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Descriptive epidemiology
- describes the state of health of the population
• at the population level
• ecological research

• at the individual level
• case descriptions and case series

Analytic epidemiology
- to find out the causes of illnesses and consequences
observational study
• case-control study
• cohort study
• cross-sectional study
experimental research
• individual intervention (clinical trial)
• population intervention
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Study Designs

Type of Study

Number of
Measures

Timing of
Exposure

Timing of
Events

Temporality

Experimental

One

Cohort

Prospective

Crosssectional

Observational

Two:
before/after

Casecontrol

Retrospective

Longitudinal

Repeated
measures

Crosssectional

Prospective
and retrospective

Uhari M ja Nieminen P. Epidemiologia & biostatistiikka. Duodecim, 2001.
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Experimental vs. observational study
Experimental study
 researcher decides the exposure, i.e., organises test
 compare results of exposure to treatment vs. other groups

Observational study (non-experimental study)
 researcher has no control over exposure, i.e. different
exposure groups are composed independently of
researchers
 not actively affected to exposure distribution among the
subjects, no intervention
 researcher is only an observer
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Timing of exposure
Cohort study


data collection is started on exposure, monitoring
exposed and unexposed groups: who will get sick?

Case-control study


first collection of cases and their controls, only after
that collecting data on exposure in both groups

Cross-sectional study


knowledge of illness and associated factors is
collected at the same time
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Timing of exposure/outcome
Prospective study
 exposed and unexposed are followed in relation to
disease (outcome)
 starts with exposure
 suitable for a rare risk
 cohort study

Retrospective study
 information on exposure is collected later, disease
(outcome) has already occurred
 disease-oriented
 suitable for rare diseases
 case-control study
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Timing of exposure/outcome
Longitudinal study
 knowledge of illness and associated factors are
collected from more than one time point
Cross-sectional study
 knowledge of illness and associated factors are
collected at the same time
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Hierarchy of causality in study designs
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Bradford Hill's criteria for causation
Strength: A small association does not mean that there is not a causal effect, though
the larger the association, the more likely that it is causal.

Consistency: Consistent findings observed by different persons in different places with
different samples strengthens the likelihood of an effect.

Specificity: Causation is likely if a very specific population at a specific site and disease
with no other likely explanation. The more specific an association between a factor and

an effect is, the bigger the probability of a causal relationship.

Temporality: The effect has to occur after the cause (and if there is an expected delay

between the cause and expected effect, then the effect must occur after that delay).

Austin Bradford Hill. Proceedings of the Royal Society of Medicine 1965; 58: 295–300.

Bradford Hill's criteria for causation
Biological gradient: Greater exposure should generally lead to greater incidence of the
effect. However, in some cases, the mere presence of the factor can trigger the effect.
In other cases, an inverse proportion is observed: greater exposure leads to lower
incidence.
Plausibility: A plausible mechanism between cause and effect is helpful (but Hill noted
that knowledge of the mechanism is limited by current knowledge).
Coherence: Coherence between epidemiological and laboratory findings increases the
likelihood of an effect. However, Hill noted that "... lack of such [laboratory] evidence
cannot nullify the epidemiological effect on associations".
Experiment: "Occasionally it is possible to appeal to experimental evidence".
Analogy: The effect of similar factors may be considered.

Austin Bradford Hill. Proceedings of the Royal Society of Medicine 1965; 58: 295–300.

case reports &
case series
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Case report = meticulous description of a patient with
abnormal, even prior-unknown clinical picture and/or
course of the disease

Can include also several cases (case series) or
describe a unusual cluster of a rare disease (case
cluster).
E.g. case serie: Post F. British Journal of Psychiatry 1994:
 291 famous male scientist, philosophists, politicians, artists
 described the number of mental disorders in these creative
people
 information from persons’ autobiographies and other literature
 results: 72% depression and 28% alcoholism among authors
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Strengths and limitations of
case reports and series


Strengths
sometimes may be the only opportunity to
explore the topic
 easy to implement
 can create new hypotheses, which can then be
tested with more reliable research designs




Limitations
selected sample
 no control group, no basis for comparison
 does not say anything about causality
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Ecological
Study
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Ecological study











correlation study
comparing populations, frequencies of the risk factor and
disease
provide population-level responses, e.g. comparing
different countries or cities with each other
may also examine the disease incidence and risk factors
for different times (time series)
For example: disease prevalence comparison of birth
cohorts from different years
Examples of research questions:
 Is the lead concentration in the air associated with
miscarriages?
 Is the sale of cigarettes connected with coronary heart
disease mortality?
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Ecological study –
strengths and limitations


