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Why models?

• “A framework representing variables and their interrelationships to 
describe observed phenomena or predict future events”

• Modelling studies are particularly relevant when there is limited 
evidence, no RCTs (i.e. it is not feasible or is unethical) or 
observational studies, or when there is a need to extrapolate results 
to different target groups or to a long horizon time



Mathematical modelling studies typically address complex 
situations and tend to rely more heavily on assumptions about 
underlying mathematical structure than on individual-level data. 

Statistical modelling is typically concerned with characterizing 
sources of variation and associations between variables in observed 
individual-level data drawn from a target population of interest and 
tends to address questions of a narrower scope than mathematical 
models. 

The results from statistical analyses of empirical data often inform 
mathematical models.

Egger M et al. 2017 PMID: 29552335



model

• simple

baseline risk x relative risk reduction = risk difference

• Sophisticated (decision analytical models)

markov, S-I-R, discrete event simulation… 







Overview of systematic reviews
(preliminary results)

• January 2018 to June 2021 (Medline, EMBASE, Cochrane Library)

• Systematic reviews including only modeling studies to inform

effectivenes or cost-effectiveness

• 27 SRs already preliminary included in the overview



Overview of systematic reviews
(preliminary results)

• 3 SRs applied the GRADE approach concepts to assess the

certainty of evidence (all related to COVID19).

• 7 SRs (26%) used instruments to assess the quality/credibility of

studies specfically tailored to model studies (i.e. Philips checklist)

• Most SRs did not asesses the quality/RoB of studies



Planning a SRs of modelling studies

• Some common components
• Population

• Intervention (might be more complex or include combinations)

• Comparator

• Outcomes (patient important outcomes)

• Search strategy: 
• Consult a medical librarian

• Might include specific terms for modeling studies (i.e. "Decision Support 
Techniques"[MeSH Terms])



Planning a SRs of modelling studies

• Other aspects might differ

• Conceptualization

• Risk of bias (quality asseessment)

• GRADE approach



Conceptualization

Researches should start by designing a conceptualizing the problem 
and the ideal target model that would best represent the actual 
phenomenon they are considering



Risk of bias (credibility/quality)

• Search for tools tailored to modeling studies (i.e. Philips, ISPOR)

• Credibility of model: model development and analysis

• Be aware that some ítems might cover different aspects of the
certainty of evidence
• Relevance= indirecteness
• Might include questions about reporting or input data (assesses separately

with GRADE)



GRADE conceptual papers discuss concepts that may not have been 

piloted on examples and that may not result in GRADE guidance.

GRADE guidance papers provide specific guidance on how to make 

judgments in line with the GRADE methodology. GRADE guidance papers 

will typically include examples how to apply the guidance.

GRADE approach for modeling studies



main points

▪ 3 scenarios:

1. develop a new model

2. use off-the-shelf or adapt an existing model

3. use results from multiple existing models

4. forgo modelling



Systematically search for existing 
models meeting pre-specified criteria

Is formal modelling necessary 
and/or beneficial?

May forgo formal modelling

Is there just one model?

Is it possible to choose one “optimal” 
model with clearly highest certainty?

Develop your own model 
and assess certainty of its outputs

Existing model(s) found?

May need to forgo formal modelling

no

yes

no

Can you develop your own model?
no

yes

no

yes

no

Assess certainty of outputs
for each single model:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Is it possible and useful to adapt one of 
existing “suboptimal” models?

no

yes

Consider model averaging
when appropriate

Use single “optimal” model off-the-shelf

yes
Adapt an existing “suboptimal” model 

and assess certainty of its outputs

Use single existing “suboptimal” model
(report certainty and its limitations)

yes

Can you develop your own model?

yes
Develop your own model 

and assess certainty of its outputs

no

Assess certainty of outputs
across all included models:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Use multiple models



Systematically search for existing 
models meeting pre-specified criteria

Is formal modelling necessary 
and/or beneficial?

May forgo formal modelling

Is it possible to choose one “optimal” 
model with clearly highest certainty?

Develop your own model 
and assess certainty of its outputs

Existing model(s) found?

May need to forgo formal modelling

no

yes

no

Can you develop your own model?
no

yes yes

no

Assess certainty of outputs
for each single model:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Is it possible and useful to adapt one 
of existing “suboptimal” models?

yes Use single “optimal” model off-the-
shelf

yes
Adapt an existing “suboptimal” model 

and assess certainty of its outputs

no



Is there just one model?

no

Is it possible and useful to adapt one 
of existing “suboptimal” models?

no

Consider model averaging
when appropriate

yes
Adapt an existing “suboptimal” model 

and assess certainty of its outputs

Use single existing “suboptimal” model
(report certainty and its limitations)

yes

Can you develop your own model?
yes

Develop your own model 
and assess certainty of its outputs

no

Assess certainty of outputs
across all included models:
1. risk of bias
- credibility of the model itself
- certainty of all its inputs
2. directness
3. precision
4. consistency
5. risk of publication bias

Use multiple models

no



Risk of bias domain (GRADE)

model
(“black box”)

input

output

input

input

certainty of each input

credibility of a model

Risk of bias of output
(modelled evidence)



Risk of bias (input data)

Certainty of evidence in each of model inputs (II)

• Certainty of evidence across all model inputs should be limited by the 
lowest certainty rating for any body of evidence (input data) to 
which the model output(s) have been found sensitive

• Examination of the results of back-end sensitivity analyses



Risk of bias (model credibility)

• Credibility of the model: its conceptualization, structure, 

calibration, validation, and other factors. 

• Determinants of model credibility are likely to be specific to 

a modelling discipline



Conclusions

• Modeling studies are an important source of evidence

• There is room for improvement in the methodology to conduct SRs of
modeling evidence

• The GRADE conceptual paper presents a framework to assess
modeling evidence



THANKS


