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To get yourself ready:

1. Go to www.mentimeter.com
2. Enter the code: 3742 5936
3. Wait for the 1st question

!!! WARNING !!!

Your participation will be 
expected during this lecture

http://www.mentimeter.com/


Question #1
Mentimeter code: 3742 5936

What is your current job?
- Clinician
- Nurse
- Student
- Researcher
- Other



Aims

The aims of this session are:
1. To engage with participants (through Mentimeter)
2. To develop critical thinking in relation to numbers
3. To highlight differences between measures
4. To introduce common measures of disease burden
5. To provide an introduction to spatial statistics
6. To offer short hands-on opportunities to put theory into practice
7. To suggest a few resources to find out more



Question #2
Mentimeter code: 3742 5936

For you, what is epidemiology?

Please use one or a few 
keywords that you think best 
describe this discipline.



Outline

1. Epidemiology
2. Burden of disease
3. Statistics
4. Challenges & biases
5. Spatial epidemiology
6. Spatial statistics / geostatistics



1. Epidemiology

• Study the number of patients 
affected by a condition within a 
population.

• Study their distribution within an 
area

• Provide evidence to monitor 
diseases, identify risk factors, 
assess interventions, define 
strategies, allocate resources, …

Epidemiology

Spatial epidemiology

Public health



1. Epidemiology

The larger 
the study, 
the better

Cost to 
generate 

the 
evidence

Source: 
https://www.chemicalsafetyfacts.org/are-

epidemiology-studies-good-tools-for-evaluating-
chemical-safety/



Question #3
Mentimeter code: 3742 5936

How many individuals have 
sickle cell disease worldwide?

A. 1 million
B. 10 million
C. 30 million
D. 100 million
E. I don’t know



1. Epidemiology
Number of patients: USA

Number of individuals 
with SCD not known

High-income country 
with universal 

newborn screening 
programme, good 

census and mortality 
data

Exact number not 
known (est. between 
104,000 and 138,900)

Variations between 
States



1. Epidemiology
Number of patients: UK

“There is no reliable estimate of the total number of people living with SCD in the UK, to
support commissioners and providers of services for people with SCD.”

“Information was requested from all national databases known to hold information on the
number of people living with SCD in the UK.” […]

“This process indicated there are about 14000 people living with SCD in the UK. This is
equivalent to 1 in 4600 people.”



1. Epidemiology
Registries, censuses and surveys

The National Haemoglobinopathy Registry (NHR) is a database of patients
with red cell disorders (mainly Sickle Cell Disease and Thalassaemia Major)
living in the UK. This new database collects data, which is required by the
Department of Health from Haemoglobinopathy centres. The central aim of
the registry is to improve patient care.

Last update was on the 28th May 2020: 14,803 patients, incl. 12,638 SCD,
1,755 Thalassaemia, and 410 Other.



1. Epidemiology
Registries, censuses and surveys

• Decennial census are conducted in many countries
• Last one in UK in 2011. Next census in England and Wales in 2021.
• Most detailed and complete source of demographics, socio-economic, … 

data.
• “The census is a once-in-a-decade survey that gives us the most accurate 

estimate of all the people and households in England and Wales.”
• Often complemented or replaced by more frequent but smaller surveys.



1. Epidemiology
Registries, censuses and surveys

Demographic Health Surveys – Nigeria 2018
• The 2018 NDHS is a national sample survey that provides up-to-date 

information on demographic and health indicators.
• representative sample of approximately 42,000 households was selected for 

the survey.
• In total, 11,536 (unweighted) children were eligible for the SCD test, of 

whom 97% were successfully tested.



1. Epidemiology
Numerator & Denominator

Number of patients with sickle cell disease in the UK

Total population of the UK



Hands-on #1a

A. If we have 14,000 individuals 
with SCD in the UK and a total 
population of 66.5 million, what is 
the prevalence of SCD in the UK?

B. How can we make this a 
comparable measure between 
multiple countries?



Hands-on #1a

If we have 14,000 individuals with SCD 
in the UK and a total population of 66.5 
million, what is the prevalence of SCD 
in the UK?

1. 0.021

2. 0.0021

3. 0.00021



Hands-on #1b

How can we make this a 
comparable measure between 
multiple countries?



Hands-on #1b

How can we make this a 
comparable measure between 
multiple countries?