Strengths:


non-expensive data collection



can be a cheap and convenient way to explore the association

when amount of exposure does not vary significantly in
population, but varies in different study groups


Limitations:


very weak evidence of causality, great possibility that
findings are explained by confounding factors



ecological fallacy: the connection is at the group level, but
not at the individual level
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Example of hypothesis
Christie AC. Schizophrenia: is the potato the environmental
culprit? Medical Hypotheses 1999; 53: 80-6.
Although the aetiology of schizophrenia is still unknown, numerous
hypotheses have been postulated including dietetic factors but never has the
potato (Solanum tuberosum L.) been suspected.
However, a strong case can be advanced incriminating this widely, in fact
almost universally, consumed vegetable tuber with its variable content of
steroidal glycoalkaloids (SGAs) with known toxic action on both animals and
humans, including possible teratogenic and cell membrane-damaging
properties, as a very likely aetiological contender in most but possibly not all
cases.
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ecological fallacy

21
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Cohort Study
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Cohort study
The cohort can be formed e.g.:

study participants with a risk factor (baseline)

the birth of the members

certain employees at workplace
The cohort is a closed population
At the beginning of the study:

subjects do not have the disease

exposure level of each participant is measured prior to
follow-up (and also take into account exposure change
during follow-up)

information on potential confounding factors
23

Kohorttitutkimus
Diseased

Exposed

Healthy

Unexposed

Diseased

Source
population

Healthy

Time

24

Cohort study
Size of the cohort depends on
 assumed difference in risk of disease
between exposed and unexposed
 incidence of the disease
 length of follow-up
 Cohort members are followed until
 the person gets the disease
 dies for other reason
 the study ends
 the person is lost to follow-up
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Cohort study – different designs
Prospective cohort study

exposure (and confounding factors) is measured at
baseline

cases identified during follow-up
Retrospective cohort study

both exposure and illness occurred before the start of
the study

get the historical exposure data




occupation, job, social class, etc.

effective and inexpensive if exposure data available
information on potential confounding factors are often
incomplete
26

Example:
Tiihonen J et al. Effectiveness of antipsychotic treatments in a
nationwide cohort of patients in community care after first
hospitalisation due to schizophrenia and schizoaffective disorder:
observational follow-up study. BMJ 2006.








Objective To study the association between prescribed
antipsychotic drugs and outcome in schizophrenia or
schizoaffective disorder in the community.
Design Prospective cohort study using national central
registers.
Participants Nationwide cohort of 2230 consecutive
adults hospitalised in Finland for the first time because of
schizophrenia or schizoaffective disorder, January 1995 to
December 2001.
Main outcome measures Rates of discontinuation of
drugs (all causes), rates of rehospitalisation, and mortality
associated with monotherapy with the 10 most commonly
used antipsychotic drugs.
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Results
 Initial use of clozapine (adjusted relative risk 0.17, 95%
confidence interval 0.10 to 0.29), perphenazine depot (0.24,
0.13 to 0.47), and olanzapine (0.35, 0.18 to 0.71) were
associated with the lowest rates of discontinuation for any
reason when compared with oral haloperidol.
 Current use of perphenazine depot (0.32, 0.22 to 0.49),
olanzapine (0.54, 0.41 to 0.71), and clozapine (0.64, 0.48 to
0.85) were associated with the lowest risk of
rehospitalisation.
 Use of haloperidol was associated with a poor outcome
among women.
 Mortality was markedly raised in patients not taking
antipsychotics (12.3, 6.0 to 24.1) and the risk of suicide was
high (37.4, 5.1 to 276).
28

Cohort study - strengths
chronology is clear - the exposure preceded the
illness
useful when exposure is rare
possible to study more than one disease at the
same time
easier to manage biases











probability of selection bias is small

allows direct measurement of incidence among
exposed and unexposed
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Cohort study - limitations












