
6 Surveys, Cohort and Case–Control
Studies

Summary

In this chapter we discuss the design of surveys, cohort studies, case–control studies and
case–crossover designs. Aspects of surveys include the specification of the target
population for the survey and the identification of the sampling frame. The ways in
which subjects are drawn from the sampling frame are described. Emphasis is placed on
alleviating problems associated with the failure to obtain the requisite information from
subjects selected for a survey. In a cohort study groups of individuals, often those who
are exposed to what may be deemed a particular risk, are followed in time and
compared with a parallel group of those not so exposed. The object of the study is to
quantify the risk that may result from the exposure, often with respect to developing a
particular disease. In contrast, case–control studies consider patients with a particular
disease or condition and a suitable control group. These are investigated (retro-
spectively) in time to help establish any causative agents or risk factors. Methods of
estimating the appropriate numbers of subjects to be recruited are indicated. Finally, we
discuss case-crossover designs which are longitudinal in nature but in which a subject
acts as their own control.

6.1 INTRODUCTION

The feature that often distinguishes surveys from other cross-sectional studies is that
they are population-based. The populations surveyed are large, which contrasts with a
cross-sectional study recording details of patients attending a particular clinic when
numbers may be small. In many circumstances in a survey the investigator does not
make the observations directly on the selected survey participants. Rather the
participants themselves are asked to self-report, perhaps by completing a questionnaire.
At the other extreme, a survey may involve very specialist measures that require highly
trained observers. Thus a survey might intend to describe the sexual health of women
which requires the women to return a self-completed questionnaire, or to determine the
prevalence of glaucoma in the community which requires the presence of a suitably
experienced ophthalmologist to take specialist measurements.

If a longitudinal study is purely observational in nature, and there is no planned
intervention by an investigator, then it is often described as a cohort study. Over the
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follow-up time, some individuals will be exposed to a potential risk factor. However,
just as we reserved the term ‘survey’ for large, population-based cross-sectional studies
the term ‘cohort’ usually refers to large, population-based and longitudinal studies also.
Thus the pregnant women living in Chernobyl at the time of the disaster are a ‘cohort’
who could be then followed over time. In many cohort studies a second (unexposed)
group of individuals are also identified and followed in the same way and so an
investigator may choose a second group of women living away from Chernobyl at the
time of the disaster. The object is to see, for example, if the women from Chernobyl
have a higher rate of birth defects amongst their babies than the non-exposed women.

In contrast, a case–control study starts with the identification of persons with the
disease of interest, and a suitable control (reference) group of persons without the
disease. The relationship of the disease with the potential risk factor for the disease is
examined by comparing the diseased and non-diseased with regard to how frequently
the risk factor was present in each group before the disease manifested itself. Thus case–
control studies are retrospective in nature.

Case–control studies may be relatively modest undertakings of a short time span,
whereas cohort studies are intrinsically large with considerable follow-up of the
individuals recruited usually entailed.

We also described case-crossover designs which can be useful if it is difficult to obtain
controls. Here a subject acts as their own control and it is assumed the effect of
exposure on risk is immediate.

6.2 SURVEYS

Surveys are just one type of cross-sectional study but are treated differently because they
are large and, for example, involve self-completed questionnaires; they often have
problems associated with low response rates. Broadly speaking there are three main
types of survey: self-completed; interviewer-assisted or completed; and those that
require specialist examination by a clinical team. In a self-completed questionnaire
survey, the types of questions asked and/or the responses required can only be of limited
complexity as no direct assistance is given to the potential respondent except that
provided on the questionnaire itself. In interviewer-administered or -assisted surveys,
the investigator is part of the interview process and their role will be clearly defined by
the research team. By its very nature a survey that requires specialist assessment of the
individual participants will be expensive to conduct and may involve the participants
attending special centres for examination, bringing logistical difficulties.

TYPES OF SURVEY

The type of survey chosen will depend on the primary research question in mind. This is
clearly the prime focus for the research team at the design stage as it will have a major
influence on the size and complexity of the survey undertaken.

Postal Survey

This type of design is one in which an unsolicited questionnaire arrives either through
the post, or via email, which the targeted individual is asked to complete and return.
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The clear advantage is that a ‘postal’ survey can be very large and spread over a very
wide geographical area. The spread brings little or no extra cost as a single price of a
postage stamp usually brings national coverage. Postal surveys require few personnel
and need minimal equipment. However, questionnaires have to be returned through the
post; if successive rounds of reminders are required for those who fail to respond, the
interval between first dispatch and subsequent return of questionnaires can be
prolonged.

A postal survey requires least effort for the participants. For example, they do not
have to decline participation in a face-to-face situation but can refuse to comply merely
by ignoring the postal request. They can also only partially comply by failing to follow
instructions on the questionnaire, or by omitting responses to those questions which are
difficult or perhaps embarrassing to complete. Their only discomfort may be a postal
reminder from the investigators if they do not return the questionnaire by a certain
date.

For the investigator the likelihood of a low response rate is a real possibility. In
addition, a postal survey will tend to have a lower response rate from certain specific
groups, such as those with low levels of literacy. Also if errors or omissions are made
when completing the questionnaire then it not usually possible to return to check these
with the respondent. Neither can one be certain that it is the target individual who
actually completes the questionnaire, and not a relative or carer.

Example – postal survey – sexual function in Danish women

As part of a larger study of sexual functioning, Jensen, Groenwold, Klee et al.
(2003) surveyed a group of women selected from the Danish general
population. The women received the questionnaire through the post and
returned it in the same way. Questions ranged from asking whether or not they
had a partner, to quite intimate details concerning their sexual health. The
eventual response rate achieved, after one reminder (Danish law permits only
one) was 49% from 892 women contacted.

Interview

Interviewer-administered surveys are generally more expensive than postal surveys.
This derives mainly from the costs of training and paying interviewers and of their
travel costs. Face-to-face interviews also generally require an initial contact (by letter,
telephone or in person) to set up an appointment for the interview; and multiple
contacts may be needed to agree a convenient time. Alternatively one can conduct the
interview by telephone, although again multiple contacts may also be required to find a
convenient time. Telephone surveys have low cost, their geographical spread can be
very wide, they are a speedy method of data collection and they can give a higher
response rate than other types of survey. However, costs increase with the number of
attempts required to contact subjects who are not available at the first call, and with the
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number of long-distance calls required. The costs of all interviewer-based surveys
increase significantly with geographical dispersal of the sample members.

Example – interview survey – Health Related Quality of Life (HRQoL)

In the survey of adult residents in Singapore conducted by Thumboo, Fong,
Machin et al. (2002) fieldworkers identified all eligible subjects on the basis of
gender, age and literacy. They visited them at their home within 7 days after an
introductory letter was sent, invited them to complete the SF-36 of Ware,
Snow, Kosinski and Gandek (1993) and checked returned questionnaires for
completeness. In addition they obtained information on ethnicity, social
economic status and other potential determinants of HRQoL through a
structured interview. Subjects were deemed ‘uncontactable’ if they were not
contacted after three visits, each 3 days apart.

Interviewer-administered surveys are generally more appropriate whenever a large
number of open-ended questions are included. However, coding responses to such
open-ended questions to facilitate summary and analysis can be both difficult and time-
consuming. As a result, interviewer-administered surveys may take longer to produce
results than postal surveys. Balanced against this, however, there is no need to wait for
questionnaires to be returned and data processing can begin once the interview is
completed. The speed with which data are available for analysis can be increased by the
use of computer-assisted techniques, such as ‘touch-screen’ questionnaires, which
minimise the need for subsequent data entry and checking. This is also the case in
‘captive-audience’ self-completion surveys, for example, those administered to a group
of patients in a waiting room. In these data can be collected simultaneously from a large
number of respondents, and checked and verified on the spot.

