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Abstract

Purpose: Predicting chromosomal abnormality prevalance
and accuracy of diagnostic tests represents a considerable
problem when chromosomal disorders could not be
verified with gold standard test. Aim of the study was to
predict performance of screening tests and chromosomal
abnormality prevalance within a bayesian analysis.
Materials and Methods: Retrospective study at the
Hospital of Mersin University, including pregnants who
were admitted to gynecology and obstetrics clinic between
August 2014 and August 2015. Within applicants, 1759
gestational’s records were utilized who had ultrasound
examination and double screening test result in first
trimester period. Two stage Bayesian approach was used.
In the first stage, people were classified as patient and
healthy. In the second stage, people suspected of having
disease were examined by a gold standard test.

Results: In the situation of known prior information,
joint sensitivity and joint specificity were estimated as 77%
and 99%. In the case of no prior information, joint
sensitivity and joint specificity were estimated as 50% and
97%. Considering Deviation Information Criterion and
Monte Carlo Error values together, model under prior
information was better than the other.

Conclusion: Verification problem will be frequently
encountered for screening tests in pregnancy. Performance
measures of the tests may be calculated more accurately by
utilizing this method.

Key words: Chromosomal abnormalities,
bayesian method, verification problem.

tWO—StﬁgC

Oz

Amag: Kromozomal anormallik prevalansini ve diagnostik
testlerin  dogrulugunu  tahmin  etmek kromozomal
bozukluklar altin Standard test ile dogrulanamadig
durumda ciddi bir problemdir. Bu ¢alismanin amact tant
testlerinin =~ performasint ve  kromozomal — anomali
prevalansini bayes analizi ile tahmin etmektir.

Gereg ve Yontem: Agustos 2014 ve Agustos 2015
tarihleri arasinda Mersin Universitesi Hastanesi Kadin
Hastaliklar1 ve Dogum poliklinigine basvurmus gebeler
calismaya dahil edilmistir. Bagvuran gebeler igerisinden,
birinci trimester dénemde ultrasonografi ve ikili tarama
test sonucu olan 1759 gebeye ait kayitlardan
yararlanilmistir. Tki Asamali Bayes yontemi kullanilmustir.
Ik asamada, bireyler hasta ve saglikh olarak
stniflandirimaktadir. Tkinci asamada ise ilk asamada hasta
ya da saglikli olduguna karar verilen bireylere altin standart
test uygulanarak durumlart dogrulanmaktadir.

Bulgular: Onsel dagilim bilgisi oldugu durumda, bitlikte
duyarlilik ve segicilik degerleri %77 ve %99 olarak tahmin
edilmistir. Onsel dagilim bilgisi olmadigt durumda ise,
birlikte duyarlilik ve segicilik degerleri %50 ve %97 olarak
tahmin edilmistir. Sapma Bilgi Olgiitii (DIC) ve Monte
Carlo Hata (MC) degerleri birlikte incelendiginde, 6nsel
bilgi oldugu durumda modele uyum daha iyidir.

Sonug: Dogrulanamama problemi ile gebelikte uygulanan
rutin tarama testleri icin siklikla karsilagtlmaktadir. Tarama
testlerinin  dogrulugu bu yoéntemden yararlanilarak daha
dogru sekilde tahmin edilmektedir.

Anahtar kelimeler: Kromozomal bozukluklar, iki asamali
bayes yontemi, dogrulama problemi
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INTRODUCTION

Physical and mental disorders negatively impact
people’s life such that they encounter many
difficulties in chilhood and adolescent period. Many
genetic abnormalities can be detected before the
birth. ~The most common  chromosomal
abnormalities by
nondisjunction during cell division following to
meiosis and mitosis. A trisomy is a type of
aneuploidy in which there are three instances of a
particular chromosome, instead of two and
associated with three main syndrome including
Trisomy 21 known as Down syndrome, Trisomy 13
(Patau syndrome) and Trisomy 18 (Edward
syndrome)'2.

are trisomies caused

Prenatal diagnosis for chromosome abnormalities
has been available for over approximately fifty years.
It includes all the methods used to obtain
information about the embryo or fetus. Also,
prenatal diagnosis is one of the best example of the
integration of pre-clinical and clinical sciences. It
covers both screening and diagnostic methods. First,
pregnant women are classified as low or high risky
for chromosomal disorders by ultrasonography
(USG) or screening tests. Then the most accurate
information about the baby's health can be obtained
by diagnostic methods such as amniocentesis,
cordocentesis or chorionic villus sampling for high
risky group according to the results of screening
tests. Amniocentesis is the most common invasive
method, but it is offered to women that have at least
one positive test result after screening because of
being an invasive, costly procedure and having
miscatriage risk (1/300-1/500)!-.

