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Highlights from Week #3

 Discussed design features of case-control studies
 Case-control studies as approximation of cohort studies
 Selection of cases and controls (neighborhood, friends, RDD)
 Measures of association estimated by c-c studies based on control 

sampling methods
 Advantages and disadvantages of methods used to increase study 

accuracy:
– Restriction
 Matching

 matching factor as confounder, as independent risk factor 
associated only with E or only with D, as a mediator

 Over and under-matching

 Special types of case-control studies
 Two-stage case-control studies and counter-matched studies
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1. Case-only design
1. Case-specular 
2. Case-crossover 

2. Study designs used in genetic epidemiology
1. Family-based association studies
2. Case-only Gene x Environment Interaction studies

3. Cross-sectional study designs
1. Standard, case / control
2. Repeated survey, survey follow-up, intervention follow-up
3. Proportionate mortality

4. Ecological Studies
5. Comparison of study designs

Learning Objectives

3 Week 4 - Less Commonly Used Study Designs

 Premise:
– To discriminate between the magnetic field hypothesis, which postulates that the 

development of childhood cancer is affected by magnetic fields (wire codes used 
as proxies for magnetic fields) and the neighborhood hypothesis, which 
postulates that the development of childhood cancer is affected by some 
characteristics of the neighborhood other than magnetic fields (wire codes used 
as proxies for these unknown neighborhood characteristics).

 Specular – relating to a mirror or reflection and describes virtual 
controls.

 Case-specular method overcomes confounding by neighborhood in 
studies were controls are not matched to cases on neighborhood.

 Case-specular method compares the wire code of cases with wire 
codes of specular residences, in which either the position of the 
residence or the position of the power line is switched around the 
center of the street.

1. Case-only design
Case-Specular Design
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 Use physical properties to distinguish controls’ environmental 
‘exposures’.

 Example: Study of EMF exposure and disease.
– Measure case’s home’s distance to electrical wires.  

– Then ‘flip’ block and measure distance from specular home to electrical 
wires for ‘control’s’ distance.

Example 1:
Hypothetical study of electromagnetic 
fields and childhood cancer

5 Week 4 - Less Commonly Used Study Designs
Zaffanella et al. 1998

 Analyzed as a matched pair 
case-control data using 
conditional logistic 
regression

 Allows effect estimation 
without requiring the 
selection of controls and the 
potential biases that results 
from control selection

6 Week 4 - Less Commonly Used Study Designs

Zaffanella et al. 1998

LCC – a three-level code that combines UG, 
VLCC, and OLCC
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 There was some 
indication of risk of 
glioma in the top 10% 
of usage (OR=1.40), 
which corresponds to 
more than 100,000 
minutes of cell phone 
use. If a person has 
used it for 10 years, 
that would correspond 
to 30 minutes a day, 
every day.

Example 2:
Interphone study: Case-control study

7 Week 4 - Less Commonly Used Study Designs

Cardis et al. for INTERPHONE Int J Epidemiol 2010
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Summary
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Example 2:
Interphone study: Case-only analysis
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 Tumor locations were compared with varying 
exposure levels

 Analyses conducted using unconditional logistic 
regression

Example 2:
Interphone study: Case-only analysis
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Example 2:
Interphone study: Case-only analysis
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• Analysis was based on comparing 
exposed and unexposed cases using 
dichotomous exposure indicators

• To avoid potential recall bias, distance 
was calculated to the nearest source of 
exposure on the same side of the head 
as the glioma was located, irrespective 
of the patient’s reported typical side of 
phone use.

• Tumors were located closest to 
exposure among never-regular and 
contralateral users (non-significant)

• No excess risk in the highly exposed 
parts among regular users versus 
never-regular users

Example:
Interphone study: Case-specular analysis
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 a hypothetical reference location was assigned for each 
glioma, and the distances from the actual and specular 
locations to the handset were compared

 Specular controls were mirror images on the opposite side 
of the same hemisphere in terms of sagittal and coronal 
axes
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 To avoid recall bias: distance to the nearest 
source of exposure (“exposure line” from the ear 
canal to the corner of the mouth, 6.7 cm) on the 
same side of the head as glioma, irrespective of 
patient’s reported typical side of phone use

 Statistical analysis: Mann-Whitney test to 
compare distances of glioma from the exposure 
line, conditional logistic regression

Example:
Interphone study
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Larjavaara et al. Am J Epidemiol 2011

 The mean distances 
between exposure line 
and tumor location 
were similar for cases 
and speculars.