Face-to-face interviews generally require highly trained and motivated interviewers,
since they must work autonomously. Less experienced interviewers may be used in
telephone surveys, since stricter control and closer supervision is possible by the design
team. This greater control can also help to reduce inter-interviewer variability.

Clinical Examination

If a clinical examination is required, perhaps if one is studying the prevalence of a
particular disease and attempting to find associated aetiological factors, then a clear
protocol outlining the diagnostic process is required. Since a survey is designed to
identify rather than treat cases, care has to be taken that the survey participants
(particularly those who do not have the disease) are not subjected to unnecessary and
lengthy examinations to determine diagnosis.

So there has to be a balance set between unequivocal diagnosis and the exigencies of
the logistical situation. Care has also to be taken in making provision for subsequent
action when a subject is found to have the disease. Of course, one incentive for the
participants may be that the survey provides an early screen for the presence (or
absence) of the disease or condition in question.
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ENDPOINTS

As with any study, the major endpoints have to be identified at the design stage. This is
particularly important in surveys when a large number and wide-ranging series of
endpoints may be of interest. Nevertheless it is necessary to choose key endpoints for
sample-size purposes and to define the principal groups between which comparisons are
to be made. The ease with which the endpoint can be deduced from the responses is
particularly important in large surveys.

Example – endpoints – sexual activity in secondary school children

Slap, Lot, Huang et al. (2003) conducted a questionnaire survey of 4000 school
attendees in Nigeria. The objectives of the study were to determine the
prevalence of sexual activity and so the secondary school children were asked
via a self-administered questionnaire: ‘Have you ever had sexual intercourse
(sex with another person)?’. The children would be required to be literate and
understand the meaning of the question. In this example, for some ‘sexual
intercourse’ and ‘sex with another person’ are not necessarily the same so there
may be some ambiguity here.

In order to compare the levels of sexual activity amongst those coming from
monogamous and polygamous family structures the design team had to ensure
that sufficient children were identified from each group.

If the endpoint concerns the presence or absence of a particular disease, then a precise
definition of the corresponding diagnostic criteria need to be specified together with the
clinical investigations that have to be used to determine the diagnosis. However, in
many surveys no one endpoint is paramount so that many questions are asked and
endpoints recorded. For example, Jensen, Groenvold, Klee et al. (2003), in their postal
survey described earlier, asked women a whole range of questions on sexual function
after radiotherapy for cervical cancer and their publication reported on 20 of these.

It is worth noting that different methods of data collection can produce different
results. Thus Dillman (2004) reports that a self-administered survey of respondents
resulted in 15% rating their health as ‘very good’, whereas a survey of the same
respondents by personal interview shortly after resulted in 27% answering ‘very good’.

TARGET AND SAMPLE POPULATIONS

Just as for any cross-sectional study, one must define precisely the population of
subjects of interest. As a survey is such a large undertaking this population must be
defined with considerable care. The survey or target population, more formally defined
in Figure 6.1, is the population for whom the results of the survey will apply. The target
population for a survey is often so large that, except in cases of a national census, it is
impractical to assess all its members. As a consequence, only a sample of the actual
target population is surveyed.
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The sampling frame is the list of subjects of the target population from which the
sample can be selected. For large, population-based studies, many countries have adults
listed on an Electoral Register and this is often reasonably complete in its coverage.
This Register may be available for use and hence provides the basic sampling frame. In
a health context, other sources of potential subjects are hospital and primary care
records. Thus the list of all patients admitted to a hospital with a specific diagnosis over
a 10-year interval might comprise the sampling frame for a survey. However, the
population listed is clearly not the ‘general’ population at large in such cases.

ACHIEVING A REPRESENTATIVE SAMPLE

Once the sampling frame is established, a key element is then to draw the sample from it
using a method that involves a random component. Depending on the particular survey
in mind, the sampling process can be single- or multi-stage and may or may not involve
dividing the population into subpopulations or strata.

Single-stage Sampling

A single-stage sample takes a sample directly from the sampling frame corresponding to
the entire target population. The method, although it may change depending on how
the target population is compiled, involves selecting (at random) from a numbered list
those subjects chosen for the survey.

Multi-stage Sampling

In surveys that are planned to cover a whole nation or perhaps a large geographical
area with a large or dispersed population, the sampling can be done by stages. For
example, first a list of regions within a country is obtained and then one region selected
from this list at random. For this region, and this region alone, the districts are then
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Survey feature Definition

Survey or target
population

All the units (individuals, households, organisa-
tions) to which one desires to generalise the survey
results

Coverage The subjects in the population that are to be
covered by the sampling frame

Sampling frame The list from which a sample is to be drawn for
inclusion in the survey

Sample The units of the population drawn for inclusion in
the survey

Completed sample All the units that completed questionnaires.

Figure 6.1 Definitions of terms used when designing surveys (part based on Dillman, 2004;
reproduced by permission of John Wiley & Sons Ltd)



identified, and (say) two of these selected at random. This process can continue for as
often as necessary until the primary sampling frames are identified. Then random
samples are taken from these sampling frames.

Example – multi-stage sampling – glaucoma in Mongolia

In an investigation of the prevalence of glaucoma in the field survey conducted
in Mongolia by Devereux, Foster, Baasanhu et al. (2000) the sampling strategy
first involved the selection of two provinces, Hövsgöl and Ömnögobi. From
each province urban and rural communities were then selected. Thus for
Ömnögobi, Dalanzadgad, the regional capital, was chosen for the urban
community while for the rural component, Sevrei was randomly selected from
a total of 15 districts. Within each of the chosen districts the handwritten
census data were then used to identify the individuals for examination.

Stratification

Prior knowledge of the determinants of, for example, prevalence can improve the design
of a survey. Thus previous experience in other populations might suggest that more
cases would be identified if the sample were structured to favour the older citizens.

Stratification can be either proportionate or disproportionate. Suppose we wished to
survey patient opinion in a particular hospital and we know there were 100 medical
patients and 200 surgical patients. A proportionate sample of 1 in 10 would take 10
medical and 20 surgical patients. Suppose further that of the medical patients 10 were
under the age of 45. A disproportionate sample may take all those under 45 years of age
and a 1 in 10 sample of those 45 or more. The purpose of stratifying is to get more
homogeneous responses from within the strata. If one felt that age was more likely to
influence patient opinion than whether presenting at a medical or surgical department
then, with these two options, age would be chosen as the strata for the survey design.

One reason for stratifying is to increase the precision of the estimate. A technical
explanation is given in section 6.6, but briefly: the variability of an estimate is made up
of between strata variability and within strata variability. By stratifying in the design,
between strata variability is removed and, by making units within strata more
homogeneous, the within-strata variability is reduced.

In the following example, the reduction in SE using stratification appears very small.
However, this is because the comparison made here is not strictly between the results
from a simple random design against those from a stratified design, but is rather
analysing a stratified design as if it were a simple random design. As a consequence,
the reduction in SE using a stratified design will usually be greater than this
example indicates. In general the ease of using a roughly proportional sampling
scheme outweighs any slight efficiency gains that may be had from disproportionate
sampling.
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Example – stratified sampling – prevalence of glaucoma

As it is well known that prevalence of glaucoma increases with age and it is
higher in men than women, Foster, Oen, Machin et al. (2000) carried out a
survey of ethnic Chinese living in Singapore stratified on the basis of these two
factors. The target population was first divided into four age-group strata and
then each of these age-specific subpopulations was then further divided but in
favour of the females, according to their ratio in the area of the survey. The
final numbers selected, approximately 500 from each age stratum, and the
numbers subsequently examined for glaucoma are given in Table 6.1.