The pregnants having negative results in both tests
are not usually verified by a gold standard test.
Hence, calculating performance measures become
impossible. Based on verification problem for
negative results, the primary aim of this study is to
predict chromosomal abnormality prevalance and
performance of diagnostic tests using two-stage
bayesian method. The secondary aim is to evaluate
the effect of prior information on predictions.

MATERIALS AND METHODS

In this study, the pregnant women who were
admitted to the gynecology and obstetrics clinic for
routine follow up between August 1, 2014 and
August 1, 2015 were included. From applicants, 18-
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35 year-old 1759 women’s record including
ultrasound examination and double screening test
results in the first trimester period have been
utilized. The study was approved by the clinical
research ethics committees of Mersin University on
11/26/2015. Meeting number/ Decision number:
22/355). All patents provided written informed

consent prior to taking part in the study.

Prenatal ultrasonography markers during the late
first trimester of gestation were echogenic
intracardiac ~ focus, increased fetal nuchal
translucency, absent nasal bone, echogenic bowel,
bilateral renal pyelectasis or shortened fetal femoral
length. When, at least two of those markers were
detected, a pregnant was evaluated as positive in
USG. She was considered as risky if calculated risk
value for double screening test was larger than
1/250. All steps of the obstetic evaluations were
supervised by the gynecology and obstetric specialist
(Co-author) and definite diagnoses of the
abnormality were also made by her. Pregnants
whose either screening test or USG was positive
were directed to amniocentesis. (Co-author) and
(Co-author) evaluated amnion fluid who have
agreed to amniocentesis.

The evaluation of screening tests have been used
since Thomas Bayes first developed the Bayes
Theorem in the late 1700’s”. Then, clinicians have
been frequently utilized Bayes Theorem for
diagnosing disease or selecting the appropriate
treatment according to their experience and
previous studies. In generally, two stage approach is
used in screening specific disease or condition. In
the first stage, people are classified as patient and
healthy. In the second stage, people suspected of
having disease are examined by a gold standard test
for verification. The Bayesian approach is based on
not only observed information but also on a prior
information®. Information from previous studies
were prior information for Bayesian analysis. There
are many publications applied Bayesian theorem to
calculate the sensitivity, specificity of screening tests
and prevalance’ 3. A Bayesian approach was used to
evaluate double screening test utilized in 11-14
weeks for detecting chromosomal abnormalities
especially trisomy 21 in this study.

The count data of screening test and amniocentesis
results indicated in Table I. Where, Xi; is the
number of patients who have positive results for
both double screening test and USG, Xjo is the
number of patients who have positive result for
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double screening test but negative results for USG,
Xo1 is the number of patients who have negative
result for double screening test but positive results
for USG, Xoo is the number of patients who have
negative results for both of them. Since women that
have at least one positive test result are verified
using amniocentesis, [ap] and [ag] are unknown.
Using sensitivity (Se;=P(Ti+|D+)) and specificity
(Spi=P(T.|D)) for each screening method,
covariances and correlations between two tests are

Table 1. Data structure for two-stage Bayesian method.

Diagnostic performance measures with two-stage Bayesian method

calculated for both diseases and nondiseases!415,
Where, Ti+ is true positives, Ti is true negatives, D+
is the number of all pregnants with chromosomal
abnormalities and D_is the number of all pregnants
without chromosomal abnormalities.

Disease prevalance is also shown as n= P(D+). At
the same time joint estimation of sensitivity,
specificity and positive predictive value of screening
methods can be calculated.

Ultrasonography | Amniocentesis

Double + - Total D+ D- Total
Screening
Test

+ X11 X10 X1. At least one test is positive all al0 al.

- X01 X00 XO0. Both tests are negative [a01] [a00] a0.
Total X1 X.0 n Total [a.1] [2.0] =n
Prior distribution information should be known to  Positive predictive value ([PPV) is a good
use Bayeasin approch. Performance measures of  performance measure of diagnostic methods
screening tests (sensitivity, spesificity, positive  because it contains sensitivity, specificity and

predictive value, negative prediactive value) are
generally uniformly distributed. Only range value
(maximum value-minimum value) information is
enough for utilizing uniform prior distribution.
Range is [0,1] for petformance measures!'+10,

