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UP-ART training sessions

Session Date/time Overview of content to be covered

Research Methods 

Part 1: Study design 

Friday 2nd July 

12pm-2pm 

Uganda

What are randomised trials, cohorts, case control, cross sectional 

studies, and when to use each design

Research Methods 

Part 2: Introduction to 

Statistical Analysis I

Friday 9th July 

12pm-2pm 

Uganda

Descriptive statistics, confidence intervals, hypothesis testing and 

p-values

Research Methods 

Part 3: Introduction to 

Statistical Analysis II

Friday 23rd July 

12pm-2pm 

Uganda

Odds ratio/risk ratio/risk difference, survival analysis, 

incidence/prevalence, methodological issues in statistical analysis 

(such as bias and confounding)

Journal club TBC



UP-ART training sessions

Session Date/time Overview of content to be covered

Paediatric HIV Study 

coordination and 

governance; Safety 

studies and 

assessment

Tuesday 13th July

2pm-4.30pm 

Uganda

Study coordination and governance: Sharing experiences from the 

UK CHIPS study: running a clinical network, feedback of data to 

sites, dissemination of findings to patients/families.

Safety studies and assessment: examples of pharmacovigilance 

studies conducted and their findings. Capturing safety data, 

including definitions, causality and severity.

Cohort collaborations, 

informing policy 

makers, modellers

TBC



Aim of session

To outline the different study designs which are used in 

experimental and observational studies

• Strengths and weaknesses of different designs 

• Which designs are most appropriate for answering different research 

questions

• How the different designs may complement each other



Outline

• Overview of study designs

• Experimental studies (clinical trials)

➢Activity

• Observational studies 
• Descriptive studies / case series

• Cross sectional studies

• (break!)

• Case control studies

• Cohort studies

➢Activity

• Selecting a study design



OVERVIEW OF STUDY 

DESIGNS



Experimental v observational

Experimental (Clinical Trials)

• Studies which evaluate a new treatment or intervention and compare outcomes 

in treated and untreated, or conventionally treated, group

Observational 

• Studies which involve careful recording of exposures, treatments and outcomes 

as they occur normally or routinely, with no study-specific intervention or 

treatment



Hierarchies of Research Design

www.cebm.net

Observational

Experimental



Another view

Based on Darren L Dahly, Twitter @statsepi

Thoughtful, 

well-conducted 

studies of any 

design

The other garbage

Important to consider 

quality at

every level



Why is high-quality research important?

• Provide an evidence base to inform treatment guidelines and improve patient 

care

WHO Consolidated HIV guidelines 2016 



Did investigator assign exposures?

Experimental Observational

Yes No

Randomised 

controlled trial

Non-

randomised 

controlled trial

Comparison group?

Descriptive studies/ 

case reports
Analytical 

Yes No

Cross-sectional Case control Cohort

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research



EXPERIMENTAL 

STUDIES/ 

CLINICAL TRIALS



Experimental v observational

Experimental (Clinical Trials)

• Studies which evaluate a new treatment or intervention and compare outcomes 

in treated and untreated, or conventionally treated, group

Observational 

• Studies which involve careful recording of exposures, treatments and outcomes 

as they occur normally or routinely, with no study-specific intervention or 

treatment



Design: Simple parallel RCT

Control Group

SCREENING

(Confirm eligibility 

criteria)

RANDOMISE

Interventional 

Group

ASSESS OUTCOME

follow up follow up 



Types of question

• Can answer different types of questions

– Treat illnesses by testing new or existing medicine (treatment trial)

– Prevent illnesses by testing a vaccine (prevention trial)

– Detect or diagnose illnesses by testing a scan or blood test (diagnostic trial)

– Find out how best to manage patients (strategy trial)

• Main question of interest in our trial = “primary outcome”

– Look at other additional questions too = “secondary outcomes” 

– E.g. acceptability, quality of life, costs, cost-effectiveness



Features of a clinical trial

• Features of a ‘good’ clinical trial

1) Use of a control group

2) Randomisation

3) Blinding 

4) Sufficient sample size



1) Control Group

• A comparator group of participants who do 

not receive the experimental intervention

• Important to determine if the new intervention 

works

• Control serves as a standard or reference 

population

• Should receive the best current 

treatment/standard of care or a placebo if 

no existing treatment 



Parallel 2-arm trial: PACTG 076
Q: Can antiretrovirals reduce the risk of mother to child transmission of HIV? 

