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An Introduction to Systematic 
Reviews of Prognosis 

•  Prognosis studies (background) 
–  Definitions & approaches 

•  Discuss three types of prognosis questions 
–  Average/overall prognosis: 'What is the most likely 

course of this health condition?‘ 
–  Prognostic factors: 'What factors are associated 

with, or determine outcome?‘ 
–  Prognostic (risk prediction) models: 'Are there risk 

groups who are likely to have different outcomes?‘ 

•  Introduce methods for SR of prognosis 
studies 



Definitions 

•  Prognosis: Probable course or prediction of 
specific outcome of a health condition over time 

•  Prognosis studies: Aim to understand the 
course, determinants, or probability of outcome 
in a cohort 

•  Use of prognostic information: 
–  To provide information to patients 
–  Identify target groups for treatment 
–  To target specific prognostic factors for modification 

through treatment 

From Hayden et al., . Journal of Clinical Epidemiology. 2008;61(6):552-60. 



Conducting Prognostic Reviews 

•  Benefits of systematic reviews (SRs): 
–  Summaries for evidence-based practice 

–  Summaries of state-of-the-art in a field 

•  Primary studies 

– Quality of primary studies poor 

–  Poor reporting 

•  SRs may improve primary studies 



Challenges for Prognosis Reviews 

•  Inconsistent terminology 

•  Observational study designs 

•  Different types of studies 



Types of Prognosis Questions 

1. Average (overall) prognosis 

2. Prognostic factor studies 

3. Risk prediction modeling studies 

4. Treatment effect modification studies 

Not IPD MA; all on aggregate level 

From Hemmingway et al., in preparation 



Average Prognosis 

•  Estimate overall course of a health 
condition 

•  Baseline risk 
•  May be defined according to particular 

demographic and clinical context 



8 CAN MED ASSOC J 1990; 143:633 



Holloway et al. JAMA. 2005;294:725-733 



Autism 

•  Clinicians need evidence based advice 
when they are counselling families and 
children with autism about: 
–  diagnostic stability 
–  future risks caused by their condition  

•  epilepsy 
•  mortality   



Autistic Disorder – Stable 
Diagnosis at Follow Up 

•  Baseline  Mean Age 0-3- 
•  53 to 100% of children still had an 

Autistic Disorder diagnosis at follow up 
•  Lowest  risk study - 89% still had AD 

diagnosis 

•  Baseline mean age of 3-5 years 
•   73% to 100% of children still had an 

Autistic Disorder diagnosis 
•  Lowest  risk study 100% still had AD 

diagnosis 

•  Baseline mean age over 5 years 
•  81% to 100% of children still had an 

Autistic Disorder diagnosis at follow up.  
•  Lowest risk  study  88 % still had AD 

diagnosis 



Stability of other ASD diagnosis 
•  Baseline  Mean Age 0-3- 
•  22%  to 100% of children still had an 

other ASD diagnosis at follow up 
•  Lowest  risk study 33% still had other 

ASD diagnosis 

•  Baseline mean age of 3-5 years 
•   54% to 73% of children still had an other 

ASD diagnosis 
•  Both studies had same risk of bias 

•  Baseline mean age over 5 years 
•  14% to 76% of children still had an other 

ASD diagnosis 
•  Lowest risk  study  14 % still had 

other ASD diagnosis 



Pooled estimates of epilepsy percentage stratified by IQ and age 
and ordered by diagnosis and age 

Size of data markers is proportional to sample size.  The pooled diamond data markers indicate 
DerSimmonian-Laird pooled estimates of the epilepsy percentage for particular subgroups. 



Pooled estimates of Standardised Mortality Ratio 
( SMR) 

I2=69.1%. Cochran’s Q=6.5, degrees-of-freedom=2, p=0.04 



Prognostic Factor Studies 

•  Focus on prognostic factors 
•  Aim: 

–  To identify specific factors associated with 
subsequent outcome of a health condition 

–  Not necessarily sick (patients) 

•  Prognostic factor evidence may:  
–  help identify targets for new interventions 

that aim to modify the course of a disease 
–  enhance the design & analysis of intervention 

trials 

•  Understanding course of the disease 



Palmer et al., JAMA. 2011;305(11):1119-1127 



Palmer et al., JAMA. 2011;305(11):1119-1127 

Objective: To assess the quality of 
evidence for the association 
between levels of serum 
phosphorus, parathyroid hormone, 
and calcium and risks of poor 
outcomes in individuals with chronic 
kidney disease. 