1. 2.1/1,000

2. 2.1/10,000

3. 2.1/100,000



1. Epidemiology
Prevalence
Prevalence is the proportion of a population who have a specific characteristic
in a given time period.
• Point prevalence is the proportion of a population that has the characteristic at a specific

point in time.
• Period prevalence is the proportion of a population that has the characteristic at any

point during a given time period of interest. “Past 12 months” is a commonly used
period.

• Lifetime prevalence is the proportion of a population who, at some point in life has ever
had the characteristic.



1. Epidemiology
Example: Local screening of 1,200 babies

• Nigerian Population: 196,172,000 (2018)
• Nigerian Birth rate: 36.9 births/1,000 population (2017 est.)

=> Annual births = 7,238,750

• AA = 972 ; AS = 216 ; SS = 12

=> Allele frequency = 10%

• AA = 973 ; AS = 217 ; SS = 10

=> Allele frequency = 9.13%

Estimated number of SS annual births in Nigeria:

=> Annual SS births = 72,388 => Annual SS births = 60,340



1. Epidemiology
Incidence
Incidence is a measure of the number of new cases of a characteristic that 
develop in a population in a specified time period; whereas prevalence is the 
proportion of a population who have a specific characteristic in a given time 
period, regardless of when they first developed the characteristic.
Researchers may study incident (new) cases of illnesses to help identify 
causes and prevent additional cases.

Example: New cases of sickle cell disease in the UK in 2019?

1. New births – data from Universal Newborn Screening Programme
2. New cases due to migration - more difficult to monitor (e.g. legal vs illegal).



2. Burden of disease
Measures

• Mortality
• Morbidity
• Years of Life Lost (YLLs)
• Years Lost due to Disability (YLDs)
• Disability Adjusted Life Years (DALYs)



2. Burden of disease
Mortality: Frequently Used Measures of

Measure Numerator Denominator 10n

Crude death 
rate

Total number of deaths during a given time 
interval Mid-interval population 1,000 or

100,000

Cause-specific 
death rate

Number of deaths assigned to a specific 
cause during a given time interval Mid-interval population 100,000

Proportionate 
mortality

Number of deaths assigned to a specific 
cause during a given time interval

Total number of deaths from all causes 
during the same time interval 100 or 1,000

Death-to-case 
ratio

Number of deaths assigned to a specific 
cause during a given time interval

Number of new cases of same disease 
reported during the same time interval 100

https://www.cdc.gov/ophss/csels/dsepd/ss1978/lesson3/section3.html

https://www.cdc.gov/ophss/csels/dsepd/ss1978/lesson3/section3.html


2. Burden of disease
Morbidity: Frequently Used Measures of

Measure Numerator Denominator

Incidence Proportion Number of new cases of disease during 
specified time interval

Population at start of time interval

Rate Number of new cases of disease during 
specified time interval

Summed person-years of 
observation or average population 
during time interval

Prevalence Point prevalence Number of current cases (new and pre-
existing) at a specified point in time

Population at the same specified 
point in time

Period prevalence Number of current cases (new and 
preexisting) over a specified period of 
time

Average or mid-interval population

https://www.cdc.gov/ophss/csels/dsepd/ss1978/lesson3/section2.html

https://www.cdc.gov/ophss/csels/dsepd/ss1978/lesson3/section2.html


Question #4
Mentimeter code: 3742 5936

What is a birth prevalence?
A. A point prevalence
B. An incidence at birth
C. A period prevalence
D. A birth count 
E. I don’t know



2. Burden of disease
YLLs, YLDs and DALYs

Measure Definition Equation

Years of life lost 
(YLLs)

Mortality Number of deaths x standard life expectancy at age of death in 
years

N x L

Years lost due to 
disability (YLDs) 

Morbidity Number of incident cases x disability weight x average duration 
of the case until remission or death (years)

I x DW x L

Disability Adjusted 
Life Years (DALYs)

Mortality & 
Morbidity

Sum of the Years of Life Lost due to premature mortality in the 
population and the Years Lost due to Disability for people living 
with the health condition or its consequences

YLL + YLD



2. Burden of disease
Global burden of disease
• The Global Burden of Diseases, Injuries and Risk Factors Study (GBD) is a

comprehensive regional and global assessment of mortality and disability from major
diseases, injuries, and risk factors. GBD is a collaboration of over 2,000 researchers
representing over 300 institutions and 50 countries.

• Started in the 1990s; updated in 2010 (GBD2010) and 2013 (GBD2013); on an annual
basis since 2016 (GBD2015, GBD2016,…).