From this the estimate of the prevalence is 45/ 1232 or 3.65%. Ignoring the
stratification this has standard error,

SE ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pð1� pÞ

NSample

s
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:0365� 0:9635

1232

r
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:035167

1232

r
¼ 0:005343 or 0.53%.

Taking the stratification into account uses the values in the last column of
Table 6.1 to give

SEStratified ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
mipið1� piÞ

N2
Sample

s
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
41:6396

12322

r
¼ 0:005238 or 0.52%.

By sampling a greater proportion in older age groups one can improve efficiency and,
provided due care is taken, the design can still estimate (say) the adult prevalence of the
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Table 6.1 Details of population, sample selected, cases examined and numbers found
to have glaucoma in Chinese residents of Singapore (part data from Foster, Oen,
Machin et al., 2000, Table 1. The prevalence of glaucoma in Chinese residents of
Singapore: a cross-sectional population survey of the Tanjong Pagar District. Archives

Ophthalmology, 118, 1105–1111. [3,6])

Gender
Age

(years)

Sample
size

selected

Number
examined
mi (%)

Number
with

glaucoma ri

Proportion
with

glaucoma pi

mipi6
(17pi)

Male 40–49 229 125 (55) 1 0.0080 0.9920
50–59 203 117 (58) 2 0.0171 1.9665
60–69 249 173 (69) 9 0.0520 8.5282
70+ 222 142 (64) 15 0.1056 13.4117

Female 40–49 251 151 (60) 0 0.0000 0.0000
50–59 297 189 (64) 1 0.0053 0.9964
60–69 259 170 (66) 3 0.0176 2.9393
70+ 290 165 (57) 14 0.0848 12.8055

Total 2000 NSample¼ 1232 (62) r¼45



condition. This is calculated by taking a weighted average of the prevalences observed
within each of the strata. If the objective is to catalogue the changes in the ageing eye
(perhaps the change in grade of glaucoma through successive decades) then it may be
that a larger proportion of the young need to be examined in order to obtain sufficient
cases within this group for examination. Thus with the planned total study size
preserved, the sampling fractions for the respective age groups may be rebalanced to
achieve this. Figure 6.2 lists the reasons for using stratified sampling.

PRACTICALITIES

Figure 6.3 lists the main sources of survey error.

Coverage Error

Care has to be taken to ensure that the sampling frame really includes all the subjects of
interest. In certain countries, those confined to prison are removed from the Electoral
Register. In this case, should the Register be taken as the sampling frame, these
individuals clearly could not be surveyed. Thus any shortcomings of the chosen sampling
frame in their coverage of the desired population need to be noted by the design team.

Response Rates

A well-designed survey will attempt to have as high a response rate as possible.
Inevitably, in questionnaire surveys there will be non-responders. An important
principle is that, by virtue of not replying, the non-responders are different from the
responders. Hence it is useful to obtain and report as much information on the non-
responders as possible. If the population were sampled from an age–sex register, it
would be possible to give the age and gender distribution of both the responders and
non-responders.

Example – response rates – HRQoL

In the survey of Thumboo, Fong, Machin et al. (2002) a randomly selected
sample of those subjects previously deemed uncontactable were later surveyed
to determine their demographic characteristics and SF-36 scores. These initial
non-respondents did not differ substantially from study participants in their
summary characteristics and so they and their responses were consequently
included in the full analysis.
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1. Improves the precision of the estimates

2. Ensures subgroups which form the strata are adequately
represented

3. Convenience

Figure 6.2 Reasons for the use of stratified sampling



Surveys with a low response rate will have relatively low precision and the confidence
intervals (CI) around any estimates of population parameters will be wider than
planned. For postal surveys a response rate in excess of 70% is thought desirable,
although Asch, Jedrziewski and Christiakis (1997) report that rates for postal surveys
actually published in the medical literature are often lower than this.

Important reasons for non-response in surveys have been identified as: subjects not
literate; moved from their listed address; away from home for the duration of the
survey; not at home when an interviewer tries to make contact; and refusals. Thus for
example Jensen, Groenwold, Klee et al. (2003) not surprisingly found in their survey
that women who were non-Danish-speaking were more likely to be non-responders.
The relative importance of each of these non-response reasons will depend on a range of
factors specific to the planned survey itself.

Improving Response Rates

As a proportion of non-responders may be anticipated, it is very important at the
design stage of a survey to review methods that may reduce the size of this proportion.
Some pointers to how this may be achieved have been discussed in Chapter 2. In
addition to those mentioned there, response rates may be improved by inclusion of a
covering letter explaining the purposes of the research, why it is important and why the
recipient has been selected. The letter might also mention what steps have been taken to
guarantee confidentiality (an important consideration for some respondents) and what
organisation is responsible for conducting the research.

Once the questionnaires have been distributed and replies are scheduled to arrive,
then a time should be set to activate follow-up of individuals who do not reply.
Campbell and Waters (1990) showed that one follow-up increased the response rate
from 50% to 70%. A common approach is to send a letter (say) 2 weeks after the
original, reminding and emphasising the recipient of the importance of returning the
questionnaire. A new copy of the questionnaire can be included with this first reminder,
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Type of error Definition

Coverage error Applies if some units in the survey population have a zero
probability of being included in the sample

Sampling error Result of collecting data from only a subset, rather than from all
members of the sampling frame

Non-response Not all subjects in the sample are in the completed sample. Non-
responders may differ from responders

Sampling Random variation means that a small sample is less precise than a
large one

Measurement Subjects may misunderstand questions, or deliberately give false
replies

Figure 6.3 The main sources of survey error (part-based on Dillman, 2004; reproduced by
permission of John Wiley & Sons Ltd)



or if necessary this can be sent with a further (second) reminder. For ease of the survey
team, one can also use different colours for questionnaires on the second and
subsequent mailings to distinguish waves of responses.

A disadvantage of an anonymously completed survey design, in which even the
survey team do not know from whom the response comes, is that non-responders
cannot be identified and therefore reminded at a later date. However, this anonymity,
rather than just confidentiality as would be routine in most clinical studies, might
improve the overall response rate. The advantages and disadvantages have to be
weighed by the survey design team.

Response rates have been improved by providing a monetary incentive. Thus Shaw,
Beebe, Jensen and Adlis (2001) showed that a US$2 incentive achieved a 67% response
rate whereas a US$5 increased this by 7% to a 74% response. Kalantar and Talley
(1999) showed that recipients promised a lottery ticket were more likely to respond than
those who were not. However Gattellari and Ward (2001) surprisingly showed that a
promise to make a donation to a relevant professional organisation actually decreased
participation rates!

Figure 6.4 gives suggestions for increasing response rates.

Bias

Very importantly, poor response rates are likely to result in a major bias in the
estimates of the appropriate population parameters. This is because non-respondents
tend to differ from respondents in important and systematic ways. Further a significant
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Questionnaire Clear focus

Clear design and simple layout

Appealing to look at

Thoroughly piloted and tested

Conduct Participants notified about the study in advance with a
personalised invitation

Aims of the study and means of completing the
questionnaire are clearly explained

Researcher available to answer questions and collect
completed questionnaires

Researcher presentation

Participants Feel they are stakeholders in the study

Offered incentives or prizes in return for completion

Postal survey Enclosure of a stamped addressed envelope for returning
the completed questionnaire

Electronic survey

Figure 6.4 Evidence-based suggestions for increasing response rates (based on Edwards,
Roberts, Clarke et al., 2002, and Boynton, 2004)



disadvantage of interviewer-administered surveys is that the interviewers themselves
can introduce errors both in a random and a systematic way. Random errors are more
likely to be due to interviewer inaccuracy, for example recording answers incorrectly or
occasionally altering the wording of a question by mistake. Examples of systematic
effects are: selective recording of subjects’ responses; differences in the extent to which
interviewers probe for a substantive response or accept ‘don’t know’ answers; and
consistent re-wording of the questions as they are posed.

