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Summarz

A case—contrel etudy compares risk factore for a
gelected number of cases with the unwanted outcome and a
selected number of controls without the unwanted outcome.
The study population is not, as a group, representative of
the target population becausze of the way cages and controls
are chosen., It is therefore not possible to caleulate the
ineidence of the unwanted ocutcome.

Despite these problems, case—control studies are useful
for the widespread applicatlon of the risk approach as they
provide a quick, easy and low-cost methed 'for conducting
risk studles, especially when there is a szevere lack of
epidemiological data.
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5.10.1 Structure of studles

The previous sections of this chapter* used a cohert study to compare Individuals
with the unwanted outcome to those with the wanted outcome,

If the unwanted outcome under investigation is fairly rare, we may end up with fewer
cases with the unwanted outcome than we need for our analysis and too many cases with the
wanted outcome. This problem may be overcome by treating those with wanted and unwanted
ocuteomes as two separate populations and taking comparatively more of those with the
unwanted outcome than with the wanted outcome.

Thus, we start the srudy by identifying two population groups: those with the unwanted
outcome and those without the unwanted outcome, Then we determine what the exposure to the
risk factor was, This type of study is called a case—contrel study. Those with the
unwanted outcome are the cases whereas those with the wanted outcome are the controls.
Alternatively, the study can be designed in such a way that those with the risk factor are
considered as the cases and those without that risk factor as the controls. This
alternative design is rarely used and will mot be dealt with further 1in thi= section.

The price we pay for getting a large number of cases of the unwanted outcome is that,
unlike cohort studies, we cannot deduce the incidence of the unwanted outcome and the
prevalence of the risk factor im the target population and must therefore obtaln that
information from other soutces.

Case-control studies using past records are known as retrospectlve case—control studies
whereas prospective case-control studies use data collected as the study progresses,
Casze—control studies are usually retrospective in that the information on rigk facrors is
obtained after the occurrence of the outcome in the individuals in the study population.

Advantages

The gase-control methodology is particularly suited for conducting risk approach
studies using unwanted outcomes that are rare. As a large number of cases with an unwanted
eufcome can be ineluded in the study, valuable information is generated.

Case—control studies require relatively small samples of cases and controls compared to
cohort studies where the low incidence of unwanted outcomes may mean that very large samples
need to be assembled.

Case—control studies provide a2 simple, rapid, low-cost and effective method of testing
hypotheses.

Disadvantages

The investigator does not have the opportunity to examine the whole population at risk
as only selected groups of those with the vunwanted outcome and without the unwanted outcome
are available for study. Therefore, it 1s not possible to calculate directly the incidence
of the unwanted cutcome or the prevalence of risk faetors in the whole population.
Esrimates of attributable risk have to be derived by indirect methods,

*This refers to Chapter 5 of A Workbook on How to Plan and Carry out Research on the
Risk Approach in Maternal and Child Health ipecluding Family Planning (FHE/MCH/RA/84.1). All
page numbers and secticns mentioned in this module refer to this chapter.
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Susceptibility to bias presents another major disadvantage of case—control studies:
selection bhias leads to a situation whereby cases and controls cannot be compared. The
criteria for the selection of countrels are often debatable.

Blas can alse result when the information gathered from cases and controls is not fully
comparable., Recall bias may occur when those having sufferad an unwanted outcome recall
preceding events in greater detail and/or with explanations to account for the occurrence of
the unwanted outcome. Also, Influenced by his knowledge of the outcome, the researcher may
examine the medical records in a different way while looking for preceding events.

The delay between exposure to a risk factor and the implementation of the research
gtudy may meke 1t difficult to obtaln certaln types of information: not only can people
forget but records may get loat. The latter may occutr selectively for cases and controls
depending on the professional interest of the health werkers in the unwanted outcome,

Research 1n developing countriles

For research on the risk approach in MCH/FP, the case~control design may have
advantages over prospective cohort designs in developing country settings where relarively
few wemen recelve antenatal care and where routine medical records may be deficient. A
prospective cohort study of unwanted pregnancy outcomes which are relatively rare would
require the identification of a large number of women during pregnancy and follow-up until
delivery. GSinge only a small proportion of women may come for antenatal care, most of the
population would be excluded from observation, Alge, those women who receive aptenatal care
may be of higher socloeconomic status or be referred for complicated pregnancies, and thus
would be unrepresentative of the general population of pregnant women. Furthermore,
Information on relevant rigk factors may not be available if medical records contaln
insufficient data or are incomplete.

