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ABSTRACT. Increasing reliance is being placed on the treatment is being given. This helps prevent bias on the part of 
use of quantitative epidemiological methods in the conduct the patient, as well as the physician, which may result from, 
and evaluation of pediatric research. The basic design knowing which treatment is being administered and believing 
features of two common types of observational studies, the that it has an effect. 
case-control study and the cohort study, are reviewed. Despite the advantages of randomized controlled trials, they 
Advantages and disadvantages of these two study designs are quite difficult and expensive to conduct. These trials require 
are discussed with emphasis on aspects such as the selec- a considerable degree of work in persuading both physicians ancl 
tion of comparison groups, avoiding selection and recall patients to participate in them and also require a high degree of 
bias, gathering exposure information, controlling for poten- monitoring. 
tially confounding factors, and methods of analysis. Appre- Thus, for most questions that arise in the context of clinical 
ciation of the salient features of these study design ap- pediatric practice and research, the observational studies may be 
proaches should aid the clinicianlresearcher in the conduct a more practical approach to utiiize in exploring clinical impres.. 
of research endeavors as well as in critically reviewing the sions or explanations of observed associations. Appreciation of 
medical literature. (Pediatr Res 19: 787-790, 1985) the purposes and the inherent strengths and weaknesses of each 

of these study designs should help the practitioner in criticallli 
reviewing the medical literature as well as in developing ancl 
initiating research protocols. 

The current trend in clinical research is toward increasing 
reliance on quantitative epidcmiological methods. Indeed, the TIIE CASE-CONTROL (RETROSPECTIVE) STUDY 
pediatric literature is rcplete with studies based on epidemiolog- 
ical principles. In order to evaluate the validity of the results of , The basic design of the case-control study is the comparison, 
these studies and their applicability to one's own practice or 1" respect to some factorb) of interest, of two sampled groups, 
research endeavors, it is an asset for the clinician/researcher to One of which has a particular disease or condition under stud!i 
have a working knowledge of epidemiological study designs, and the other which does not. The first step is to select patients 
~ ~ ~ h ~ ~ ~ ~ ~ ~ ,  from the epidemiological vantage it is increasingly with the disease or condition of interest and then classify them 
recognized that clinical observations constitute a fertile area from as to whether or not they were exposed to a putative etiological 
which to draw testable hypotheses of risk factors and occun-ence factor. An appropriate comparison group of patients without the 
of disease. disease under study is assembled at the same time as the selection 

 hi^ article will review the two observational (nonrandomized) of the case group. These subjects are similarly classified according 
study designs that are most often used in clinical epidemiological to exposure to the suspected risk factor. Exposure may have been 
investigations: the case-control (retrospective) study and the co- in Ihe recent Or distant past. 
hort or prospective study. 'This metl~odological review will not Pertinent data for both groups are usually obtained through 
deal with the design and conduct of randomized controlled p ~ ~ ~ o n a l  Or parental interviews, medical records, Or other Sources, 
clinical trials (1-3) since a considerable literature on this each approach having its own inherent strengths and limitations. 
design already exists and clinicians are in general familiar with A 2 X 2 table may then be constructed for descriptive and 
this design approach. analytic purposes (Table 1). The four cells in table 1 consist ofi 

It should be pointed out, however, that in terms of the validity cases who were exposed to the factor of interest (a), cases who 
of its findings, the randomized trial is usually the strongest study were not exposed (c), controls who were exposed (b), and controls 
design in the epidemiological arsenal. Its advantages include who were not exposed (d). In terms of analysis, a comparison i:i 
random allocation to treatment, which tends to -balance outn made of the proportion of cases exposed to the suspect factor (a/ 
the distribution of factors other than the one being studied which af c) and the proportion of controls exposed to the factor (b l  

may outcomc; this helps assure that any differences be- b+d). If exposure is positively associated with the disease in 
tween groups receiving and not receiving a treatment can be q~estion,  there should be a greater proportion of cases than 
attributed to the treatment itself, and not to other confounding contrO1s the under study (4, S). 
factors. Randomized trials are also frequently "double-blinded," The odds ratio, or cross-products ratio (ad/bc), can also br: 
in that the patients and physicians do not know what type of calculated to measure the strength of the association between 

exposure and the clinical condition under study. This ratio will 
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'Table I .  Case-control study design 

