
Page 1 of 5

Additional file 1 — Simulation Study for the Selection of
Appropriate Statistics for a Comparative DTA Review

1.1: Definitions

Basic statistics to describe the accuracy of a diagnostic test are the sensitivity

S = P (T + |D+), where T+ is a positive test result and D+ indicates subjects with

the disease of interest, and the specificity C = P (T −|D−), where T− is a negative

test result and D− indicates subjects free of the disease of interest. S and C can

be compared between two tests T1 and T2 using:

1 the difference in S (SD12 = S1 − S2) and C (CD12 = C1 − C2),

2 the relative S (SRR12 = S1/S2) and C (CRR12 = C1/C2),

3 the odds-ratios SOR12 = [S1 × (1 − S2)]/[(1 − S1) × S2] and COR12 = [C1 ×
(1− C2)]/[(1− C1)× C2].

The relative diagnostic odds ratio rDOR12 = [S1×C1× (1−S2)× (1−C2)]/[S2×
C2 × (1− S1)× (1− C1)] summarizes the relative diagnostic accuracy of two tests

in a single number.

1.2: Objectives

The aim of this simulation study is to determine to which extent the different pos-

sible comparison statistics, as defined in 1.1, are affected by the use of a imperfect

reference standard. The bias induced by using an imperfect reference test in es-

timating S and C are well described in the literature [7,8]. How this affects the

comparison of the accuracy of diagnostic tests is less studied.

In this simulation study, we describe the situation of a single diagnostic accuracy

study, in which 3 test are performed. The first tests are index tests that we want

to compare. The third test is a reference test which is used to estimate the S and

C of the two index tests. The S and C of the index tests are estimated through

comparison with the imperfect reference test. From these estimated, or apparent,

S and C, we calculate the contrasts described in 1.1.

We compare these apparent summary statistics of the relative accuracy (differ-

ence, relative S and C, and odds-ratios) with those calculated when the true disease

status would have been known. This, we compare them with the true underlying

population values of these statistics. We assess only the bias induced by the use of

imperfect reference test and did not consider in our simulation other characteristics,

for example variability, of the summary statistics. The standard error of the sum-

mary statistics will also depend on the estimation method used and is considered

in the simulation study of the different models (Additional File 3).

1.3: Simulation Study Setup

For our simulation study, we selected a typical situation as is commonly encountered

in infectious diseases research. In this scenario, our aim is to compare two index tests

T1 and T2 with S1=90%, S2=85%, C1=85%, and C2=90%, i.e. one test T1 is more

sensitive, while the other test T2 is more specific. The simulated (true) values for

the contrasts between T1 and T2 are consequently 5.0% for SD12, −5.0% for CD12,

1.06 for SRR12, 0.94 for CRR12, 1.58 for SOR12, and 0.63 for COR12. The rDOR12 is

equal to 1. The data were generated using dependent binomial distributions in R.
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The dependency of between the distributions were induced by using random effects

on the logit probability scale.

To assess the influence of an imperfect reference test in estimating the relative di-

agnostic accuracy of two index tests, we estimated this diagnostic accuracy through

comparison with test T3. T3 has S3=80% and C3=95%, i.e. it is a test which is

highly specific but has lower sensitivity. This would commonly be encountered with

techniques which rely on the identification of infectious agents through microscopy

or culture.

In the simulation, we varied the correlation between the two index tests and the

reference test from a limited negative correlation to a strong positive correlation.

The correlation was summarized as the log OR of a positive result on the index

test dependent on the result of the reference test. We simulated 250 datasets of

10,000 subjects with a prevalence of 50% and calculated the relative accuracy of T1

and T2 with the statistics described above. We selected 250 simulations to obtain

sufficient precision, while not requiring excessive calculation time. As the aim of the

simulation study to assess the bias induced by the use of imperfect reference stan-

dards, a large sample size (10,000) for the individual simulation runs was selected

so that the sampling error plays no role in the simulation. A prevalence of 50% was

chosen in the simulation study, as this offers the most information and provides an

equal comparison of the amount of false positives and false negatives. Results were

comparable when selecting other prevalences (10%, 90%, data not shown).

1.4: Results

Results of calculating the relative diagnostic accuracy of T1 and T2, through com-

parison with T3 are summarized in Figure 1 to 4.

Sensitivity S and Specificity C

Looking at the estimates of the diagnostic accuracy of index tests T1 and T2, we ob-

served that the bias in estimating S and C depended on the correlation, conditional

on the diseases status, between the index test and the imperfect reference test T3.

If the errors of T1 and T3 were uncorrelated, then the estimates S and C of T1 were

Ŝ1 = 86% and Ĉ1 = 72%. If however false positive and false negative results for

T1 and T3 were strongly positively correlated (log OR = 1.1) then Ŝ1 = 92% and

Ĉ1 = 77%. If they were negatively correlated (log OR = -0.4) then Ŝ1 = 84% and

Ĉ1 = 71%. Similar results were obtained for T2. These results correspond what is

already well reported in the literature.