Example:
Interphone study: Case-specular analysis

16 Week 4 - Less Commonly Used Study Designs

Larjavaara et al. Am J Epidemiol 2011
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1. Case-only design
Case-Crossover Study

X

X
X

X
X

X
X

X

X

X
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 One or more time periods are selected as matched “control”
periods for the case.  

 Compare exposure status at the time of disease onset to the 
‘control’ exposure status within the same individual.

 Depends on the assumption that neither exposure nor confounders 
are changing over time in a systematic way.

– i.e. cyclic manner

 Exposure must vary over time within individuals

 Exposure must have a short duration, short induction period and a 
transient effect

18 Week 4 - Less Commonly Used Study Designs

1. Case-only design
Case-Crossover Study
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 A number of different exposure 
periods can be measured.

 One might also use a 
bidirectional approach to 
measuring exposures.

 The choice of control time 
periods is governed by the 
availability and 
representativeness of the 
exposure data for the control 
period

Example:
Physical Exertion & MI

Tager, 2000
19 Week 4 - Less Commonly Used Study Designs

Strengths and Weaknesses of Case-
Crossover Studies?
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Strengths and Weaknesses of Case-
Crossover Studies?

21 Week 4 - Less Commonly Used Study Designs Tager, 2000

 Use theoretical considerations to construct a distribution of 
exposure in the source population.

 Use this distribution in place of an observed control series.

 Use laws of inheritance and other assumptions in study designs 
(e.g., gives a population of genotypes).

 Hardy-Weinberg Principle:
– Genotypes will reflect allele frequency distributions in the general 

population. 

 I.e., frequencies in a population remain constant—they are in 
equilibrium—from generation to generation unless specific 
disturbing influences are introduced.

2. Genetic Epidemiology Study Designs
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Rare Recessive Common Rare Dominant

High Risk Low Risk High Risk

Population-based 100% 100% 100%

Case-sibling 69% 51% 50%

Case-cousin 97% 88% 88%

TDT 231% 102% 101%

• Further, family-based designs can require more recruitment efforts.

• Family-based designs can be less efficient than population-based designs.

2. Genetic Epidemiology Study Designs
Comparison of Designs

23 Week 4 - Less Commonly Used Study Designs Witte et al. 1999

E+ E-

G+ G- G+ G-

Case A11 A10 A01 A00

Control B11 B10 B01 B00

2. Genetic Epidemiology Study Designs 
Case-Only GxE Studies

• Search for gene-gene or gene-environment 
interactions.

• OR among cases only estimates departure from 
multiplicative joint effect of G and E.

24 Week 4 - Less Commonly Used Study Designs
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 The strength of the association between genes and diseases so far have 
been weak, and a large proportion of familial clustering of disease remains 
unexplained

 A combination of genes, or a combination of genes with one or more 
environmental exposures, may account for some of this ‘missing’ heritability. 

 Answer: harmonization of existing and planned large-scale cohort studies. 
Examples: InterLymph, Genome-Wide Association Study for Pancreatic 
Cancer (PanScan3),  GWAS of Renal Cell Carcinoma (RCC), Lung Cancer 
Cohort Consortium (LC3), Breast and Prostate Cancer Cohort Consortium 
(BPC3)

 Advantages of case-only design for G-E interactions:
– Smaller sample sizes required to detect interaction between genes and environmental 

exposures

– when it is difficult to recruit control subjects

– when, in a multicenter study, controls are not comparable among centers because of 
different methods of recruitment and/or exposure assessment

2. Genetic Epidemiology Study Designs 
Case-only design
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 Assumptions:
– Assume independence of G-E in source population

– Assume genotypes are independent in source population

– Can’t look at main effects.

– Can only look at multiplicative departures.

 In practice:
– Mendelian randomization: alleles will segregate randomly in the 

population, regardless of environmental exposures

– Check this in controls to see if the assumption holds in the 
source population

26 Week 4 - Less Commonly Used Study Designs

Dennis et al. 2011

2. Genetic Epidemiology Study Designs 
Case-only design
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Population-
based

“Ethnicity”
Matched

Genomic-
based

Family-based

Population 
Stratification

Overmatching

Continuum of Genetic Epi Study Designs

Gene

Subpopulation

Disease

 Sharing of genes & envt.