Risk factor 

Exposed 
Not exposed 
Totals 

Proportions ex- 
posed 

Odds ratio 

Study sample 

Cases Controls 
(disease present) 
.~ - 

(disease absent) 

a b 
c d 

a + c b + d  

tion between the factor of interest and the disease in question. 
An odds ratio less than 1.0 suggests a negative or "protective" 
association, while an odds ratio greater than I .O implies a positive 
association between the risk factor and disease. To provide a 
measure of the degree of confidence one can attribute to the 
observed odds ratio, 95% confidence intervals are usually calcu- 
lated. These provide an interval which quantitatively depicts the 
likelihood that the odds ratio is a reliable estimate of the true 
risk of disease. 

As an illustrative example of the case-control approach, the 
association between aspirin intake and Reye's syndrome will be 
examined. In this hypothetical example which is based on actual 
data (6-8), the comparison groups under study consist of young 
children with recently diagnosed Reye's syndrome (case group) 
and young children without Reye's syndrome (control group), 
with the exposure factor being use of medications containing 
aspirin. As seen in the analysis of this example (Table 2). medi- 
cations with aspirin were used significantly more frequently by 
cases (90%) than by controls (60%) during their prodromal 
illness. with the calculated odds ratio of 6.0 implying a strong 
positive association between Reye's syndrome and aspirin intake. 

SELECTING 'THE. CASE GROUP 

Selection criteria for the case group in a case-control study are 
usually suggested by the question under study and, in general, 
should include predetermined diagnostic criteria, consideration 
as to the severity of disease, and consideration of the source of 
the case population (e.g. hospitals, clinics, private offices). Where 
possible only newly dignosed, or incident, cases should be in- 
cluded. There are two i~nportant reasons for preferring incident 
cases to long-standing or prevalent cases in a case-control study. 
One is that prevalent cases may be different from all cases with 
the disease merely by virtue of the fact that these patients still 
have the disease, but have neither been cured of it nor died as a 
consequence of it. Another reason for including only incident 
cases, particularly in the area of pediatric research, is that the 
passage of time can result in selective or biased recall of past 
events by either the child or parent. The use of of newly diagnosed 
cases tends to minimize the time lag between exposure and 
disease and helps avoid such recall bias, which could alter the 
etiological importance of the putative risk factor in either a 
positive or a negative direction. 

The source of the case population strongly influences the 
extent to which the results cn be extrapolated to a population 
beyond that of the study group. Pediatric patients seen in a 
hospital setting may be quite different regarding factors such as 
disease severity, socioeconomic status, and other characteristics 
from those seen in physicians's offices or in neighborhood clinics; 
also children seen in one hospital may differ in important respects 
from those seen in another. Therefore, if the case and control 
populations are drawn from a single hospital or clinic, one has 
to consider the characteristics of the "captive" population that 
utilizes this health care setting. The more representative the study 
population is of the general population, the more likely it is that 

Table 2. Frequency distribution ofaspirin use in patients with 
Reye's syndrome and in controls 

. - - - - -- - 

Reye's syndrome 
patients 

Aspinn usage during ("Cases") Controls 

--- 
prodromal illness (n = 100) 

- - -- 
(n = 100) 
-- 

Used 
Not used 

Proportion exposed 90% 60% 
Example of odds ratio cal- 

culation: 
Odds ratio for aspirin (90)(40) - 6,0 -- 
Users vs nonusers !60)( 10) 

~ 

the results can be extrapolated to other children or adolescents 
with the condition in question. 

SELECTING THE CONTROL GROUP 

The selection of the control group is one of the most important 
and difficult aspects in designing a case-control study. The ideal 
control group would consist of children or adolescents who are 
representative of all children or adolescents without the disease 
in the community with respect to the exposure factor under 
study. General population controls, however, tend to be difficult 
to identify and are more likely to refuse study participation. 
Frequently therefore, case-control studies use two control groups, 
one consisting of patients hospitalized with conditions other than 
and unrelated to the disease in question in the case group, the 
second control group consisting of persons residing in the same 
neighborhood as the patients but without the disease under study. 
Each of these two comparison groups has logistic and methodo- 
logical strengths and constraints that need to be carefully consid- 
ered. 