Differences SD12 and CD12

Figure 1 shows the bias in the difference SD12 for different correlations between

T1 and T3 (X-axis) and T2 and T3 (Y-axis). In Figure 1.a false positive errors

are uncorrelated, i.e. in the non-diseased T1, T2 and T3 are independent, but the

false negative errors, i.e. results in the diseased subjects, are positively or negatively

correlated. If the correlations between T1 and T3 and between T2 and T3 were equal,

then the estimate of SD12 was approximately unbiased. If T1 was more strongly

correlated to T3 than T2, there was a positive bias (ŜD12− S̄D12) > 0. For example,

if false negative results for T1 were strongly positively correlated with those of the
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reference test while errors for T2 were uncorrelated, the estimated difference ŜD12

was equal to 10%, a bias of +5%. Vice versa, if T2 was more strongly correlated to

T3 than T1, there was a negative bias (ŜD12− S̄D12) < 0. Returning to our example,

if false negative results for T2 were strongly positively correlated with those of the

reference test while errors for T1 were uncorrelated, the estimated difference ŜD12

was equal to 0%, a bias of −5%. The same trends were seen when the false negative

results were uncorrelated, but the correlation of the false positives was allowed to

vary. These effects can be expected a priori. If the errors of index and reference

tests are positively correlated, S and C will be relatively over-estimated (or less

under-estimated) compare to the case the errors are not correlated.

Relative risks SRR12 and CRR12

Similar results were obtained for the contrast expressed as a relative risk (Figure

2). If false negative results for T1 were strongly positively correlated with those of

the reference test while errors for T2 were uncorrelated, the estimated relative risk

ŜRR12 was equal to 1.12, a bias of +6%. However if false negative results for T2

were strongly positively correlated with those of the reference test while errors for

T1 were uncorrelated, the estimated relative risk ŜRR12 was equal to 0.98%, a bias

of −8%.

Odds-ratios SOR12 and COR12

Expressed as an odds-ratio, the bias was stronger (Figure 3) and occurred even with

uncorrelated errors. If results for T1, T2, and T3 were conditionally independent, the

estimated OR ŜOR12 was equal to 1.42, or a bias of −12% compared to the true

value of 1.58. If false negative results for T1 were strongly positively correlated

with those of the reference test while errors for T2 were uncorrelated, the estimated

OR ŜOR12 was equal to 2.26, a bias of +42%. If false negative results for T2 were

strongly positively correlated with those of the reference test while errors for T1

were uncorrelated, the estimated OR ŜOR12 was equal to 0.83, a bias of −48%.

The relative diagnostic odds ratio rDOR12

Lastly, the relative Diagnostic Odds-Ratio showed a similar bias as SOR12 and

COR12 (Figure 4). If results for T1, T2, and T3 were conditionally independent,

the estimated dDOR ˆrDOR12 was equal to 1.09, or a bias of 9% compared to the

true value of 1. If false negative results for T1 were strongly positively correlated

with those of the reference test while errors for T2 were uncorrelated, the estimated

rDOR ˆrDOR12 was equal to 2.15, a bias of +115%. If false negative results for T2

were strongly positively correlated with those of the reference test while errors for

T1 were uncorrelated, the estimated estimated rDOR ˆrDOR12 was equal to 0.48, a

bias of −52%.

1.4: Figures
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Figure 1 Bias (%) in the estimation of the difference in S between two tests (ŜD12) for different
correlations between T1 and T3 (X-axis) and T2 and T3 (Y-axis).

Notes: The correlation is summarized as the log OR of a positive result on the index test
dependent on the result of the reference test. Contours indicate the bias in percentage points.

Dotted lines indicate 0 correlation.

Figure 2 Bias (%) in the estimation of the relative risk in S between two tests (ŜRR12) for
different correlations between T1 and T3 (X-axis) and T2 and T3 (Y-axis).

Notes: The correlation is summarized as the log OR of a positive result on the index test
dependent on the result of the reference test. Contours indicate the bias in percentage points.

Dotted lines indicate 0 correlation.
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Figure 3 Bias (%) in the estimation of the odds ratio in S between two tests (ŜOR12) for
different correlations between T1 and T3 (X-axis) and T2 and T3 (Y-axis).

Notes: The correlation is summarized as the log OR of a positive result on the index test
dependent on the result of the reference test. Contours indicate the bias in percentage points.

Dotted lines indicate 0 correlation.

Figure 4 Bias (%) in the estimation of the relative diagnostic odds ratio between two tests

( ˆrDOR12) for different correlations between T1 and T3 (X-axis) and T2 and T3 (Y-axis).

Notes: The correlation is summarized as the log OR of a positive result on the index test
dependent on the result of the reference test. Contours indicate the bias in percentage points.

Dotted lines indicate 0 correlation.