Systematic bias can occur even when there is only one interviewer, if the interviewer
does not accurately record the respondent’s answers, but instead is consistently selective
in what he or she records. It is an even greater problem where a survey requires multiple
interviewers since observed differences across groups of respondents may be an artefact
of the way in which different interviewers have posed questions or recorded answers.
Computer-assisted personal interviewing may prevent routine errors and omissions, but
this method requires high levels of investment for implementation.

Personal characteristics of the interviewer, such as age, gender or level of experience
and training, may also affect both response rates and the nature of the responses given.
Similarly, the setting in which data is collected may affect responses. For example, it has
been shown that responses to physical function items on a health status measure may be
confounded by place of administration, with higher scores for hospital inpatients
resulting from restrictions caused by the hospital care regime rather than by their
impaired health.

Procedures

The survey protocol should highlight a plan for preserving the confidentiality of the data
during collection, processing, and analysis, if individually identifiable data are to be
collected. The protocol should also include an outline of a plan for quality assurance
during each phase of the survey process to facilitate monitoring and assessing operational
performance during survey implementation. The plan must include contingencies to
modify the survey procedures, if design parameters appear unlikely to meet expectations,
for example, if a lower than anticipated response rate is becoming apparent.

Survey Size

Usually the investigators will wish to compare groups with a survey, such as the
comparison of those with partners and those without in the Danish survey of women.
Thus the survey now divides into two groups although not necessarily of equal size.
These women may then be further divided into those from rural or urban locations, and
of high or low educational achievement. Membership of these, 23¼8 categories is
expected to affect individual responses to an important degree. In design terms we can
now think that the object of the survey is to estimate the parameters of each of these
subpopulations. We can do this by setting the width of the corresponding 95% CI and
using equations (3.4) for estimating a mean or equation (3.6) for a prevalence.

To calculate sample size using equation (3.4) the width, o, of the CI has to be pre-
specified and so too has s. However, in some circumstances, knowledge of the latter
may be difficult to obtain. To circumvent this difficulty, one possibility is not to set the
CI to have fixed width, o, but to have this width as a fixed proportion, e, of the mean
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value, m, that is by setting oPlan¼ePlan6mPlan. Substituting in equation (3.4) then gives
the planned study size as

NPlan ¼ 4

�
s2
Plan

e2Planm
2
Plan

�
z21�a=2 ¼ 4

�
O2

Plan

e2Plan

�
z21�a=2 , ð6.1Þ

where OPlan¼sPlan/mPlan is termed the coefficient of variation (CV).
Sample sizes determined in this way are given in Table T8. As O increases the SD

becomes larger as a proportion of the mean and hence the sample size increases.
However, as e increases we are permitting the width of the final CI to be wider and
hence the sample size required becomes smaller.

Example – survey size

Suppose we were planning a survey in which eight important subgroups of
individuals are to be surveyed, then considering any one of these groups, the
investigators might choose OPlan¼0.3 and ePlan¼0.1. Then, for a 95% CI,
Table T8 gives the number of subjects to be surveyed from one such group as
mPlan¼140. Careful examination of the entries surrounding these values
suggest that study size is quite sensitive to the choices of OPlan and ePlan.

However, the planned study has g¼8 such groups, so a preliminary estimate
of the total survey size is NTotal¼g6m¼1120. Now factoring in a potential
non-response rate, often at least 20%, may be prudent and so they increase
their numbers per strata to give a revised NTotal¼8614061.2¼1344 or
approximately 1400 subjects.

Further the design team has identified five major endpoints from their
survey questionnaire and are conscious that multiple testing may produce
spuriously significant results. The Bonferroni correction with k¼5, suggests
replacing a¼0.05 by 0.05/k¼0.01. As a consequence mPlan¼140 is replaced by
the entry of Table T8 with a¼0.01 giving mPlan¼240. Thus for the eight
subpopulation survey design, and taking into account a 20% failure-to-
respond rate, a suggested survey size is NTotal¼8624061.2¼2304 or
approximately 2500 subjects would be sent questionnaires.

If the numbers of endpoints were (say) 20 rather than eight, then this process would
imply replacing a¼0.05 by 0.05/20¼0.0025. However, with such a small value for the
test size the resulting sample sizes will be very large. So a pragmatic design (if there are
five or more endpoints) is to set the test at a¼0.01, rather than 0.05, to calculate survey
size. Once the survey is conducted and the results collated, the corresponding p-values
are then first multiplied by k (55) before interpretation commences. Alternatively or
additionally, the results might be expressed with 99% rather than 95% CIs.

REPORTING

It is particularly important when reporting the results of a survey to describe in careful
detail the choice of population concerned and the sampling frame utilised for the
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sample selected. Any known deficiencies of the sampling frame should be described. It
is clearly important to detail the steps taken in obtaining the final sample, such as the
various stages in a multistage or stratified sampling scheme. This should include details
of how the final (random) selection was made. Any difficulties encountered in this
process should be detailed. For example, Devereux, Foster, Baasanhu et al. (2000)
noted that operational difficulties had led to an additional 107 community-based
subjects being included inadvertently in their study. The numbers of units in the various
stages need to be given. As a preliminary to the actual results of the survey with regard
to the endpoints chosen, details of the sample size chosen, the numbers completing the
survey and response rates need to be specified.

Design features – surveys

Define the key research question(s) and associated endpoints

Define the target population and the sampling frame

Choosing between a postal-, telephone- or interview-based survey

Type of sample: simple random. multistage, stratified

Consider how to maximise response rates

Survey size

6.3 COHORT STUDIES

The key feature of a cohort study is that the same subjects are observed longitudinally
in time over an extended (sometimes lengthy) period but may involve no direct
measurements by the investigator who is just waiting for a particular event to occur.
One outcome may the occurrence or not of the event itself or the time from recruitment
for this event to manifest itself. For example, all those pregnant women who happened
to live close to the Chernobyl Nuclear Reactor when it failed could have been followed
until the baby was born in order to discover any untoward events with respect to their
babies’ health at birth. Any monitoring of the women over time may be to ensure that,
for example, any spontaneous abortions are recorded.

Example – cohort study – type 1 diabetes

Hovind, Tarnow, Rossing et al. (2004) established a cohort of 286 patients
with type 1 diabetes and followed these by means of an outpatient diabetic
clinic until the development of micro- and macro-albuminuria. The object of
the study was to establish baseline predictors for these outcomes. Their study
suggested that an increased risk was related to, for example, male gender and
increase in mean arterial blood pressure. Prognostic factor studies such as this
are discussed in more detail in Chapter 11.
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A common purpose of a cohort study is to quantify the risk (often an exposure of
some kind) in a specific target population of getting the outcome of interest and to
compare this with a control population not exposed to the risk in question. The
outcome concerned is often the development of a particular disease.

There are two types of cohort design, prospective and retrospective. A prospective
study chooses a group of patients and then waits for events to occur. Obviously this has
the disadvantage of taking a long time to complete; even a relatively short duration
cohort might take as long as 5 years.

