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Abstract

ABSTRACT

Down’s syndrome is a classic chromosomal disord#r an incidence rate of one in every
750 live births. Early detection of Down’s syndromegnancies through screening will
provide the option of early termination of pregnammnd better obstetric care to women
with affected pregnancies. Some of the screenitigips which have been implemented in
the UK are second trimester double, triple or quplr marker tests, first trimester
combined ultrasound and biochemical (CUB) screeniagd integrated screening.
Screening performance can be optimized by applgipgropriate correction factors for
variables such as maternal smoking, ethnicity assisted conception. Typical screening
performance is around 70% detection of Down’s syndr pregnancies at a 5% false
positive rate for second trimester quadruple maskeeening, 90% detection at a 5% false
positive rate for CUB screening and 90% detectibra dl-2% false positive rate for
integrated screening. The NHS Fetal Anomaly ScregRrogramme Committee has set a
current performance target for Down’s syndrome esuireg of at least 75% detection at a
3% or lower false positive rate and this can beeatd by CUB or integrated testing by
setting a threshold (cut-off) risk of 1 in 150 atrh. However, further improvements in
performance proposed by the Committee to meetextienh rate of 90% at a false positive
rate of 2% or less are unlikely to be reached bylsistage testing, and protocols which
include some element of sequential testing are imediu The Health Technology
Assessment Programme is currently reviewing two approaches to screening, namely,
repeated measure and cross trimester testing taageaheir potential to meet the more

challenging standard.
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In the present study, using various combinationsiafernal serum marker and ultrasound
measurements, several screening strategies amemefnts are explored to establish their
potential for improving detection rates and redgciialse positive rates in Down’s
syndrome screening. Extensive use has been madmutiiely collected screening data
from the west of Scotland Regional Screening progna for retrospective analysis using
standard Gaussian methods, statistical modeling 8R&S and S-PLUS statistical
software. The performance of within- and acrogsdsgter contingent screening
programmes have been evaluated and the effecthmtity, maternal smoking habit and
assisted reproductive technology (ART) on screemagkers has been assessed using first

and second trimester samples.

Screening within the first trimester

The standard approach to CUB screening is to cauy maternal serum marker
measurements (PAPP-A anghCG) and ultrasound Nuchal Translucency measurement
at 11-13+6 weeks of gestation. This study had alsown that in the CUB screened
population in the west of Scotland, adopting a imHiimester contingent screening
protocol where all women have serum marker testwg only those women with
intermediate risks from the serum markers are effeNT, would have achieved a
detection rate of 88.7% at a false positive rat®.8%6 with 29% of women requiring an
NT measurement. Using LMP based gestational agesttreening protocol would have
achieved a detection rate of 83.3% at a false igesiaite of 7.4% with 25.9% of women
requiring an NT measurement. When analysis wasopadgd only on pregnancies with
certain LMP dates, the contingent screening prdtaoalld have achieved a detection rate
of 88.9% at a false positive rate of 7.0% with 2b.®f women requiring an NT

measurement. Where ultrasound resources are sgaihie-trimester contingent screening
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has the potential to maintain screening performami#st reducing the number of NT

scans required.

Across —trimester screening

Evidence suggests that sequential testing strategia improve screening performance.
This has been explored in this study by statistimaldelling using S-PLUS. Various
combinations of markers were tested. It was eséith#ttat optimal performance could be
achieved by a cross-trimester contingent scregmiotpcol with repeat measures of PAPP-
A (NT, PAPP-A, BhCG in the first trimester followed by AFP, hCGhh, UE3, PAPP-A

in the second trimester in a sub-set of women witbrmediate risks). This could achieve
a detection rate of 92.2% at a false positive cdité.4% but with only 9.7% of women
requiring a second trimester screening test. Theetm the aspirational performance
standard proposed by the UK NSC. Without NT measargs (i.e. serum only screening),
the model indicates that this screening protocalld@chieve a detection rate of 86.2% at
a false positive rate of 3.0% with 22.3% of womequiring a second trimester screening
test. Therefore, the inclusion of NT measuremetitafirst stage of testing is necessary to

achieve the desired performance.

The Effects of Smoking and Ethnicity

Many maternal and pregnancy factors are known fiecaserum marker concentrations
and small but useful improvements in screeninggoerdnce can be made by correcting
for these. Changes however, vary between trimestedsin this study paired first and
second trimester samples have been used to mehswhbanges in serum marker levels in

smokers and between different ethnic groups at st&age of pregnancy.
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In this study, the AFP level in smokers was inceeas the first trimester by 16.3% when
compared with the non-smokers. The hCG level inkaereowas decreased by 27.6% and
30.5% in the first and second trimesters respdgtividhe BhCG level was decreased in
smokers in the second trimester by 17.1% when coedpaith non-smokers. The PAPP-A
level was decreased by 14% and 22.8% in first aodred trimesters respectively when
compared with non-smokers. These results demoesthatt the effect of smoking is
gestation dependant and without appropriate cooreéactors being applied, these serum

marker changes would result in inappropriate risksg estimated for individual women.

The study on the effect of ethnicity on screeningrkars has shown that South Asian
women had higher hCG levels in the first trimestempared with Caucasian women.
They also had lowerphCG and PAPP-A in the second trimester. Orientanet had
higher first and second trimester hCG levels whangared with Caucasian women. They
also had higherphCG and PAPP-A levels in the first trimester. Meldast women had
lower first trimester AFP when compared with Caumaswomen. Black women had
higher hCG in the first trimester when comparechwitucasian women. In Black women,
the PAPP-A level was also elevated in both trinvest@/hile this study confirms that
correction for ethnicity is clearly indicated, appriate correction factors are difficult to
derive as there is likely to be some variation hie tlassification of ethnicity between

studies.
Assisted Reproductive Technology

The growing use of ART in developed countries amel variety of different methods
employed make accurate correction factors desifaialifficult to derive. In this study,
women pregnant after ART had larger NT measurenmotgared with women who had

conceived spontaneously. The PAPP-A level was lomvdre IVF or ICSI with fresh eggs
iV
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group when compared with the controls. Among thelTARatment groups, the NT was
higherin the IVF or ICSI with fresh eggs group when comggawith the controls. The
AFP level was higher in the IVF with donor's eggogp when compared with the
controls. The hCG level was higher in the ART grawerall when compared with the
controls. Women pregnant after IVF or ICSI withstneeggs and frozen eggs had higher

hCG level.

Smoking frequency, birthweight and prematurity

In addition to its effects on serum marker conadmins, smoking in pregnancy is known
to be associated with low birth weight and premigtudt is important therefore that
maternal smoking is accurately recorded on scrgem@quest forms and in this study, the
accuracy of self reported smoking status was asddsg analysis of cotinine in serum.
Results showed that the percentage of self-repasiadkers (24.1%) at booking was
significantly lower than the cotinine-validated ipsite of 30.1%.Also, smoking was
associated with low birth weight, delivery priar 39 weeks, increased AFP level (3.1%)
and reduced hCG level (28.7%) in the second trienesin increasing AFP level (but not
hCG level) was associated with lower birth weighd adelivery prior to 39 weeks in both
smokers and non smokers but the effect was modtetian smokers. The difference in
birth weight between the highest and the lowest A&fegory for non-smokers was 448.39g
and for smokers was 619.2g, suggesting that smakiagerbates the effect of an elevated
AFP on birth weight. Overall the difference in hirtveight between the lowest AFP

category in non smokers and the highest AFP cagagamokers was 931.6g.
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Summary

In summary, this study has shown that a cross-#tenecontingent screening protocol
with repeat measures has the potential to meet/Kh&ISC aspirational standard of 90%
detection of Down’s syndrome pregnancies with a&etrpositive rate of less than 2%.
Around 90% of women would complete screening infths¢ trimester without the need
for a second stage sequential test. Correctindaftiors such as maternal smoking habits,
ethnicity and ART would further improve screenirgrfprmance. Also it has been shown
that where ultrasound resources are scarce, witinrester and across-trimester protocols
can reduce the need for NT measurement in all waenerstill deliver excellent screening
performance although this falls short of the higherformance standard. The potential of
these new screening protocols now need to be t@stpdbspective multicentre trials to

confirm their performance in prospective practice.

Vi
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1.1 BACKGROUND

Down’s syndrome, a classic chromosomal disordeultiag in mental retardation and
severe congenital disorders, was the first medamaidition to be associated with a
chromosomal abnormality. With the incidence rateowé in every 750 live births, early
detection through screening is imperative to helpprenatal diagnosis of Down’s
syndrome. This will provide the option of early menation of pregnancy and better
obstetric care to the women with Down’s syndromegpancies (Gardner and Sutherland,

2004; Roper and Reeves, 2006).

