Slaily od) g (alad) Sl diagia
Lf.b'“ sLaa¥ g

§ el alal) AdS 4ENAY) 43



kel Cand

& ) daal
daall Gladaa | Leadle 5 anall JSlaad)l ol

M\ L_ih.u)\.md\ (e L;\_JLU amdaj‘ uJ\.z.AJ\ C\_u\>
Akl

dasna Glulus ¢l



kel Cand

[ el

Ales el alaie agie Jao ga oy il calall Sanill
o Jpanll aal 4 sadl Clsll y Qe 2l (a
cu il o) sl o) cliattu¥) JIA e B 48 yma
Lo Jasbasi e L) ol dipme USE0 (a8 daaliall

daiall Cladae agh Gaead Gulal bzl sl Cullul
el (e 48 6l g Aasall 5 jat Ja s



o ganll Jalail

Jlied bae JC il & gal) Al
us..u.hl\ G@AJ\ u.al...ua\ u_‘ﬁ .ha..uﬂ‘
i) (S el s g Eanll
(S laalil) dlia g Eand) 483 g
St J,.\'QJ Gaand) i)aa) ual.u\



A Bl & gal) g A 2l & ganl
Afpalatl) & ganl) g Apila) gl



& gand) EYlae awa Laalll



daasall & gand) el

et ) -1

s Adan Sl Caati g el 5 ddaadall e aaiad & gall
elatin) 8 bl 138 5 A ye g dangie Ll & gal
(alal

J\JMY\ -2

GALJ\ Caanll ‘_;Q.Lu.d\ u.uL.uY\ 9 inference JYaiwYy!
|nduct|ve or deductive Lkl ¢ Ll &l o &<



daasall & gand) el

Jlaiay-3

L;LJW\]‘(“'” a_mj;_d\ umu\@utej\jwumjﬂ\ Y
‘).G_AAMLSJ.CL@A_\\_IJ ‘L\J\SA‘&MDJ.@.AAMUA‘\.\L&Q
48 5 mall dibanly! &‘#bm&d\-ﬁ.\;\j\j Alaay) Je dklS
\&@myw\wmﬂ‘jmu)&u}@d\w\g
RER N

dua il -4

@\.\@j M\Jﬂ\&ﬂoﬁu\dﬁdﬁdd&uohuoj\;c@wﬂ\
a5 e Gimill (S UK Lol dliaal JYY) G5k (e
MJU&A\wm\y\m)ﬂ\weu\qsu\uu;\usuyu



daasall & gand) el

Guﬁ“\ﬂ
sed ) aal g Al laadll aal e s aledl Caall

A 5 darla

.4
4




el dadla-bll L adiaall 95yl b aud



Nl DAl (Al s (e (ale iy g g e LS (aliAS o
C)m/&ngywu\uﬁﬁb}bi«ﬂm

dpal) pualind) ppan Jedi of asll dod e cany o



Element

Purpose

Research question
Significance (background)
Design
Hypothesis
Time frame
Methods
Subjects
Variables
Predictor variables
Confounding variables
Outcome variables
Statistical analysis
Sample size calculation
Data analysis method
Qe Y

2/7/2022

What questions will the study address?
Why are these questions important?
How you organize and carry out the study?

Who are the subjects and how will you selected them?
What will you measure and what will your data look like?

What will you do with the data?
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 Research proposal guide, Developing and
submitting a research proposal. University of

the Western Cape:
http://www.uwc.ac.za/usrfiles/users/270084/R

ESEARCH PROPOSAL 2.pdf.[Accessed 24
January 2011 ].



http://www.uwc.ac.za/usrfiles/users/270084/RESEARCH_PROPOSAL_2.pdf

MEDICAL STATISTICS




Basis of Statistics

Probability

Descriptive

Inferential Statistics

http://www.gs.washington.edu/



DATA AND VARIABLES

DATA: the answers to
questions or measurements
from the experiment

VARIABLE = measurement
which varies between
subjects e.g. height or

gender
One row per subject

One variable per

column
A B C D
Subject Year of
ID] Gender| study| Height
1| Male 1 170
2| Female 2 160
3| Female 3 165
4 Male PG 175
5| Female 3 168




Variables

Categorical

] Nominal:

no meaningful order




Nominal Variable: A qualitative variable that categorizes (or
describes, or names) an element of a population.

Ordinal Variable: A qualitative variable that incorporates an
ordered position, or ranking.

Discrete Variable: A quantitative variable that can assume a
countable number of values. Intuitively, a discrete variable can
assume values corresponding to isolated points along a line interval.
That is, there is a gap between any two values.

Continuous Variable: A quantitative variable that can assume an
uncountable number of values. Intuitively, a continuous variable can
assume any value along a line interval, including every possible value
between any two values.



QUESTIONNAIRE FOR

What data types relate to following questions?

» QIl:What is your favourite subject?

Maths English Science | Art m
s Q2: Gender: m Fernale

® Q3:l consider myself to be good at mathematics:

Strongly Disagree Not Sure _Agfe‘g Strongly
Disagree Agree

> Q4:Score in a recent mock maths exam:

Score between 67'/ and IOO%



QUESTIONNAIRE FOR

What data types relate to following questions?