18

Placebo 22.6%
ZDV 7.6%

14-34 wks gestation Sperling et al. NEJM,1996

Pregnancy IP  Infant

Non Breastfeeding mothers

HIV+ Pregnant women and infants

Placebo ZDV



2) Randomisation: to minimise bias and confounding

Intervention

Control 



What if we do NOT randomise?
• If doctors select the intervention?

• If participants select the intervention?

Selection bias (healthiest 
or sickest in one arm) Confounding (difference 

in key characteristics)

Successful randomisation: (i) Protect against selection bias,                

(ii) minimise confounding of known and unknown prognostic factors; 

(iii) randomised groups will have similar baseline characteristics

• Bias is: ‘tendency of an estimate to deviate from a true value’ → impact 

validity and reliability of the study findings. Important to minimise bias.

Intervention



3) Blinding

• Allocation of treatment is hidden from the study participants, doctors or 

those evaluating study outcomes

• Helps to:

– Ensure no differences in the way in which each group is assessed or managed

– Minimises information bias (reporting/observer bias) - when one has a prior interest or 

belief that a treatment is better or worse than another



Blinding

• Not always possible or appropriate



4) Large enough sample size

• Includes enough people to answer the hypothesis

• Trials that aren’t large enough = lack the statistical power to detect clinically 

important differences between groups



Alternative types of clinical trial design

• Factorial design

• Cluster-randomised trial



Factorial design: test multiple hypotheses

Ford et al. JAIDS 2018: 78 (S1)
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Cluster-randomised trials

⚫ Intervention assigned to groups e.g. household, school, GP clinics or community

70 clusters of villages

Randomisation

35 clusters
IRS with DDT 

plus LLINs

35 clusters
LLINs

Cluster-randomised trial of indoor residual spraying (IRS) with DDT to prevent 
malaria, the Gambia

Pinder et al. Lancet; 2015; 385; 1436-46



Strengths Weaknesses

Can provide strongest evidence for the 

effectiveness and safety
Very expensive and time consuming

Best design to draw conclusions on causality

(clear sequence of events)
Often limited follow-up

Randomisation is a powerful tool to control for 

confounding (known + unknown factors), 

minimise selection bias

Inefficient for rare events or diseases with 

delayed outcomes

Blinding minimizes bias
Ethical constraints: not always ethical or 

feasible to randomise

Can test multiple hypotheses (e.g. factorial 

design)

Complex design and analysis if cluster 

randomised trial

Can assess incidence of disease and multiple 

outcomes

Generalisability: those enrolled in trials may not 

be representative of the target population



ACTIVITY!

• Go to www.menti.com and enter the code 2908 5998

– Or follow the direct link in the chat https://www.menti.com/4tu8ehn9o4

• Answer the multiple choice questions on the screen

https://www.menti.com/4tu8ehn9o4


QUIZ – Q1

A randomised controlled trial (RCT) could be used to answer which of 

the following research questions?

A. Does smoking increase the risk of liver cancer in adults living with HIV?

B. Is rotavirus vaccination safe and effective in children living with HIV?

C. Does HIV infection increase the risk of having a small for gestational age baby?



QUIZ – Q2

Which is the main reason for blinding in an RCT?

A. To reduce confounding 

B. To increase the power of the RCT

C. To protect against information bias



QUIZ – Q3

An RCT is being conducted to determine whether promotion of hand 

washing in primary schools  reduces risk of  gastrointestinal infections 

in school children. Schools are randomised to receive promotional 

materials. What sort of trial is this?
A. Factorial

B. Cluster

C. Parallel



OBSERVATIONAL 

STUDIES



Experimental v observational

Experimental (Clinical Trials)

• Studies which evaluate a new treatment or intervention and compare outcomes 

in treated and untreated, or conventionally treated, group

Observational 

• Studies which involve careful recording of exposures, treatments and outcomes 

as they occur normally or routinely, with no study-specific intervention or 

treatment



Why not do an RCT?

• Impossible / unethical to randomise
• Does smoking cause dementia?

• Does diabetes increase risk of tuberculosis?

• Insufficient evidence to justify a trial

• May need a very large sample size, e.g. for rare outcomes, which is not 
practical/feasible to achieve

• Do not provide answers how effective the intervention in routine settings

• Usually take long time to complete



Choosing the appropriate design …

• Observational studies and RCT can compliment each other: 



Did investigator assign exposures?