The Down’s Syndrome Screening Programme was stautgdkr the UK National
Screening Committee (NSC). The UK NSC sets stasdaashd oversees the
implementation of screening programmes in Engldiek committee was set up in 1996.
The recommended screening strategies from 2007 trerefirst trimester combined
ultrasound and biochemical (CUB) screening, integtatesting and serum integrated
testing. The Health Technology Assessment is ctiyreaviewing two new strategies for
screening, namely, repeated measure and crosssteintesting. These tests are expected
to further improve the performance of Down’s symdeoscreening programmes in the

period after 2010 (NHS Fetal Anomaly Screening Paogne, 2008).

1.2 DOWN’'S SYNDROME

The earliest mention of this disorder was made diynJLangdon Down in 1866. Down
described this disorder as ‘Mongolian Idiocy’ in assay classifying mental handicaps.
However, the cause of the disorder remained unknowil 1959, when a French

cytogeneticist, Jerome Lejeune, discovered trisddy as the cause of this genetic
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abnormality. Subsequently, the condition was remhia® ‘Down’s Syndrome’ in 1961,

after John Langdon Down (Chudley and Chodirker, 3300

1.2.1 INCIDENCE RATE OF DOWN'S SYNDROME

Down’s syndrome, a classic chromosomal disordes tha first medical condition to be
associated with a chromosome abnormality in 19%Jefineet al, 1959). In the absence
of prenatal intervention, one in 750 live birthsartypical population is affected by this
chromosomal disorder (Gardner & Sutherland, 20@peaR and Reeves, 2006). According
to the Scottish Perinatal and Infant Mortality aMarbidity Report 2007, the rate of
Down’s syndrome in Scotland was 1.02 in 1000 bifthsn 980), during the period of
2002 to 2006 (Information Services Division NHS taod, 2008) and this lower
incidence reflects the impact of screening and ggedndiagnosis. A large number of
Down’s syndrome pregnancies are sufficiently viablsurvive to term (Cuckle, 2005). At
conception, the frequency of Down’s syndrome is Imhigher. Nearly 75% of the Down’s
syndrome fetuses identified during the first tribeesand about 50% of those identified
during the second trimester are lost before theptetmon of the pregnancy term (Roper
and Reeves, 2006). Advanced maternal age is tbiegast risk factor linked to the cause
of Down’s syndrome pregnancies. The birth prevadancreases from 0.6 to 4.1 per 1,000
between the age of 15 and 45. This risk increages more with a previous history of a

Down’s syndrome pregnancy (Cuckle, 2005).
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1.2.2 PHENOTYPE OF DOWN'’S SYNDROME

Down’s syndrome is associated with variable phgmedy However, mental retardation,
neonatal hypotonia, small and hypocellular braid amnor facial dysmorphic features
such as small nose, up-slanting palpebral fisswsckling of iris (Brushfield spots), flat
facial profile, low set ears, single palm creaselengap between the first and second toes
and shortened fifth finger can be seen in almdsindividuals with Down’s syndrome

(Korenberget al, 1994).

Those with Down’s syndrome also suffer from othamgenital abnormalities such as heart
defects and gastrointestinal abnormalities. A stadgducted by Hayest al (1997) in
Dublin showed that heart defect is the most comadmmormality among children (found
in 45.8%) with Down’s syndrome followed by gastiteistinal disorders. This finding was
consistent with another study conducted in Straghbday Stoll et al (1998). Other
abnormalities such as urinary tract malformationpldefects and congenital cataract have
also been reported along with Alzheimer diseasiiase surviving beyond the age of 40

(Hayeset al, 1997; Stolkt al.,1998; Noble, 1998; Baliff and Mooney, 2003).
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1.2.3 CYTOGENETICS OF DOWN SYNDROME

Over 95% of Down’s syndrome cases are caused sgnty 21, where the cells in the
body have three copies of chromosome 21 instedldeonormal two. Studies have shown
that non-disjunction at maternal meiosis 1 is thengry cause of most trisomy 21 cases
(Robinson, 1977; Shermaet al, 1994; Noble, 1998). Non-disjunction occurs when
homologous chromosomes fail to segregate symmkyretacell division. This causes one
daughter cell to have two copies of chromosomerilthe other have none (Gardner &
Sutherland, 2004). Figuré.l illustrates the classic view of the mechanisimnon-
disjunction. The other causes of Down’s syndrome slosaicism and Robertsonian

chromosomal translocation.

Chromosome 21

Non-disjunction m % o
— > < Normal meiosis |
at maternal
meiosis | l

Trisomy 21 Monosomy 21

Figure 1.1: The mechanism of non-disjunction irsdnmy 21

(Reproduced from http://www.perinatal.nhs.uk/capfaaly/chromosome/downs.htm)
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1.3 PRENATAL DIAGNOSIS

Prenatal diagnosis allows the option of terminatdrpregnancy or better obstetric care
and planned delivery for the pregnancy. Prenatajriisis may be offered to women who
are identified as high risk through a screening, #®ho are in advanced childbearing age,

or who have had a previous child with a chromosabrermality.

1.3.1 AMNIOCENTESIS

Prenatal diagnosis of chromosomal disorders usingni@entesis has been well
established since the early 1970s. In second tten@snniocentesis, which is performed
around 16 weeks of gestation, a needle is insdahesigh the abdominal wall ideally
under ultrasound guidance into the amniotic caartgl a sample of amniotic fluid (20mls)
is collected. The fetal cells from the amnioticidlican then be cultured and karyotyping
performed. The disadvantage of this diagnostic gatace is that the results are available
only after 16 weeks of gestation as cell culture karyotyping may take 2 to 3 weeks. The
long waiting period for the diagnostic results czause anxiety among the pregnant
women and termination of pregnancy is more difficahd traumatic at late stages of

pregnancy (Alfirevicet al, 2003; Gardner & Sutherland, 2004).

Early amniocentesis, which is performed at 9 taviééks of gestation, was first introduced
in the late 1980s. This diagnostic procedure is faene as the second trimester
amniocentesis. Ultrasound was considered essdéat@ide the needle into the amniotic
cavity due to the small target area (Alfirevat al, 2003; Gardner & Sutherland, 2004).
Studies however have found that fetal loss rateanty amniocentesis (2.2%) was greater
than in second trimester amniocentesis (0.6%) (Hideset al, 1994b; Daniekt al,

1998; Collinset al, 1998) and this method has generally been abaadoRarly
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amniocentesis also has an adverse effect on palrilag function. Yuksekt al (1997)
reported that infants whose mothers had had eamlyiatentesis during pregnancies had
higher thoracic gas volume (TGV) and lower functibmesidual capacity (FRC) than

infants whose mother had undergone no invasivendsig procedure.

1.3.2 CHORIONIC VILLUS SAMPLING

Chorionic villus sampling (CVS) is a first trimestdiagnostic procedure performed at 10
to 11 weeks of gestation. This procedure was diesteloped in China in the mid 1970s and
then expanded to the Western countries in 19808rémic et al., 2003). In CVS, the

sampling of placental tissue is done using per@adas transabdominal or transvaginal /
transcervical method with ultrasound guidance. faesabdominal technique is the most
commonly used method now. The early diagnosis abrabsomal abnormalities permits
pregnant women to access early pregnancy termmé#itiirevic et al, 2003; Gardner &

Sutherland, 2004). However, this diagnostic prooedas a risk of fetal loss of 1.5-2%

(Brunet al.,2003).

1.3.3 RAPID DIAGNOSTIC TECHNIQUES APPLIED TO
AMNIOCENTESIS & CVS

The standard karyotype analysis involves cell caltharvesting of dividing cells, staining
and the analysis of chromosome banding. In the th& average reporting time using this
analytical method is 13 to 14 days (NEQAS, 200@)\was the need for a quick and rapid
method for the detection of chromosomal abnorneslithat led to the development of
fluorescence in situ hybridisation (FISH) and qitative fluorescence polymerase chain
reaction (QF-PCR) techniques. FISH uses chromospaeHic probes with fluorescent

labels attached for detection of fetal chromosoatmiormalities. QF-PCR is based on the

7
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amplification of repeat sequences at the polymarpdci. The application of FISH and
QF-PCR enables diagnosis and reporting of chromak@hnormalities within 24-48
hours of sample receipt (Pest al., 1999; Mannet al, 2001; Grimshawet al, 2003;

Nicolini et al, 2004).