» QIl:What is your favourite subject? Nominal
Maths English Science | Art m
m Q2: Gender: Binary/ Nominal
' ' _ Male ERZREE
® Q3:l consider myself to be good at mathematics: Ordinal
Strongly Disagree Not Sure _-Agfé: | Strongly
Disagree _d/:'t B Agree
» Q4:Score in a recent mock maths exam: Numerical

Score between 67'} and IOO%



Example: Identify each of the following as examples of (1) nominal, (2) ordinal, (3)
discrete, or (4) continuous variables:

|. The length of time until a pain reliever begins to work.
2.The number of chocolate chips in a cookie.

3. The number of colors used in a statistics textbook.

4. The brand of refrigerator in a home.

5. The overall satisfaction rating of a new car.

6. The number of files on a computer’s hard disk.

/. The pH level of the water in a swimming pool.

8. The number of staples in a stapler.



Variable: A characteristic about each individual element of a population
or sample.

Data (singular): The value of the variable associated with one element of
a population or sample. This value may be a number, a word, or a
symbol.

Data (plural): The set of values collected for the variable from each of
the elements belonging to the sample.

Experiment: A planned activity whose results yield a set of data.

Parameter: A numerical value summarizing all the data of an entire
population.

Statistic: A numerical value summarizing the sample data.



WHAT IS STATISTICS?

]

Statistics: The science of collecting, describing, _ Q
Interpreting data. g D
Two areas of statistics: rya

Descriptive Statistics: collection, presentation,
description of sample data.

Analytic(Inferential) Statistics: making decisiuiis
and drawing conclusions about populations.
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Descriptive Statistics

« collection, presentation, and description of sample data.



Descriptive Statistics: Quantitative Variables

 Central Tendency Determinants
— Mean
— Median
— Mode (most prevalent)

 Dispersion Determinants
— Range
— Variance
- SD
— SE



Location: Mean

* The average of a set of observations

* Add values and divide by the number of

observations

X+ X, + X+ ..+ X,

X =

A

2>




How can exam score data be summarised?

Exam marks for 60 students (marked out of 65)

48

37

33

26

22

15

22

40

30

12

36

21

20

29

13

44

52

28

39

16

48

56

27

47

12

35

24

10

36

13

34

9

25

31

42

31

27

64

25

58

1%

26

33

28

43

33

25

55

32

39

23

49

43

11

37

22

54

Mean=30.3 SD=14.46




Summary statistics

n
2.
* Mean = =l _
N

Standard deviation (s) is a measure of how individuals

differ from the mean

Large SD = very spread out data

Small SD = there is little variation from the mean

For exam scores, mean = 30.5, SD = 14.46



Which Measure is Best?

* Mean
— best for symmetric (or normal) distributions
* Median

— Useful for skewed distributions or data
with outliers

>
>



Biomarker —one time point

— L0

Densi




Assessing Normality

Charts can be used to informally assess whether data is:

Normally
distributed

BIILN

Or....Skewed

b

TH - I

The mean and median are very
different for skewed data.




Scale: Variance

* Average of the squared deviations of values
from the mean

 Example, sample variance

i(*x;‘ - = f)2

n-—1

A

O




Scale: Standard Deviation

* Variance is somewhat arbitrary

e Standardizing helps to bring meaning to
deviation from the mean

e Standard deviations are simply the square

root of the variance
 Example, sample SD

j('xi F f)z

n-1



Interpretation of standard deviation

* The larger the standard deviation,

the more spread out the data is.

Frequency
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Scale: Quartiles and
Inter Quartile Range (IQR)

e Quartiles or percentiles (order data first)

— Q4 (15t quartile) or 25t percentile is the value for
which 25% of the observations are smaller and
/5% are greater

— Q, is the median or the value where 50% of the
observations are smaller and 50% are greater

— Q3 is the value where 75% of the observations are
smaller and 25% are greater

R




Graphical Summaries of Data:
Box Plots and Histograms

e Box plot (i.e. box-and-whisker plots)

— Shows frequency or proportion of data in
categories, i.e categorical data

— Visual of frequency tables
* Histogram

— Shows the distribution (shape, center, range,
variation) of continuous variables

— Bin size is important



Introduction to Plots

* A plot(graphs) is a graphical technique for
representing a data set.

* Graphs are a visual representation of the
variables and relationship between variables.

* Plots are very useful for humans who can quickly
derive an understanding which would not come
from lists of values.



Dos and Do Nots of Graphing

* Goal of graphing
— To portray data accurately and clearly

* Rules of graphing
— Label and appropriately scale axis
— Simplify, display only the necessary information
— Stay away from pie charts
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Bar Chart
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Bar Chart

o ¥ Clustered Bar Chart

B Mot Mentored
B Mertored
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Box Plot

Upper fence

Q; = upper hinge

Q, = median

Q, = lower hinge

Lower fence




BIOMARKER

Side-by-Side Box Plot

Males Females



Weight change in kg
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HYPOTHESIS TESTING



HYPOTHESIS TESTING

= An objective method of making decisions or inferences from
sample data (evidence)

= Sample data used to choose between two choices i.e.
hypotheses or statements about a population

= We typically do this by comparing what we have observed to
what we expected if one of the statements (Null Hypothesis)
was true



HYPOTHESIS TESTING FRAMEWORK
WHAT THE TEXT BOOKS MIGHT SAY!

m Always two hypotheses:
H,: Research (Alternative) Hypothesis
® What we aim to gather evidence of
m Typically that there is a difference/effect/relationship etc.
H,: Null Hypothesis
® VWhat we assume is true to begin with

m Typically that there is no difference/effect/relationship etc.




DISCUSSION

m Understanding what hypothesis testing is
and why they need to use it?