Palmer et al., JAMA. 2011;305(11):1119-1127 



Prognostic (risk prediction) models 

1. Developing a prognostic model 

2. Validate the model in other subjects 

• not necessarily patients 

3. Update existing model to local situation 

4. Quantify model’s impact on doctor’s 
decision making and patient outcome 
(cost-effectiveness) 



Methods 

•  Medline searched from 1966 to 1 April 2011.  
•  Inclusion criteria 

–  Model had to predict the occurrence cardiovascular 
disease in people with type 2 diabetes 

–  However, when model was designed for use in 
general population but included diabetes as a 
predictor 

–  Study described the development, validation or 
impact assessment  



Prognostic (risk prediction) models 

1. Developing a prognostic model 

2. Validate the model in other subjects 

3. Update existing model to local situation 

4. Quantify model’s impact on doctor’s 
decision making and patient outcome 
(cost-effectiveness) 



Research question 

•  To identify all CVD prediction models that can be applied to 
people with type 2 diabetes and subsequently, assess their 
internal and external validation, and impact on patient 
outcomes 

•  Title: Prediction models for the risk of 
cardiovascular disease in patients with type 2 
diabetes: a systematic review 



SR: discuss 3 main issues 

•  1. Review question 

•  2. Search strategy 

•  3. Data extraction and Critical appraisal 
(Risk of Bias) 



Importance to the Review Question 

•  Clearly framed question will guide the 
review 

•  Guide the reader:  
–  Initial assessment of relevance 

•  Guide the reviewer on how to: 
–  Collect studies 
–  Check eligibility of studies 
–  Conduct the analysis 



Issues to consider to frame review 
question (1)  

•  Population 
–  Disease or health condition of interest 
–  Setting 
–  Special population defined by specifc factor(s) 

or characteristic(s) 

•  Factors 
–  Definition of subgroups (OP); prognostic 

factor ; risk prediction model of interest 
•  Outcome 

–  Type of scale 
–  Timing of measurement 



•  Clearly specify review objective 
–  Describe average (overall) prognosis 
–  Strength of prognostic factor(s) 
–  Accuracy of risk prediction models 

•  Define the scope of review 
–  Broad systematic reviews 

•  All prognostic factors/risk prediction models 
•  Good overview of topic area (exploratory) 
•  May be diffiicult to synthesize 

–  Focused systematic reviews 
•  One prognostic factor/domain or risk prediction model 
•  May allow more thorough assessment/interpretation of 

evidence 

Issues to consider to frame review 
question (2)  



Item Comments and examples 

1. Type of prognosis studies 
(overall prognosis, prong factor 
studies, prog model studies) 

Focus on studies addressing overall prognosis; 
prognostic factors; model development, model 
validation or combination. 

2. Target population to whom 
overall prognosis, prognostic 
factor(s), or prognostic model 
under review may apply 

• Overall survival of women diagnosed with breast 
cancer;  
• prognostic factors for adult healthy women in the 
general population to predict the life time risk of 
developing breast cancer;  
• prognostic models for predicting the risk of 
postoperative 30-day mortality in patients that 
underwent cardiac surgery.  

3. Outcome (endpoint) Which endpoint/outcome; e.g. all cause mortality, 
cause-specific mortality, combined events.  

4. Type of prognostic factors or 
models under study and timing 
of their measurement 

Focus can be on specific type or timing of measurement 
of predictor(s).  
- focusing on the added value of CRP measurement to 
traditional predictors in prediction of future CVD events; 
- models to predict 30-day postoperative complications 
using only predictors measured preoperatively (and not 
intra- or post-operatively)  

5. Intended use or purpose of 
prognostic factor or model 

e.g. on factors or model predicting the risk of future 
events to direct individual’s behaviour or life style 
changes ; or physicians’ therapeutic decision making ; 
or more targeted (enriched) RCT designs. 



•  Electronic search  
–  Include at least MEDLINE & EMBASE, plus any topic-

specific databases 
–  Available search strategies (plus content area terms) 

•  PubMed Broad search filter for PF SRs 
•  (Updated) Ingui strategy for RPMs 

–  Caution using exposure-related terms 
•  Supplement the search! 

–  Bibliography screening, citation-tracking, hand-
searching relevant journals, content experts  

•  Search strategies should be made available to 
readers 

•  Report complete citation/study flow chart 

Further research needed (better indexing & more sensitive strategies) 

2. Searching and selecting 



Study Selection 

•  Complete (reproducible) definitions of: 
–  Populations 
–  Prognostic factor(s), and  
– Outcomes of interest 

•  Studies excluded clearly described: 
–  Reasons for exclusions (summary) 
–  Studies where eligibility may be unclear 

should be listed 
•  Design-related selection criteria applied 

and presented separately 



Study Selection 

•  Complete (reproducible) definitions of: 
–  Populations 
–  Prognostic factor(s), models  
– Outcomes of interest 