Model evaluation and checking

All estimations in this study can be applied with
WinBUGS codes using WinBUGS  softwarel”.
Deviation Information Criterion (DIC), Monte
Carlo Error (MC) statistics and Brooks-Gelman-
Rubin (BGR) convergence statistics are commonly
used model  evaluation  techniques.  DIC,
generalisation of Akaike’s Information Criterion
(AIC) and Bayesian Information Criterion (BIC), is
useful where posterior probabilities are obtained by
Monte Carlo Matcov Chain (MCMC) simulation.
For model checking, model with the smallest DIC is
the best predictor of posterior probabilities. MC
error is interpreted as similar to standard error. A
rule of thumb is that MC error must be less than 5%
of standard deviation of the estimated parameter!8.
Furthermore, Brooks-Gelman-Rubin (BGR)
convergence statistics are graphical tools for
assessing convergence of multiple chains to the
same distribution. There must be at least two chains
for utilization of this method and BGR values
around 1 indicate convergence. At the same time,
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prevalance. Hence, it is also used for model
checking. The difference between the actual PPV
value and estimated PPV value must be small and
actual PPV value must be included by the estimated
95% Bayesian Credible Interval (BCI) of estimated
PPV.

RESULTS

When data archive was investigated, either screening
test was positive in 1,13% (20/1759) of enrolled
pregnants and underwent to amniocentesis (Table
II). Mean age was calculated of all pregnants
included the study as 26.42+519 vyears. Three
chromosomal abnormalities were detected following
amniocentesis and amniocentesis  results of
pregnants whom at least one test is positive were
given in Table 3.

For application of two-stage Bayesian method, two
senarios of prior distributions were constructed as
below. In the first senario, informative prior
distribution was applied. Lower bounds of
distributions were arranged such that obtained
information from previous studies. According to the
literature, sensitivies of double screening test and
USG wete 0.60 and 0.50 ' and upper bounds were
1. Because there were no clear information about
upper bounds. Information about specificity and
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prevalance were not clear and constant. Hence,
uniform distribution range for specificity and
prevalance were determined between 0 and 1.

Senario 1
Se1~ uniform (0.60, 1) SeZN uniform (0.50,1)

Sp1~ uniform (0,1) , Sp2 ~ uniform (0,1)
n ~ uniform (0,1)

In the second senario, the uniform distribution in
[0,1] was applied to calculation of sensitivity and
specificity as a non informative prior distribution in
the absence of information from previous studies.
Thus, importance of prior information of the
sensitivity was demonstrated with real data.

Cukurova Medical Journal

Sp1~ uniform (0,1) , Spz ~ uniform(0,1)
7 ~ uniform (0,1)

The diagnostic performance measures were
estimated for informative and non-informative prior
distribution of sensitivity (Table 4, Table 5).

In the situation of informative prior distribution,
joint sensitivity and joint specificity were estimated
as 77% and 99%. The positive predictive value was
17% and prevalence of chromosomal disorders was
0.2%. In the case of non informative prior
distribution, joint sensitivity and joint specificity
were estimated as 50% and 97%. The positive
predictive value was 18% and prevalence of
chromosomal disorders was 5.6%. The correlation

. coefficient between two tests under prior
Senario 2 . . . .
. . information and non information  were
Sei~ uniform (0,1), Se2~ uniform (0,1) .
approximately 0.40.
Table 2. The distribution of pregnants according to screening test and amniocentesis results.
USG Amniocentesis

Double + - Total D+ D- Total
Screening
Test
+ 4 13 17 At least one test is positive 3 17 20
- 3 1739 1742 Both tests are negative [201] [200] 1739
Total 7 1752 1759 Total [a1] [.0] 1759

Table 3. Amniocentesis results of pregnants whom at least one test is positive

Double Screening Test USG Amniocentesis Result
+ + 47,XY+21; 46,XY; 46,XX; 46,XX
47, XX+21; 46,XY; 46,XX; 46,XY; 46,XX; 46,XX; 46,XX;
i — 46,XY; 46,XX; 46,XX; 46,XY; 46,XY; 46,XX
N + 47, XY+21; 46,XX; 46,XY

Table 4. Performance measures of USG and double screening test in case of informative prior distribution of

sensitivity (Senario 1).