WWW.STATSTUTOR. AC.UK



= Members of a jury have to decide whether a person is guilty

COULD TRY EXPLAINING THINGS IN THE

CONTEXT OF “THE COURT CASE™?

innocent based on evidence

Null: The person is innocent

Alternative: The person is not innocent (i.e. guilty)

® The nu

m j.e. the |

the null

| can only be rejected if there is enough evidence to doubt it

ury can only convict if there is beyond reasonable doubt for
of innocence

® They do not know whether the person is really guilty or innocent so
they may make a mistake



AC.UK

TYPES OF ERRORS

|

Controlled via sam

ple
size (=1-Power of test)

AN

Typically restrict to a 5% Risk
= level of significance

Study reports
NO difference

Study report
IS a differenice

exist in population

; (Do not reject H,) (Reject A,)
H, is true
Difference Does Type |
NOT exist in Error
population
H, is true \
: Type Il
Difference DOES Erfor V

/
[ Prob of this = Power of test I




Define study question

v

Set null and alternative hypothesis

'

Calculate a test statistic

v

Calculate a p-value

v

Make a decision and interpret your conclusions

Choose 2
suitable

AC.UK



. Elements of Testing hypothesis -

e Null Hypothesis

e Alternative hypothesis
e [evel of significance
e Test stafistics

e P-value

e (Conclusion



Case Control Study of Drinking and Lung Cancer

= Null Hypothesis There is no association between
Drinking and Lung cancer

® Alternative Hypothesis There is some kind of
association between Drinking and Lung cancer



Z Test:

JNumerial

1Sample to Population



T Student Test:

JNumerial

1Sample to Sample



Chi SquareTest:
_1Categorial

Sample to Sample.....



T-tests
Paired or Independent (Unpaired) Data?

T-tests are used to compare two population
means

- Paired data: same individuals studied at two

different times or under two conditions
PAIRED T-TEST

- Independent: data collected from two
separate groups INDEPENDENT SAMPLES
T-TEST



CHI-SQUARED TEST STATISTIC

® The chi-squared test is used when we want to see if
two categorical variables are related

= The test statistic for the Chi-squared test uses the
sum of the squared differences between each pair of
observed (O) and expected values (E)

12 - Z:: (Oi _EiEi )2
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EPIDEMIOLOGY Y



EPIDEMIOLOGY Y



Epidemiology

» The study of the distribution and
determinants of health-related states or
events in specified populations, and the
application of this study to the
prevention and control of health
prooiems

John Last, Dictionary of
Epidemiology



(Z-ﬁe S tudjj of the distribution and determinants of health-related

states or events in specified populations, and the application of this study to the prevention and
control of health problems

@ Surveillance

@ 0bservation

@ Hypothesis testing

@ Analytic research and experiments



The study of the dAZS trl 6 u tZO nanc[ determinants of health-related

states or events in specified populations, and the application of this study to the prevention and
control of health problems

Refers to analysis of: times, persons, places and
classes of people affected



The study of the distribution and J e te T/m indn tS of health-

related states or events in specified populations, and the application of this study to the
prevention and control of health problems

Factors that influence health: biological,
chemical, physical, social, cultural, economic,
genetic and behavioural



BEINGS MODEL

Biologic
Behavioural
Environmental
Immunologic
Nutritional
Genetic
Services, Social
Spiritual

B
B
E
|
N
G
S
S




The study of the distribution and determinants of ﬁe Cl [ t ﬁ_
related states or eVents. ..

populations, and the application of this study to the prevention and control of health problems

diseases, causes of death, behaviours such as use
of tobacco, positive health states, reactions to
preventive regimes and provision and use of
health services



The study of the distribution l@ tfﬁ[tﬁ related states or events in specified

populations, and the dpp dthn of this study tO
tﬁe prevention and

control of health problems

the aims of public health—to promote, protect,
and restore health



So

EPIDEMIOLOGY IS:

The study of the distribution and
determinants of health-related states
or events In specified populations,
and the application of this study to the
prevention and control of health
problems



EPIDEMIOLOGY Y



Uses of Epidemiology in
Public Health

@ Causation of disease

@ Natural history of disease

@ Health status of populations
@ Evaluating interventions



Causation

» Genetic
Facfors

|

4




Determinants of Health

Global and ecological
perspective

Genes

Social,
culturai, and
environmental
determinants

Disease ; l Healith system
experience » Life course < influences

l

Health and well being
of populations

Gender
perspective

Public health
perspective



Uses of Epidemiology in
Public Health

@ Causation of disease

@ Natural history of disease
@ Health status of populations
@ Evaluating interventions



Natural history of
disease

Good [N . A
Health

Death

Recovery



So

Epidemiology is concerned with the course and
outcome (natural history) of diseases in
individuals and groups



Uses of Epidemiology in
Public Health

@ Causation of disease

@ Natural history of disease

@ Health status of
populations

@ Evaluating interventions



Health status of

populations
Figure 1.5 Describing the heaith status of populations

Preportkn whth 1l heaith,
dhanje ol tine,
AW ap




@ Epidemiology is often used to describe the
health status of population groups



What is Population??



Uses of Epidemiology in
Public Health

@ Causation of disease
@ Natural history of disease
@ Health status of populations

@ Evaluating interventions



Evaluating interventions

q reatment
dMedical care

\

Good Health s

Health Promotion
Preventive Measures

Public Health Services




Epidemiology

°John Show



John Snow
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What does epidemiology offer?