Thus a prospective cohort study begins by defining both the exposure and the
consequent disease of interest. In establishing, for example, the ‘at-risk’ women the
eligibility requirements for the cohort study would have to be carefully specified. For
example, the exposure may be the use of one type of oral contraceptive (OC) and the
disease ovarian cancer. In which case, the women would all have been at some stage
users of the OC in question, perhaps be of a certain age range and parity and, very
importantly, they would have to be deemed free of ovarian cancer. The cohort of
‘control’ women would be ‘never-users’ of the OC but otherwise defined in exactly the
same way. However, since the choice of the ‘ever’ or ‘never’ use of the OC women for
the cohort study is not determined by a random process, great care has to be taken in
ensuring that the two groups of women are as comparable as possible. Once the two
cohorts are established, then the women are followed for a certain, often lengthy, period
of time. This will be long enough to ensure that a sufficient number of ovarian cancers
will develop in both the exposed and non-exposed groups.

Sometimes it may be unclear what measurements will be required in the future. Thus
an important type of design is one where, at the time of screening a population for a
particular condition, blood samples are taken, frozen and stored. After a number of
years, certain genes may have been identified as possible risk factors for a particular
disease. This can be investigated if aliquots of the blood are thawed and the presence or
absence of the gene identified. These results then define the ‘exposed’ and the ‘non-
exposed’ cohorts.

Cohort studies follow subjects from exposure to outcome and so are suitable for
identifying causality according to the Bradford-Hill criteria of Figure 1.1. A cohort

Example – prospective cohort – residual neurological symptoms after
neuroborreliosis

Berglund, Stjernberg, Ornstein et al. (2002) identified, from a population-
based survey, 349 cases of suspected neuroborreliosis, a vector-borne infection
transmitted by ticks, who had been treated with antibiotics at the time. Of
these, the diagnosis of neuroborreliosis was confirmed by the medical records
in 130 of whom 114 completed the follow-up of 5 years. Amongst them 28
showed some signs of residual neurological symptoms.

Thus there is a single outcome in this cohort study, which is the estimated
proportion of patients at 5 years still exhibiting signs of neurological
symptoms. Their prevalence is estimated by pResidual¼28/114¼0.25 or 25%.
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design is usually not suitable to study the potential development of a rare disease, since
in order to have enough cases of the disease a very large cohort and/or a very extended
follow-up period would be required. In such circumstances a case–control design may
be an option.

The design and progress of this (typical) single-group cohort study is summarised in
Figure 6.5. Thus this cohort of patients with a particular disease was established by first
examining a larger group to target those of particular interest, this group was then
followed for a specific period of time at which the necessary endpoint measure(s) was
taken.

A retrospective cohort, on the other hand identifies a group of subjects in the past.
Their fate up to the present can be ascertained using population registers. Relative to
prospective cohort studies, retrospective studies are cheap and quick to complete.
However, they do require the existence of longstanding records and are limited to
variables contained in those records.

Example – retrospective study – babies

Barker, Forsén, Uutela et al. (2001) identified a group of male babies born in
Helsinki, Finland, between 1933 and 1944 who had had their birth weight
recorded. They established that, among those who were thin at birth, the risk
of coronary heart disease is further increased if they had poor living standards
in adult life.

Cohort studies are not usually thought of as repeated measures designs as they are
often designed with a single endpoint in mind, although once a prospective cohort is
established it is tempting to examine it in detail from time to time so it may then
develop into a repeated measures study.
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Suspected
neuroborreliosis

Confirmed
neuroborreliosis

Residual neurological
symptoms at 5 years

No (n¼219)

(n¼349) Yes Yes (n¼28)

(n¼130, of whom

16 lost) No (n¼86)

Figure 6.5 Design of the prospective cohort study conducted by Berglund, Stjernberg, Ornstein
et al. (2002) to identify those with residual neurological symptoms 5 years after a diagnosis of

confirmed borreliosis. (Reproduced by permission of Taylor & Francis)



Data Collection

There are special issues relating to data collected for cohort studies as some of the
information required might not be available prospectively. For example, in establishing
the exposed group, although it may be relatively easy to determine if a woman ‘ever’
used a particular OC, it may be much more difficult to ascertain the total period of use
in order to obtain a more precise estimate of her exposure. On a related issue, care is
needed to ensure that the controls were ‘never’ users. As cohort studies are longitudinal
in nature often requiring extensive follow-up, it is self-evident that very careful planning
at the design stage is essential to determine when observations are to be taken and to
ensure the necessary mechanisms are in place.

Disease Data

Precise definition of the disease(s) to be identified, as the cohort is followed in time,
must be made and one must be as sure as possible that those who apparently do not
have the disease are truly free of the disease in question. If the definition is not precise,
there is scope for misclassification and this may dilute the differences between the
exposed and non-exposed cohorts and thereby diminish the estimate of risk.

INTERPRETATION

Bias

Cohort studies are subject to a number of biases including those caused by treatment
selection and differential follow-up. An example of treatment selection bias is if the
purpose of a cohort study is to estimate the rate of cardiovascular disease in men
sterilised by vasectomy, it is necessary to have a comparison group of non-vasectomised
men. However, as we have noted with ‘ever’ users of OCs, comparisons between such
groups may be biased as it is not feasible to randomise men to ‘sterilisation’ or ‘no-
sterilisation’ groups. It is clear that men who are seeking sterilisation would certainly
not accept the ‘no-sterilisation’ option. As a consequence, the final comparison is made
between those men who opt for sterilisation against those who do not. This may
introduce inherent biases as, for example, the vasectomised men may be fitter than the
non-vasectomised men and this may influence their cardiovascular disease rates.

Follow-up bias can arise when follow-up is poor, or when it is more complete for one
group than for the other. Thus it is possible that, for example, subjects exposed to
radiation are more likely to be carefully monitored than subjects not exposed.

Healthy Worker Effect

Studies of occupational cohorts are bedevilled by the healthy worker effect, whereby
people in work are, by nature, healthier than people out of work, since many illnesses
prevent people working. Thus even if an occupation is truly hazardous to health, when
comparisons are made between workers (the healthy) and the non-working (potentially
less healthy) population, it may not be obvious that there is indeed a risk present.
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Covariates

In the design of a cohort study, careful consideration must be given to identifying and
subsequently measuring important prognostic variables that may differ between the
cohorts. Provided they are recorded, differences in these baseline characteristics
between groups can be used to adjust the associated risk estimates to better reflect the
true difference between the unexposed and exposed groups.

Study Size

Commonly, a cohort study is summarised by the relative risk (RR) when the endpoints
of interest are the proportion with the disease in the exposed, E, and unexposed groups,
U, after a particular time, T, has elapsed from when the cohort is established. The RR is
estimated by

RR ¼
pE
pU

, ð6.2Þ

where pE¼rE/mE and pU¼rU/mU are the proportions of those who develop the disease
amongst the exposed and unexposed groups respectively.

At the design stage the anticipated proportion with the disease in the unexposed
groups by the projected observation time, pU, is usually required. This will depend on
both the magnitude of the underlying (annual) risk, yU, and the proposed length of
follow-up, T. If these are known or can be anticipated, then pU¼yUT. The design team
then have to postulate a corresponding pE, usually greater than pU, which, if indeed
present, would be a clinically important finding to report.

Then, if the unexposed and exposed cohorts are of relative size 1: l, the sample size of
the control cohort group, with two-sided test size a and power 17b, is given by Prentice
(1995) as

mU ¼
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, ð6.3Þ

where

j ¼
pEð1� pUÞ

ð1� pEÞpU

. ð6.4Þ

Here j is the exposed versus unexposed odds ratio (OR). If both pE and pU are small
then j and the RR of equation (6.2) are very close numerically. Equation (6.3) leads to
the sample size for the exposed cohort as mE¼lmU and finally the total study size,
N¼mUþmE.