1.4 PRENATAL SCREENING

The development of screening for fetal abnormalitias greatly improved the prenatal
care in many developed countries. According to Wa94), screening is defined as ‘The
systematic application of a test or inquiry, tontiy individuals at sufficient risk of a

specific disorder to benefit from further investiga or direct preventative action, among
persons who have not sought medical attention coust of symptoms of the disorder’.

Women who are screened positive are generallyaxffeounselling and a diagnostic test.

In the 1970s, screening for Down’s syndrome wasopeled based on advanced maternal
age. The women, who were pregnant at the age air Zhove, were offered diagnostic

testing through amniocentesis (Benn, 2002; Powall @rudzinskas, 1995). Due to the
small but distinct risk of pregnancy loss followiagniocentesis and the inability to detect
Down’s syndrome pregnancies in women who were dgggithan 35 years, efforts were
made to develop a screening test which could berexdfto all women and identify those

who are at high risk of fetal aneuploidy (Powelda@rudzinskas, 1995). The estimated
rate of Down’s syndrome rises from about 0.6 pé0l(l in 1667) at age 20 to about 1.1
per 1000 (1 in 909) at age 30, 3.2 per 1000 (1113) &t age 35, 11.1 per 1000 (1 in 90) at

age 40 and 40.5 per 1000 (1 in 25) at age 45 (Ho@a&l).

All pregnant women are therefore at risk of havaagregnancy with a chromosomal

abnormality. When a pregnant woman opts into aesing programme, her individual risk

8
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is calculated based on the ‘a priori risk’, whiokpednds on maternal age, gestational age,
and the screening test results. The ‘a priori riskmultiplied by the likelihood ratio
derived from the screening test, to determine thigept-specific risk. The ‘a priori risk’
generally increases with maternal age and decreagbsadvancing gestation. This is
because fetuses with chromosome abnormalities are hkely to die in utero compared
to normal fetuses (Hook, 1981; Ferguson-Smith aate¥, 1984; Snijderst al, 1994,

Snijderset al, 1999; Nicolaides, 2004).

1.4.1 MATERNAL AGE RISK

With the development of prenatal screening, a rfeeanaternal age-specific prevalence
rates arose. A maternal age-specific rate schedieNeloped by Cucklet al (1987) is
widely employed for the purpose. The maternal gugsific risk schedule was developed
by plotting a regression curve using the combiresailts of eight large, published surveys
of Down’s syndrome in live births. It was widely ags in risk calculation and was
embedded in many computer programmes used in eatreening. The widespread use
of this rate schedule and the need for accuratermalt age-specific rates of Down’s
syndrome, led to further critical re-evaluations tbfs data (Hecht and Hook, 1994).
Subsequently, Hecht and Hook (1996) reported thatsthedule in their study predicted
higher rates than those predicted by Cueklal (1987), particularly in older women and
proposed an alternate rate schedule. This findiag eonfirmed by Bragt al (1998) using
meta-analysis of nine data sets to estimate madtagespecific risk. In 1998, Cuckle
investigated the effect of using different materagle-specific prevalence curves on
detection rate, for three second trimester scrggmiatocols. Cuckle (1998) concluded that
the inaccuracy caused by the use of different matexge curves is unlikely to markedly

influence the Down’s syndrome screening result.

9
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Pregnancies with Down’s syndrome are likely to endpontaneous fetal loss. Therefore,
the risk of having pregnancy with Down’s syndronfeamges with gestational age. In
1999, Morriset al investigated the fetal loss rates in Down’s syn@E@regnancies using
data from National Down’s syndrome Cytogeneticsi&eg Based on this study together
with two other previous studies (Macintoshal, 1995; Hallidayet al, 1995), Morriset al
(1999) reported that nearly 43% of pregnancies @ndea miscarriage or still birth
between the time of CVS and term, and about 23%istarriages or still births occurred
between the time of amniocentesis and term and df28#ths were stillborn or resulted in
a neonatal death. A later study by Saeval (2006) on the relationship between maternal
age and the risk of spontaneous fetal loss in Dswghdrome pregnancies confirmed that

the fetal loss rate in Down’s syndrome pregnanicieieases with maternal age.

1.4.2 SCREENING MARKERS

Nuchal translucency (NT), alpha fetoprotein (ARR)man chorionic gonadotropin (hCG),
free p human chorionic gonadotropinB(fCG), pregnancy associated plasma protein A
(PAPP-A), unconjugated estriol (UE3) and inhibifl#hA) are commonly used markers in
Down’s syndrome screening. The concentrations e$dghbiochemical markers changes
with gestation. Therefore, in order to remove thettiation caused by gestation in the
marker levels, the concentrations of the markezsnarmally expressed as ‘multiple of the
median’ (MoM) where the observed concentrationxgressed as a ratio of the median
value observed in a normal pregnancy of the sam&aen. When the MoM values are
transformed to log, the distributions in both nor@a@d Down’s syndrome pregnancies are
Gaussian. However, there is no complete separdtgiween the normal and Down’s
syndrome pregnancies (Spencer, 2007; Aitgeal., 2007). Cucklest al (1987) proposed

the use of Gaussian distribution to derive thelilic®d that a particular marker level is

10
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associated with Down’s syndrome pregnancy. Likaldhaatio is the proportion of affected
pregnancies with a given marker level divided kg pinoportion of unaffected pregnancies
with the same marker level. Using the Gaussiarribigton, the likelihood ratio can be
derived from the ratio of the heights of the twg [Baussian frequency distributions at the

given marker level (Cucklet al.,1987).

1.4.3 MARKER PREDICTIVE VALUE

The efficiency of a marker in screening dependswanfactors;1) the shift of the mean or
median level in affected cases and 2) the spre#tteofalues (the standard deviation (SD))
in affected and unaffected cases. The marker widatgr median shift in affected

pregnancies and/or with smaller spread of valudishave better predictive value and be
more effective. Mahalanobis distance is normallgduto evaluate the effectiveness of a
marker in screening for Down’s syndrome. Mahalaaabstance is calculated using the

following equation:
(Mean [unaffected] — Mean [affected]) / SD [unaffed]?

Table 1.1 shows the estimated Mahalanobis distémcédown’s syndrome screening
markers in first and second trimesters. Using taikulation, PAPP-A,fhCG and NT
measurement are the best markers for first trimest@ening and hCG, InhA anghiCG

are the best markers for second trimester scre€Aitigen et al, 2007).

11
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Table 1.1: Mahalanobis Distance of Down’s syndraereening markers (Aitkest

al., 2007)
Mahalanobis Distance
Markers
First trimester Second trimester
AFP 0.23 0.69
hCG 0.38 1.86
InhA 0.35 1.65
uEs 0.68 1.20
PAPP-A 2.08 -
FBhCG 1.45 2.04
NT 6.46 -

1.4.4 SECOND TRIMESTER SCREENING

1.4.4.1 ALPHA-FETOPROTEIN (AFP)

Second trimester screening is performed betweeant’520 weeks of gestation. In 1984,
alpha-fetoprotein (AFP) was discovered to be amg@kbiochemical marker to identify
pregnancies with increased risk of Down’s syndrand other trisomies (Merkatt al,
1984). AFP is a 69kD protein that belongs to theiadinoid family. AFP is synthesized by
the yolk sac and the fetal liver (Powell al, 1995, Seppala, 1975, Mizejewski, 2001).
During pregnancy, fetal AFP enters the maternalutation via two possible pathways;
transplacental diffusion and transamniotic membrdiffeision (Mizejewski, 2001). AFP
concentration in the maternal circulation increapesgressively to peak at 32 weeks
(Macintosh and Chard, 1993).

12
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According to several studies, a reduction in thetenmal serum AFP level occurs in
Down’s syndrome pregnancies, in the second trim¢sterkatzet al, 1984; Cucklest al.,
1984; Fuhrmanret al, 1984; Taboret al, 1984). A study by Newbyt al (1997) on
biochemical markers and pathophysiology of Downisdsome pregnancies indicated that
the unchanged level of AFP in fetal liver homogesand the significant elevation of AFP
in placental tissue from Down’s syndrome pregnansigggest a possible transport defect
specific to AFP which reduces the amount of AFRche®y the maternal circulation to

about 75% of the level in unaffected pregnancies.

In 2002, Spenceet al studied the trend of marker median levels in D@wvsyndrome
pregnancies between 6 and 20 weeks of gestatigurd-il.2 illustrates the trend of
multiple of the median (MoM) of AFP in Down’s symuaine pregnancies between 6 and 20
weeks of gestation. The AFP measurement does patate unaffected pregnancies from
Down’s syndrome pregnancies for gestational agdewbd0 weeks. The optimum
gestational age for AFP measurement for Down’s symé screening is at approximately

16 weeks as there is the maximum separation agdsaational age (Spenaaral, 2002).