• Includes haemoglobinopathies since GBD2010.
• Included sub-national data for a few countries in the GBD2013 (incl. UK and China).
• Using complex modelling algorithm developed for all diseases together, rather than

each disease individually.
• Developing a wide range of visualization tools available at:
http://vizhub.healthdata.org/.

http://vizhub.healthdata.org/


2. Burden of disease
Global burden of disease



Question #5
Mentimeter code: 3742 5936

According to GBD estimates, 
DALYs in under 5s due to sickle 
cell disease are:

A. Within the top 10  
B. Within the top 20
C. Within the top 40
D. Within the top 100
E. Not ranked



2. Burden of disease
Global burden 
of disease

2015

<5 yr
old

DALYs



4. Challenges & biases
Association vs causality
• Statistics can only show associations or correlations.
• Statistics can never show causation!
• Deriving out causality from Observational data is very difficult and non-

conclusive. For a conclusive result on causality, we need to do randomized 
experiments.

• Causation can be inferred from experimental design or theory combined 
with statistical association(s).

Example: A study of the impact of air pollution on sickle cell crises in UK
patients finds a strong correlation between peaks of ozone (O3) and severe
health events. Are crises triggered by air pollution?



4. Challenges & biases
Representativeness

• Very important that how we draw random 
samples from the population.

• Very important to assess the representativeness 
of the study population.

Example: Study of hydroxyurea adherence of 20 
volunteers recruited through the UK Sickle Cell 
Society. Good sampling?



4. Challenges & biases
Small numbers

Geographical unit
(England, 2011 Census) Number of units Population per unit

Country 1 53 107 000

Local authority 324 25 000–1 000 000

MSOA 6791 5000–15 000

LSOA 32 844 1000–3000

Census output area 171 372 100–625

Postcode 1 745 912 43

Address/household 22 000 000 2.4

Individual 53 107 000 1

Hierarchical administrative units used in England, illustrating the inverse relationship between the size of a unit and its population
Based on information available from the Office for National Statistics (ONS) [www.ons.gov.uk/methodology/geography/ukgeographies/censusgeography].
MSOA, middle layer super output area; LSOA, lower layer super output area.

Piel et al 2020. Int. J. Epi.

http://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeography


4. Challenges & biases
Information governance
- Responsibility to protect privacy 

and confidentiality of 
sensitive/personal data

- Training
- Encryption
- Strong passwords
- Pseudonymisation/Anonymisation
- Removing small numbers
- …

- Particularly important in 
international/network projects



Question #7
Mentimeter code: 3742 5936

What is pseudonymisation?
A. A way of adding randomness to 

data
B. An irreversible way of 

anonymizing data
C. A reversible way of anonymizing 

data 
D. A way of removing part of the 

data to preserve confidentiality
E. I don’t know



4. Challenges & biases

Other challenges worth mentioning

1. Complex spatial modelling can be computationally intensive.

2. Processing data on multiple conditions (e.g. HbS and HbC) within the 
same modelling framework.

3. Processing different types of data (e.g. points and polygons) within the 
same modelling framework.



5. Spatial Epidemiology
Disease distribution

Malaria Sickle cell disease



5. Spatial Epidemiology
Disease distribution

n = 1,211
Piel et al 2013. Lancet



5. Spatial Epidemiology
Georeferencing/geolocation

- Based on geographic coordinates 
(latitude/longitude)

- Be aware of datum and projection 
used.

- Based on place name
- Usually require additional 

information
- Be aware of multiple places with 

similar names.