A case-control approach overcomes some of these problems since a moderate number of
cases with the unwanted outcomes and controls can be identified after delivery, and
information on the course of pregnancy or pre-pregnancy risk factors obtained from the
mother at interview and from medical records. Thes the case=-control approach is more
economlical and logistically simpler because of the smaller sample size required and the
absence of prospective follow-up. The study population used may be more representative of
the target population since selective antenatal care [s aveided. Furthermore, a
case—control study does not depend upon available records and can provide higher quality and
more detalled information through standardized interviews or measurements. Although a
cage—contrel study cannot directly provide data on the incldence of the unwanted outcomes,
the latter can be obtained from other sources.

5.10.2 Rigk guantification

The main aim of case-control studies is to assess the importance of risk factors
through a comparison of their prevalence among those with and without the unwanted cutcome,
If the prevalence of the risk factor Is greater among cases than controls, an association
between the risk factor and the unwanred outcome is likely. A similar prevalence of the
risk factor among cases and controls suggests rhat there iz no association. If the
prevalence of the risgk factor is less among cases than controls that presumptive rigk factor
iz in fact likely reo have a protective effect for that unwanted outcome.
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The relation between risk factor and outcome in a risk study, whether of the cohort or
case-control type, can be represented in tabular form as below:

Qutcome
Risk factor Unwanted Wanted Tetal
Present a b a+hb
Absent c d e t+d

All a+c b +4d a+b+c+d

[ el ]
P e N L

In a eohort study, the incidence of the unwanted outcome in the population
(s + ¢)/(a+ b+ c+d) and the prevalence of the risk factor is
{a +BY/fa+b+c+d).

In a case—control study whereby cases and controls are specifically chosen according to
the status of the outcome, the ratio between unwanted and wanted outcomes (a + ¢)/(b + d)
becomes distorted and not representative of the target population. Therefore, one can only
speak of the prevalence of the risk factor in those with the unwanted outcome (a/(a + ¢)) or
in those with the wanted outcome (b/(b + d)}. This 15 because one has in faect chosen
specified numbers of those with and those without the unwanted outcome while not knowing the
ratio of the latter in the target population,

Using the method described in seetion 5.7, the relative risk can be calculated for a
cohort study as follows:

Relative risk probability of an unwanted outcome in the presence of the risk factor

probability of an unwanted cutcome in the absence of the risk facter

af{a + By _ a(e + 4d)
c/{c + &) cia + ES

When the incidence of the unwanted outcome is low, a is negligible compared to b so that
(a + b) approximates to b and also ¢ is negligible compared to d so that
(¢ + &) approximetes to d.

Therefore, the above formula for the estimation of relative risk approximates to:

ad

Relative risk =
be

In a case—control study, the column for unwanted outcome in the above table
represents the cases and the column for wanted outcome represents the controls.
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The odds of the presence of the risk factor among the cages Is a/e whereas the odds of
the presence of the risk factor among the controls is b/d. The odds ratio of the prezence
of the risk factor ameng cases compared to contrels is:

alc ad
0dds ratio b/d bo

Hence, the relative risk approximates te the odds ratlo in a case-control study.

The approxwimation between the relative risk and the odds ratio is reasonable, provided
that the unwanted cutcome ig relatively uncommon = an incidence of less than 10Z 1s usually
acceptable. However, with more common unwanted outcomes, the odds ratle as calculated from
a cage—control study will overestimate the relative risk in the population. The extent of
this overestimation can be calculated and the odds ratio can be corrected as shown in the
Appendix, It 1s therefore important to note that the odds ratio from a case—control study
is always a ugable estimate of the Telative risk in that population.

The odds ratio, Llike the relative risk, measures the grrengch of the assoclation between
the presence of the risk factor and the unwanted outcome. From the point of view of the
comiunity, the importance of a rigk factor iz largely dependent on ite prevalence. The
publie¢ health importance of the risk factor iz measured by 1lts attributable riegk which
indicates what might be expected to happen to the overall unwanted outcomes Iin rthe community
if the risk factor were eliminated or its adverse effect prevented (section 5.7.4),

Attributable risk (%) can be calculated from the following equation:

= bBx-=-1)
Attributable risk (%) CERVE A x 100
where ¥ = relative risk and
b = proportion of population with characteristic.