In the 1970s, screening for Down’s syndrome wasopered based on advanced maternal
age alone. In 1987, Cuckle and co-workers estimdied risk of having a Down’s
syndrome pregnancy by combining maternal age aridrna serum AFP level. Cuckét

al (1987) reported that screening for Down’s syndroaseng both maternal age and
maternal serum AFP level was more efficient thamgisnaternal age alone. For an
example, using maternal age and AFP level, a detecate of 28% with a false positive
rate of 2.8% would be achieved for a risk cut-dffLd200. Using maternal age alone, the
same detection rate (28%) could be achieved withigher false positive rate (4.3%)

(Cuckleet al, 1987).
13
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Figure 1.2: Mean log (AFPMoM) for each gestational age
(reproduced from Spencet al.,2002)

1.4.4.2 HUMAN CHORIONIC GONADOTROPIN (hCG)

In 1987, Bogaret al discovered an association between elevated sddomester human

chorionic gonadotropin (hCG) levels and Down’s sgmae pregnancies. Human chorionic

gonadotropin is a glycoprotein hormone with a molac weight of 36,000 to 46,000

daltons. Human chorionic gonadotropin is synthekinethe syncytiotrophoblast cells and

composed of two subunits (alpha and beta). Theaatptbunit has a structure similar to

that of luteinizing hormone, follicle stimulatingghmone and thyroid stimulating hormone.

Whereas, the beta subunit is a unique glycopraeatific to hCG. In the circulation, hCG

is mostly in the intact form and 0.3% to 4% exists free beta human chorionic

gonadotrophin fhCG) (Powell and Grudzinskas, 1995; Alberteial., 1982; Macintosh

and Chard, 1993).
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Spencer (1991) investigated the analytical andoalmperformance of the measurement of
second trimester phCG in pregnancies affected by Down’s syndrome. HBhedy
demonstrated tha3fiCG is elevated (0.99 MoM in unaffected, 2.06 Mo Down’s
syndrome) in pregnancies affected by Down’s syndro8tudies by Newbgt al (1997)
also showed that hCG anghiCG levels in second trimester placental tissumfown’s
syndrome pregnancies were higher than those ineplat tissues from unaffected
pregnancies. The similar changes of these markatts in the maternal serum and the
placental tissue from Down’s syndrome pregnanciggysst that the transport of these
markers from their site of synthesis to the mateciraulation is not affected in Down’s

syndrome pregnancies.

Later studies of Spencet al (2002) showed that optimum efficiency of screenirsing
hCG can be achieved at 16 weeks of gestation. 28 as found to be similar in both
affected and unaffected pregnancies between 1@tweeks of gestation (Figure 1.3)

(Spenceet al, 2002).

10r 1100

Log4o(ThCG MoM)
Equivalent ThCG MoM

6 8 10 12 14 16 18 20
Gestation (weeks)

Figure 1.3: Mean log(hCGMoM) for each gestational age
(reproduced from Spencet al.,2002)
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FBhCG level was found to be a viable marker betweentdl 20 weeks of gestation.
However the optimum efficiency can be achieved wBkereening is performed at 15

weeks of gestation (Figure 1.4) (Speneeal., 2002).
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Figure 1.4: Mean log (FBhCGMoM) for each gestational age
(reproduced from Spencet al, 2002)

1.4.4.3 UNCONJUGATED ESTRIOL (uE3)

The reduction in secretion of AFP by the fetal live Down’s syndrome led Canick and

co-workers (1988) to investigate other fetal lipeoducts which might also be associated
with Down’s syndrome. Unconjugated estriol (UE3})taroid product of the fetoplacental

unit, requires the participation of the fetal livierr its synthesis. It is synthesized in the
syncytiotrophoblast from fetal precursors. Dehygraedrosterone (DHEA) is produced

by the fetal adrenal and is converted to 160H-DHiyAhe fetal liver. These compounds
circulate in the fetus as sulphate conjungates.rigvdy formed 160H-DHEA sulphate is

deconjugated by the placenta and converted tookdtyi an aromatase. Estriol can be
measured as unconjugated steroid in maternal ationl (Waldet al, 1988; Macintosh

and Chard, 1993).
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The studies by Canickt al (1988) indicated that maternal serum uE3 was dseck in
Down’s syndrome pregnancies with a median MoM af90. This finding was later
confirmed by other studies on uE3 (Watlal, 1988; Waldet al, 1991; Crossleyt al,
1993). Although uE3 was found to be a useful mafkerDown’s syndrome screening,
there was concern regarding the high correlatidwden AFP and uE3 (Crossley al,
1993; Powell and Grudzinskas, 1995) and imprecistbhuE3 assay (Powell and

Grudzinskas, 1995).

1.4.4.4. INHIBIN A (InhA)

In 1992, Van Lithet al published a report showing that inhibin may beseful marker for
Down’s syndrome screening. Inhibin , a heterodimegiycoprotein with a molecular
weight of 32 000D, composed of arsubunit and one of the tw® subunits [§a or Bg).
When thef subunit combined with the subunit, it gives rise to either dimeric inhibin-A
or inhibin-B.In early pregnancy, the feto-placentalit is the major source of inhibin
(InhA) (Florio et al, 2001). InhA levels have a profile similar to h@&d are lowest in the
maternal serum from unaffected pregnancies at l1léksveof gestation (Aitken and

Crossley, 2005).

Maternal serum inhibin level was reported to be&tied in Down’s syndrome pregnancies
in the second trimester (Van Li#t al, 1992; Spencegt al, 1993; Cuckleet al, 1994a).
However the degree of elevation of inhibin leveliown’s syndrome pregnancies varied
from study to study. Inhibin was initially studieting non-specific assays that utilizes
antibodies directed towards the subunit of inhibin. Such an assay measured total
immunoreactive inhibin and failed to specificallyetdct intact dimeric InhA. The
development of new assay enabled to detect intaweret InhA rather than non-specific

immunoreactive inhibin.
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In 1996, Aitkenet al investigated the level of InhA in pregnancies gsa new assay
specific for dimeric InhA. Their studies showed ttHahA levels were significantly
elevated in Down’s syndrome pregnancies in thersttdmester and measuring the levels
of InhA together with AFP andBhCG significantly improved the detection rate. sThi
finding was confirmed by subsequent studies on I{\WAllaceet al,, 1996; Haddovet al,

1998; Renieket al, 1998).

However, the value of InhA as the fourth markeithe second trimester screening had
remained debatable, until recently. Although thHeaee been previous reports showing that
the second trimester maternal serum InhA level lsvaded in Down’s syndrome
pregnancies (Aitkeet al, 1996; Renieet al, 1998), InhA was not widely used as part of
screening programs due to issues relating to assaystandardization. The assay is now
on a new platform (Access — Beckman Coulter) widuced inter- and intra-kit lot

variation.

In 2001, Spenceet al reported that although InhA level was increasedDwown’s
syndrome pregnancies in the first trimester, itsdoet improve the detection rate of
screening by a combination of pregnancy associalima protein A (PAPP-A)BRCG
and nuchal translucency (NT) measurement at 10¢tavdeks of gestation. Christiansen
and Norgaard-Pedersen (2005) suggested that cotiapirad InhA in early first trimester

(prior to 11 weeks) screening can be as good egratted and second trimester screening.

1.4.4.5 ADAM12

In 2003, Laigaarcet al reported ADAM12 as a promising marker for Downymdrome
screening. The ADAMs belongs to a family of memigramchored cell-surface proteins.

Earlier report by Gilpinet al (1998) shows that human ADAM12 exist in two forms;
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ADAM12-S (short) and ADAM12-L (long). The study alsevealed that both forms of

ADAM12 are found in abundance in the human terncgatéa.

In the studies by Laigaaret al (2003), it was found that ADAM12 level in the naial
serum was 60-fold increase from early to late paegy whereas it is seen to decrease
significantly in Down’s syndrome pregnancies, ire tfirst trimester. Laigaaret al
(20064a) later reported that ADAM12 was not reducedown’s syndrome pregnancies in
the late first trimester. A further large scaledstwonducted by Laigaard and co-workers
(2006b), for assessing the performance of ADAM1Zirg$ trimester Down’s syndrome
marker, confirmed the findings from the two prewostudies (Laigaar@t al, 2003;
Laigaard et al, 2006a). ADAM12 was concluded to have the bescrdninatory
efficiency early in the first trimester and theatiminatory power was found to decrease

from week 10-11 to week 12-13 (Laigaatdal, 2006b).