Often expensive and long-term, as often large populations
are followed-up
Not suitable for diseases which take long to develop
Not suitable for rare diseases
The monitoring can affect onset of illness, e.g. people can
change their life habits if they belong to a cohort study
The exposure levels can change (e.g. person can stop
smoking).
Part ot the cohort members can be lost to follow-up
 A potential source of bias
Retrospective cohort study is possible only if historical data
is available
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Haapea M, Miettunen J, Läärä E, Joukamaa MI, Järvelin M-R, Isohanni MK, Veijola
JM. Non-participation in a field survey with respect to psychiatric disorders. Scand J
Public Health 2008; 36: 728-36.
Aims: Higher rates of psychiatric morbidity among non-participants may lead to biased estimates
of prevalence and incidence in epidemiological studies of psychiatric disorders. We had a unique
opportunity to explore psychiatric morbidity and non-participation in a large epidemiological
survey including questionnaires and a clinical examination.
Methods: Members of the Northern Finland 1966 Birth Cohort were included in the study. In
phase I, a postal questionnaire was mailed to all those with a known address in 1997 (N511,540).
In phase II, all subjects living in northern Finland or the Helsinki area (N58463) were invited to a
clinical examination. In phase III, clinical examination participants were given a questionnaire
with psychological subscales to be filled in at home and returned by mail. The data on hospitaltreated psychiatric disorders were obtained from the Finnish Hospital Discharge Register.
Educational level was obtained from Statistics Finland.
Results: The participation rates were 76%, 71% and 61% in phases I, II and III, respectively.
Subjects with any psychiatric disorder participated less actively than those without any
psychiatric disorder in all phases, in both genders and at all educational levels. Participation was
not found to vary across specific disorders. Gender or education did not explain the association
of psychiatric disorders with participation.
Conclusions: Owing to non-participation, the true prevalence of psychiatric disorders may be
higher than the prevalence estimated from epidemiological field surveys.

Haapea M, Miettunen J, Läärä E, Joukamaa MI, Järvelin M-R, Isohanni MK,
Veijola JM. Non-participation in a field survey with respect to psychiatric
disorders. Scand J Public Health 2008; 36: 728-36.

Northern
Finland Birth
Cohort 1986

Miettunen J, et al. Longitudinal associations between childhood and adulthood externalizing and
internalizing psychopathology and adolescent substance use. Psychol Med 2014; 44:1727-38.

Case-Control Study
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Case-control study









Sample is collected based on outcome (cases and controls)
Cases have the disease in question, controls don’t
The frequency of exposure is compared between cases and
controls
A new onset cases (incidence cases) are preferred
Inclusion / exclusion criteria
 E.g. some other disease
Matching
 Same number of cases and controls are selected by a
potential covariate (e.g. gender)
 E.g. in twin studies matching is done to an identical twin
 Number of controls for one case



Often 1:1 or 1:2
If problematic to get many cases, but not controls, for statistical
power 1:4 is recommended
36

Selection of controls




The basis risk of disease should be the
same
From population





unselected
low participation rate

From hospital



one or more
can be motivated to participate

37

Case-control study –
strengths and limitations
Strengths
 Relatively cheap
 Good if rare disease
 Results are available relatively soon
Limitations
 Selection bias
 cases and controls
 Cases recall things differently than controls (recall bias)
 Timing of events (exposure/disease) is not always clear
 Not good if rare exposure
39

Example

Is attention-deficit/hyperactivity disorder associated with
illicit substance use disorders in male adolescents?






AIMS: This study aims at evaluating the
association between attentiondeficit/hyperactivity disorder (ADHD) and illicit
substance use disorders (SUD) (marijuana,
cocaine and inhalants), controlling for the
association with conduct disorder (CD), in a
community-based sample of adolescents.
DESIGN: Case-control, community-based
study.
SETTING: A delimited geographical area in the
South of Brazil, served by four public health
clinics.
Szobot ym. Addiction 2007; 102: 1122-30.
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PARTICIPANTS: A total of 968 male
adolescents (15-20 years of age) were
screened for SUD in their households. Of the
subjects who were screened positive, we
selected 61 cases with illicit SUD. For each
case we selected, from the group which was
screened negative, three controls without illicit
or alcohol SUD, matched by age and proximity
with the case's household.
MEASUREMENTS: The screening instrument
was the Alcohol Smoking and Substance
Screening Test (ASSIST). SUD diagnoses were
assessed by the drug section of the Mini
International Neuropsychiatry Interview (MINI).
Other psychiatric diagnoses were based on
semistructured (Schedule for Affective
Disorders and Schizophrenia for School-Age
Children-epidemiological version; MINI) and
clinical interviews.
Szobot ym. Addiction 2007; 102: 1122-30.
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Clinical trials
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Clinical Trial Phases
Phase 1

Phase 2

Number of
participants

15-30 people

Less than 100
people

Purpose

To find a safe
To determine if
dosage
the agent or
intervention has
To decide how
an affect on a
the agent
should be given particular cancer
To see how the
To observe
agent or
how the agent
intervention
affects the
affects the
human body
human body