In many applications the numbers available for the exposed group may be limited.
This may be offset to some extent by increasing the proportion of controls (non-
exposed) in the design. Thus the statistical efficiency of the design may be maintained
by choosing l51. In planning in such a situation, the numerical value of mE is set by
the resource limitations to ME say, and this then implies the numbers of the controls
would then have to be set at MU¼ME/l. We now have to choose l, by substituting a

126 SURVEYS, COHORT AND CASE–CONTROL STUDIES



range of values for l into equation (6.3) and identify that value which gives an mU close
toMU. The corresponding value of l then gives the number of controls for every case to
be recruited.

Example – cohort size

Suppose we are planning a cohort study in which the subjects will be followed
for T¼6 years and the annual incidence rate is expected to be yU¼1 per
thousand in the unexposed group. It is thought that an increased risk
comparable to a RR¼1.25 might be present in the exposed group. Further the
cohorts are set to be of the same size, that is, l¼1.

These assumptions lead to planning values of

pU ¼ yUT ¼
1

1000
� 6 ¼ 0:006

and, using the equivalent of equation (6.2), pE¼pU6RR¼0.00661.25¼
0.0075. From these, equation (6.4) gives j¼ [0.00756(170.006)]/
[(170.0075)60.006]¼1.25 which, in this case, is numerically equal to the
RR. With these assumptions and 5% significance and 80% power, then
equation (6.3) and Table T1 give the number in the control cohort as

mU ¼
1

2

1:9600þ 0:8416
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2� 1:25

s0
@

1
A

2

0:006� 0:994� ðlog 1:25Þ2
¼ 51 253.

Thus the number for the exposed cohort is mE¼lmU¼51 263 also. Finally
N¼2651 263 or approximately 100 000 individuals are required.

A more pragmatic approach is to base the sample size on previous cohorts that have
yielded useful information. Cohort studies on cardiovascular risk factors are commonly
between 5000 and 20 000 people. For example the Framingham study, which has had a
major effect on the understanding of heart disease, was started in 1948 with 5209
residents in the town of Framingham, Massachusetts, USA. Studies of elderly people,
where events are more common, can be smaller than those of young people. Cohorts of
between 80 000 and 100 000 may be adequate to detect modest associations (odds ratios
of 1.5 or greater) within 6 years. Studies looking at the relationship between diet and
cancer have been in the range 50 000 and 100 000 but there has been some work to
suggest that the relative risks are only about 1.1 to 1.2, which require cohorts of
upwards of 400 000. Clearly planning studies of such size requires a very experienced
team of investigators with considerable resources at their disposal.
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REPORTING

Key aspects of reporting cohort studies that impact on the basic design are very clear
definitions of how the members of the retrospective cohorts are identified and the
respective exposure or non-exposure ascertained. If the cohorts are then followed until
a particular disease develops, clear definitions of the disease and the corresponding
diagnostic procedures have to be provided. This implies a careful description of the
intended follow-up schedule and procedures. Clearly, the numbers recruited will need to
be reported and, as will be the case in most cohort studies, the progress of the patients
so recruited should be charted. This charting includes reporting the events (with dates)
as they occur, but also subject losses, for example those who move away from the study
area and can no longer be examined or traced, those who no longer agree to participate,
and those who may have experienced a competing event (say, have died) before the
endpoint of interest could be observed. Finally the numbers of events in the exposed
and non-exposed groups must be unambiguously reported.

Design features – cohort studies

Identify the key research question(s) and associated endpoints

Consider the choice between a cohort and a case–control study

Careful choice of eligibility criteria for membership of the cohort(s)

Make sure the disease is clearly defined

Determine the period of follow-up necessary

Ensure cases and controls have similar periods of exposure

Provide a clear definition of the endpoint(s)

Minimise potential bias in the ascertainment of risk factors

Determine cohort size(s)

6.4 CASE–CONTROL STUDIES

The use of the term ‘case–control’ study is usually restricted to designs in which one is
trying to identify the risks of having become a case. They are not the same as cross-
sectional studies comparing cases and (say) healthy volunteers, which are trying to
discover current risk factors. In contrast, the objective of a case–control study is to
establish whether there were differences (in the past) between the groups (as they have
now become over the passage of time) at a time before they were ever formed. That is at
a time before the ‘case’ became a ‘case’. The cross-sectional investigation is, for
example, for potential use in diagnosis (how is a diseased patient distinguished from one
that is not diseased?) and the case–control to identify items for possible use in
‘prevention’ of possible future cases.

Thus, in contrast to a cohort study, a case–control study starts with the identification
of persons with the disease (or other outcome) of interest, and a suitable control
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(reference) group of persons without the disease. The object of the study then is to find
the equivalent of previous exposures to risk factors like those investigated in a cohort
study, or (perhaps genetic) characteristics of the subjects themselves that might have
precipitated the disease in question. The strength of the potential risk factor to the
disease is estimated by calculating the OR.

The relative merits of a case–control and cohort designs are summarised in Figure
6.6.

SOURCES OF DATA

The special issues relating to data collected for a cohort study may be more acute with a
case–control design, as much of the information required will only be available
retrospectively. Thus its completeness and reliability of these data may be of
considerable concern.

Disease Data

Precise definition of the disease(s) to be studied must be made. If the definition is not
precise, there is scope for misclassification and this may dilute the differences between
cases and controls and thereby diminish the estimate of risk. A failure to get all the
cases over the defined period can lead to bias when the exposure of interest is related to
the probability of being included in the study.

Exposure Data

Exposure data should be obtained in an identical fashion from both cases and controls.
Clearly it helps if the data are objective records rather than personal reflections. A major
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Advantages Disadvantages

Case–control Cheap No estimates of absolute risk

Relatively small Only approximate estimates of
relative risk

Results available quickly Potential biases, such as recall bias

Prospective
cohort study

Estimates of relative and
absolute risk

Large and expensive

Less susceptible to bias than
a case–control study

Potential biases, such as selection
bias and healthy worker effect

Results available slowly

Retrospective
cohort study

Estimates of relative and
absolute risk

Prognostic factors limited to what
has been measured in the past

Results available quite quickly

Figure 6.6 Choice between a case–control, a prospective cohort and a retrospective cohort study



source of bias in case–control studies is recall bias. This arises because cases, having
been defined by their disease, often have a major interest in it, and will try and recall
anything that may be associated with it. In contrast the controls may have no particular
interest in the disease in question and may consequently not be so motivated. For
example, women with cervical cancer, knowing possible links with the number of sexual
partners, may recall more precisely the number of casual partners concerned whereas
the controls who are patients with (say) appendicitis may not be so willing to reveal
such highly personal detail.

Selection of Controls

The choice of controls for any study requires careful consideration. In particular
controls should be free of the disease at the time they are serving as controls. Consider a
case–control study looking at the risk of hormone replacement therapy (HRT) for
cervical cancer. Women taking HRT may be required to have an annual cervical smear.
Other women, not on HRT, may be required to have a smear only every 3 years and
they may also have less incentive to turn up for screen. Thus women on HRT may be
more likely to have a cervical cancer detected, whereas some of the controls may have
cervical cancer, but it has not been detected yet. One of the major difficulties with case–
control studies is in the selection of a suitable control group, and this has often been a
major source of criticism of published case–control studies. This has led some
investigators to regard them purely as a hypothesis-generating tool, to be corroborated
subsequently by a cohort study.

Since a case–control study is designed to estimate relative, and not absolute, risks, it
is not essential that the controls be representative of all those subjects without the
disease.

Hospital or Community Controls

Since cases often arise from hospital records, it makes sense to recruit controls from
hospitals. Hospitals are a convenient and cheap source of controls, especially in
situations where a clinical procedure, such as a blood sample is required. There are two
major risks of bias in the use of hospital controls.