Recent studies have showed that ADAM12 levels edeiced in pregnancies prior to 10
weeks but not to the extent observed by Laigasrdl (2003) (Spenceet al, 2008a;
Spenceret al, 2008b; Spenceet al, 2008c). These studies indicate that ADAM12 is
unlikely to be of much value when screening for D&asyndrome is performed between
11 to 13 weeks of gestation (Spenetral, 2008a; Spenceet al, 2008b). However,
certain reports have been made by Christiaeseh(2007) that maternal serum ADAM12
level is significantly elevated in Down’s syndrorpeegnancies in the second trimester.
Though this finding was confirmed by Donalsenhal (2008), the magnitude of increase
was smaller. More prospective studies are requoesstablish whether ADAM12 is in fact

a useful marker for Down’s syndrome screening.
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The meta-analysis and distributions of maternalireebiochemical markers in Down’s
syndrome cases in the second trimester are showahble 1.2 and Figure 1.5. The largest
shift in median MoM in Down’s syndrome pregnanciesfound for $hCG, following

intact hCG and InhA.

Table 1.2: Meta-analysis of maternal serum biockammarkers in Down’s syndrome

cases in the second trimester (From Aitkéal, 2007)

Biochemical marker Down’s syndrome cases Median MoM
AFP 1559 0.75
fBhCG 649 2.26
hCG 1138 2.07
uEs 963 0.72
InhA 930 1.99
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Down's syndrome

Unaffected Down's syndrome
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Figure 1.5: The distributions of second trimestarkars in unaffected and Down’s syndromsq

pregnancies.
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The risk of a pregnancy being affected by Down'sixdsgme is calculated from the
maternal age risk in combination with the AFP, hGQ&3 and/or other marker levels.
Table 1.3 shows the predicted screening performargieg statistical modelling for

various marker combinations (Cuckle, 2001).

Table 1.3: Predicted detection rate for a fixeddgbositive rate of 5% of various second

trimester marker combinations using statistical etloay (Cuckle, 2001).

Marker combinations Detection rate (%)
AFP & hCG 59.3
AFP, hCG & uE3 62.7
AFP, hCG, uE3 & InhA 69.0
AFP & fBhCG 63.2
AFP, BhCG, uE3 66.8
AFP, BhCG, uE3, InhA 72.1

In Scotland, maternal serum AFP was first usedDiown’s syndrome screening in 1987.
Maternal serum hCG measurements was included iadtezning protocol in 1991. A risk
cut-off of 1:250 at term is currently used to idBnhigh and low risk pregnancies. The
results of those women with *high risk’ is eithaxéd or telephoned to the referring source
as soon as it is available so that patients canalled in for a counselling session. All
results, including the ‘low risk’ and ‘high risknes, are sent by post to the antenatal clinic,
in order to inform the patients about the resuitd to file in the patient record (personal

communication with Dr. Jenny Crossley).

1.4.5 FIRST TRIMESTER SCREENING

Second trimester screening has the disadvantager@tively low detection rate with a

high false positive rate and it is carried out tigky late in pregnancy. This, combined
22



Chapter 1 : Introduction

with the fact that CVS can be carried out as ardatic test in the first trimester of
pregnancy, led to research interest in first tritmescreening. As a result of research
efforts around the world, the two most effectivestfitrimester serum markers were

identified; PAPP-A andphCG.

1.4.5.1 PREGNANCY ASSOCIATED PLASMA PROTEIN A (PAPP-A)

PAPP-A is a pregnancy specific glycoprotein of T8 to 820 000 molecular weight
which exists in pregnancy serum as a heterotetiar2e2 complex with the proform of
eosinophil major basic protein (proMBP). This coexis called PAPP-A/proMBP and
weights approximately 500kDa. PAPP-A is synthesirethe trophoblast and is detected
in the maternal circulation about 28 days afterlantation (Bischof, 1979; Fialova and

Malbohan , 2002; Macintosh and Chard, 1993; Poaradl Grudzinskas, 1995).

Earlier studies have shown that first trimester PA®Rlevels are significantly decreased in
Down’s syndrome pregnancies (Brambati al, 1993; Brambatiet al., 1991). Later
studies by Newbyet al (1997) show that PAPP-A levels in both placentsdues and
maternal circulation are not significantly alteriedthe second trimester. However, recent
reports by Spenceet al (2002) indicate that optimum efficiency can beiacbd when

screening is performed in the earlier stages ajmaacy, at about 8 weeks (Figure 1.6).
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Figure 1.6: Mean log (PAPP-AMoM) for each gestational age
(reproduced from Spencet al., 2002)

01

1.4.5.2 FREEg HUMAN CHORIONIC GONADOTROPIN (F BhCG)

FBhCG level is a viable marker between 10 to 20 weskgestation and the optimum
efficiency using this marker can be achieved wharening is performed at 15 weeks of

gestation (Figure 1.4) (Spencet al, 2002). Previous studies have reported that first

trimester BhCG levels are significantly increased in Down'snchypme pregnancies

(Macri et al., 1993; Spenceet al, 1992) and PhCG is a better marker than intact hCG in

the first trimester (Hallahagt al.,2000).
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The meta-analysis and distributions of maternaliraebiochemical markers in Down’s
syndrome cases in the first trimester are showmhable 1.4 and Figure 1.7. In the first
trimester, the largest shift in median MoM in Dowrsyndrome pregnancies is found for

PAPP-A, following hCG and InhA.

Table 1.4: Meta-analysis of maternal serum biockammarkers in Down’s syndrome

cases in the first trimester (From Aitketal, 2007)

Biochemical marker Down'’s syndrome cases Median MoM
AFP 637 0.8

hCG 772 1.35

uEs 294 0.74
PAPP-A 1057 0.45
FBhCG 1190 1.96

InhA 317 1.47
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Figure 1.7: The distributions of first trimesternkers in unaffected and Down’s

syndrome prgnancies
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1.4.5.3 NUCHAL TRANSLUCENCY (NT)

Another effective marker for Down’s syndrome sciegns ultrasound measurement of
fetal nuchal translucency (NT) (Nicolaidesal, 1994a). ‘Nuchal translucency’ is a term
used by Nicolaidegt al (1992) to describe accumulation of fluid betweka tetal skin
and soft tissues overlying the cervical spine. tmnmal fetuses, the average maximum
thickness of NT is about 1.4 to 1.5mm at 13 weekgeastation. Figures 1.8 and 1.9
illustrate NT in normal and Down’s syndrome fetuaed2 weeks of gestation. Collection
of fluid in this ultrasound-translucent area mayhased by various mechanisms including
cardiac failure and venous congestion. The fetubk micreased NT is at high risk of an
adverse outcome like choromosomal abnormalitiesdlidides, 2004). Previous studies
have shown that increased N¥2(5mm) is associated with Down’s syndrome pregnancy

(Nicolaideset al,, 1992; Pandyat al, 1995; Taipalet al, 1997).

Figure 1.9: Ultrasound picture of
fetus affected with Down’s syndrom
with increased NT thickness.

Figure 1.8: Ultrasound picture of fetus
with normal NT thickness.

11°)

Reproduced from:
http://www.fetalmedicine.com/fmf/training-certifitan/certificates-of-competence/11-13-week-scan/
nuchal/
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The optimum gestational age for NT measuremenet@&den 11 weeks and 13 weeks and
6 days. Nicolaide®t al (2002) stated some of the essential criteria oleoto achieve

accurate and uniform NT measurement among differ@raisound operators:

1. Providing appropriate training to all sonograplesrd auditing of their results.
2. Good quality ultrasound equipment with video-logmdtion and callipers which
will be able to provide measurement to one decpoait (0.1mm).
3. Transabdominal ultrasound examination can sucdgssfieasure NT in about
95% of cases and transvaginal sonography exammitiother cases.
4. The fetal crown rump length (CRL) should be betwédmm and 84mm.
5. Itis essential to take into account the gestatiaga when determining whether the
NT measurement is increased because fetal NT iseseaith CRL.
6. A good sagittal section of the fetus is requiredtfie measurement of the CRL. NT
should be measured when the fetus is in the nquasation.
7. ltis important to distinguish between fetal skimdaamnion because both structures
appear as thin membranes at this gestation.
Therefore, in order to achieve a reliable measuntraENT the above criteria should be
adhered to. The studies by Evaisal (2007) show that inaccuracies in NT measurement

of 25% or 0.5mm can reduce the detection rate 8%.18

Two methods are commonly used for standardizing¢Bsurements in the first trimester
for Down’s syndrome screening. The first methothes parametric method of multiples of
the median (MoM). This method involves dividing thieasured value by the median of
the normal population. The second method is thepamametric method of the delta-NT
differential. This method involves subtracting thedian from the measured value (Wald

and Hackshaw, 1997; Spene&tral, 2003c).
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In 2003, Spenceet al reported that the use of the NT MoM approach in Eloevn’s
syndrome risk calculation was inaccurate and ingmpate. This was because the three
underlying assumptions for the Gaussian MoM apprdacbe valid were not valid. The

three basic assumptions were:

1. Either NT MoM or some transformation of NT MoM ha$aussian distribution;

2. The standard deviation (SD) of the MoM in the tfansed domain is constant;

3. The median MoM in trisomy 21 pregnancies is a caamtsproportion of the median

for unaffected pregnancies.