Phase 3

Phase 4

Generally, from
100 to thousands
of people

Several
hundred to
several to
thousand
people

To compare the
new agent or
intervention (or
new use of a
treatment) with
the current
standard

To further
evaluate the
long- term
safety and
effectiveness
of a new
treatment
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Background





Experimental studies
Randomized Controlled Trial (RCT)
Intervention
Comparing the new treatment
(medicine, therapy, etc.) either to
placebo or to an earlier drug
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Research ethics








Ethical permission for research
Clinical trials registration
The permit from participants
(informed consent)
A sufficiently large sample size
(statistical power)
Declaration of Helsinki
 Code

of ethics of human trials
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Placebo effect
Placebo may be effective
 In average 35% of patients benefit
from placebo medication
 For estimation of placebo effect a
third group which do not receive
any treatment can be included
47

“Hawthorne effect”
Effect of lightning on
work efficiency was
tested in the
Hawthorne’s
factories in 1920’s
 whatever the
change was the
work efficiency
increased
(temporarily)
48
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Example

CATIE
•

“Clinical Antipsychotic Trials of
Intervention Effectiveness”
• 1600 schizophrenia patients
• Several medications
• Patients were followed for 23 months
and in case of no treatment response a
new medication was started randomly
www.catie.unc.edu
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Inclusion Criteria
• Patients will be 18-65 years of age.
• Patients must meet or have met the DSM-IV criteria for
schizophrenia.
• Patients entering the study must, according to their own
judgment in consultation with their physician, be appropriate

for treatment with an oral medication.
• Patients must demonstrate adequate decisional capacity to

make a choice about participating in this research study and
must provide informed consent to participate.
www.catie.unc.edu
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Exclusion Criteria
•
•

•
•
•
•
•
•

•
•
•
•

DSM-IV diagnosis of schizoaffective disorder, mental retardation, pervasive developmental
disorder, delirium, dementia, amnesia, or other cognitive disorders
Patients with well documented, drug-related, serious adverse reactions to even one of the
proposed treatment arms
Patients in their first episode of schizophrenia
Patients with well-documented histories of failure to respond to even one of the proposed
treatment arms
Patients currently, or in the past, treated with clozapine for treatment resistance
Patients currently stabilized on haloperidol decanoate or fluphenazine decanoate and who
require long-acting injectable medication to maintain treatment adherent
Women who are pregnant or currently breast-feeding will be excluded. Women of childbearing potential must agree to use appropriate contraception in order to enroll in this study.
Patients with tardive dyskinesia will be excluded from assignment to conventional
antipsychotic treatment arms.
Patients with a contraindication to any of the drugs to which they might be assigned
Patients with a medical condition that is serious and acutely unstable
Patients with the selected cardiac conditions
Patients who have taken any investigational drug within 30 days of the Baseline Visit

www.catie.unc.edu
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Lieberman ym. N Engl J Med 2005; 353: 1209-23.
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Moher D et al. CONSORT 2010. Int J Surg. 2012; 10:28-55.
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Quasi-experimental research





similar to the actual experimental
research, no randomization
does not control for all the variables
aims to be close to the actual
experimental accuracy when possible,
taking into account and identifying the
discrepancies and limitations
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Population

interventions

North Karelia project




To reduce cardiovascular diseases
with a population intervention
Puska ym. The North Karelia Project –
20 year results and experiences. KTL,
Helsinki, 1995.
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Risk factor means in 1972, 1977, 1982, 1987 and 1992
In population of North-Karelia and Kuopio area (age 30 to 59 years)
Smoking, (%)

S-cholesterol, mean (mmol/l)

Blood pressure, mean (mmHg)

North-Karelia

Kuopio

North-Karelia

Kuopio

North-Karelia

Kuopio

1972

52

50

6,92

6,68

149/92

146/93

1977

44

44

6,52

6,58

143/89

146/93

1982

36

42

6,30

6,26

145/87

147/89

1987

36

41

6,25

6,20

144/88

144/89

1992

32

37

5,85

5,89

142/85

140/84

1972

10

11

6,81

6,66

152/92

147/91

1977

10

12

6,40

6,33

141/86

143/88

1982

15

15

6,11

6,01

141/85

143/85

1987

16

15

5,98

5,86

139/83

139/84

1992

17

19

5,56

5,53

135/80

136/80

Men

Women
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Mortality in cardiovascular diseases in Finland and North Karelia per 100 000 men
(age 35 to 64) in 1969–1995. Social Insurance Institution and Statistics Finland 1997.
mortality /

NorthKarelia

Project
starts

Nationwide
Project

Whole
FInland
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