The advantages of using hospital controls include ease of 
access, similarity of the setting in which patients and/or their 
proxy respondents (e.g. parents, friends) are examined and ques- 
tioned, and increased likelihood of participation. The major 
disadvantage is that hospitalized controls may not be represent- 
ative of the population at large without the disease in question 
by nature of the fact that they are hospitalized for some condi- 
iton; furthermore, their condition may unknowingly be related 
to the etiological factor under study. Careful consideration is 
necessary regarding the diagnoses to be included or excluded 
from consideration as a hospital control; the disease(s) in this 
group must not be related etiologically to that of the case group. 
Due to these and other concerns, it may be desirable lo have a 
neighborhood control group as an additional measure of the 
exposure factor in the community. However, using neighborhood 
controls involves some type of survey (door-to-doos interviews 
or mail or telephone questionnaires) which makes obtaining 
exposure data logistically difficult and relatively more expensive. 

GATHERING EXPOSURE INFORMATION 

In gathering data on the exposure factor, it is important to 
have some means of validating exposure. In the previously 
described study of Reye's syndrome and administration of aspi- 
rin, for example, parents of the children with the disease, or the 
children themselves, could have been asked to supply the specific 
trade name of medication used, or even to furnish any unused 
samples of medication if they were still available. Confirmation 
of exposure by review of physician's records or prescriptions may 
be necessary, but can be difficult and expensive; for over-the- 
counter medications this is not possible. Furthermore. to avoid 
bias in collecting exposure information, persons conducting the 
interviews with study subjects should not know if the individual 
being interviewed is a "case" or a "control" and, whenever 
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possible, should also be "blinded" to the major hypothesis under 
study. 

In addition to the principal exposure factor under study, other 
factors that may explain its association with the disease in 
question must be defined and considered. These factors are called 
confounding factors. For instance, in examining the relationship 
between Reye's syndrome and aspirin use, the presence o f  other 
factors possibly related to the development o f  Reye's syndrome, 
such as a viral infection prompting use o f  aspirin or the simul- 
taneous ingestion o f  other medications. can be considered as 
potentially confounding factors, particularly i f  the distribution 
o f  these characteristics diflers between case and control groups. 
T o  control for the effect o f  these additional risk factors, statistical 
adjustments o f  the data need to be made. Stratified subgroup 
analyses (e.g. looking separately at cases and controls taking and 
not taking other medications) or multivariate analyses are some 
o f  the techniques frequently used for this purpose. 

ADVANTAGES AND DISADVANTAGES 

The case-control study is the most appropriate and feasible 
design to use when the disease or condition in question occurs 
infrequently. Among its advantages are that it is a relatively 
inexpensive study to conduct, the number o f  subjects needed is 
relatively small, and the study can be conducted reasonably 
quickly. This design is ideally suited for the initial testing o f  
hypotheses and for expioratoq ventures suggested by clinical 
observations. 

The case-control study, however, has a number o f  disadvan- 
tages. It is rarely possible to obtain a trujy representative control 
group, and the information obtained about past events or expo- 
sures may be limited. Hn addition, incidence rates o f  disease 
cannot usuanlgi be calculated from this study design since one is 
not monitoring an entire population for development o f  disease. 
The case-control study is typically the initial design approach 
used in examining a potential association between a suspect risk 
factor and disease. If the results o f  this study suggest some kind 
o f  relationship, the investigator may then want to proceed to a 
cohort study, which is also known as a prospective or longtudinal 
study. 