Spencetet al (2003c) found that the distributions of NT MoM @bre 1.10) and log(NT
MoM) were not Gaussian, the SDs did not remain t@orisvith gestation, and the median
MoM in the trisomy 21 pregnancies was not a corispoportion of the median for
unaffected pregnancies. Therefore, Spereteral (2003c) proposed that the delta-NT
approach is the best approach to calculate accpedtent-specific risks. Delta-NT takes
into account the gestational variation in NT by regsing the measured fetal NT as the

difference from the normal median NT at the meas@RBL.

Unaffected

Down's syndrome

0.1 05 10 20 50 10.0 20.0

NT(MOM)

Figure 1.10: The distribution of NTMoM in unaffedtand
Down’s syndrome pregnancies
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In 1998, Nicolaides and co-workers derived pararsdtwa NT screening based on 95,476
singleton unaffected pregnancies and 326 Down’slieyne pregnancies. The median NT
in Down’s syndrome pregnancies was 2.02 MoM. Thgoletandard deviation of the
distribution was 0.120 in the unaffected pregnameied 0.235 in the Down’s syndrome.
This large difference in standard deviation betweeaffected and Down’s syndrome
pregnancies creates an anomaly in the calculasédati smaller NT measurements. The
likelihood ratio decreases as NT MoM reduces toual®d8 MoM but thereafter begin to
increase again at lower NT levels. Therefore, aelotuncation limit of 0.8 MoM should
be applied in the risk calculation to avoid givingcorrect risks for small NT

measurements (Crossley and Aitken, 1999).

When calculating patient-specific risk for Down’gndrome, NT measurements can be
incorporated into maternal age-related risk ancch®enical markers. This is done by
multiplying the likelihood ratios for NT and for éhbiochemical markers with maternal

age-related risk at the time of screening.

1.4.5.4 OTHER ULTRASOUND MARKERS

Recently new ultrasound markers have been showngmwve the performance of Down’s
syndrome screening. Three markers; assessmentalf Imane, tricuspid regurgitation and
abnormal flow velocity patterns in the ductus versogppear to be promising (Spencer,
2007). Cicercet al (2006) reported that the nasal bone was absé#.i%6 of fetuses with
Down’s syndrome and 0.6% of normal fetus (Figurelsl 1& 1.12). Cicercet al (2005)
reported that there is no association between amnaldetal nasal bone and PAPP-A or
fBhCG. A detection rate of 90% at a false positiviee raf 2.5% can be achieved by
incorporating nasal bone assessment to combinedsailind and biochemical (CUB)

screening (Ciceret al., 2006).
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Tricuspid regurgitation is another potential markletermined by pulsed wave Doppler
ultrasonography. Previous studies have shown titaispid regurgitation is found in more
than 65% of Down’s syndrome fetuses and less tha#h &f normal fetuses (Faio# al,
2005; Falcoret al, 2006a; Falcoet al, 2006b). Falcoet al (2006b) reported that there is
no association between tricuspid regurgitation laledhemical markers and incorporating
tricuspid regurgitation to CUB screening would bpected to achieve a detection rate of

95% at a false positive rate of 5%.

Figure 1.11: Ultrasound picture of Figure 1.12: Ultrasound picture of
fetus with normal NT thickness and g | fetus affected with Down’s syndrome
present nasal bor with increased NT thickness and an

absent nasal bone.

Reproduced from Nicolaides, 2004

Many Down’s syndrome fetuses have abnormal blood through the ductus venosus due
to congenital heart diseases. Studies conduct&bhll et al (2005) show that there is no
correlation between the pulsatility index for ve{fdV) and serum markers. Thus, addition

of PIV to NT alone would be expected to increagedétection rate from 76% to 85% and
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combined with serum markers, the modelled detectwm increased to 92% at a 5% false

positive rate (Borrelet al, 2005)

Although the new ultrasound markers improve thefgperance of Down’s syndrome
screening, the usage of these markers is time ounguand requires highly skilled
operators with much experience. Therefore, it igkaly these ultrasound markers will be

incorporated in the routine first trimester scregnprogramme (Spencer, 2007).

1.4.6 METHODS OF SCREENING

Screening identifies those women who are at higk of carrying a Down’s syndrome
fetus. Each pregnant woman who is screened for ogyndrome is given a patient-
specific risk based on her age, family history aoteening marker levels. A variety of
methods of combining biochemical and ultrasound kevar to give risks of Down’s
syndrome is in use or has been proposed. The pafare of a screening test is normally
evaluated in terms of ‘detection rate’, the projportof affected pregnancies that are
screened-positive using the screening test, thise'faositive rate’, the proportion of
unaffected pregnancies that are screened-posisive the screening test, and the ‘screen
positive rate’, the proportion of pregnancies te screened positive using the screening
test. For the best screening test the marker catibmshould give the highest detection

rate for the lowest false positive rate and be piatde to women (Cuckle, 2002).

1.4.6.1 COMBINED ULTRASOUND AND BIOCHEMICAL MARKERS (CUB)

SCREENING

Combined ultrasound and biochemical (CUB) screefindown’s syndrome using NT
measurements, maternal serum PAPP-A $h€& is offered routinely in many centres.

Due to the low or no correlation between the thmaekers in both normal pregnancies and
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Down’s syndrome pregnancies, CUB screening apptarbe an effective screening
procedure. The effectiveness of CUB screening imiczll practice is well documented
with detection rates of 85-91% at a 4-5% screerntigesrate being typically reported

(Spenceet al, 2000a; Stenhous al, 2004, Pernet al, 2006).

In Scotland, CUB screening for Down’s syndrometstain 2000. Maternal blood samples
are collected from 9 weeks of gestation and NT nn@smsent are normally obtained from
11 weeks to 13 weeks and 6 days of gestation. &\ $éetan is carried out to measure CRL
or bi-parietal diameter (BPD) measurement to detegrthe gestational age. A risk cut-off
of 1 in 250 at term is used to identify high and/ losk pregnancies. The combined risk
will be reported to the antenatal clinic after aigle of days and women with rigk1 in

250 will be re-called for counselling and offerediagnostic test (Stenhouseal, 2004).

One-stop clinic for assessment of risk (OSCAR)ne way of implementing first trimester
screening for Down’s syndrome. In the one-stopiclithe ultrasound examination of the
fetus and biochemical testing on maternal serum caireied out simultaneously and
patients will receive their combined risk at thamtenatal clinic visit (Spenceat al,

2000a; Bindreet al, 2002; Spencegt al, 2003a; Avgidoiet al, 2005). The advantage of
this type of approach is that the patients candamselled regarding their combined risk

and the diagnostic options available, if requiretha same visit.

1.4.6.2 INTEGRATED TESTING

In the integrated testing protocol, women are effeNT measurement and maternal serum
PAPP-A test in the first trimester and maternauseAFP, hCG orffhCG, uE3 and InhA
test in the second trimester. The first trimestst tresults will not be interpreted or

disclosed to the patients until the second trimidst is performed. A study by Wadd al
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(1999a) has showed that integrated testing (PARREGANT in the first trimester and AFP,
hCG, uE3 and InhA in the second trimester) coulteiptitally achieve a detection rate of
94% at a false positive rate of 5%. This findingswaonsistent with a recent study
conducted in Australia where integrated screeniag meported to have a detection rate of
91% at a false positive rate of 2.5% (Cocciolebal.,2008). In serum integrated testing,
NT measurement is excluded from the screening pobtdhe detection rate reduces from
94% to 85% at a false positive rate of 5% when Ndasurement is omitted from the

screening protocol (Walet al, 1999a).