The relative risk (r) can be estimated from the odds ratio. The proportion (b) of the
population with the risk factor cannot be calculated directly in case-control studies as the
ratio of cases to controls in the study is not representative of the target population
itself. However, the prevalence of the risk factor among the controls provides a falrx
estimate of the proportion of the population with the risk factor when the unwantd outcome
is relatively uncommon, Alternatively, a population survey can be carried out solely to
determine the prevalence of risk factors.

5.10,3 Types and sources of error

Types of error

We may erroneously conclude that there is an assoeciation between a risk factor and an
unwanted outcome when, in reality, an association does not exist. This is called a Type I
{or alpha) error., Tha likelihood of szuch an error occurring can be measurad by tests of
statistical significance. These tests measzure the probability, alpha, that a result
oecurted by chance. Usuwally, one accepts a value of alpha of 5 per cent (alpha = 0.03).
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We may also erroneously conclude that there is ne assoclation between a risk factor and
an unwanted outcome when, in reality, an association exists. This is called a Type II (or
beta) error and can be measured by the probability (beta) of missing an asgoclation if ome
indeed exists, Usually, one accepts a value of beta of 10 per cent (beta = 0.10%.

These two types of error are dlscussed in sectiom 5.4.3.

Sources of error

Case control studies are, like other epidemiclogical studies, subject to a variety of
errors (see pages 119 and 140). However, case-control studies are particularly prome to
systematic errors such as selection bias, mizclassification bias and confounding bias.

Selection bias is minimized by trying to ensure that controls are representative of the
population from which the cases with the unwanted outcome are drawn. Both cases and
controls should therefore be selected from the same scurce over & similar peried of time,
However, cases with the unwanted outcomes are often selected from those admitred to
hospitals and other health facilities and may not be repregentative of all cages of the
unwanted outcome im the target population. For example, mothers giving birth in an urban
hospital may predominantly come from urban areas or be of higher sociceconomic status and
have greater access to antenatal care whereas rural women of lower sociceconomic status may
be less likely to deliver in a hospital and have lessz access to antenatal care, If hospital
cases were compared to controls drawn from the general population, bias could arise in a
comparison of the use of antenatal care. To avoid selection bias, cases and controls must
be chosen inm such a way that cases with a presumptive risk factor (such as lack of antenatal
care) have an equal chaunce of entering the study as do controls with that risk factor,

Misclassification bias occurs with the inaccurate determination of either presence of
the risk factor or occurrence of the unwanted outcome, Misclassification blas may be
divided into two distinet categories, differential and non-differential, depending on the
exisrence of & relation between the error in ome variable and the other variable — that is,
unwanted cutcome when there is an error in determining the presence of the risk factor and
vice versa,

With non-differential misclassification bilas, the error is not related to the other
variable., For example, maternal age may be wrongly calculated using a calendar of loecal
events that contains certain mistakes., Some mothers would therefore be assigned to the
wrong age group. This misclassification would not be related to the occurence of the
unwanted outcome under study. As a result of a non-differential misclassification, the
observed odds ratlo would be an underestimate of the actual odds ratio.

With differential misclassification bias, the error is related to the other variable and
the observed odds ratic can be elither an overestimate or an underestimate depending on the
direction of the misclassification, Interview bias and recall bias are the most common
forms of misclassificaton hias,

fnterview bias occurs when information is not obtained from cases and controls under
similar conditions such as the location and the structure of the interview, as well as the
manner in which the guestions are asked and whether the subjects and Interviewexs are aware
of the specific research hypotheses,

Repall bias occurs when the recollection of events by subjects is influenced by the
occurrence of the unwanted outcome.
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It 15 well recognised that there is a tendency for cases to assoclate unwanted outcomes
with a variety of events which would therefore be overreported. When recall of a risk
factor 1s better among those cases with the unwanted outcome than among controls, a spurious
assoclation arises,

Misclassification bias can be minimized by having standard questionnaires and interview
techniques and, 1f possible, the interviewer should not know whether the mother 1s a case or
a control. Also, subjects in the study and Interview persomnel should neot be informed of
the specific research hypotheses being tested. Tt is furthermore advisable to verify
responses with information from other sources such as health record cards.