Place Type 

Bristol, Colorado unincorporated community 

Bristol, Connecticut city 

Bristol, Florida city 

Bristol, Georgia city 

Bristol, Illinois unincorporated community 

Bristol, Indiana town 

Bristol, Iowa township 

Bristol, Louisiana Populated place 

Bristol, Maryland unincorporated community 

Bristol, Maine town 

Bristol, Michigan unincorporated community 

Bristol, Minnesota township 

Bristol, Missouri populated place 

Bristol, Nevada ghost town 

Bristol, New Hampshire town 

Bristol, New York town 

Bristol, Ohio unincorporated community 

Bristol, Pennsylvania borough 

Bristol Township, Pennsylvania township 

Bristol, Rhode Island town 

Bristol, South Dakota city 

Bristol, Tennessee city 

Bristol, Texas community 

Bristol, Vermont town 

Bristol, Virginia city 

Bristol, Washington community 

Bristol, Dane County, Wisconsin town 

Bristol, Kenosha County, Wisconsin town 

Bristol, West Virginia town 

29 “Bristol” in the US

https://en.wikipedia.org/wiki/Bristol,_Colorado
https://en.wikipedia.org/wiki/Bristol,_Connecticut
https://en.wikipedia.org/wiki/Bristol,_Florida
https://en.wikipedia.org/wiki/Bristol,_Georgia
https://en.wikipedia.org/wiki/Bristol,_Illinois
https://en.wikipedia.org/wiki/Bristol,_Indiana
https://en.wikipedia.org/w/index.php?title=Bristol,_Iowa&action=edit&redlink=1
https://en.wikipedia.org/wiki/Bristol,_Louisiana
https://en.wikipedia.org/wiki/Bristol,_Maryland
https://en.wikipedia.org/wiki/Bristol,_Maine
https://en.wikipedia.org/wiki/Bristol,_Michigan
https://en.wikipedia.org/wiki/Bristol_Township,_Fillmore_County,_Minnesota
https://en.wikipedia.org/w/index.php?title=Bristol,_Missouri&action=edit&redlink=1
https://en.wikipedia.org/wiki/Bristol,_Nevada
https://en.wikipedia.org/wiki/Bristol,_New_Hampshire
https://en.wikipedia.org/wiki/Bristol,_New_York
https://en.wikipedia.org/wiki/Bristol,_Ohio
https://en.wikipedia.org/wiki/Bristol,_Pennsylvania
https://en.wikipedia.org/wiki/Bristol_Township,_Pennsylvania
https://en.wikipedia.org/wiki/Bristol,_Rhode_Island
https://en.wikipedia.org/wiki/Bristol,_South_Dakota
https://en.wikipedia.org/wiki/Bristol,_Tennessee
https://en.wikipedia.org/wiki/Bristol,_Texas
https://en.wikipedia.org/wiki/Bristol,_Vermont
https://en.wikipedia.org/wiki/Bristol,_Virginia
https://en.wikipedia.org/wiki/Bristol,_Washington
https://en.wikipedia.org/wiki/Bristol,_Dane_County,_Wisconsin
https://en.wikipedia.org/wiki/Bristol,_Kenosha_County,_Wisconsin
https://en.wikipedia.org/wiki/Bristol,_West_Virginia


5. Spatial Epidemiology
Geographical information systems

- Framework for gathering, managing, and
analysing data.

- Rooted in the science of geography, GIS
integrates many types of data.

- It analyses spatial location and organizes
layers of information into visualizations
using maps and 3D scenes.

- GIS reveals deeper insights into data, such
as patterns, relationships, and situations—
helping users make smarter decisions.

- Widely used software: ArcGIS/ArcMAP
(licence), QGIS (free)

MAPS DATA

ANALYSIS APPS



Question #8
Mentimeter code: 3742 5936

What is the underlying 
assumption in spatial analysis?

A. Patterns are random  
B. Nearby things are more similar 
C. Everything is related to 

everything
D. Don’t know



6. Spatial statistics
Geostatistics

• First law of geography (Tobbler): 

“Everything is related to everything else, but near things are more 
related than distant things.“



6. Spatial statistics
Geostatistics



6. Spatial Epidemiology
Disease distribution

n = 1,211
Piel et al 2013. Lancet



6. Spatial Epidemiology
Disease distribution

Piel et al 2013. Lancet



6. Spatial Statistics
SCA birth prevalence

(HbS allele frequency)2

Population

Crude birth rate

X X

Piel et al 2013. Lancet



Hands-on #4
Mentimeter code:3742 5936

The 2018 Nigeria survey found an 
HbS allele frequency of 10.03% in 
the North Central region. The area 
covers a population of 29,252,408. 
The crude birth rate is 38 per 
1,000.

How many SCA births should I 
expect?

https://dhsprogram.com/pubs/pdf/FR359/FR359.pdf



Hands-on #4
Mentimeter code: 3742 5936

How many SCA births should I 
expect per year in North Central?