*Description of health
status of populations

eCausation
Evaluation of interventions

*Natural history and
prognosis



People who ate the food People who didn't eat the food

Food Total Numberill  Total Number ill
Friday dinner:

Hot chicken 343 156 231 74

Peas 390 175 184 55

Potato ries 422 184 152 46
Saturday lunch:

Cold chicken 202 155 372 75

Salad 385 171 189 59
Saturday dinner:

Fruit salad 32 146 250 84



156 — 343 = 0.45 = 45%

* 45% of people who ate hot chicken
became sick. This is known as the
attack rate for hot chicken



People who ate the food Peaple who didn't eat the food

Food Total  Numberil  Attackrate  Total ~ Numberill  Attackrate
Friday dinner;

Hotchicken 343 156 45% A1 32%

Peas 0017 45% 184 55 30%

Potato fries 0 18 4% 152 46 30%
Saturday lunch;

Coldchicken 202 155 1% mo 20%

Salad %1 4% 189 59 31%
Saturday dinner;

Fruit salad 24 b 45% N0 8 4%



People who ate the food Peple who dicn' eat the food

Food Total ~ Numberil — Attackrate  Tofal  Numberil — Attackrate  Relativeris
Friday dinner.

otchicken 343 156 5% Bl 2% 14

Peas 0o 1% 45% 18 5 30% 15

otatofries 422 184 % 1 46 30% 14
satuurday lunch:

Coldchicken 20 15 1% ey 2% 38

Salad w1 1% 19 5 3% 14
Saturday dinner;

Fruit salad U 1 5% R A% 13



Subdisciplines of epidemiology

* Public health epidemiology

* Infectious disease epidemiology
* Nutritional epidemiology

* Soclal epidemiology
 Environmental epidemiology



Subdisciplines of epidemiology

« Cancer epidemiology

* Injury epidemiology

* Perinatal epidemiology

* Occupational epidemiology



Subdisciplines of epidemiology

* Molecular epidemiology
* Clinical epidemiology



Molecular Epidemiology

Measures exposure to specific substances
and early

biological response, by:

evaluating host characteristics mediating
response to external agents, and

using biochemical markers of a specific
effect to refine disease categories.



Genetic Epidemiology

* D eals with the etiology, distribution,
and control of disease in groups of
relatives, and with inherited causes
of disease in populations.



Clinical epidemiology

* Applying epidemiological principles
and methods to problems
encountered in the practice of
medicine.



“Determinants” is defined as a
collective or individual risk factor (or
set of factors) that is causally related
to a health condition, outcome, or
other defined characteristic.”



* Related to determinants are exposures,
which pertain either to contact with a
disease-causing factor or to the amount
of the factor that impinges upon a
group or individuals.

* Epidemiology searches for associations
between exposures and health
outcomes.



*The term risk factor (an exposure
that increases the probability of a
disease or adverse health outcome)



Outcomes is all the possible results
that may stem from exposure to a
causal factor....”



Epidemiology

Who, what, where and when?
Descriptive Epidemiology



Case reports and case series

* The identification of a new or recurring
health problem often begins with a case
report or case series.

* Detailed descriptions..... doctor or group of
doctors..... of one or more cases of a disease
that are unusual for some reason.



Case reports and case series

* Disease might has not been seen
before or the cases may have
occurred in unusual individuals or
area where the disease had not
previously been reported or was
thought to have been controlled.



Case reports and case series

* The classic description of a series of infants
born with congenital cataracts, some with
additional cardiac abnormalities in Sydney
to postulate a causal link between a severe
epidemic of rubella (German measles) that
had occurred six to nine months before the
children were born and the subsequent
abnormalities (Gregg, 1941).



Case reports and case series

* A case report published in the UK in 1961
described the development of a pulmonary
embolism in a 40-year-old pre-menopausal
woman, five weeks after she had started
using an oral contraceptive (OC) to treat
endometriosis (Jordan, 1961).



Case reports and case series

* Provide little evidence of causality

e Cannot say much about patterns of
disease occurrence.

* Help identify potential health problems
such as the acute outbreaks of severe
acute respiratory syndrome (SARS

* They may also stimulate interest in an
area, leading on to more detailed
studies, and in this regard some have
been seminal in advancing knowledge



Figure 3.1 Prevalence of
diagnosed diabetes
(self-reported) in the United
States, 2006, by age group and
sex (dark bars, males; light bars,
females). (Source: Centers for
Disease Control http://www.
cdc.qov/diabetes/statistics/
prev/national /fig2004.htm,
accessed on 16 January 2010.)
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Prevalence surveys

* Surveys are conducted to measure the
prevalence of a wide variety of aspects
of health, including diseases that are
not captured by other routine statistics;
conditions such as obesity; health-
related behaviors such as smoking, sun-
exposure and diet; and use of health
services.



Prevalence surveys

* These spot checks on the health of a
nation or region are crucial to expanding
our understanding of health burdens,
needs and services beyond the hospital
sector. In recent decades they have
become a feature of broad-based
community diagnosis and health
planning, using a wide range of
sampling and data-capture designs.



Prevalence surveys

* Telephone and face-to-face interviews,
and sometimes very detailed physical
examinations, as in the US National
Health and Nutrition Examination
Surveys (NHANES)



Routine data collections

* Governments, healthcare providers and
statistical agencies routinely collect vast
amounts of information that we will
collectively describe as ‘routine’ data.



Table 3.2 Some common health data collections and reporting systems.