Confounding blas results from an indirect or nen—causal association between a risk
factor and an unwanted outecome, It ig due to the effects of another variable which is
independently related to both the risk facter and the unwanted outcome. Confounding is
further discussed on page 161, Confounding bias may be dealt with in case~control studies
by either matching cases with controls at the design stage of the study or by stratifiction
and mathematical modelling at the analysis stage., However, mathematical modelling iz beyond
the scope of this workbook and will not be dealt with in any greater detail.

5,10.4 Conducting the study

The steps in condueting a case-control study clogely follow those for a cohort study as
detailed in Chapter 5, This gection will only degcribe those aspects of the study which are
gpecific to the case-contral methodology.

Choice of cases and controls

The following basiec principles govern the choice of cases with the unwanted outcome and
controls:

{a) Cases and contrels should be representative of the same population over the same petrlod
of time,

(b} The choice of subjects should unot be based on the precence or absence of risk factors
which are included in the research hypotheses as this would forfelt the subsequent analysis
of these risk factors.

{c) The cases should be representative of all the cases with the unwanted ocutcome and the
controls should be representative of all those without the unwanted cuteome in the target
population,

The cages with the unwanted outcome can be selected from hospitale and health
facilities, or from the community.

Casea with the unwanted outcome can be seleeted from a single hospital or group of
health facilities. The advantage of this method 15 that the dlagnosis is usually more
accurate and it 13 easier to identify cases with the unwanted outcome in a clinical
setting. The disadvantape is that these cases may not be representative of all the cases
with the unwanted outcome in the community. Various factors such as hospital catchment
area, admission policies, referral patterns and selective use of health services may affect
the representativeness of cases chosen from hospitals and health facilities.

Cases with the unwanted outcome can be selected from all such cases in the community.
These cases may be ildentified from readily available gources such as reglisters of vital
statistics where all births and deaths are recorded. However, special surveys or
arrangements may need to be made g0 ag to detect all cases with that unwanted outcome in a
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given area. Usually those cases oceurring within a particular time span are chosen but
sampling may be donme if the number of eligible cases is greater than required. Even though
case ldentificationm on a community basis is difficult, it has the great advantage of
avoiding selection bia=,

The choice of contrels presents the most difficult aspect of conducting a case—control
study. The controls should be those without the unwanted outcome and chesen from the same
cources over the came time span as the cases. As the potential controls are more NUMErous
than cases, some type of sampling procedure is used to choose a representative sample of

controls (see page 117).

Controls chosen from a hospital are called hospital controls. Their advantage 1s that
they are easier to identify and selective factors influencing the use of health services
should apply equally to cases and controls allowing internally valid comparisons. However,
the disadvantage of hospital controls is that they may mnot be representative of the
community and this can seriously 1imit the generalization of the resulrs,

Controls chogen from the community are called community controls. They can be chosen by
taking a sample of the population of 2 geographical ares (see page 116).

One or more controls may be selected for each case. A larger number of controls will
increase the statistical significance of the results but will also increase the work and
cost of the study. Thus, the decision on the ratie of cases to controls must be based on
availability of resources.

The classical case—control study 1s set up in such a way that confounding variables are
controlled by matching cases with controls at the design stage of the study., Controls are
therefore chosen so that they differ from cases for those risk factors belng investigated,
known risk factors for the unwanted outceme being controlled for in the matching process,

The better the match between cases and controls, the more valid are the conclusions
about the risk factors being investigated. This is usnally crucial when one is testing the
effect of a drug on the course of a disease. However, by matching for a particular risk
factor, that difference between cases and controls iz eliminated and it will not be pessible
to examine the importance of that risk factor at the data analysis stage.

Tn 2 risk study, one looks at many risk factors im order to find those that enable the
prediction of likelihood of an unwanted outcome. 1f any of these risk factors are used for
matching purposes, they are forfeited as possible risk factors before they have even been
investigated, Therefore, matching is not advisable for most research studies on the risk
approach.

Sample size

As explained in section 5.4, the estimation of the sample size for a study takes into
account the prevalence of the risk factor, the magnirude of the relative risk we wish ro
detect, and the degree of confidence we wish to be able to place on the results.
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Steps for determining the necessary sample size for a case-control study

The following methed for the estimation of sample size iz a simplified approximation
gulitable for most cage-control studies.