A risk factor for the study disease may be a risk factor for admission to hospital for
the controls. For example, in a study of lung cancer and smoking, the cases are incident
lung cancer patients, and the control patients entering the hospital without lung cancer.
However, controls may have come to hospital for smoking-related diseases such as
heart disease and so an estimate of the risk for lung cancer will be too low.

In general, people with multiple diseases or conditions become over-represented in a
hospital population, which in turn affects the distribution of risk factors as well. For
example, obese patients with high BP are much more likely to be admitted to hospital
than those patients with high BP who are not obese. Thus a case–control study, which
looked at risks of high blood pressure using hospital cases and controls, is then likely to
overestimate the risk due to obesity.

Controls drawn from the community have the great advantage of being drawn from
the true population of those without the disease. They are best when the cases also arise
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in the community. The main disadvantage of community controls is that they may be
inconvenient to find, and their data may be of inferior quality.

Other sources of controls are often dictated by matching criteria. For example,
friends, relatives or neighbours of the case can be used. Clearly there can be problems
with overmatching in a shared environment, if for example the study was investigating
the risks of passive smoking.

A useful compromise, especially if the cases arise naturally from the medical system,
is to use both hospital and community controls.

UNMATCHED AND MATCHED DESIGNS

There are two variations in the design corresponding to whether the controls are a
sample from a suitable non-diseased population, leading to an unmatched design, or are
chosen to match individual cases for certain characteristics.

Unmatched Design

In an unmatched design the eligible cases will be first identified, and then often an equal
number of controls selected. In selecting the controls, no note of the individual
characteristics of the cases is taken, although, for example, the same general age range
and gender composition will often be taken overall or sometimes in a frequency
matching (but not paired) design.

Example – unmatched case–control study – vehicle driver sleeplessness

In a study to investigate the influence of vehicle driver sleepiness on risk of
serious injury in road traffic accidents, Connor, Norton, Ameratunga et al.
(2002) used a case–control design. The cases were all drivers involved in
crashes where there had been at least one occupant admitted to hospital or
killed. If the driver had been killed or was too ill to participate, data were
obtained by proxy interview.

A total of 615 eligible cases were identified, involving 63 deaths, from which
information was obtained from 571. The 746 potential controls, of whom 588
agreed to participate, were drivers recruited on public roads, representative of
all drivers in the specific region during the study period but these were not
individually matched with the cases. The basic design of this study is
summarised in Figure 6.7.

The OR for having less than 5 hours sleep in the 24 hours prior to the
accident was 2.7 (95% CI 1.4 to 5.4) from which the authors concluded that
acute sleepiness in car drivers increases the risk of a crash in which a car
occupant is killed or injured.
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Study Size

In this situation the anticipated effect size is d¼p17p2, where p1 and p2 are the
proportions who experience the event in the respective groups. On this basis the number
of subjects to be recruited to a study for equal-sized groups of size m, is given by
equation (3.16). Alternatively, the same difference between groups may be expressed
through the OR which is defined as

ORBinary ¼
p2ð1� p1Þ

p1ð1� p2Þ
. ð6.5Þ

This formulation leads to an alternative to equation (3.16) for the sample size. Thus,
for the total study size, cases and controls NOdds-Ratio, this is

NOdds-Ratio ¼
4ðz1�a=2 þ z1�bÞ

2=ðlogORBinaryÞ
2

�ppð1� �ppÞ
ð6.6Þ

where �pp ¼ ðp2 þ p1Þ/2. This equation is quite different in form to (3.16), but for all
practical purposes, gives very similar sample sizes, with divergent results only occurring
for relatively large (or small) ORBinary.

This expression is very useful when planning a study if an anticipated value of an OR
is provided. If then the anticipated prevalence of the potential risk factor, p1, is
available for one group then
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Less than 5 hours sleep in the
previous 24 hours

Yes (n¼65)

Case – Driver involved in
an accident (n¼571)

No (n¼464)

Yes (n¼30)

Control – Driver not involved
in an accident (n¼588)

No (n¼554)

Figure 6.7 Progress of an unmatched case–control study (based on Connor, Norton,
Ameratunga et al., 2002. Driver sleepiness and risk of serious injury to car occupants: population

based case-control study. British Medical Journal, 324, 1125–1128. [6])



p2 ¼
ORp1

ð1� p1 þORp1Þ
. ð6.7Þ

This then provides the components for the sample size to be determined by use of
equation (6.6).

Matched Design

Matching can either be 1:1 or with more controls than cases. Thus in contrast to the
unmatched design, every control is now linked to a corresponding case.

The main purpose of matching is to permit the use of efficient analytical methods to
control for confounding variables that might influence the case–control comparison. In
addition, it can lead to a more careful consideration of appropriate controls. Despite
these advantages, matching can be wasteful and costly if the matching criteria lead to
many available controls being discarded because they fail the matching criteria. Usually
it is worthwhile matching only on, at most, two or three variables that are known to
influence outcome but whose influence is not one objective of the study in design. This
is because with this design one cannot determine the risk for the matching variables.
For example, if we match cases and controls for age, we cannot determine the effect of
age on risk.

We also have to avoid ‘over-matching’ in a paired case–control design. This would
occur if, for the above example of the case–control study looking at the risk of hormone
replacement therapy (HRT) on cervical cancer, cases and controls were both drawn
from women who had been evaluated by uterine dilatation and curettage. Such a
control group is inappropriate because agents that cause one disease in an organ often
cause other diseases or symptoms in that organ. In this case it is possible that oestrogens
cause other diseases of the endometrium, which have required the women to have
dilatation and curettage and so present as possible controls.

Example – matched case–control study – suicides

King, Baldwin, Sinclair et al. (2001) used a matched case–control study to
investigate social factors involved in suicides by patients following recent
discharge from psychiatric inpatient treatment. Each discharged index patient
was matched with two control patients with respect to: gender, age within 10
years, psychiatric diagnosis, type of ward and date of admission. Importantly
the follow-up period for each control was the same number of days as the
number of days from discharge to the event leading to death for the index
patient. A key exposure variable was whether there had been a break in
continuity of contact with the mental health services.

The authors succeeded in matching 1:2 for 197 of the cases while only a
single match was found for the remaining 37. They established that an
increased risk of suicide was associated with: ‘when a significant professional
was on leave, or about to go on leave, at the time of the fatal act’; OR¼18.5
(95% CI 4.5 to 76.3). The OR was calculated after adjustment for history of
self-harm (Yes or No) and other covariates.
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Study Size

In the situation where the case–control study is of a 1:1 matched design, then the risk
factor under investigation, will be present (indicated 1) or absent (indicated 0)
respectively amongst the case–control pair in one of the following four possibilities,
(0,0), (0,1), (1,0) and (1,1). In the first and last of these pairs there is ‘agreement’
amongst the pair, while for the other two alternatives there is ‘disagreement’ or
‘discordance’. At the analysis stage it is the ratio of the number of discordant pairs, s, of
one type compared to the numbers, t, of the other type that estimates the OR (¼s/t).
Thus the design team need to specify a planned value for this, which we denote by x .
Further, the observed discordance rate is calculated by pDiscordant¼ (sþ t)/NPairs. Again
the design team need to specify a planned value for this, which we denote by pDiscordant.
The number of case–control pairs to be recruited to a case–control study with test size a
and power, 17b is

NPairs ¼

�
z1�a=2ðxþ 1Þ þ z1�b

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxþ 1Þ2 � ðx� 1Þ2pDiscordant

q �2
ðx� 1Þ2pDiscordant

. ð6.8Þ

Example – sample size – suicides

Suppose we were to repeat the format of the case–control study of King,
Baldwin, Sinclair et al. (2001) but in another locality, and since the previously
observed association with the risk factor of ‘an absent carer’ was so strong, a
1:1 rather than a 1:2 matching was planned. However, there is some concern
that the observed OR was perhaps somewhat high, so a value of xPlan¼5 is set.
They were also unsure of the value for the proportion of discordant pairs and
so consider the options of pPlan of 0.1, 0.2 and 0.3. The three calculations using
equation (6.8) with test size a¼0.05 and 17b¼0.8, give NPairs of 175, 86 and
57. With this information, the investigators may then decide to conduct a 1:1
case–control study with 100 pairs but also ensure that the covariates of the
earlier study are also recorded.