 Efficiency

Also, recruitment issues

(Bias…………………versus………………...efficiency)

27 Week 4 - Less Commonly Used Study Designs

Strengths and Weaknesses of 
Genetic Epidemiology Studies?
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3. Cross-sectional study design

X

X

X

X

Time
29 Week 4 - Less Commonly Used Study Designs

– Subjects all in population at the time of 
ascertainment or a representative sample.

– Often exposures that can not change:
– E.g., blood type or other invariable personal characteristics.

– Cross-sectional analyses of baseline information in 
cohort studies provides possible exposure-disease 
associations that can later be confirmed.

– Cases in a cross-sectional study will over represent 
cases with a long duration of illness and under 
represent those with a short duration of illness.

3. Cross-Sectional studies

30 Week 4 - Less Commonly Used Study Designs



1/29/2016

16

 Use cases only to determine estimates of disease 
prevalence etc. among different groups 

– (e.g., defined by geographical region).

 Use controls to estimate exposure prevalence in 
population.

3a. Case or control cross-sectional 
Studies

31 Week 4 - Less Commonly Used Study Designs

3b. Repeated survey

X

X

X

X

Time

X

X

X
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 Combine >=2 cross-sectional studies of the same 
source population at different times. 

 Individuals are not followed (even though population is).

 For testing etiologic hypotheses not much better than a 
basic cross-sectional study.

 Use this design to:
– Study population trends 

– Evaluate effectiveness of population interventions initiated 
between surveys

 Impact of changes in exposures on disease rates.

3b. Repeated survey

33 Week 4 - Less Commonly Used Study Designs

 Cross-sectional study followed by a cohort study of 
people still at risk for disease.

 Use this design to
– Estimate prevalence and incidence rates in the same source 

population

– Identify persons still at risk of developing the disease 

3c. Survey follow-up
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 Combines an intervention with a cohort study
– Each has different follow-up period and outcome variable.

 1st follow-up period short
– used to assess the effect of an intervention / exposure on an 

outcome (not primary disease).

 2nd follow-up period is generally longer
– used to observe disease occurrence.

 Good for examining relationships between acute 
biological / behavioral responses & chronic health 
effects.

3d. Intervention follow-up

35 Week 4 - Less Commonly Used Study Designs

 Special type of case-control (or cross-sectional) 
study.

 A group of individuals with (or dying from) the index 
disease of interest is compared with a group of 
individuals with (or dying from) certain other 
diseases.  

3e. Proportionate study
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Example:
Proportional mortality study 

 Occupational exposure to low-level 
ionizing radiation on cancer.  

 All certified deaths among employees 
of the Hanford nuclear power facility 
between 1944 and 1972 were classified 
by cause of death and exposure status 

– based on company records of 
radiation monitoring.  

 Proportion of deaths that were exposed 
to ionizing radiation (>= 1 + badge 
exposure) among 3,520 male 
employees, by cause of death 

– RES Cancers include lymphomas, 
myelomas, and leukemias.

Mancuso et al.  Health Physics 1977
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Strengths and Weaknesses of 
Cross-Sectional Studies?
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Levels of Measurement

 Aggregate measures: summaries of observations from individuals in 
each group.

– e.g., means

 Environmental measures: physical characteristics of the place in 
which members of each group live or work

– e.g., air pollution level, hours of sunlight

Global measures: attributes of groups, organizations, or places for 
which there is no distinct analogue at the individual level 

– e.g., population density, level of social disorganization, existence of a 
specific law, or type of health-care system

4. Ecological studies

39 Week 4 - Less Commonly Used Study Designs

Levels of Analysis
 The common level for which data on all variables are reduced and 

analyzed. 

 In an individual analysis every subject has a value assigned to each 
variable (e.g., predictor, such as air pollution, may be ecologic)  we 
know all cells with “?”

 In a complete ecologic analysis, all variables are ecologic measures; 
We only know the marginal distributions of each variable know 
only T

 In a partially ecologic analysis, additional information is available on 
certain joint distributions  we know M, N, or A/B 

 Multilevel analysis - What type of analysis is this and what do we 
know?

