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the variance component model is the only approach 
to account for different thresholds across studies, 
it treats different test-threshold combinations as 
separate tests, and hence full SROC plots cannot be 
drawn. Fifth, all apart form the hierarchical latent 
class10 model account for the inherent correlations 
between multiple pairs of sensitivity and specificity 
data across tests within a study. Sixth, three8,10,26 of 
the four approaches, i.e. the hierarchical latent class, 
normal-binomial, and variance component methods, 
model the logit sensitivities and specificities across 
tests, assuming that the transformed quantities have 
approximately a normal distribution with a constant 
variance. However, when proportions are modelled, 
such as sensitivity and specificity, the constant vari-
ance condition is not always satisfied and variance 
depends on the underlying proportion. Propor-

tions close to 0 or 1 have a variance close to zero, 
whereas proportions close to 0.5 have the highest 
variance value. This also shows that the parameter 
space for proportions and variances is constrained, 
which contradicts the unbounded and independent 
normally distributed parameters. Hence, a natural 
way to model sensitivity and specificity is to use a 
bivariate beta distribution, as shown by Nyaga et 
al.7 in the beta-binomian model, which allows for 
symmetry and accounts properly for overdispersion. 

Additional DTA-NMA methods have been suggested 
using the full cross-tabulations across studies. These 
include multivariate approaches that can adequately 
model the within-study correlations across tests, and 
can be performed both in Bayesian and frequentist 
frameworks11,14,32. Although the DTA-NMA methods 
are an important contribution to the field of diag-

Table 3. Heterogeneity for sensitivity and specificity within each model.

Model
bivAriAte metA-

regression 
Model

HIerarcHIcal 
lAtent-clAss 

model (model 1)

normAl-
binomiAl model 

(model 2)

betA-binomiAl 
Model  

(model 3)

vAriAnce-
coMponent 

model (model 4)

se
n

si
ti

vi
ty

within-test heterogeneity
Cytology 0.93 - 0.82 0.80

0.64*HPV-DNA 1.13 - 1.12 0.69

mRNA 0.17 - 0.68 0.54

Common between-
study heterogeneity

- - 0.47 0.49 0.45

within-contrAst heterogeneity
Cytology vs HPV-DNA - 1.19 - - -

Cytology vs mRNA - 0.94 - - -

sp
ec

if
ic

it
y

within-test heterogeneity
Cytology 0.95 - 0.75 0.75

0.22*HPV-DNA 0.70 - 0.34 0.77

mRNA 0.33 - 0.20 0.53

Common between-
study heterogeneity

- - 0.64 0.30 0.65

within-contrAst heterogeneity
Cytology vs HPV-DNA - 0.91 - - -

Cytology vs mRNA - 0.78 - - -

*Irrespective threshold