THE COHORT (PROSPECTIVE) STUDY 

The basic design o f  the cohort study is illustrated in Table 3. 
The investigator typically selects a sample o f  healthy individuals 
according to whether or not they were exposed or not exposed 
to some factor o f  interest or o f  diseased individuals according to 
whether or not they were nonrandomly treated or not treated 
with some therapeutic agent. In the usual cohort study, these 
comparison groups are followed over time to see whether those 
exposed (or treated) are more likely or Pess likely to develop the 
selected endpoint(s) than those not exposed (or not treated). 
Similarly to the calculation o f  the odds ratio in the case-control 

Table 3. Cohoul sludv design 

Follow-up 

Do not Incidence 
Develop develop rates of 
disease disease Totals disease 

Exposed popula- a b a + b  - a 
tion a + b  

Nonexposed c d c + d  - c 
population c l - d  

incidence of disease among exposed a 4- b 
Relative risk = . . - 

~nc~dcnce of disease among nonexposed 2 

study, the relative risk is calculated to obtain an estimate o f  the 
strength o f  the association between exposure (or treatment) and 
the disease in question. The method o f  calculating the relative 
risk is shown in Table 3. 

The cohort study design is particularly attractive to the clinical 
researcher because it enables the investigator to calculate inci-. 
dence rates o f  disease among exposed and nonexposed (or treated. 
and untreated) compaPison groups and, hence, to measure di- 
rectly the risk o f  disease or other health-related outcome. In this 
design. either an entire cohort can be followed over time or only 
subsets within the cohofl (e.g. groups o f  adolescents who smoke 
cigarettes and groups o f  those who do nor smoke). Unfortunately, 
many illnesses o f  clinical and public health concern have long 
latency periods betwen exposure and disease and the investigator 
usually cannot wait years before obtaining results from a con- 
current coho0 study. 

As a means o f  condensing the years o f  follow-up in a cohort 
study, a nonconcunrent, or histofical cohort approach is fie- 
quently used. The features o f  the standard prospective design 
format are retained, but the starting point o f  the study is set back 
in time by selection of the study population from past medical 
records or other sources. The subjects are then traced from that 
point up to the present or some recent date. As with all cohort 
studies, individuals assessing outcome should be unaware o f  
exposure status and folIow-up should be canded out equally in 
the exposed and nonexposed groups. 

Illustrative o f  the cohort design is a study examining the 
relationship between breast- and bottle-feeding and the devel- 
opment o f  respiratory illness during the first year o f  life ( 9 )  (Table 
4) .  The sampling in this investigation was restricted to a residen- 
tial suburb o f  London which had 2365 livebirths occurring in 
the community's hospital during a defined 2-yr period. Of these, 
2205 families were available for paflicipation in the study. Study 
interviewers visited each family within 14 days o f  birth to deter- 
mine the exposure o f  interest, breast- or bottle-feeding, as well 
as to collect information on a variety o f  additional Factors 
(including birth weight, health at birth, housing conditions, social 
class, and parental smoking and respiratory symptoms) that 
could influence the outcome under study, namely, subsequent 
development o f  respiratory illnesses. Three distinct infant cohorts 
were created as a result of these family interviews: breast-fed 
only; breast- plus bottle-fed; and bottle-fed only. At a follow-up 
visit at the time o f  the infant's first birthday, detailed information 
was collected on the child's history o f  respiratory illness during 
the past 12 months, with a primary focus on the occurrence o f  
bronchitis and pneumonia. Validation o f  this information for a 
sample o f  infants was conducted by reviewing general practition- 
er's records. 

Incidence rates o f  selected respiratory conditions according to 
initial feeding status were then estimated. As seen in Table 4,  a 
significant trend in bronchitis or pneumonia occurrence was 
observed according 6 0  feeding status: 8. I % among breast-kd 
only, 12.8% among breast- plus bottle-fed, and 14.8% among 
bottle-fed only infants. Relative risks and the calculations thereof 
are shown, indicating excess risks o f  respiratory illness o f  ap- 
proximately 60% (relative risk = 1.6) and 80% (relative risk == 

Table 4. Incidence rates cfhronchiti.~ or pneutnoniu in the 1st j.r. 
ojlge,  hy fieding pat tern 

.- 

Incidence rates 
Feeding pattern (per 100 infants) 

Breast-fed only ( n  = 958) 8.1 
Breast-plus bottle-fed ( n  = 274) 12.8 
Bottle-fed only ( n  = 842) 14.8 
Total ( n  = 2074) 11.5 

Rclativc risk (breast plus bottle-fedlbreast-fed only) = 12.818.1 = 1.6 

- 
Relative risk (bottle-fed onlylbreast-fed only) = 14.818.1 = 1.8 

.- 
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