Step 1 Estimate the prevalence, p;, of the risk factor among controls,
Step 2 Specify the level of the relative risk, r, that we would like to detect.

Step 3  Caleculate the prevalence, pp, of the risk factor among cases;

pr

Pr " 1% B (x - 1)

Step 4 Calculate the average prevalence, p, of the risk factor among cases and
controls;

1
p §{p1+ pz)

Step 5 The values of alpha and beta are then used through the standard normal
deviates (Z-alpha and Z-beta as on page 129) to calculate the sample size N for
cases and an equal aumber of centrols:

9p(1 - p)(Z-alpha + Z-beta)>

N =
(Pz = P’l)2

With alpha of 0.05, the corresponding value of Z—alpha 1is 1.96 and with beta of
0.10, the corresponing value of Z-bera 1s 1.28. Tharefore the above formula for
calculation of sample gize simplifies to :

2p(1 - p)(1.96 + 1,28)°

(p, - pl)z

1L ~ p)(3.24)°
2
(DZ - pl)

21p(1 - p%
(p2 = Pl)

This simplified formula is conservative but adequate for most studies. For
practical purposes, the prevalence of the wisk factor emong controls should be
either estimated from available data or specified by assuming the lowest level of
interest,
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Example
Step 1 We estimate the prevalence, Pys of the risk factor
among controls to be (.10,
Step 2 We would like to detect a velative risk, r, of 2.0,
Step 3 The prevalence, pPq, of the risk factor among cases is:
Py P -~ 1) 1

0,10 x 2

-

Step 4 The average prevalence, p, of the risk factor is:
1
p = ety
1 {0.,10 + 0,18)
7

0.28
2

= 0.14

Step 5 For alpha of 0,05 and beta of 0,10, the required sample
size, N, for cases and an equal number of centrols is:
21p(l - p)

{Pz = Pl)

N

21 x 0.14 x (1 — 0.14)
(0.18 - 0.10)°

21 x 0.14 x 0.86
0.08%

= 395

Therefore, about 400 cases and 400 controls are necessary.
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5.10.5 Data analzsia

Data analysis for case-control studles should proceed from the gimple to the complex,
and from the gemeral to the detailed. Each variable recorded can be treated as a dichotomy
and the data should be trancformed into one of two posgible regponges;: pregenca or
absence, The frequency of the responses can then be tabulated for each variable, and the
qus ratio estimatad,

The data in the following table will be analysed as an example of case-control studies
using the methodology described in sectiom 3.10.2,

E Outecome ;
E Risk factor 1 Unwanted Wanted Total E
E Present 110 20 130 ‘E
i Absent 190 280 470 E
E All 300 300 600 ;

As the above data was obrained by selecting 300 cases with the unwanted outcome and 300
controls from the target population, the relative risk cannot be caleulated using the
formula on page 157 although the structure of the table on that page and the above table are
similar,

The odds ratio can be calculated using the formula in sectlon 5.10.2:

110 x 280

Odds ratio 55 = 190

= 8.1

The proporticon of the controls with the risk faector is 20/300 i.e. 6.7% or 0.067.

As the incldence of rhe unwanted outecome in the target population is relatively

uncommon, it will be assumed that the odds ratio is an acceptable approximation for
the relative risk and that the proportion of the controls with the rigk factor 1s an
acceptable approximation for the prevalence of the risk factor in the target

population.

The attributable risk (%) can therefore be calculated:

Attributable risk (%) %—%u}%—ﬁ % 100

0,067 (8.1 - 1)
0.067 (8.1 - 1) + 1

% 100

= 32
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Significance testing

Significance tests are described iIn detall on page 158, A simple test for the odds
ratio is a Chi-square with one degree of freedom, as shown below using the notation f{rom

the table in section 5,10.2.

{ad = be - a+b+c+d)2x (a+b+c+d)

. _ z2_ )
Chi-square (a + b){ec + d)(a + c){b + d)

Using the data from the above table:
2
({110 x 280) - (20 x 190) - 600) x 600
- o ¢ 2 )
Chi-square T30 = 470 % 300 x 300

(30800 = 3800 — 300} x 600 _ 26700°
130 % 470 % 300 % 300 T30 x 470 % 130

77.8, which is statistlcally significant.