4. Ecological studies

40 Week 4 - Less Commonly Used Study Designs

y – Disease; x – Exposure; z - Covariates

RGL fig. 25-1
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Distinguished by:

 Exposure measurement 

– Exploratory

– Etiologic

 Grouping 

– Place

– Time

– Mixture

4. Ecological study designs
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Exploratory studies

 The rate of disease is compared among many groups 
during one period of time to search for spatial patterns.

Example: NCI cancer study (by county).

 Nearby regions tend to be more similar because unmeasured risk factors 
tend to cluster in space.

 Regions with the smallest number of cases show greater variability and tend 
to have the most extreme rates.

Etiologic studies
Example: Association between average exposure (census tracts) and childhood 
cancers around nuclear power plants

4. Ecological study designs
Multiple-group design 
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Exploratory studies
Example: Migrant study

Compare the rate of disease may between migrants / offspring and residents of 
the countries of immigration and emigration.

- e.g., Environmental or behavioral risk factors, Genetic risk factors

4. Ecological study designs
Multiple-group design 

Japanese

Cancer Site Japan Not US 
Born

US
Born

US
Caucasians

Stomach (M) 100 72 38 17

Colorectal (F) 100 218 209 483

Breast 100 166 136 591

MacMahon B, Pugh TF.  Epidemiology. 1970:178.
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Time-trend Design

 Follow one group or population over time to assess relationship 
between a change in exposure frequency and a change in 
disease frequency.

 Example: NCI study of artificial sweetener consumption 
and bladder cancer.

 Potential Issues

– Changes in disease classification over time

– Changes in treatment (e.g, for mortality)

– Latent periods between exposure to risk factor and disease

4. Ecological study designs
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Mixed (time-trend) Design

 A mixture of the two previous designs.  

 A number of groups or populations are followed over 
time to assess a possible association between a 
change in exposure frequency and a change in 
disease frequency.

 Example: Change in annual CVD mortality rate for 
males between 1948 and 1964 in 83 British towns by 
age and water level hardness.

4. Ecological study designs
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Ecological fallacy:

Fallacy of drawing inferences regarding associations at the 
individual level based on the group-level data

– The group-level data: 

 inverse linear relationship between alcohol consumption 
and CHD mortality

 Those who consume large quantities of alcohol have the 
smallest mortality

– The individual-level data: 

 relationship is J-shaped 

 non-drinkers and those who consume large quantities 
have higher mortality than those who consume small to 
moderate amounts of alcohol.

Group level

Individual 
level

Week 4 - Less Commonly Used Study Designs46



1/29/2016

24

Ecological fallacy, continued:

 This does not mean that every ecological study has ecological 
fallacy!

 The importance of the ecological fallacy may differ for different 
research questions

 Potential strategies to reduce ecological fallacy:

 Use smaller units to make groups more homogeneous

 Supplement ecological variables with individual-level variables

Week 4 - Less Commonly Used Study Designs47

– drawing inferences at a higher level 
from analyses performed at a lower 
level 

– Example: 
 in a case-control collect 

information on various possible 
exposures but ignore the 
geographic, spatial, and social 
context in which a person lives

Atomistic fallacy:

Individual 
level

Group level

Week 4 - Less Commonly Used Study Designs48
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Strengths and Weaknesses of 
Ecological Studies?
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 Ecologic bias

 Inability to control for confounders
– Criteria for confounding are not the same as in individual-

level studies

 Within-group misclassification
– Non-differential misclassification of a dichotomous E within 

groups leads to bias AWAY from the null

 Lack of adequate data

 Problems with temporality

 Collinearity

Limitations of ecologic analysis
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 Q1: What types of measures were used?

 Q2: What type of design was used?

 Q3: What type of analysis was performed?

 Q4: Do you agree with this conclusion:
“The observed relationship between dietary sugar exposure and 
diabetes in this statistical assessment was not mitigated by adjusting 
for confounders related to socioeconomics, aging,  physical activity, or 
obesity. This suggests that sugar should be investigated for its role in 
diabetes pathogenesis apart from its contributions to obesity.”