•  Studies excluded clearly described: 
–  Reasons for exclusions (summary) 
–  Studies where eligibility may be unclear 

should be listed 
•  Design-related selection criteria applied 

and presented separately 



3. critical appraisal 



Recommendations for Intervention 
Reviews 

•  Risk of bias assessment 
•  Domain-based evaluation 

–  Assessments are made separately for 
different bias domains 

–  Judgment 

•  Use of scales “explicitly discouraged” 
– Weighting of items difficult to justify 
– Often based on reporting rather than 

conduct 
–  Less transparent 



Critical Appraisal: Prognosis Reviews 

•  Similar approach (consider potential biases) 

•  Different study types require different 

considerations: 

–  Studies of overall prognosis 

–  Prognostic factor studies 

–  Risk prediction modeling studies 

•  Some similarities; start with PF studies 



Ad. RoB Prognostic Factor Studies 

•  Similar to RCT RoB: Domain-based 

•  Reflect basic epidemiological principles 

•  Potential biases related to: 
1. Study participation 

2. Study attrition 

3. Prognostic factor measurement 

4. Outcome measurement 

5. Covariate measurement and account 

6. Analysis and reporting 

Annals of Internal Medicine. 2006;144:427-437 



Assessing Bias: The QUIPS* Instrument 

QUIPS= QUality In Prognosis Studies; 

Adapted from: Hayden JA. Methodological issues in systematic reviews of prognosis and 
prognostic factors: Low back pain. Doctoral Thesis, University of Toronto. 2007. 
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Assessing Bias: The QUIPS Instrument 



• Sample selection 
• Recruitment method, 
• Completeness of follow-
up 
• Timing of diagnosis 
• Blinding 
• Analysis for covariates 
was not assessed as we 
were not investigating 
predictors of outcomes.  
(adapted from Hayden et 
al. 2006)  

Ad. RoB Overall Prognosis Studies 



Risk of Bias -at a glance 



Ad. RoB Prognostic Model  

•  Largely same as prognostic factor studies 
–  Some specifics of course 

•  Bias in prognostic model development 
exhibited in: 
– Wrong relative risks (predictor weights) 
– Wrong intercept 
– Overfitted models (too large ROC area, too 

optimistic calibration plot or outcome 
classification) 

•  Unfortunately: often don’t know from 
development study   until model validation 



•  Slope plot 
< 1.0 
–  Low prob 

too low 
–  High prob 

too high 



Bias &/or 
applicability 
problem 



Domain Applic-
ability 
Bias 

Items 

Source of data 
(study design) 

A/B •  Source of data or study design (e.g. cohort, case-control, 
existing registry, randomized trial participants) 

•  Key study dates (e.g. start and end of accrual, and of 
follow-up if applicable) 

Participants A •  Participant eligibility criteria (e.g. suspected of having 
breast cancer; having rheumatoid arthritis; undergone a 
particular type of surgery) 

•  Setting (e.g. primary care, secondary care, general 
population) and geographical location 

•  Single or multicenter (if so, number of centres) 
•  Received treatments (if applicable) 

Outcome 
(event or 
target 
condition) to 
be predicted 

A/B •  Outcome definition and method of assessment 
•  Outcome assessed without knowledge of (blinded for) the 

candidate predictors or index test results 
•  Candidate predictors or index test results part of 

outcome  
•  Patient relevant outcome (rather than process outcomes 

such as length of hospital stay or duration of surgery) 
•  How was outcome analysed (e.g. continuous, categorized 

(at which cut-off points), binary, count, time to event) 



Domain Applic-
ability 
Bias 

Items 

Candidate 
predictors 
(or index 
test results) 
under study 

A/B •  Number and which candidate predictors (e.g. from patient 
history, physical examination, additional tests including genetic 
testing), and measurement methods (if applicable) 

•  How were they selected (e.g. explicit systematic review, cited 
clinical judgement/relevance) 

•  Time of predictor measurement (e.g. at presentation, at 
diagnosis, at treatment initiation) 

•  Predictors assessed blinded for outcome and each other (if 
relevant)  

•  How were they analysed (e.g. continuous, linear, non-linear 
transformations, categorized (at which cut-off points) 

•  Predictor interactions tested or specific subgroups analysed 

Sample Size B •  Number of participants and outcome events (in relation to the 
number of candidate predictors) 

Missing data B •  Number participants with any missing values or complete data, 
and which variables (predictors and outcomes, i.e. including 
loss-to-follow-up) 

•  Handling missing data (complete-case analysis, indicator 
method, single or multiple imputation 