In 2003, Wald and co-workers reported the resultthe Serum Urine and Ultrasound
Screening Study (SURUSS), funded by the UK Natidiedlth Technology Assessment
Program. The objective of SURUSS trial was to idgrhe most effective, safe and cost-
effective method of antenatal screening for Dowsyadrome using NT, maternal serum
and urine markers in the first and second trimestérpregnancy, and maternal age in
various combinations. Twenty-five maternity unit§edng second trimester screening
participated in this study and the results wereettasn 47,053 singleton pregnancies,
including 101 Down’s syndrome pregnancies. Wetldal (2003) reported that integrated
testing is the most effective screening methodfwn’s syndrome with detection rates of

93% at a 5% false positive rate.

Although integrated testing has been reported tee ha high detection rate, the non-
disclosure of the first trimester screening resisita major disadvantage of this screening
protocol. As the results from the first trimestesttwill not be interpreted or given to the
patients until the second trimester test is perémmmany pregnant women could be
deprived of the chance of getting early diagnottgis. Moreover, it also increases the

anxiety due to the long wait for the test resultsthie second trimester. It is particularly
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problematic when a larger NT measurement has been, @s it can be difficult not to
disclose this to the patient. A study conducted&pgncer and Aitken in 2004 on women'’s
preferences for prenatal screening testing repdtationly 24% of women preferred the
integrated test compared to 75% of women favouimsgtrimester screening (Spencer and
Aitken, 2004). Apart from these issues, integratsi has also been reported to be more

expensive that other types of screening protoibértet al, 2001).

1.4.6.3 CONTINGENT SCREENING

The concept of contingent screening is illustrateéigure 1.13. All pregnant women are
offered the first stage of screening. A risk iscaédted and women are divided into three
groups; high, intermediate and low risk, dependinghe level of risk. Those falling in the
‘high risk’ group are offered a diagnostic test eithose under ‘low risk’ do not have to
undergo any further testing. Those who fall in timermediate risk’ category are also
advised to take a second stage of screening. AHdad ratio is then derived from the
second stage of screening. This ratio is then coetbwith the risk at the first stage of
screening and the composite risk is assessed agdinal cut-off risk. Those women with
a final risk greater than the final risk cut-ofeaslassified as ‘screen positive’ and added to
the initial high risk group. Whereas, the womenhwiihal risks lower that the final risk

cut-off are categorised as ‘screen negative’ ardisted among the initial low risk group.
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First stage of screening

! ’

High risk Intermediate risk

Second stage of screening

.

Low risk

High risk Low risk

,L | |

'

Chorionic villus sampling
(CVS) or Amniocentes

No invasive diagnostic procedurs

A\1”4

Figure 1.13: Contingent screening protocol.

Risks derived from first stage of screening ar@veded for all women and used to
triage the population into high, low and interméeliask groups. Women with high
risk would be offered a diagnostic test and thosenen with low risk would not be
offered any further testing. Women with an intermaeal risk would be offered

second stage of screening and those with compdskegreater than the cut-off

would be offered diagnostic testing.
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Within First Trimester Contingent Screening

One of the critical factors in maintaining the penmhance of CUB screening is consistent
and accurate NT measurement. This requires ulteggaphers with specific training and a

system of on-going monitoring within a quality assiprogramme. This has hampered the
adoption of CUB screening in some centers whick the ultrasound resources to provide

high quality NT measurements to the entire bookiogulation.

A possible solution to this problem was proposedChyistiansen and Larsen (2002) who
suggested a within-trimester contingent testingr@ggh in the first trimester. In this
protocol, the women initially undergo a biochemitegting (PAPP-A and3hCG) and then
go on to have NT measurement only if the risk dated from maternal age and serum
markers falls within an intermediate risk range.ridém who fall within the high risk group
are offered diagnostic testing, whilst those in line risk group do not have to undergo
any further tests. Based on mathematical modeHimg) with initial high and low cut-off
risks of 1 in 65 and 1 in 1000 respectively anthalfrisk cut-off of 1 in 400, Christiansen
and Larsen (2002) estimated that only 19.4% of womeuld require an NT scan to yield
a detection rate of 78.9% for a 4% false positate.rThis small reduction in detection rate
compared to full CUB screening in all women is eff9y an increase in the cost-
effectiveness of CUB screening due to a significdatrease in the number of NT

measurements required.

In 2006, Laigaarcet al conducted a study on within trimester contingeméesning where
women were selected for NT arfhCG measurement at 11 to 12 weeks of gestatiorbase
on PAPP-A and ADAM 12 (A Disintegrin And Metallogease 12) measurements at 8 to

9 weeks of gestation. This study based on mathealatiodelling has estimated that this
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screening protocol can achieve a detection ra@2&§ for a false positive rate of 1% with

only 5.6% of women requiring NT anHCG measurement (Laigaagtial, 2006b).

Contingent Screening Across The First and Second imesters

In this model (Figure 1.14), women were selectedséond trimester screening based on
NT and PAPP-A measurement in the first trimesteright et al (2004) using data from
SURUSS suggested that at the cost of a small neduad overall performance, this
screening model offers considerable psychologindl dinical advantages over integrated
screening with early diagnosis of a proportion lté¢ affected cases. Wright al (2004)
also showed that by changing the initial and fioal-off risks, the early detection and
completion rates can be varied. For example, irsomgathe early completion rate from
75% to 80%, with a 30% early detection rate and 8%%rall detection rate means
lowering second trimester cut-off from 1 in 1261t 155 for a small increase in the false
positive rate by an estimated 0.1% (Wrigital, 2004). As reported by Maymaet al
(2004) this model obviates the ethnical and clinioglication of non-disclosure of first
trimester results and also the financial implicatad unnecessary second trimester testing

for the whole population.

In 2005, Benret al (2005) had estimated the performance of contingergening in the
UK and USA, using statistical modelling. The cogént screening policy was based on
the commonly used markers, cut-offs and gestatiagalat testing in both countries. For
the UK, women were selected for second trimesteresing based on PAPP-A argh€G
measurements at 10 weeks of gestation and NT nesasuat at 11 weeks of gestation. In
the second trimester screening, AHfhGG, uE3 and InhA levels were measured at 14 to
20 weeks of gestation. While for the US, the fatsige of screening was based on PAPP-

A, hCG and NT measurements at 12 weeks of gestatidrthe second stage of screening
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was based on AFP, hCG, uE3 and InhA measuremeritd & 20 weeks of gestation
(Bennet al, 2005). The studies showed that, in the UK and S screening protocol
could achieve a detection rate of 91.4% and 89.1% false positive rate of 2.1% and

3.1% respectively but with only 19% of women remgrsecond trimester screening.

First trimester: PAPP-A/ NT/ maternal age

|
l * l

High risk Intermediate risk Low risk

Second trimester: AFPBRCG/UE3/InhA
|

l l

High risk Low risk

Chorionic villus sampling
(CVS) or Amniocentes

No invasive diagnostic procedure

Figure 1.14: Contingent screening across trimgstocol.

Risks derived from first trimester screening artengasted for all women and used to
triage the population into high, low and intermeeliask groups. Women with high
risk would be offered a diagnostic test and thosenen with low risk would not be
offered any further testing. Women with an intermgs risk would be offered
second trimester screening and those with compasitegreater than the cut-off

would be offered diagnostic testing.
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Later in 2008, Cucklest al conducted a comparison of the performance of ngatit
screening with integrated testing using First- &etond-Trimester Evaluation of Risk
(FASTER) trial data. The conclusion was that theticgent screening detection rate for a
fixed false positive rate is comparable with intdgd testing, and this can be achieved
with a significant reduction in second trimesteregning requirement. However, Wadtl

al (2006) had a different viewpoint, reporting intgd testing as the simplest, most
efficient and the safest screening policy and cwy@nt screening as the most complex and

least efficient screening policy.

Three Stage Contingent Screening

In this model (Figure 1.15), the first stage ofesering is based on PAPP-A agh€G
measurement at 10 weeks of gestational age. Thakeawisk above the cut-off will
proceed to the second stage to have NT measureArahta risk will be calculated based
on maternal age, NT and first trimester biochemmalkers (in the first stage). Women
who fall within the high risk group are offered gimostic testing whilst those in the low
risk group will not have to undergo any furthertiteg. Those with intermediate risk will
be offered the second trimester screening. In ¢locersd trimester screening, AFBhCG,
uE3 and InhA levels would be measured. The combimsdwill be assessed against a
final risk cut-off and the pregnancies are clasdifas screen negative or positive (Wright

et al, 2006).