Data collection orreporting - Summary data often Individual level data

system published available Source of raw data

Vital statistics Mortality rates Dateand cause of death, ~ Death certificates

demographics”

Disease registries (e.g. Incidence, mortalityand ~ Diagnosis, date and Pathology reports, testing
cancer registries, injury ~ survival rates, prevalence  demographics laboratories, hospital
registers| and medical records

Notifiable diseases (g~ Numbers of cases, Diagnosis, date and Laboratories, medical
AIDS, SARS, TB, other Incidence demographics practitioners and
infectious diseases) hospitals

@ Basic demographic information such as age, sex and last known address.



Table 3.2 Some common health datacollections and reporting systems.

Data collection orreporting - Summary data often [ndividual level data

system published available Source of raw data

Hospital administrative None Diagnosis, date and Hospital discharge sheets,
systems demographics medical records

Health surveys (morbidity, ~ Special reports Self-reported health states  Special surveys (often
risk factors, needs, whole population)

service use etc.)
Special surveillance Varied
systems

Rapid community Varied
assessments (health,
nutrition)

Varied

Varied

% Basic demographic information such as age, sex and last known address.

e.g. ‘sentinel’ primary care
practices or disease
registers (UK GP data
base), MONICA
(international CHD)

Special surveys (sometimes
of targeted groups)



Routine data collections

Mortality data
* Death certificates
*VVerbal autopsy
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Figure 3.3 Age-adjusted 35
mortality rates for diabetes by
gender in the USA, 1938-1960,
Whites only. Figure 3-2, p. 51,
from Methods in Observational
Epidemiology, 2nd edition, by
Jennifer L. Kelsey, W. Douglas
Thompson and Alfred 5. Evans,
copyright 1996 by Oxford
University Press. Used by
permission of Oxford University
Press.
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Routine data collections

Morbidity data
* Disease registries
* Hospital records



Sources of summary data

*International sources
 National data sources
* Disease-based resources

eSome academic and other
idiosyncratic sites



Creative use of existing data

* Migrant studies
*Ecological or correlation studies



No Data

<10% [ <10%-14% [ 15%-19% [ 20%-24% [T] 25%-29% [ 230%

Figure 3.4 The prevalence of obesity (body-mass index = 30 kg/m?) by state in the USA in
1988 and 2008. (Data from the (DC Behavioral Risk Factor Surveillance System, BRFSS,
accessed via http:/ /www.cdc.gov/obesity/data/trends.html on 16 January 2010.)



Figure 3.5 Age-standardised 950
annual death rates from lung
cancer among men aged 40-69
years in Hungary (A), the USA
(o) and the UK (s). (Data source:
WHO Mortality Database,
accessed via
http://www-depdb.iarc.fr/ on
16 January 2010.)
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Figure 3.7 An ecological study
comparing the prevalence of
serum antibodies to H. pylori

(a gastric infection) and gastric
cancer mortality rates in 46 rural
Chinese counties. (From Forman
et al., Geographic association of
Helicobacter pylori antibody
prevalence and gastric cancer
mortality in rural China. Int. J.
Cancer, 1990; 46: 608-611,
reprinted by permission of john
Wiley & Sons.)
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Epidemiologic Study Designs



Research
Question &
Hypotheses

Analytic
Plan




Basic Study Designs and their Hierarchy

Hypothesi

Case-Control Study

Randomized Controlled Trial

Causality



Study Design in Epidemiology

* Depends on:
— The research question and hypotheses
— Resources and time available for the study
— Type of outcome of interest
— Type of exposure of interest
— Ethics



Study Design in Epidemiology

* |Includes:
— The research question and hypotheses
— Measures and data quality
— Time
— Study population

* Inclusion/exclusion criteria
* Internal/external validity



Epidemiologic Study Designs

* Descriptive studies

— Seeks to measure the frequency of disease and/or
collect descriptive data on risk factors

* Analytic studies

— Tests a causal hypothesis about the etiology of disease

* Experimental studies

— Compares, for example, treatments



Cross-sectional

Case-Control

Cohort

EXPOSURE < OUTCOME
>

EXPOSURE > OUTCOME
>

TIME



Epidemiology

Epidemiology as a Population Science
Basic Epidemiology Measures



» Understanding epidemiology as o
science focused on populations

» Samples of the population are taken
to assess health issues

» Health outcomes data can be
expressed through multiple measures

» These measures can be expressed as
differing metrics




gcé
What Is
Epidemiologye



Epidemiology

» Epidemiology is the study of the
determinants, distribution, and
frequency of health-related states
or events In specified populations,
and the application of this study to
the control of health problems



Epidemiology

» Epidemiology ......

» Who gets disease and why

» Epidemiologists study sick and well
people to determine the crucial
difference between those who get
disease and those who are spared



Purpose of Epidemiology

» To provide a basis for developing

disease confrol and prevention
measures for groups aft risk. This
franslates info developing public
nealth measures to prevent or
control disease.




Population Focus

- The focus of epidemiology is on the
occurrence of health and disease in
the population.

» What happens to.many

- The population approach confrasts
with clinical medicine’s primary
concern with health and disease In the
individual.

» What happens 1o one



What is a Populafione

- The common definition of a population
Is “All the inhabitants of a given country
or area considered together;..."

- A "population” can also be groups of

Individuals that share a common thread

» Clinical populations
»Subgroups of the population by age, race,

etfc...



Epidemiology Is...

» The study of disease and its tfreatment,
control, and prevention in a population of
individuals.