Experimental Observational

Yes No

Randomised 

controlled trial

Non-

randomised 

controlled trial

Comparison group?

Descriptive studies/ 

case reports
Analytical 

Yes No

Cross-sectional Case control Cohort

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research

36



Descriptive studies

• Describe the frequency of a disease in a population

• Trends over time, by population group and geographical regions

• Limited quantitative assessment of risk factors

• Data sources may be:

• Routine statistics e.g. hospital admissions, causes of death

• Surveys, special disease registries Number of reported COVID-19 cases by region
Source: ECDC, https://www.ecdc.europa.eu/en/geographical-

distribution-2019-ncov-cases



Case reports and case series

• Case reports

• Detailed descriptions of one or a few cases 

• Unusual disease, complication, or unusual outcome 

• Case series: collection of patients with common characteristics

• Critical for new emerging diseases

• Key limitation: no comparison group

JAMA 2020 Jun 8;e2010369. doi: 10.1001/jama.2020.10369



Did investigator assign exposures?

Experimental Observational

Yes No

Randomised 

controlled trial

Non-

randomised 

controlled trial

Comparison group?

Descriptive studies/ 

case reports
Analytical 

Yes No

Cross-sectional Case control Cohort

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research



Time

1. Cross sectional study

3. Cohort study

Exposure

Exposure

Now

Outcome

Outcome

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research

Exposure

2. Case control study

Outcome

Outcomes:

Cancer
HIV infection
Death
Mental health
Hospitalisation
Hospital discharge
Pregnancy
Weight loss

Exposures:

Age
Sex

Ethnicity
Smoking status

Year
HIV status

Drug treatment
Vaccination



CROSS-SECTIONAL STUDIES



Did investigator assign exposures?

Experimental Observational

Yes No

Randomised 

controlled trial

Non-

randomised 

controlled trial

Comparison group?

Descriptive studies/ 

case reports
Analytical 

Yes No

Cross-sectional Case control Cohort

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research



Cross-sectional studies

• Observe presence or absence of exposures AND 
outcomes at the same time point

• Advantages: cheap, quick, useful for estimating 
prevalence 

• Limitation: does exposure precede outcome? (Could it 
have caused the outcome?)

Time

Cross sectional study

Exposure

Outcome



Cross sectional studies

Population

Exposed with 

disease

Unexposed with 

disease

Exposed without 

disease

Unexposed 

without disease

Now

Sample of 

population



Cross sectional study examples

• Prevalence of multi-system 

impairment in adolescents with 

perinatal HIV 

• Prevalence of liver disease in 

adults living with HIV



Example: exercise and cardiovascular disease (CVD)

• A cross-sectional study might find that people with cardiovascular 

disease do less exercise than people without (on average)



Example: exercise and cardiovascular disease (CVD)

• A cross-sectional study might find that people with cardiovascular 

disease do less exercise than people without (on average)

→ Lack of exercise leads to CVD?

Or CVD makes exercise difficult?



Strengths Weaknesses

Quick and cheap to conduct Cannot assess incidence

Useful for providing evidence for planning future 

studies/trials

Inefficient for studying rare exposures and 

outcomes

Useful for estimating prevalence Difficult to determine sequence of events

Can explore associations between multiple 

exposures and outcomes



CASE CONTROL STUDIES



Did investigator assign exposures?

Experimental Observational

Yes No

Randomised 

controlled trial

Non-

randomised 

controlled trial

Comparison group?

Descriptive studies/ 

case reports
Analytical 

Yes No

Cross-sectional Case control Cohort

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research



Case-control studies

Population

Cases

(with disease)

Controls

(without disease)

Exposed

Unexposed

Exposed

Unexposed

Direction of enquiry

Now



Case-control example

BMJ Open. 2020 Mar 25;10(3):e036723. doi: 10.1136/bmjopen-2019-036723

• Cases: children with HIV

• Controls: children without HIV, matched for age, sex and neighbourhood

• Risk factors for HIV to be assessed: use of healthcare services, injections, 

surgery, blood transfusions



UP-ART case-control study

n=700 on ‘stable ART’ at transition to DTG & 

consented to the sub-study providing baseline 

sample at DTG start

n=595 (85%) in follow-up at 12m

n=535 (90%) VL<1000 by 12m 

of DTG, 

3:1 ratio = 177

n=59 (10%) VL≥1000 by 

12m of DTG

CASESCONTROLS

Assume 15% loss to 

follow-up

Outcome of interest: 

viral suppression at 

12mo of DTG

Were the cases more likely to 

have had detectable viral 

load and drug resistance at 

DTG start as compared to the 

controls?