Domain Applic-
ability 
Bias 

Items 

Model 
development

B •  Modelling method (e.g. logistic or survival model) and assumptions checked 
•  Selection of predictors for inclusion in multivariable analysis (e.g. all candidate 

predictors, pre-selection based on univariable analysis with specific criterion, 
factor or principal component analysis) 

•  Selection of predictors during multivariable modelling (e.g. backward elimination, 
forward selection, forced in model, added value of a particular predictor) 

•  Criteria for predictor selection in multivariable modelling, if applicable (e.g. p-
value, Akaike or Bayesian Information Criterion, explained variance, c-statistic or 
reclassification measures) 

•  Shrinkage of regression coefficients (no shrinkage, uniform shrinkage, penalized 
estimation, Lasso) 

•  Different models developed and/or compared (e.g. basic and extended models) 
•  Risk groups defined, if so, how 

Model 
Performance 

A/B •  Calibration (e.g. Hosmer-Lemeshow test, calibration plot) and discrimination 
measures (C-statistic, D-statistic, log-rank) 

•  (Re-)classification measures (e.g. sensitivity, specificity, predictive values, net 
reclassification improvement, integrated discrimination improvement) and for 
which cut-off points 

•  Overall performance measures (e.g. R-squared, Brier score) 
•  Clinical usefulness measures (e.g. decision curve analysis) 

Model 
testing 
(validation)  

A/B •  Model performance tested/quantified beyond development set (none, using 
resampling methods or other participant data, or combination) 

•  Type of resampling method or internal validation (e.g. none, bootstrap, cross-
validation, random split-sample)  

•  Type of other participant data or external validation (e.g. none, temporal, 
geographical, setting, other or same investigators) 

•  Model updated or recalibrated after (poor) external validation (e.g. intercept/
baseline hazards recalibrated, predictor effects adjusted, new predictors added) 



Domain Applic-
ability 
Bias 

Items 

Results A/B •  Distribution of predictors (including missing data) for development 
and validation data sets (if applicable) 

•  Final and other (e.g. basic or extended) multivariable models 
presented (e.g. regression coefficients, including intercept or baseline 
hazard, model performance measures, all with standard errors or 
confidence intervals) 

•  Any alternative presentation of the final prediction model (e.g. sum 
score, nomogram, score chart, predictions for specific risk 
subgroups) 

Discussion  A/B •  Interpretation of presented models (e.g. confirmatory, i.e. model 
useful for practice, or exploratory, i.e. more research needed) 

•  Where were conclusions based on (e.g. predictor effects, P-values, 
performance measures, results of model validation) 

•  Comparison with other studies, discussion of generalizability, 
limitations 



Study Feature Study participants Attrition Prognostic  variable Outcome Analysis 
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Flow-mediated dilation 
Yeboah[19] x x x x x x - - x x - x x - x 
Yeboah[11] x x x x x x - - x x - x x - x 

Carotid intima-media thickness 
Anderson[20] x x x x - x - - x x - x x - x 

Cao[21] x x x x x - - x x x x x x x x 
Chambless[22] x x x x x x - - x x x x x x x 
Chambless[23] x x x x x x - - x x - x x x x 
Elias-Smale[29] x x x x x x x x x x x x x x x 

Folsom[25] x x x x x x - - x x x x x x x 
Lorenz[28] x x x x x - - - x x - x x - x 

Mathiesen[26] x x x x x x - - x x - x x - x 
Nambi[9] x x x x x x - - x x x x x x x 
Polak[30] x x x x x x - - x x x x x x x 
Price[27] x x x x x x x - x x - x x - x 

del Sol[24] x x x x x x - - x x x x x - x 
Carotid plaque 

Cao[21] x x x x x - - x x x x x x - x 
Mathiesen[26] x x x x x x - - x x - x x - x 

Nambi[9] x x x x x x - - x x x x x x x 
Prati[31] x x x x x x - - x x - x x - x 
Stork[32] x x x x x x x x x x - x x - x 

Ciri%cal	
  Appraisal	
  	
  



‘Publica%on	
  bias’	
  	
  



Small Group Discussion 

•  Break up into groups related to a question 
of interest  
– Overall prognosis 
–  Prognostic Factor 
–  Risk prediction model 

•  Introduce from the group an example 
•  Discuss: 

–  Framing review question 
–  (search strategy) 
–  Critical appraisal (RoB) 



Conducting Prognosis Reviews 

•  Methods should be guided by review 
question 

•  Cautious interpretation and careful attention 
to methods and reporting in future reviews  

•  Need for further methodological work in the 
area of prognosis systematic reviews to 
investigate potential biases 

If you would like to contribute to this work… 
Contact:  Greta Ridley(Coordinator PMG) 

 ridleyresearch@aapt.net.au 