Often the problem at the design stage is to anticipate the proportion of
discordant pairs. However, King, Baldwin, Sinclair et al. (2001) show that in
the control group about 1% of subjects, have a key carer on leave or leaving,
compared to about 5% in the cases. If we assume these two proportions are
independent, then the proportion of pairs in which the case had the factor and
the control did not is 0.016(170.05)¼0.095. Similarly, the number of pairs in
which the control has the factor and the case did not is (170.01)60.05¼0.0495.
Thus a planning estimate of pDiscordant is 0.095þ0.0495¼0.1445&0.15.

Thus, using equation (6.8) for the same design specification as before, but
pDiscordant¼0.15, gives NPairs¼116&120.
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REPORTING

As case–control studies are retrospective in nature, and there are many potential
difficulties associated with them, it is particularly important that the reporting process
is detailed. In particular the flow of cases and controls throughout the various stages of
the study needs to be outlined. A very clear indication of this reporting process is given
by King, Baldwin, Sinclair et al. (2001) in Figure 6.8, which follows the format of the
guidelines suggested for reporting randomised controlled trial.

Design features – case–control studies

Identify the key research question(s)

Consider the choice between a case–control or a cohort study

Think of the cohort that has generated the cases and try to ensure controls come
from the same cohort

Choice of controls

Beware of biases particularly recall bias

Think about choosing more than one control per case

When cases are from hospitals, think of having both hospital and community
controls
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Figure 6.8 Identification of 234 Wessex Recent In-Patient Suicide Study (WRISS) index recently
discharged inpatient suicides (from King, Baldwin, Sinclair et al., 2001; reproduced by permission

of the British Journal of Psychiatry)



6.5 CASE–CROSSOVER DESIGNS

Case–crossover designs are ones in which subjects are followed up over time, and act as
their own controls. There are two types of case–crossover design (Farrington, 2004).
The first is based on the idea of a case–control study. Suppose we believe that, if
someone is exposed to a hazard, then there is a ‘window’ with a period, w, in which any
adverse events can be seen. After that period, any events are unlikely to be caused by
that particular hazard. The idea is illustrated in Figure 6.9. We assume that the event
occurs in N subjects each at an individual time t. We then look backwards in time from
that particular t to see when the intervention (the hazard) had occurred in that subject.
We know that all subjects had been exposed to the hazard at some time. This would
either be in the window period, w, or in the control period, p. Noting this for all patients
gives m interventions in w, and n in p, where m+n¼N. The odds ratio estimating the
risk of the intervention depends on the values of w and p and can be calculated using a
Mantel–Haenszel estimator (see Park, Ki and Yi, 2004).

Example – case–crossover design – MMR vaccine and aseptic meningitis

Park, Ki and Yi (2004) describe a study looking at the link between the
mumps-measles-rubella vaccine and the occurrence of aseptic meningitis.
From 420 confirmed cases, they eventually found 39 with accurate vaccination
records. They chose the window period to be w¼42 days and the control
period the year preceding the event, excluding the window period, i.e.
365742¼323 days. Among the 39, they found 11 vaccinated during the
window (hazard) period and 28 during the control. Since the control period is
the same for each subject, the odds ratio for the risk of meningitis due to
MMR is simply the ratio of the two incidences (11/42)/(28/323)¼3.0 (95% CI
1.5 to 6.1).

An alternative design is based on the idea of a cohort study (Farrington, 1995), who
termed it a self-controlled case-series method. The design is illustrated in Figure 6.10.
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Figure 6.9 Case–crossover design



Here we know the time of the interventions and we observe whether events occur during
the ‘window’ period, and during a control period.

Maclure and Mittleman (2000) discuss the use of case–crossover studies and state
that the design applies best if the exposure is intermittent, the effect on risk is immediate
and transient and the outcome is abrupt. Farrington (2004) points out that the
requirement of constant underlying exposure probability is fundamental to the case–
crossover design. Thus, for example, if a study is being used to look at the side effects of
a vaccine, and the vaccine is not given below a certain age, control periods which
overlap that age would not be equivalent to control periods in which there was a high
probability of being vaccinated. The self-controlled case-series does not suffer this
problem, and full adjustment for age and time is possible.

Example – self-controlled case series – MMR vaccine and convulsions

Farrington (1995) also examined the effects of the MMR vaccine, this time on
the risk of convulsions. All children had had at least one convulsion. There
were two hazard periods, 6–11 days after vaccine, and 15–35 days after
vaccine. There were 336 events in 329 children. There were 183 events after the
vaccine, of which 13 occurred 6–11 days after the vaccine and 12 occurred 15–
35 days after the vaccine. The results showed a relative incidence of 2.11 (95%
CI 1.21 to 3.69) for the 6–11-day window, and 0.58 (95% CI 0.33 to 1.03) for
the 15–35-day window.

6.6 TECHNICAL DETAIL

STRATIFIED SAMPLING

Suppose in a particular survey there are k strata and m1, m2, . . . , mi, . . . , mk subjects are
recruited to each strata, then the total sample size is

NSample ¼
Xk

i¼1

mi.
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Figure 6.10 Self-controlled case-series design



Suppose that ri of those selected in each strata have the characteristic of interest (say,
glaucoma) so that pi¼ri/ni is the corresponding proportion observed. In this case the
(weighted) estimated proportion with the characteristic in the whole population is

pStratified ¼

P
mipi

NSample

¼

P
ri

NSample

. ðT6.1Þ

The individual values of mi do not appear in this expression. As a consequence this
overall proportion is an unbiased estimator of the true proportion in the population at
large or, equivalently, b0 of equation (1.1).

However, the principal reason for stratifying is that the stratified estimate of the
prevalence usually has a smaller standard error (SE) than an estimate derived from a
purely random sample. The reason is that the variation in any estimate from a survey
can be divided into two elements: that between strata and that within each stratum. In
stratified sampling the variation between strata does not enter into the SE, since the
method ensures that this component of variation in the population is exactly reflected
in the sample. Thus the best choice of strata is to choose ones that differ as much as
possible from each other.

The standard error of a proportion, from a proportionate stratified sample, is
approximately

SEð pStratifiedÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
mi pið1� piÞ

N2
Sample

s
. ðT6.2Þ

However, if a study of the same size had come from a random sample of size NSample,
then the SE is

SEð pRandomÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pRandomð1� pRandomÞ

NSample

s
ðT6.3Þ

where pRandom¼RRandom/NSample and RRandom is the total number in the random sample
with the characteristic in question.

The Design Effect (DE), corresponding to that of equation (1.6), is

DE ¼
VarðpStratifiedÞ

VarðpRandomÞ
¼

P
mipið1� piÞ

NSample pRandomð1� pRandomÞ
¼

P
mipið1� piÞ

pRandomð1� pRandomÞ
P

mi

. ðT6.4Þ

It can be shown, except in some cases where there is only a trivial difference, that the
DE is always less than one. Thus a stratified sample gives a more precise estimate of a
parameter. These results also hold if a mean is being estimated rather than a
proportion.
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