Sei~ uniform [0.60, 1] Se ~ uniform [0.50,1]
2

Sp1~ uniform [0,1] , Sp2 ~ uniform [0,1]
7 ~ uniform [0,1]

MeantSt. Deviation Median (95% BCI) MC Error

Sey 0.7774+0.1164 0.7676 (0.6064-0.9877) 0.0061

Sez 0.7595%0,1473 0.7582 (0.5151-0.9944) 0.0081

Seje 0.8982%0.0846 0.9225 (0.6861-0.9980) 0.0053

Spi 0.991410.0017 0.9915 (0.9880-0.9946) 5.451E-5
Sp2 0.99741+0.0013 0.9975 (0.9945-0.9956) 6.943E-5
Spe 0.9899+0.0018 0.9900 (0.9861-0.9931) 6.236E-5
PPV 0.1762%0.0696 0.1699 (0.0543-0.3290) 0.0022

T 0.0024%0.0010 0.0023 (0,0007-0.0048) 3.321E-5
DIC 25.037

BCI: Bayesian Credible Interval
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Diagnostic performance measures with two-stage Bayesian method

Table 5. Performance measures of USG and double screening test in case of non informative prior distribution

of sensitivity (Senario 2).

Sei~ uniform [0,1], Se2~ uniform [0,1]
Sp1~ uniform [0,1] , Sp2 ~ uniform[0,1]
7 ~ uniform [0,1]

MeantSt. deviation Median (95% BCI) MC Error

Sey 0.363710.2902 0.3099 (0.0017-0.9608) 0.0109
Sez 0.3523%+0.2930 0.2876 (0.0015-0.9476) 0.0115
Seje 0.5064%0.3171 0.5238 (0.0030-0.9846) 0.0141
Spi 0.97231+0.1088 0.9913 (0.6242-0.9946) 0.0071
Sp2 0.9905%0.0391 0.9970 (0.8878-0.9994) 0.0023
Spje 0.9693%0.1155 0.9899 (0.5648-0.9932) 0.0076
PPV 0.1839%0.0780 0.1755 (0.0583-0.3599) 0.0011
T 0.0561%0.1951 0.0043(0,0009-0.9772) 0.0134
DIC -182,181

BCI: Bayesian Credible Interval

Considering DIC and MC values together, goodness
of model under informative prior distibution of
sensitivity was better than non informative prior
distribution model. According to BGR statistics,
convergency of estimation results was good in case
of both informative and non informative prior
distribution of sensitivity. When the results of the
two scenarios and BGR statistics were examined
under informative prior ditribution of sensitivity, the
MC error values were smaller than non informative
prior distribution and at the same time, mean and
median of each parameter were about the same.
This shows that estimation results were close to
each other and distributed symmetric. (Figure 1.a-
1.b) At the same time, 95% BIC of estimated PPV
was including actual PPV value. All these results
showed that two model fit for BGR statistics, PPV
value criteria. Therefore, the model under
informative prior distribution was better than non
informative prior distribution according to DIC,
MC error statistics.

DISCUSSION

In many countries, the usage of screening methods
like maternal serum screening and genetic sonogram
to detect chromosome anomalies and other birth
defects are a routine of prenatal diagnosis in the first
and/or second trimesters. However, both of these
methods are not recommended because of lower
sensitivity and higher false positive rate (2%0—7%).
Developing countries still use these methods to
examine chromosomal anomalies®®. Because new
developed methods like Non Invasive Prenatal
genetic testing (NIPT) are too expensive. If one of
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these tests indicate that a fetus is at risk of
aneuploidy, invasive methods like amniocentesis or
chorionic villus sampling (CVS) are recommended
for diagnosis. Many pregnant hesitate invasive
methods because of miscarriage risk or religious
causes. But true diagnosis of chromosomal disorders
before the birth is very important?!. It is considered
that a large number of pregnant is forced to
amniocentesis despite having a healthy baby because
of screening tests’ results. But there is a bigger
problem than this situation that some of pregnants
have baby with especially Trisomy 21 despite
negative screening results. If at least one of the
screening tests is positive, invasive methods can be
applied. But the pregnants having negative results in
both test are not usually verified by a gold standard
test because of ethical reasons.

By now, many methods have been proposed to deal
with the verification problem. Firstly performance
measures were obtained through latent class models
under the assumption of independence of two test
errors (Walter,1999)2223. Pepe and Alonzo (2001)
suggested to compare relative accuracy of tests by
utilizing the ratio of true positive and false negative
results?»?>. Models suggested by Bohning et al. (x
model) and Feng Li et al. (0, RR and matches
model) had additional assumptions!6-26.27,

The homogenity assumption of odds ratios under
the disease and non disease situation was provided
in alpha model. For relative risk (RR) model,
homogenity of relative risk values under two
condition was assumed. The models suggested
before the two-stage Bayesian method use different
assumptions as a priori information. However, it is
not possible to test this assumptions providing or
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not. Bayesian approach is used to resolve
unverification problem of negative results for both
tests by means of prior information. This method
have several advantages. These are consideration of
conditional ~ dependency between tests and
calculation of joint sensitivity, specificity and
positive predictive value. Furthermore, there is no
assumption for bayesian approach and it is much
easier to understand than other methods?-3.
Negative results not verified by gold standard test