» Whole populations may be examined,
ol

» More frequently, samples of the population
may be examined. Samples that are
studied must be representative of the
population for the results to be generalized
to the total population.



Background

» Different types of activities and
oractices are undertaken in
epidemiology to develop disease
control and prevention measures
for groups at risk.

10






m Who is at RISK??
m Common Cold!!
= Smokingl!

m Cardiovascuslar
disease!!

= Cancer of prostatel!
= Cancer of Cervix!!

m AIDS

m Brucellosis



Population AT RISK

Figure 2.1. Popualation at risk In a study of carcinoma of the canvix
Total popuation Nl wonen Fopulation at sk
(332 groups)

Al women




Population AT RISK

m Demographic groups (Age, sex, ...)
m Occupational groups

m Genetic

m Environmental

m Geographical

m All at risk



Broad Characterizations of
Epidemiology Practices

» Descriptive Epidemiology

» Examining, identifying, and reporfing on
the frequency and distribution of disease
IN a population. Learning the basic
features of its distribution.

» Analyfic Epidemiology

» [dentitying factors underlying disease or
health events. Testing a hypothesis by
studying how exposures relate to
outcomes

15



Broad Characterizations of

Epidemiology Practices

» Developing interventions to reduce
disease or improve health in the
community

» Using information from analytical studies,
develop strategies centered around an
Important exposure factor. Test these
stfrategies with clinical trials.

» Program Evaluation

» Examining the effectiveness of programs for
disease control in the community

16



There is a logical sequence o
the practice of epidemiology In
disease prevention

Descriptive — Analytical Haterventions ﬁms

Disease
prevention

17



Basic Question in Research

Are exposure and disease/outcome linked?

Is there an assoclation between them?

B

Exposure Disease / Health

Outcome
18



Health Outcomes

Related to Prognosis or the Evaluation of Health Care Interventions

» Death
» Recovery
» Ongoing Disease
» Stable disease with freatment
» Progressive disease
»disability
>|Ij]IcRQOL; health related quality of
ife

» Re-infection, Recurrence
19



Health Outcomes

» May be Intermediate in the
clinical course of a disease or
freatment

»Short-term events

» May be the end-result of the
clinical course of a disease or
freatment

»Longer-term events

20



Health outcomes In
research studies may be
expressed through
multiple types of
measures

21



Basic Measurements of

Disease or Health Ou

come

Frequency In Epidemi

» Measurement of Mortality (d

ology

eath)

» Measurement of Morbidity (incidence,

prevalence)

22



Quicome measures In
research studies may be
expressed In differing
units, though most often
as rates

23



Tools of Measurement

Counts
Proportions

Ratios i -A.A‘h

Rates

24



Case Counts

» Measuring disease or
health or health care
frequency starts with
counting cases

» Simplest and most
frequently gathered
measure in epidemiology

25



Counts

« Refers to the number of cases of a disease or
other health phenomenon being studied

1.e. Number of cases of influenza in
Uhan in January 2021

e (Can be useful for allocation of health resources

» Limited usefulness for epidemiologic purposes
without knowing size of the source population

26



Counts — Limited Interpretation

New Cases
Location of Disease  Year Population

City A 20 2008 100
City B 100 2008 1000

Annual Rate of Occurrence
City A: 20/ 100 =445

City B: 100/1000 =1/ 10

27



Proportions

» Persons included in the numerator are
always included in the denominator:

Proportion: --—-—--—-

» Indicates the magnitude of a part,
related to the total. In epidemiology,
tells us the fraction of the population that
is affected. 28



Proportions - Example

A B Total (A + B)
# persons with # persons Total study
hypertension without population

hypertension

1,400 9,650 11,050

P=A/(A+B)=(1,400/11,050) = 0.127
29



Ratios

» Like a proportion, is a fraction, without a specified
relationship between the numerator and denominator

» Example: Occurrence of Major Depression

Female cases = 240 240
________________________ = 2:1 female to male
Male cases = 120 126

30



Rates

» A rafio in which TIME forms part of the
denominator

» Epidemiologic rates contain the following
elements:

e healthissue frequency (in the numerator)
e UNIf size of population
e time period during which an event occurs

31



»Rate: a measure of the
occurrence of a health
event In a population group
at a specified time period

Number of events
numerator  Intime period

denominator Number at risk
for the event in period

32



Rates are the basic tool of
epidemiologic practice

» Why are rates importante

» because they provide more
complete information to describbe or
assess the impact of a health issue in
a community or population

33



Incidence and Prevalence

Incidence Prevalence

m is the frequency of

occurrence of . by
existing
NCW  cases cases in a defined

arising in a given population at a given
period in a specified point in time
population

m represents the rate of




Incidence

m New Cases/Specified population in a given

period

Prevalence

m Existing Cases/defined population in a
given
time



Incidence

The development of new cases of
a disease that occur during o
specified period of fime In
oreviously disease-free or
condition-free (“at risk")

Y

iIndividuals.
““

&i 36



® Incidence rate :

m Cumulative Incidence :




Incidence

Incidence Rate’

# of new cases in a
specif—ied time period

X 100,000

person time at risk *%
during that time period



Cumulative Incidence

Cumulative Incidence (Cl) = Incidence

No. of individua
du

swho get t

ne disease

ing a certai

n period

Cl=

No. of individuals in the population at the

beginning of the period




If we count all new cases of influenza
occurring in MSU undergraduates
from September 1, 1997 - August 31,
1998, and we take as the
denominator all undergraduates
enrolled in September 1, 1997, we
would be describing the cumulative
incidence rate of influenza.



