough to ensure that
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samples are shipped in the appropriate manner. It is also useful to monitor the
samples for inappropriate handling during transport. For example, many samples
must be transported over long distances at cold or freezing temperatures, and indi-
cators are available to determine whether warming has occurred during shipment.

6. Measurements by technicians. Quality control of measurement techniques during
site visits is one way to ensure good measurements. However, it is recognized that
individuals who are familiar with the protocol will seek to adhere to it when they
know they are observed. Another method that is therefore being used more fre-
quently is surveillance of the distribution of measurements recorded by techni-
cians. In large surveys, each technician should see enough assigned individuals to
produce a normal distribution curve of any measurement value. For example,
technicians who have performed a substantial number of blood pressure mea-
surements should record distributions similar to those recorded by other techni-
cians doing the same task. Analysis of those distributions may suggest that certain
technicians are either biased in their measurements, that is, their mean value is
significantly different from the grand mean of all measurements, or that there is
increased variability, suggested by a largé standard deviation (Appendix 7). In
either event, the measurement technique is inconsistent and an improvement in
quality is needed. Alternatively, they may exhibit so-called digit preference (the
tendency to make zero readings), which is a marker of biased blood pressure
recording. This approach requires statistical evaluation and the collection of ade-
quate data.

7. Training programmes. The availability of quality control data provides assurance
that measurements are consistently performed as intended in the study design.
When there is variation from the expected quality, steps such as the introduction
of regular retraining programmes must be taken. If measurement devices fail to
meet adequate quality control standards, they should be removed from the survey
immediately and sent for repair. Additional instruments should be available so the
survey can continue.

When an individual technician consistently fails to meet quality control standards
despite retraining, the data from that technician should be excluded from the study;
and the technician should be given notice or assigned another task.

In summary, there are three essential elements of quality control. The first is ongoing
surveillance to assure that high quality data are being collected. The second is clear
documentation of the quality control procedures and of available data so they may
be reviewed at regular intervals by the senior staff. The third is direct and timely
action by senior staff to correct lapses in quality.

Running the study

Qualified staff together with a definitive MOOP should ensure a smoothly func-
tioning study. However, the experienced investigator will recognize that even a
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well-planned survey may suffer unexpected problems. While no one can foresee all
mishaps, close monitoring will help ensure that small problems do not grow.

Formal systems should be established for detecting and preventing problems. The
first includes regular review of study progress by monitoring recruitment rates and
data collection. Recording systems at each step in the process can provide informa-
tion on progress toward pre-set study goals and deadlines. The development of this
system is important for management of the project and is also very helpful to the
Investigator.

The second system consists of regularly scheduled meetings with the supervisor of
the study. This will help to detect problems early and assure the supetvisor of the
investigators” continued support and interest. There should also be regular meetings
at which senior investigators update the entire staff on progress with the study, and
reinforce the importance of the work being done. These meetings, which need to be
held only once or twice a year, can be important for the morale of the study staff
and require only small amounts of senior investigators’ time.
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7.

Mortality surveillance

Introduction

Mortality is the yardstick on which most causal relationships in human health are
measured, whether it is of exposure and effect or of intervention and benefit. Age-