PPVje chains 1:3 Sel chains 1.3
1.0} we————— 15
10} re— s
0s
0s
0.0 0.0
T T T T T ™ T T T T
551 600 650 700 750 551 600 650 700 750
stant-teration start-geration
Sez chans 13 Seje chans 1.3
15 15
10 e 1.0 ::::?”_
0s 0s
0o 0o
T T T T T T
551 600 650 700 750 551 600 650 700 750
stari-teration start-geration
Sp1 chains 1:3 Sp2 chains 1:3
L e 10} T spnm—————
0s s
0oL, T T T T 0oL, T T T T
551 600 650 700 750 551 600 650 700 750
start-teration start-teration
Spie chains 1.3 pi chains 1:3
1.0 s e 15
W e
0s
0s
e T T T T o T T ™ T
551 600 650 700 750 551 600 650 700 750

start-teration start-eration

Figure 1.a. Brooks-Gelman-Rubin (BGR)
convergence statistics for informative prior
distribution of sensitivity

So, we used two-stage Bayesian method to estimate
performance measures and we found good
estimations under informative prior distribution of
sensitivity. In our study, only pregnants whom 18-
35 age range were included to prevent bias. Because
age is a risk factor for chromosomal disorder. There
are lots of study about performance measures (false
positive rate, detection rate, sensitivity or spesificity
of methods) of these screening methods. But any
literature could not be found about estimation
problem of screening tests used in prenatal
diagnosis that aneuploidy being verified for positive
results only.

In conclusion, ultrasound and double screening test
are routine examination in pregnancy, that is done
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are accepted as missing disease status. The missing
disease status mechanism in this study is non-
ignorable. Because disease verification depends on
both observed risk factors (age, fetal nuchal
translucency, double screening test results) and
unsaved information connected to the disease
(family history, culturel level, socioeconomic level).
Bayesian approach is suitable for non-ignorable
missing mechanism according to Kosinski and
Barnhart study?>33.

PPVje chains 1:3 Se1 chains 1:3
15 151
1.0 ————— 10 e ————
05t 0sf
0.0 0.0p
T T T T T T T T T T
551 600 650 700 750 851 600 650 700 750
start-teration start-teration
Se2 chains 1:3 Seje chains 1:3
15 150
10 = 10 e
05 0.5F
0.0t 0.0
T T T T T T T T r T
551 600 650 700 750 851 600 850 700 750
start-iteration start-iteration
Sp1 chains 1:3 Sp2 chains 1:3
15 151
1.0 [ —————— 1.0F = ————
0s osr
0.0 0.0p
851 600 650 700 750 851 600 650 700 750
start-iteration start-teration
Spje chains 1:3 pi chains 1:3
10h emmiaoo——— ——o
0s
0.0 ’ . . . . ¥ § . . ’
551 600 650 700 750 $51 600 850 700 750
start-iteration start-tteration

Figure 1.b. Brooks-Gelman-Rubin (BGR)
convergence statistics for non informative prior
distribution of sensitivity

with any doubt, so the number of negative test
results for both tests will be considerably more. In
this situation, calculation of diagnostic performance
measures of screening tests is very important
problem. There are issues to be considered by the
physician and biostatistician in diagnostic studies.
When assessed clinically, previously amniocentesis
had suggested all women over the age of 35 because
of the high risk of having a chromosomal
abnormality. However, clinical evalutions showed
that younger women had the babies with Down’s
syndrome more and the maternal age alone is not an
effective factor for prenatal screening.

On the other hand, bias that occured while
determining inclusion criteria for selection of cases
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and controls in diagnostic studies shoul be avoided.
Results that are unconfirmed by gold standard test
should be taken into account using advanced
methods such as two stage bayesian approach.

The selection of summary statistics that used is an
important issue. It is considered that a large number
of pregnant is forced to make amniocentesis despite
having a healthy baby because of screening tests’
results, more precise posteriori estimates of
performance measures can be obtained by two stage
bayesian method. Study results indicate that
sensitivity and specificity values are relatively high,
though the low PPV. Indeed, PPV is more
important than sensitivity and specificity to
pregnants having unverified screening test results
because it is the probability that a positive test result
indicates a true fetal aneuploidy. Therefore, when
the study results and clinical experience are taken
into account, more sensitive screening tests for
karyotype abnormality should be developed. The
addition of Two Stage Bayesian method to the
common statistical software will ensure widespread
usage.
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