The numerator does not differ between the
two types of incidence

However, the denominator can differ in
iIncidence density from cumulative

Incidence because it takes account of
(in the example):

Students who left school during the year

Students who died

Students who had influenza once and will not
have it again the same season

Students who entered school later in the year



COMPARISON OF INCIDENCE DENSITY AND CUMULATIVE INCIDENCE ON A

MONTHLY BA

BLEM #3

RCISE 2.2

(NOTE — ALL INCIDENCES ARE PER MONTH, NOT PER YEAR)

MONTH

POPULATION
AT RISK

CUMULATIVE
CASES OF
CHICKENPOX

INCIDENCE
DENSITY

CUMULATIVE
MONTHLY
INCIDENCE

FOR
THE
MONTH

FROM
THE
START

FOR
THE
MONTH

FROM
THE
START

JANUARY

0253 0253

0250

025

FEBRUARY

0260 0256

0256

025

MARCH

0267 0260

0263

025

APRIL

0274 0263

0270

025

MAY

0282 0267

0278

025

JUNE

0290 0270

0286

025

JULY

0299 0274

0294

025

AUGUST

0308 0278

0303

025

SEPTEMBER

0317 0282

0312

025

OCTOBER

0328 0286

0323

025

NOVEMBER

0339

0290

0333

025

DECEMBER

0351 0294

0345

025

TOTAL FOR
YEAR

0294 0294

025

025




» Investigators enrolled 2,100 women in @
study and followed them annudally for four
years to determine the incidence rate of
heart disease. After one year, none had o
new diagnosis of heart disease, but 100 had
been lost o follow-up. After two years, one
had a new diagnosis of heart disease, and
another 29 had been lost to follow-up. After
three years, another seven had new
diagnoses of heart disease, and 793 had
been lost o follow-up. Atter four years,
another 8 had new diagnoses with heart
disease, and 392 more had been |lost to
follow-up.



Prevalence: Is another major
measure of disease in the
oopulation and it quantifies the
“burden” of disease

Number of existing cases
of disease In population

Prevalence In time period

Rate ' = | .
Persons in population

In same time period ¥



Prevalence

m Point Prevalence : At a certain point of time

m Period Prevalence : In a given period of time



Recurrence

Mortality




Factors influencing prevalence

*Shorter duration of the
disease

*High case fatality rate
from disease

*Decrease in new cases
(incidence)

*In-migration of healthy people

*Out-migration of cases

*Improved cure rate of
cases




Factors influencing prevalence

*Longer duration of disease

*Prolongation of life of
patients without cure

*Increase in new cases

*In-migration of cases

*Out-migration of healthy
people

*In-mioration of susceptible
b=
people

*Improved diagnostic facilities




Relationship between prevalence
+ 1ncidence

If incident cases are not resolved, but
continue over time, then they become
existing (prevalent) cases.



Relationship between prevalence
& incidence

If incident cases are not resolved, but
continue over time, then they become
existing (prevalent) cases.

Prevalence = incidence ¥ duration




Epidemiological Studies

(- h
Epidemiological Studieg
\ J

Observational Expernimental




Cross-sectional studies

 Measure existing disease and current
exposure levels at one point in time

* Sample without knowledge of exposure
or disease

* Ex. Prevalence studies



Cross Sectional studies

Study
population

Measure and
Classify

'd b
Outcome positive

Outcome
| Negative

=




Cross-sectional studies

° / ages
— Often early study design in a line of investigation
— Good for hypothesis generation

— Relatively easy, quick and inexpensive...depends
on question

— Examine multiple exposures or outcomes

— Estimate prevalence of disease and exposures



Cross-sectional studies

o [ antages
— Cannot infer causality
— Prevalent vs. incident disease
— May miss latent disease
— May be subject to recall bias



Research Question

 Determine whether there are differences in
rates of stroke and myocardial infarction by
gender and race among patients.

Hypothesis

* There will be differences in rates of stroke by
gender and race.

* There will be differences in rates of myocardial
infarction by gender and race.



General Fertility Rate, Baltimore City by Race and Marvland 1997-2007
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Source: Maryland Department of Health and Mental Hygiene, Vital Statistics Annual Report (2007 data are preliminary and not yet available by race/ ethnicity)
*Includes all births to mothers of Hispanic origin of any race, data not available prior to 2003



Longitudin al studies

Measure and
Classify

L

Outcome
Study Developed
population

(healthy)

Outcome Did not
develop




Longitudinal Study

* Also Known as Incidence Study



L()ngitudinal Studies

® Long duration
= Expensive
m Good for changing variable

s Good for frequent diseases

m Follow Up 1s ditficult (Long time!)




Case-Control studies

* |dentify individuals with existing disease/s and

retrospectively measure exposure
€ - === == mm=m——-- [IMe

Exposed
Not
exposed

‘ Population

00



Case-Control studies

o / ages

-

— Good design for rare, chronic and long
latency diseases

— Relatively inexpensive (population size and time)
— Allows for the examination of multiple exposures
— Estimate odds ratios

— Hospital-based studies and outbreaks



Case-Control studies

° | antages
— Multiple outcomes cannot be studied
— Recall bias
— Sampling bias

— Cannot calculate prevalence, incidence,
population relative risk or attributable risk

— Beware of reverse causation



Neonatal Abstinence Syndrome (NAS)
and Drug Exposure
Research question
?