Interdependence

The topic of interdependence was considered in section 5.7.2, Whenever data analysis
leads to the suggestion that certain risk factors are associated with the unwanted outcome,
one should consider the possibility of confounding bilas. For example, if young paternal age
and primiparity are both found to have increased odds ratios for perinatal wmortality,
confounding between maternal age and parity should be examined as younger mothers are more
likely to be primiparous.

Thic can be done easily by stratifying the data for primipara and multipara iato two
separate tables and calculating the odd zatlos associated with young maternal age. For
example, consider the odds ratios for those analyses of perinatal mortaliry which are set
out in the following table:

L) L
: Population Risk factor 0dds rario !
' '
L] T
! A1l Young maternal age 8.1 '
t L}
: All Primipara 6.1 !
] T
! Primipara only Young maternal age 4.8 :
L L}
4 Multipara only Young maternal age 3.5 H
¥ 1

It is clear that maternal age is important regardless of parity but the rigk associated
with young maternal age is somewhat treduced once parity is controlled. Young priniparcus
women seem to be those at highest risk.
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5.10.6 Lipnks with population surveys

Caze—control studies are often conducted in hospitals or other health facilities because
this 1s usually the easiest method of fdentifying cases of the unwanted ocutcome and
controls. However, such studies have two major limitations in that they cannot provide
informatien on the population whe fail to use the health services, and there may be

selection bias among those who choose to deliver at home and mever contact the formal health
gector.

The only way one can obtain information on the population outside the health sector is

by special surveys which use data collected by interview or other means to egtimate the
prevalence of risk factors in the target population. The prevalence of risk factors can be

uged to estlimate attributable risk more accurately.

The prevalence of rick factors among the controls in the case-control study can be
compared to the target population te ascertain the degree to which selective processes may
have affected entry into the formal health services and, thus, inte the cagse-control grudy,
Thiz not enly allows a possible correction for selection bias but alse a deseription of the
characteristics of those choosing not to use health services for antenatal care or delivery
and the estimation of attributable risk.

The design of population sample surveyz was discussed in cection 5.3 and only relevant
aspects will be congidered here.

Recall information is likely to be more reliable with recent events. Therefore, for
studies relating to pregnancy, the study population could comprise those women who have had
8 live birth or stillbirth within the previous three years, a long enough period to capture
a gufficlent number of pregnancies.

Information to be collected during interviews with the women would ineclude sociocsconomie

characteristics, reproductive history, use of health services (especifally care during
pregnancy and delivery), breastfeeding practices and use of contraception.

The required sample size can be estimated using the method described on page 128 as this
survey is aimed at determining the prevalence of certain risk factors in the target

population, The procedures for selecting a sample frame and taking a random sample are
described 1n section 5.3,

The data analysis should, in the first place, provide an e¢atimate of the prevalence of
the risk factors and other characteristlcs such as use of antenatal care In the target
population, This would enable the estimation of attributable risk for risk factors by using

the odds ratio obtained from the case—control study and the prevalence from the population
SUrvey.

Cross tabulationa could be done to identify the characteristics of women not covered by
antenatal care. For example, if 30% of the target population is found mot to be rveceiving
antenatal care, a breakdewn of the antenatal coverage by age group may help to identify

those who do not use the services. The following table provides a hypothetical example. It
hag been constructed with an extreme age selection bias for fllustrative purposes,
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Use of antenatal care by maternal age

L] T ¥ t t
! Maternal | Numbers In | Use of antenatal care | Percentage |
V' age ' survey : ! i not covered by |
! in years | population | Yes 4 No ! antenatal care |
1 L]
1 [ 1 T ) ]
1 -19 : 100 H 35 4 65 ' 65 !
] T 1 t 1 1
'o20- ! 300 ! 217 ! 83 ! 28 !
Vo25- ' 300 : 196 H 104 ! 33 :
T30 ' 300 : 252 : 48 ! 16 :
TOALL ' 1000 , 700 ' 300 ' 30 '
] t

It is clear that teenagers are particularly prone to lack of antematal care.

Finally, the data from the prevalence survey can provide useful information on the
extent to which the gelection of subjects may have affected the case-control study, TFor
example, the distribution of maternal age In the target population and among controls in the
rase—control study may be examined in the context of the above hypothetical example.