In-Class Exercise

51 Week 4 - Less Commonly Used Study Designs

 Q1: What types of measures were used?
Answer: Both E and D were ecological variables of aggregate type, 
e.g., market availability of different food items (sugars, fruits, etc.) in 
kcal/person/day in each country for each year

 Q2: What type of design was used?
Answer: Multiple-group design, exploratory study

 Q3: What type of analysis was performed?
Answer: Completely ecologic analysis

 Q4: Do you agree with this conclusion:
Answer: The authors did not explain the intended level of inference.
“The observed relationship between dietary sugar exposure and diabetes in this statistical 
assessment was not mitigated by adjusting for confounders related to 
socioeconomics, aging,  physical activity, or obesity. This suggests that sugar 
should be investigated for its role in diabetes pathogenesis apart from its contributions to 
obesity.”

In-Class Exercise Answer
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Recommendations for reporting the 
results of ecological studies
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Three general criteria:

1. Relevance of the information to the investigator

Extent to which expected findings will satisfy the 
specific objectives of the study 

 Investigator's desire to estimate specific 
population parameters 

5. Criteria for comparing study designs
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Three general criteria:

2. Quality or accuracy of the information expected in 
the data

Ability of the investigator to determine that the 
exposure preceded disease occurrence

Ability of the investigator to eliminate the 
possibility that the statistical findings were due to 
various methodological problems or sources of 
error 

5. Criteria for comparing study designs

55 Week 4 - Less Commonly Used Study Designs

Three general criteria:

3. Cost of the information

 The ultimate worth of a study is the total value of 
all derived information--now and in the future--
relative to the total (direct and indirect) costs of 
the study 

5. Criteria for comparing study designs
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5. Comparisons between case-control 
and cohort study designs

Characteristics Case-control Cohort study
Select subjects based on Disease status Exposure status

Directionality Always backward Always forward

Timing Contemporary Retrospective/prospective

Exposure Good for common exposures Good for rare exposures

Examine >1 exposure Yes Generally yes (think Framingham), but 
remember problems with cohorts enriched for 
primary exposure of interest)

Disease frequency Good for rare diseases Good for common diseases

Study >1 outcome No Yes

Establish temporal order Temporality generally not clear Temporality generally clear

Incidence calculation Can calculate OR, which 
approximate incidence risk/rate 
ratio in certain situations

Can calculate incidence risk/rate ratios 
depending on study design

Inherent study selection 
problem

Difficult to ascertain appropriate 
control group

Not applicable since start with a source 
population

Subject to biases Susceptible to more biases, 
particularly recall bias

Less subject to biases, except to loss to follow-
up (loss of subjects due to migration, lack of 
participation, withdrawal & death)

Cost-effectiveness Cheaper and less time consuming Expensive and time consuming

Week 4 - Less Commonly Used Study Designs57

Extra
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In theory, it's possible to use each design to 
test a hypothesis

Example: Suppose you want to study the 
relationship between dietary Vitamin A 
and lung cancer….

Which study design to choose?

Week 4 - Less Commonly Used Study Designs59

Subjects are chosen on the basis of exposure status and 
followed to assess the occurrence of disease

 High Vitamin A consumption ---------------> lung cancer 
or not

 Low Vitamin A Consumption --------------> lung cancer
or not

What are the advantages and disadvantages of this option?

Cohort study option

Week 4 - Less Commonly Used Study Designs60
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Special type of cohort study in which investigator assigns the 
exposure to individuals, preferably at random

Investigator assigns exposure to:

 High Vit A consumption ----------------> lung cancer
or not

 Low Vit A consumption ----------------> lung cancer
or not

What are the advantages and disadvantages of this option? 

Experimental study option

Week 4 - Less Commonly Used Study Designs61

Cases with the disease and controls who generally 
do not have the disease are chosen and past 
exposure to a factor is determined

 Prior Vitamin A consumption <----------- lung cancer cases

 Prior Vitamin A consumption  <---------- controls

What are the advantages and disadvantages of this 
option?

Case-control study option

Week 4 - Less Commonly Used Study Designs62
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 State of knowledge

 Frequency of exposure and disease

 Time, cost and other feasibility considerations

 Each study design has unique and complementary 
advantages and disadvantages

 Each design represents a different way of harvesting 
information

 Selection  of one over another depends on the particular 
research question, concerns of about data quality and 
efficiency, and practical and ethical considerations 

In practice, choice of study design 
depends on:
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