SS frequency = 0.10032 = 0.01006

SCA births = 0.01006 * 0.038 * 29,252,408

= 11,182

https://dhsprogram.com/pubs/pdf/FR359/FR359.pdf



6. Spatial Statistics

Hockham et al 2018. Sci. Rep



6. Spatial Statistics
We used a generalised additive modelling (GAM) approach to examine associations
between the observed allelic counts from survey data with a series of predictor variables
(or covariates):

(i)   geographical location, given by latitude and longitude in decimal degrees, 
(ii)  historical rates of malaria 
(iii) contemporary rates of malaria
(iv) two urbanisation proxies

Regression inference on complex, non-linear, relationships between a given response
variable and multiple predictor variables, using smooth, nonparametric thin-plate spline
functions:

𝑙𝑙(𝐸𝐸(𝑌𝑌))=𝑎𝑎+𝑠𝑠1(𝑥𝑥1)+𝑠𝑠2(𝑥𝑥2)+⋯+𝑠𝑠𝑛𝑛(𝑥𝑥𝑛𝑛)+⋯+𝑥𝑥𝑝𝑝

Hockham et al 2018. Sci. Rep



6. Spatial Statistics
Spatial smoothing – small area studies

Standardised Incidence Ratio of female 
leukaemia adjusted for age and deprivation

Smoothed Relative Risk of female leukaemia 
incidence adjusted for age and deprivation

Without Bayesian smoothing With Bayesian smoothing

Piel et al 2020. Int. J. Epi.



Question #9
Mentimeter code: 3742 5936

Which of these 2 maps is a more 
accurate picture of leukemia in 
England?

A. Without smoothing 
B. With smoothing

A B



To learn more
References
- Imperial Coursera Global Master in Public Health: 

https://www.coursera.org/degrees/global-mph-imperial
- BMJ educational material: https://www.bmj.com/about-bmj/resources-

readers/publications/epidemiology-uninitiated/1-what-epidemiology
- Open Source Epidemiologic Statistics for Public Health: 

http://www.openepi.com/Menu/OE_Menu.htm
- R SpatialEpi package: https://cran.r-

project.org/web/packages/SpatialEpi/index.html
- Statistics notes in the BMJ: https://www-

users.york.ac.uk/~mb55/pubs/pbstnote.htm

https://www.coursera.org/degrees/global-mph-imperial
https://www.bmj.com/about-bmj/resources-readers/publications/epidemiology-uninitiated/1-what-epidemiology
http://www.openepi.com/Menu/OE_Menu.htm
https://cran.r-project.org/web/packages/SpatialEpi/index.html
https://www-users.york.ac.uk/%7Emb55/pubs/pbstnote.htm


Part II
Designing a population screening project

Preliminary reflections

Dr Frédéric B. Piel
Senior Lecturer in Spatial Epidemiology

School of Public Health
Imperial College London

21st April 2021



1. Aim

- What is the purpose of the screening project?
- Monitoring?
- Prevention?
- Planning?

- Single or multiple health outcomes?

- What are the characteristics of the disease(s)?



1. Aim



2. Budget
- Who is going to fund the study?
- Study area: 

- single setting? Multiple settings?
- High vs low prevalence
- Accessibility

- Study period
- Staff needed
- Equipment needed
- Sample size needed (power calculation for statistical significance)
- Follow up
- Impact



3. Design



3. Design
What efforts are already ongoing in my study area?

=> Building on existing capacity often makes sense.



4. Population
- Inclusion/exclusion criteria

- Age
- Sex
- Ethnicity
- Socio-demographic characteristics

- Biases
- Representativeness / Selection bias
- Detection bias
- Observer/interview bias
- Misclassification



5. Sampling

Source: http://dx.doi.org/10.26685/urncst.16

http://dx.doi.org/10.26685/urncst.16


5. Sampling



6. Size

Source: http://dx.doi.org/10.26685/urncst.16

The bigger, the better?

http://dx.doi.org/10.26685/urncst.16


7. Data management & analysis

- Data recording
- Software
- Backup
- Data privacy/confidentiality

- Quality assessment
- Staff training
- Data reliability
- Monitoring

- Evaluation
- Impact

E.g. Dharma platform

https://dharmaplatform.com/

https://dharmaplatform.com/


8. Screening results

- Communication
- Genetic counselling?

- Staff training
- Cultural acceptance

- Storage
- Paper records vs digital records
- Duplications
- Long term



9. Impact assessment
How are you going to demonstrate the impact of screening?

- Reduction in mortality?
- Reduction in morbidity?
- No changes?



Thank you!



Feedback
Mentimeter code: 3742 5936

A. How would you rate this 
lecture from:

1. Useless      
2. Not very useful
3. A good refresher
4. Useful
5: Very useful



Feedback
Mentimeter code: 3742 5936

B. Was the level of this lecture 
right for you?

1. Very easy
2. Easy
3. Just right
4. Difficult
5. Very difficult  
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