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The diagnostic process is probabilistic, 
multivariable and sequential

Moons KGM. In: Grobbee & Hoes. Clinical Epidemiology. 2009
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Incremental value (added 
value)

What does the new test add to the 
diagnostic process, over and above 
already existing information?

Can be answered using a multivariable 
approach
 Will also need patient impact studies

Sensitivity/specificity: each test is treated 
in isolation (which is not reflective of 
normal practice)

TB examples
What is the added value of IGRAs, after initial screening with 
TST is done, for evaluating household contacts?

What is the added value of Xpert MTB/RIF in sputum smear-
negative patients with HIV infection?

What is the added value of IGRAs in diagnosing active TB, 
beyond smear microscopy?

What is the added value of the 3rd smear, once two sputum 
smears are done?
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Multivariable process

 Relate disease probability to test results

 Outcome = occurrence of disease (yes/no)

 Determinants = diagnostic tests --> dichotomous, 
continuous, ordinal, nominal

 Diagnostic function: P (D+) = f (X1, X2…. Xn)
 Where X1, X2, etc are various tests

Multivariable process

Logistic regression model:
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Multivariable example: does D-dimer 
add value to ruling out DVT?

Multivariable approach (example)

Oudega et al. Thromb Haemost 2005
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Methods

In a large cross sectional study, 1295 consecutive adult patients 
(over 18 years) who visited one of the primary care physicians 
adherent to three non-academic hospitals in The Netherlands, 
and in whom DVT was suspected by the physician on clinical 
grounds. 
In accordance with earlier studies, the suspicion of DVT was 
based on the presence of at least one of the following 
symptoms or signs of the lower extremities: swelling, redness, 
and/or pain in the legs

Oudega et al. Thromb Haemost 2005

History and physical
After informed consent, the primary care physician 
systematically documented information on the patient’s history 
and physical examination. 
Following history findings were recorded as potential diagnostic 
determinants: presence of previous DVT, family history of DVT, 
history of any malignancy (active cancer in the last 6 months), 
immobilization for more than 3 days, recent surgery (within past 
4 weeks), leg trauma (within past 4 weeks), pain when walking, 
and the presence of duration of the three main symptoms (i.e. a 
painful, red or swollen leg). 
Physical examination items included the presence of tenderness 
along the deep vein system in calf or thigh, distension of 
collateral veins in the symptomatic leg, pitting edema in the 
symptomatic leg of the calf and thigh, and ≥ 3 cm difference in 
circumference of the calves. 

Oudega et al. Thromb Haemost 2005
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Lab tests and reference standard

After the standardized history taking and physical 
examination, all patients were referred to the hospital 
to undergo D-dimer testing.
After venous blood was drawn, each patient directly 
underwent real time B-mode compression 
ultrasonography (CUS) of the lower extremities 
[Reference standard]

Oudega et al. Thromb Haemost 2005

Data analysis
After univariate analysis, the authors first quantified 
which of the 16 history and physical findings 
independently contributed to the presence or 
absence of proximal DVT using multivariable logistic 
regression analysis. 
Starting with the overall model including all history 
and physical findings, model reduction (stepwise 
backwards) was performed by excluding variables 
from the model with a p-value > 0.10 based on the 
log likelihood ratio test. 

Oudega et al. Thromb Haemost 2005
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Data analysis
Subsequently, they added the D-dimer test to this 
reduced model to quantify its added value, which 
resulted in the final model.
The ability of a model to discriminate between 
patients with and without DVT was estimated using 
the area under the ROC curve.
The reliability or calibration of each model was 
evaluated by comparing the predicted and observed 
probabilities for deciles of calculated patient risks and 
tested using the Hosmer-Lemeshow test.

Oudega et al. Thromb Haemost 2005

Results: 
bivariate 
analyses

N = 1295 patients

22% had DVT
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Results: 
multivariable 
analyses

Oudega et al. Thromb Haemost 2005

Multivariable approach

Moons KGM. In: Grobbee & Hoes. Clinical Epidemiology. 2009
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Results: scoring system

Oudega et al. Thromb Haemost 2005

TB EXAMPLES
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AJRCCM 2010
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Strengths and limitations of this approach

Avoids the common problem of sens/spec of single tests in isolation 
when reality is quite different
Requires the same data that are collected in a standard test accuracy 
study, but will require data to be collected in a sequential way, starting 
from simple to complex
Multivariable analyses and model building – gives us the ability to 
account for multiple tests in a natural clinical context
 Can look at both rule-in and rule-out values at the same time

Some drawbacks:
 Blinding is hard to ensure if the same person is collecting all the clinical data in a 

sequential manner – so, covariates are not necessarily independent
 Outcomes are not clinically intuitive: e.g. AUC 

 A significantly different AUC might not mean much from a clinical perspective

 Will require conversion of multivariable model output into scoring systems
 Scoring systems are not necessarily easy to apply in clinical contexts – will require 

further knowledge translation work
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Newer approaches to assessing added value

Net Reclassification Improvement (NRI) 
Summary Index

[P(up|D=1)−P(down|D=1)]−[P(up|D=0)−P(down|D=0)]

Correct classification   +          Correct classification
of cases of non-cases

Pencina Stat Med 2007
Slide: JZ Metcalfe

GOOD GOODBAD BAD


