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Data S1. Detailed Description of Internal- and External Validation, and Measures Used to 

Evaluate These Metrics.  

 

A clinical prediction models’ performance may be evaluated in internal- or external 

validation. Internal validation reflects a models' reproducibility, and it includes apparent 

validation, where the model is validated in the derivation cohort; split-sample validation, where 

the data is randomly split into a training and validation set; bootstrapping, where multiple training 

and validation datasets are created by random draw; and cross-validation, where training is done 

in a random segment of the cohort and tested in the remaining part.8 External validation conversely 

reflects a models’ generalizability, and it includes geographic validation, where validation is done 

in another country or center; independent validation, where validation is done by other researchers; 

and temporal validation, where validation is done using data from a different period.8,56   

Model performance is normally evaluated through discrimination and calibration. 

Discrimination reflects a model’s ability to distinguish between patients who do and do not 

experience an outcome of interest.14 Discrimination is frequently assessed with measures of 

concordance (e.g., c-statistic, AUC) and it can range between 0.5 for a model no better than the 

play of chance to 1.0 for a perfect model.57 Concordance estimates the probability that a randomly 

selected patient who experienced an outcome had a higher predicted risk than a patient who did 

not. Calibration reflects a model’s predictive accuracy: i.e., the agreement between the predicted 

probability of events and the actual proportion of events observed.14 Calibration is frequently 

assessed with statistical tests for goodness-of-fit (e.g., Hosmer-Lemeshow, p<0.05 signifies poor 

calibration), or graphical plots for visual assessment (e.g., calibration plot slope <0.7 signifies poor 

calibration).58–60 Less common performance measures are described elsewhere and include R2, 

Brier score, sensitivity, specificity, accuracy, and net reclassification.61 



Table S1. Systematic Search Algorithms. 

 

Database: Ovid MEDLINE(R) ALL <1946 to February 24, 2021> 1,054 records  

 

 
1. *diabetes mellitus, type 2/ 

2. (diabet* and ("type 2" or "type ii" or non-insulin* or noninsulin*)).mp. 

3. (T2DM or DMT2 or TIIDM or DMTII or NIDDM).mp. 
4. exp *heart failure/ 

5. ((heart or cardiac or myocardial) adj2 failure*).mp. 

6. ((prognos* or predict* or risk* or strati*) and (model* or tool* or scor* or index or nomogram* or formula* or staging or calculat* or 
equation* or strati* or chart* or function* or engine* or algorithm*)).ti,ab,kw. 

7. *risk assessment/ or exp *risk factors/ or *multivariate analysis/ or exp regression analysis/ or exp survival analysis/ or disease-free 

survival/ or kaplan-meier estimate/ or progression-free survival/ or proportional hazards models/ or logistic models/ or nomograms/ or 
area under curve/ or exp models, statistical/ 

8. ("disease free survival" or "proportional hazard* model*" or (survival adj2 anal*) or "kaplan-meier estimate*" or "progression-free 

survival" or develop* or (cox adj3 (model* or anal*)) or (random adj2 forest*) or regress* or (logistic* adj2 model*) or multivari* or 
(likelihood adj2 function) or (area under adj2 curve) or (statistical adj3 model*) or discrimin* or calibrat* or valid* or "integer-based" or 

"support vector*" or (machine adj2 learning*) or mathematic* or concordance* or c-statistic* or c-ind* or hosmer-lemeshow* or 

hazard* or wald* or "survival rate*" or "survival time*" or "survival funct*").mp.  
 

(1 or 2 or 3) and (4 or 5) and 6 and (7 or 8) 

Database: Embase Classic+Embase <1947 to February 24, 2021> 3,473 records 

 

 
1. exp *non insulin dependent diabetes mellitus/ 

2. (diabet* and ("type 2" or "type ii" or non-insulin* or noninsulin*)).mp. 

3. (T2DM or DMT2 or TIIDM or DMTII or NIDDM).mp. 
4. exp *heart failure/ 

5. ((heart or cardiac or myocardial) adj2 failure*).mp. 
6. (prognosis/) and (model/) 

7. ((prognos* or predict* or risk* or strati*) and (model* or tool* or scor* or index or nomogram* or formula* or staging or calculat* or 

equation* or strati* or chart* or function* or engine* or algorithm*)).ti,ab,kw. 
8. exp risk assessment/ or exp risk factor/ or exp multivariate analysis/ or exp regression analysis/ or *disease free survival/ or exp 

proportional hazards model/ or *statistical model/ or exp nomograms/ or *area under the curve/ or exp mathematical phenomena/ 

9. ("disease free survival" or "proportional hazard* model*" or (survival adj2 anal*) or "kaplan-meier estimate*" or "progression-free 

survival" or develop* or (cox adj3 (model* or anal*)) or (random adj2 forest*) or regress* or (logistic* adj2 model*) or multivari* or 

(likelihood adj2 function) or (area under adj2 curve) or (statistical adj3 model*) or discrimin* or calibrat* or valid* or "integer-based" or 

"support vector*" or (machine adj2 learning*) or mathematic* or concordance* or c-statistic* or c-ind* or hosmer-lemeshow* or 
hazard* or wald* or "survival rate*" or "survival time*" or "survival funct*").mp.  

 

(1 or 2 or 3) and (4 or 5) and (6 or 7) and (8 or 9) 

Database: Web of Science Core Collection <database inception to February 24, 2021> 1,426 records 

 
 

1. ts= (diabet* and ("type 2" or "type ii" or noninsulin or “non-insulin”)) 

2. ts=((heart or cardiac or myocardial) near/2 failure*) 
3. ts=((prognos* or predict* or risk* or strati*) and (model* or tool* or scor* or index or nomogram* or formula* or staging or calculat* 

or equation* or strati* or chart* or function* or engine* or algorithm*)) 

4. ts=("disease free survival" or "proportional hazard* model*" or (survival near/2 anal*) or "kaplan-meier estimate*" or "progression-free 
survival" or develop* or (cox near/3 (model* or anal*)) or (random near/2 forest*) or regress* or (logistic* near/2 model*) or multivari* 

or (likelihood near/2 function) or (area under near/2 curve) or (statistical near/3 model*) or discrimin* or calibrat* or valid* or "integer-

based" or "support vector*" or (machine near/2 learning*) or mathematic* or concordance* or c-statistic* or c-ind* or hosmer-
lemeshow* or hazard* or wald* or "survival rate*" or "survival time*" or "survival funct*") 

 

#1 AND #2 AND #3 AND #4 



Database: Google Scholar <database inception to February 24, 2021> first 200 records 

 

 
1. "type 2"  
2. "diabetes"  

3. "heart failure"  

4. ("risk" or "prediction" or "stratification" or “model”) 
 

1 and 2 and 3 and 4 

Database: Tufts Predictive Analytics and Comparative Effectiveness Clinical Prediction Model Registry <database inception to February 24, 

2021> 37 records  

 
 

1. Keyword contains: diabetes 
2. Outcome contains: heart failure  

3. Outcome contains: composite   

4. Outcome contains: hospitalization   
 

1 and (2 or 3 or 4) 

 

  



Table S2. List of Excluded Studies Cataloged by Reason for Exclusion. 
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Figure S1. Risk of Bias and Applicability of Included Clinical Prediction Model Development 

Studies. 

 
  



Figure S2. Risk of Bias and Applicability of Included Clinical Prediction Model Validation 

Studies. 

 
 



 

 

  

Figure S3. Risk of Bias and Applicability of Included Clinical Prediction Model Development Studies.  



Figure S4. Risk of Bias and Applicability of Included Clinical Prediction Model Validation Studies. 

  