Case control studies - Thalidomide

• “Wonder drug" for insomnia, colds, headaches

• Licensed in 1957/58

• Effective over the counter anti-sickness agent, used by pregnant 

women for morning sickness

• Case reports of links to congenital anomalies



Thalidomide and congenital 

abnormalities

Sir, Congenital abnormalities are present 

in approximately 1.5% of babies. In recent 

months I have observed that the incidence 

of multiple severe abnormalities in babies 

delivered of women who were given the 

drug thalidomide (‘Distaval’) during 

pregnancy, as an anti-emetic or as a 

sedative, to be almost 20%. 

[…]

Have any of your readers seen similar 

abnormalities in babies delivered of 

women who have taken this drug during 

pregnancy?

McBride WG.  Thalidomide and congenital abnormalities.  Lancet 1961; 278: 1358



Thalidomide Case-control study

46

children with limb 

malformations

300 children without 

malformations

0 mums used 

thalidomide

300 didn’t use 

thalidomide

41 mums 

used 

thalidomide

5 didn’t use 

thalidomide

Cases

Controls

Mellin GW, Katzenstein M. N Engl J Med 1962; 267: 1238-44.

Limb 
malformations

No limb 
malformations

Thalidomide 41 0

No Thalidomide 5 300



Case-control study

• Select a ‘case’ group of people who have the outcome of interest and a ‘control’ 

(or comparison) group without the outcome 

– Compare the proportions with the exposure of interest in each group 

– Establish whether exposure to any past factor has occurred more or less 

frequently in cases than controls

• Can study conditions with a long latency period, e.g. tobacco smoking and lung 

cancer

– http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2038856/pdf/brmedj03566-

0003.pdf

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2038856/pdf/brmedj03566-0003.pdf


Strengths Weaknesses

Quicker and cheaper than cohort 

studies

Cannot usually be used to assess 

incidence

Useful for rare outcomes Inefficient for studying rare exposures

Useful for evaluation of diseases with 

a long latent period

Difficult to determine sequence of 

events

Can explore associations between 

multiple exposures and a single 

outcome

Selection and recall bias



COHORT STUDIES



Did investigator assign an intervention?

Experimental Observational

Yes No

Randomised 

controlled trial

Non-

randomised 

controlled trial

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research

Cross-sectional Case controlCohort



Time

Cross sectional study

Cohort study

Exposure

Exposure

Now

Outcome

Outcome

Adapted from Schulz and Grimes, The Lancet Handbook of Essential Concepts in Clinical Research

Time/ exposures & outcomes

Exposure

Case control study

Outcome



Cohort study: Take a sample of a population and see what 

happens to them…

Sample of 

population

exposed

unexposed

healthy

disease

healthy

disease
Follow-up time

Now



Cohort studies

• Observe a group sharing a characteristic (cohort)

• There may be two groups – “exposed” and “unexposed”

• Follow cohort longitudinally

• Determine who experiences the outcome
– Lung cancer, death; cognitive function, HIV-related morbidity

– Incidence rates

• Looks forward (prospective) from exposure to outcome
– Stronger causal inferences than cross-sectional designs (Bradford Hill and causality)



Examples of cohort studies

• Uganda Birth Cohort Study (UBC)– longitudinal prospective cohort study of 

pregnant women and their newborns (https://clinicaltrials.gov/ct2/show/NCT04233944)

• European Pregnancy and Paediatric HIV Cohort Collaboration (EPPICC)-

multi-country cohort collaboration conducting epidemiological research on 

pregnant women and children living with HIV, and children exposed to HIV in 

utero https://www.ctu.mrc.ac.uk/studies/all-studies/e/eppicc/

• PIAMA Birth cohort- Dutch longitudinal prospective cohort study of pregnant 

women and their newborns (https://piama.iras.uu.nl/)

https://clinicaltrials.gov/ct2/show/NCT04233944
https://www.ctu.mrc.ac.uk/studies/all-studies/e/eppicc/
https://piama.iras.uu.nl/


Uganda Birth Cohort Study (UBC) 

• Enrolled >3000 women and infant pairs from 2014 to 2016

• Recruited participants in 8 subcounties in northern and south-

western Uganda 

• Mother–infant pairs prospectively followed from pregnancy, until 

infants reached 12 months of age

• Nutritional Outcomes

– Stunting

– Wasting

– Anemia



Example: UBC



Example: EPPICC

PolandUK

Russia

Romania

Ireland

Spain
Portugal

Greece

Switzerland

Netherlands

Belgium
Thailand

Germany

France

Italy

Sweden

Ukraine

2016 data merger: 17 

cohorts from 15 countries

Latvia



Example: EPPICC

Exposure

Various exposures investigated e.g.