Hypothesis 1
Buprenorphine-exposed neonates will exhibit

less NAS than methadone-exposed neonates.



Case-Control Study Example

* Hypothesis 1: Buprenorphine-exposed
neonates will exhibit less NAS than
methadone-exposed neonates.

Bupren-

orphine
Metha-
done :

' Neonates

0



Challenges in Case-Control Studies

e Selection of Controls
— Sample size
— Matching (group or individual)

e Selection of Cases
— Incident or prevalent disease

* Nested case-control study



Cohort Studies

* |dentify exposed and unexposed individuals and follow them
over time measuring outcome/s (Prospective)

Popullon -

Disease

00

| Unexposed

No
disease




Prospective Cohort Study

study starts  exposure disease

V) |

exposure  study starts disease

N



Retrospective Cohort Study

exposure disease study starts



Cohort Studies

-

— Measure population-based incidence
— Relative risk and risk ratio estimations
— Rare exposures

— Temporality

— Less likely to be subject to biases (recall and
selection as compared to Case-control)

— Possible to assess multiple exposures and/or
outcomes



Cohort Studies

d ge
— Impractical for rare diseases and diseases with a
long latency
— Expensive
e Often large study populations
* Time of follow-up
— Biases

e Design - sampling, ascertainment and observer

* Study population — non-response, migration and
loss-to-follow-up



Research Question

Determine whether circulating biomarkers (i.e. C-
reactive protein; exhaled breath condensate - pH,
hydrogen peroxide, 8-isoprostene, nitrite, nitrate
levels; sputum - TNF-q,, IL-6, IL-8, IL-13, neutrophil
elastase; and fractional exhaled nitric oxide) predict
individuals who will benefit from initiation of
antibiotic therapy for the treatment of a mild
decrease in FEV;.

Hypothesis

Biomarkers at the time of presentation with a mild
increase in pulmonary symptoms or small decline in
FEV, can be used to identify which patients require
antibiotics to recover.



Cohort Study

with
oA

exacerbation

, No-
biomarker




Important features

* How much selection bias was present?
— Were only people at risk of the outcome included?
— Was the exposure clear, specific and measureable?

— Were the exposed and unexposed similar in all
important respects except for the exposure?

* Were steps taken to minimize information bias?
— Was the outcome clear, specific and measureable?

— Was the outcome identified in the same way for both
groups?

— Was the determination of the outcome made by an
observer blinded to treatment?



Important features

* How complete were the follow-up of both
groups?
— What efforts were made to limit loss to follow-up?
— Was loss to follow-up similar in both groups?

* Were potential confounding factors sought and
controlled for in the study design or analysis?

— Did the investigators anticipate and gather
information on potential confounding factors?

— What methods were used to assess and control for
confounding?



Cross-sectional

Case-Control

Cohort

EXPOSURE < OUTCOME
>

EXPOSURE > OUTCOME
>

TIME



Applications Of Observational Studies

Wﬂ&u&uﬂnﬂ%&nﬂdﬂ“l

Investigation of rare disease

Investigation of rare cause

TEﬂting multiple effects of
cause

Study of multiple exposures

and determmmants

Measurements of time

relationship

Direct measurement of

incidence

Inmstig:llinn of lung latent »

periods




Experimental studies (1)

m The effects of an intervention are measured by

comparing the outcome in the experimental

group with that 1n a control group




Experimental studies (2)

m involves attempting to Change a variable in one

or more groups of people.

® This could mean the elimination of a dietary factor
thought to cause allergy,

= or testing a new treatment on a selected group of
patients.

INTERVENTION




Randomized

Controlled Cuﬂmlunit}’ Trial
Trials




Experimental Studies

Objective

Efficacy of a
drug

Efficacy of 2

vaccine

Efficacy of

intervention

Unit of study

Patient

Healthy Indwidual

Commuunity

Setting

Hospital

Community/Field

Community

Sample Size

100-200

1000-10000

Few

Limitations

it

-




Randomized Controlled Trials (RCTs)

* Experimental: exposure is assigned
 Randomization assighment

— Random allocation of exposure or treatment

— Results (or should result!) in two equivalent
groups on all measured and unmeasured
confounders

 Gold Standard for causal inference



Randomized Controlled Trials

* Advantages

— Least subject to biases of all study designs
(IF designed and implemented well...!)



Randomized Controlled Trials

o [ antage
— Intent-to-treat
— Loss-to-follow-up
— Randomization issues

— Not all exposures can be “treatments’, i.e. are
assignable

— Note: for reporting of RCTs see
Altman DG, et al. CONSORT GROUP (Consolidated Standards of
Reporting Trials). Ann Intern Med. 2001 Apr 17;134(8):663-94.



Research Question

e To determine whether resident’s attitudes and

skills in diabetes management and counseling
change after a curricular intervention.

e To determine whether patient outcomes related

to diabetes (i.e. weight, smoking status) change
after a curricular intervention among residents.

Hypothesis

e Attitudes and skills related to diabetes
management and counseling will improve among
residents after a curricular intervention.

* fewer patients with diabetes will smoke over time
after a curricular intervention among residents.



Randomization Strategies

 Randomly assigned
e Quasi-randomization

* Block randomization — method of
randomization that ensures that at any point
in the trial, roughly equal numbers of
participants have been allocated to the
comparison groups



Ethical Consideration

JEthical Approval
JConsent Form
JInformation Sheet
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Study Design

* Must be defensible

* Drives conclusions:
What do you want to be able to
say at the end of the study?
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