Distribution of maternal age for contrels inm case—contrel study and gample
population by use of antenatal care

t [ L
Materaal | Sample from H Controls in H
} age in ] target population 1 case-control study :
} years | ¥ 1 1 H
: H Covered by ! Not covered by ! Number | Percentage |
! y antenatal care | antenatal care ' sdistribution |
' ; 7 7 7 : ! '
! I'Number | Percentage | Number | FPercentage | : :
! : ydistribution] y distribution] ! 4
: 1 L v T 1 1 1
' -19 T35 ! 5.0 : 65 H 21.7 ' 26 ! 7.5 :
v 20- Vo217 ! 31.0 ' 83 ! 27.7 vo107 : 31.0 !
T 25~ 1196 ! 28.0 T 104 H 34.6 ! &9 ! 26.0 !
Toao+ ;252 ' 36,0 ! 48 4 16.0 o123 4 35.5 '
TOAI 7 700 y 100.0 Vo300 , 100.0 T 345 ) 100.0 :
1 1

The distribution of maternal age is similar among antenatal care users in the target
populaticon and among controls in the case—control study, This shows that the controls were
representative of antenatal care users. A comparison of the distributien of maternal age
among users and non—users of antenatal care ghows rhat there iz a preponderance of teenagers
among non—users, a finding compatible with the earlier conclusion that teenagers are prone
to a lack of antenatal care.

In many settings, thoge not receiving antenatal care are often younger, primiparous and
of lower socioeconomic status, This fact has to be taken into account in the analysis of
case—control studies, The example of a predominance of mothers of higher socioveconomic
status in a hospital serting as compared to the targat population will be used to illustrate
the two main ways in which selection can affect the results of a case—control study:
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a, Cases and controls may be equally affected. This oceurs commonly in studies based in
hospitals and other health facilities, in view of the differentia) self-referral for care.
It resylts in the mothers in hospitals and other health facilities being of higher
socloeconomic status than the target population. Consequently, the odds ratios from a study
conducted 1In hospitals and health facilities can be applied to the higher socioeconomic
group in the tarpet population but one would have less confidence in applying thesze odds
ratios te the lower socloeconomic group in the target population. The extent of this
selection can be ascertained by comparing the distribution of the relevant characteristic
(socioeconomic status in our example) in those receiving and not recelving antenatal care.

b. Cases and controls may be unequally affected. This occurs when there are additional
reasons for the differential use of services. For example, many mothers of lower
socioeconomic status may receive antenatal care mainly when severe complicarions arise.
These mothers represent a group with higher risk than other mothers of lower socioeconomic
status in the target population. As a result, those of lower socloeconomic status would be
overrepresented among the cases with the unwanted outcome and underrepresented among the
controls. The odds vatio would therefore be a biased estimate of the actual value.
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Appendix

Estimation of the relative risk from the odds ratio for unwanted outcome

As discussed in section 5.10.2, the odds ratio approximates to the relative risk as the
incidence of the unwanted outcome becomes more aud more rare. When the incidence of the
unwanted outcome 18 comparatively high, the odds ratio overestimates the actual value of the
relative rigsk., It is however posesible, as shown in the following table, to correct the odds
ratio by taking Into account:

= the incidence of the unwanted outcome
- the prevalence of the risk factor.

For example, if the Iincidence of the unwanted outcome Is 50 per 1000 and the prevalence
of the risk factor is 25%Z, an odds ratio of 4.0 would be indicative of a relative risk of
3.7. As the incidence of the vnwanted outcome is low, the magnitude of the odds ratio and
the relative risk are of the same order.

However, 1f the Incidence of the unwanted outcome iz 250 per 1000 instead of 50 per 1000
with the prevalence of the risk factor and the value of the odds ratio being unchanged, the
corresponding estimate of the relative risk would be 2.6.