• Age, country of birth, exposure to HIV treatments e.g. DTG, LPV/r, TAF.

Outcomes

• Followed up to investigate various outcomes, e.g.

- Anthropometric growth

– Clinical progress (Viral load, CD4)

– Drug safety

– Malignancies





Example: PIAMA Birth Cohort

• Dutch Population-based birth cohort– Enrolled pregnant mothers 

and followed them and their new-borns until 17 years of age

• Exposure (at birth/in utero)

-Air pollution

-Second-hand smoke… etc.

• Outcomes

-Respiratory outcomes e.g. asthma, lung function in childhood 

and adolescence



Example: PIAMA BIRTH COHORT



Example: PIAMA BIRTH COHORT



Retrospective cohort studies

• Investigator looks back in time at archived data/registries/ electronic 

medical records to examine whether the risk of outcome was 

different between exposed and non-exposed patients.

• Participants selected based on current exposure status and 

outcome data, which was measured in the past

• Differ from case control studies in that they compare the risk of 

outcome to some already known exposure factors



Example–

retrospective cohort study

• 14 150 COVID-19 patients admitted between March and May 2020 

in England

• Linked to electronic medical records to establish relationship 

between timing of hospital admission and other known factors

• Healthcare workers and individuals from a black or ethnic minority 

background were at greater risk of later admission



Prospective versus retrospective cohorts

• Prospective: exposure might have already occurred, but not the 

outcome of interest

• Retrospective: 

both the 

exposure and 

disease have 

already occurred

• May be a 

combination of 

both! 



Strengths Weaknesses

Assessing outcomes of rare 

exposures
Assessing rare outcomes

Can explore multiple research 

questions, multiple outcomes and 

multiple exposures

Very time consuming and expensive

Temporal sequence of events
Retrospective relies on adequate 

records

Can assess prevalence, incidence, 

associated factors

May not capture important 

confounding factors

Can explore outcomes in standard of 

care settings

Validity of results may be questioned 

if high losses to follow up



ACTIVITY!

• Go to www.menti.com and enter the code 2908 5998

– Or follow the direct link in the chat https://www.menti.com/4tu8ehn9o4

• Answer the multiple choice questions on the screen

https://www.menti.com/4tu8ehn9o4


QUIZ – Q4

Which of these could not be efficiently assessed in a cohort study?

A. The relationship between a very rare disease and an exposure of interest, for which the disease develops 

several decades after exposure

B. The effects of multiple exposures on a single disease

C. The effect of a single exposure on multiple, relatively common, diseases



QUIZ – Q5

You would like to do a case-control study to see whether a high-fat 

diet is associated with stomach cancer. Which of the following would 

you do?

A. Identify people with stomach cancer and people without stomach cancer, ask them about their diet history

B. Identify people with high-fat and low-fat diets and follow them up over time to see who develops stomach 

cancer

C. Assess the fat intake of a group of people with stomach cancer



QUIZ – Q6

Which study design is usually considered the gold standard for 

assessing whether an intervention influences an outcome?

A. Case-control study

B. Cohort study

C. Randomised controlled trial



QUIZ – Q7

Adolescents with HIV are recruited and followed up once every 5 

years for 20 years, to assess the impact of life-long HIV and long-term 

antiretroviral therapy (ART). What type of study is this?

A. Prospective cohort study

B. Cross sectional study

C. Retrospective cohort study

D. Case control study



CHOOSING A STUDY DESIGN



Choosing a study design

• Urgency of question (rapid design needed?)

• Disease (outcome) frequency

• Common or rare 

• Natural history

• Chronic, acute, fatal, long latency, symptomatic 

• Risk factors (exposures)

• Single or many, known or suspected, measurable



Choosing the appropriate design …

• Observational studies and RCT can compliment each other: 







ANY QUESTIONS?