In suvmmary, even with common unwanted outcomes, a case-control study can provide a
teasonable estimate of the relative risk,
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Estimation of relative risk from odds ratio,

incidence of unwanted outcome and prevalence of risk facror in target population

Incidence of the unwanted outcome per 1000

50 100
Prevalence of
the risk 5 15 25 35 45 5 15 23 35 45
factor (%)
Gdds ratio
2 1.9 1.9 1.9 1.9 1.9 1.8 1.8 1.8 1,9 1.9
3 2,8 2.8 2.8 2.8 2.8 2.5 2.6 2.6 2.7 2.7
4 3.5 3.6 3.7 3.7 3.8 3.1 3.3 3.4 3.4 3.5
5 4.3 4.4 4.5 4.6 4.7 3.7 3.9 4.1 4,2 4.3
& 5.0 5.2 5.4 5.3 5.5 4.2 4.5 4.8 5.0 5.1
7 5.6 6.0 6.2 6,3 6.5 4.6 5.1 3.5 5.7 3.9
B 6.3 6.7 7.0 7.2 7.3 5.1 5.7 6.1 6.4 6.7
9 6.9 7.5 7.8 8.1 8.2 5.4 6.2 6.8 7.2 7.5
10 7.5 8.2 8.7 8.9 9.1 5.8 6.8 7.4 7.9 8.3
Incidence of the unwanted outcome per 1000
150 200
Prevalence of
the risk 5 15 25 35 45 5 15 23 is 43
factor (%)}
0dds ratio
2 1.7 1.8 1.8 1.8 1.8 1.7 1.7 1.7 1.7 1.7
3 2.3 2.4 2.5 2.5 2.5 2.2 2.2 2.3 2.4 2.4
4 2.8 3.0 3.1 3.2 3.3 2.6 2.7 2.8 2.9 3.0
3 3.2 3.5 3.7 3.8 4.0 2.9 3.1 3.3 3.5 3.7
b 3.6 3.9 5,2 4.5 4.7 3.2 3.5 3.8 4.0 4.3
7 3.9 4.4 4.8 5.1 5.4 3.4 3.8 4.2 4.6 4,9
g 4.2 4.8 5.3 5.7 6,1 3.6 4,1 4.6 5.1 5.5
9 4,4 5.2 5.8 6.3 6.7 3,7 4.4 5.0 5.6 6.0
10 4.6 5.5 6.3 7.0 7.4 3.9 4.6 3.4 6.1 6.6
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Incidence of the unwanted outcome per 1000

250 300
Prevalence of
the risk 5 15 25 35 45 3 15 25 35 45
factor (%)
0dds ratie
2 1.6 1.6 1.6 1.7 1.7 1.5 1.6 1.6 1.6 1.6
3 2.0 2.1 2.2 2.2 2.3 1.9 2.0 2.0 2.1 Z.1
4 2.3 2.5 2.6 2,7 2.8 2.2 2.3 2.4 2.5 2.6
5 2.6 2.8 3.0 3.2 3.4 2.4 2.5 2.7 2.9 3.1
) 2.8 3.1 3.4 3.6 3.9 2.5 2.7 3.0 3.3 3.5
7 3.0 3.3 3.7 4.1 4.4 2.6 2.9 3.3 3.6 3.9
8 3.1 3.5 4.0 4.5 4.9 2,7 3.1 3.5 3.9 4.4
9 3.2 3.7 4.3 4.9 5.4 2.8 3.2 3.7 4.2 4.8
10 3.3 3.9 4.6 5.3 5.9 2.9 3.3 3.9 4.5 5.2
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Annex 1
Exercises 3,10

5.10,1 It has been decided to carry out a survey in Mineralia in the
Mountain regionm because risk factors for perinatal wmortality in
Mineralia could be different from thosze In the rest of Fictitia,
Justify the cholce of a case—contrel survey type.

5.10,2 Degeribe how you would choose cases and controls for that
case—control study.

5,10,3 It was decided to carry out a case-controel study in the hospital
and health facilities of Mineralia as it was felt that almost all
perinatal deaths in the community are reported in these
Institutions. The next birth in the same Iinstitution was chosen as
a controel,
0f 300 cases of perinatal death, 115 were to mothers of 19 years
old or less, as compared to 60 of the 300 controls.

Construect a 2 by 2 tabla to present the results of that
cage—control study. Estimate the relative risk and attributable
risk for maternal age of 19 years old or less for perinatal
mortality in Mineralia.

3.10.4 It was later decided to choose controls from the community. Of the

300 controls chosen, 75 were mothers of 19 years old or less,

Estimate the relative risk and attributable risk for maternal age
of 19 years old or less for perimatal mortality in Mineralia,

How and why do the results differ from those In exercise 5.10.37