The study by Wrighet al (2006) based on statistical modelling showed th&pb6 of

women proceed to the second stage of screening?@%d of these women continue to
stage three of screening, this screening policy aineve a detection rate of 85% for a
false positive rate of 0.7%. In this screeningtstygg, 60% of women complete screening

after the first stage and 80% of women completeestng in the first trimester.
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Stage 1:
Maternal age/ PAPP-A/FRCG

l

Stage 2:
Nuchal translucency

S —

Low risk Stage 3: High risk
Second trimester screening

l l

Low risk High risk

R | ‘L

Chorionic villus sampling
(CVS) or Amniocentes

Low risk

No invasive diagnostic procedure

Figure 1.15: Three-stage contingent screening pobto

Risks derived from first trimester serum screenamg estimated for all women.
Those women with low risk would not be offered dmther testing and NT would
be measured on the remainder and the risk woulcedssessed. Those with very
low risk would be screened negative and would mobtiered any further testing.
Those with very high risk would be offered earlpghostic test. Women with an
intermediate risk would be offered second trimestereening and those with

composite risk greater than the cut-off would bierefd diagnostic testing.

(reproduced from Wrighet al., 2006).
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Contingent Screening With Advanced Ultrasound Examation In The Second Stage

In 2005 Nicolaidest al proposed another variant of contingent screenihgrevcomplex
first trimester ultrasound examination is offer@dle second stage of screening. As per
this screening protocol, all women were offered Cdd¢Beening (NT, PAPP-A an@HCG)

at 11+0 to 13+6 weeks’ gestation. Those with inetiate risk are further assessed for risk
using first-trimester ultrasound examinations fatetting the presence/absence of the
nasal bone, the presence/absence of tricuspid gikgfisn or normal/abnormal Doppler
velocity waveform in the ductus venosus. The de&iactate and false positive rate
achieved varies with the method used in the sestange of screening. The detection rate
using this protocol has been found to range frofb 32 false positive rate of 2.1% for
presence/absence of nasal bone, 94.2% at 2.7%ndogaised impedance in the ductus
venosus and 91.7% at 2.7% for tricuspid regurgita{Nicolaideset al, 2005). A similar
study conducted by Gyselaeassal (2006) concluded that contingent screening redtiees

number of pregnancies requiring ultrasound scan.

1.4.6.4 REPEAT MEASUREMENT

Wright and Bradbury (2005) demonstrated the padéntalue of using highly correlated
repeated measures of serum markers taken in gteafid second trimester of pregnancy.
This contradicts the conventional thinking where thoice of markers in multimarker
screening test has been influenced by the extemhich the markers provide independent
information as characterized by low correlationgween markers and the univariate

properties of markers (Wright and Bradbury, 2005).

Using mathematical modelling and the marker pararsgiublished by Waldt al (2003)

(SURUSS study), they estimated the false positte required to give a detection rate of
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85% for various combinations of repeat marker meamants. For example, measuring
PAPP-A, uE3 and InhA at 10 weeks of gestation ayairein a second blood sample at 15
weeks was estimated to give 85% detection at a (f&%e positive rate. The same
performance was also estimated for a PAPP-A, uEBNih measurement at 10 weeks
followed by repeat PAPP-A and uE3 measurementd avdeks (Wright and Bradbury,
2005). The corresponding figures for the integraéstl using the same marker parameters
are 85% detection at a 1.2% false positive rateldVeéa al., 2003). This shows repeat
measure screening using serum markers (without M@sorements) is able to achieve
similar screening performance as integrated sanggiith NT measurement). Wright and
Bradbury (2005) has demonstrated that certain caatioin of highly correlated markers,
some of which individually have poor discriminatgrgwer, do have substantial benefits

over the established combinations of markers uséagei integrated test.

The underlying mechanism of this approach is itatsd using PAPP-A. Even though the
discriminatory power of an individual PAPP-A measuent is good in the first trimester
and poor in the second trimester, the joint distitn of PAPP-A measurements in the
first and second trimesters effectively separates Down syndrome and unaffected
populations. This separation is maximized whenmtieasurement of the marker in the two

trimester are highly correlated.

The reports published by Palomadtial in 2006, confirm that measuring PAPP-A in first
and second trimester improves Down’s syndrome sergeUsing paired first and second
trimester serum samples from 34 Down’s syndromegmaecies and 514 unaffected
pregnancies, Palomakt al (2006) reported that, for a fixed false positiater of 1%,
repeat measures of PAPP-A in addition to the seniegrated test had a detection rate of

86% compared with 82% using integrated testing.
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1.4.7 FACTORS INFLUENCING MATERNAL SERUM MARKERS

Studies have shown that there are a number ofrfaetffecting the level of biochemical
markers used in Down’s syndrome screening. Sonmthesfe factors are used to correct

results or MoMs in order to derive a more precisk estimate.

1.4.7.1 GESTATIONAL AGE

Risk estimations for Down’s syndrome is criticatlgpendent on accurate gestational age
due to the variation of maternal serum concentnatwith gestational age. AFP, uE3 and
pregnancy-specific-beta-1-glycoprotein (SP-1) lsviecrease with advancing gestational
age in the second trimester. Meanwhile, hCBCG and InhA levels decreases with
advancing gestational age. In order to correctH variation, the marker concentrations

are converted to MoM which will be used to derikelihood ratios (Aitkeret al, 2007).

Gestational age can be estimated either from laststrual period (LMP) date or
ultrasound scans (BPD, CRL or head circumferend@ld et al (1992a) reported that the
detection rate for Down’s syndrome increases fr&¥ %0 67% at a fix false positive rate
of 5% when ultrasound scan was used to estimatatgssl age. The use of ultrasound
scan to determine gestational age reduces thetivariagf MoM values for AFP, hCG and
uE3 in unaffected and Down’s syndrome pregnandibis decreases the extend of overlap
in these distribution and improves the Down’s synae screening performance (Watd

al., 1992a).

In the second trimester the performance of uE3 awgxl the most with ultrasound based
estimation of gestational age because UE3 contemirehanges the most with gestational
age (Waldet al, 1992a). PAPP-A concentration increases expaabntin the first

trimester and continues to increase throughoutnamegy right up to term (Fialova and
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Malbohan, 2002). fhCG concentration increases to a peak at approgiynéd days in
the first trimester and then the marker concemnasitarts decreasing (Berey al, 1995).
Similar concentration profiles are found for inth€G and InhA. When gestational age is
overestimated, hCGBIhCG and InhA MoM values will be higher than expdcamd AFP
and uE3 MoM values will be lower. This will haveetleffect of increasing the derived
risks. An underestimation of gestational age wdlvé the reverse effect (Aitkest al,

2007).

1.4.7.2 MATERNAL WEIGHT

Previous studies have reported that heavier woread to have lower serum marker
concentration and lighter women tend to have higeeum marker concentration (Haddow
et al, 1981; Waldet al, 1981, Bartel®t al, 1993). This occurs because of dilution effect
in heavy women who tend to have greater blood velwompared to lighter women.
Correction for maternal weight is performed by diag the MoM value by the expected

MoM value calculated from the adjustment equatmmhier weight (Neveugt al, 1996).

According to Neveuwset al (1996) the reciprocal-linear equation fits sectnmester AFP
and hCG data better than the classic log-lineaatay, for weight correction. In contrast,
the reports by Reynoldst al (2006) suggest that the log-linear equation gevdetter fit
compared to the reciprocal-linear equation. Theegfid is important for screening centres
to construct their own weight correction equatiasdd on data from their own population
and these should be reviewedtake into account the changing weight profileh® pregnant
population. For the first trimester markers, batty-linear and reciprocal-linear equation fit
the data well (Spencet al, 2003b). Log-linear equations were found to givearginally
better fit than reciprocal-linear equation f@h€CG and reciprocal-linear equation were

found to be marginally better than reciprocal-linfa PAPP-A.
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1.4.7.3 MATERNAL SMOKING HABITS

A study by Thomsest al, in 1983, showed that maternal serum AFP level 2086 higher

in smokers compared to non-smokers and suggesaedhik might be due to the increase
permeability of the placental barrier caused franoking. This was followed by Bernstein
et al (1989), who reported that maternal serum oestréelel was 17.6% lower and hCG
level was 21.5% lower in smoking women in earlygmancy. Many studies since have
been conducted on the effect of maternal smokirut lnem serum markers and the impact

on screening for Down’s syndrome.

Cuckleet al (1990) reported that there were significant défere in AFP and hCG levels
between smokers and non-smokers, in the seconddi@m This finding was confirmed by
Bartelset al (1993) who reported a 21% decrease in hCG level3® decrease in UE3
level in smokers compared to non-smokers. Baseelal (1993) also reported that AFP
level is significantly increased in smokers comgatre non-smokers and that there is a
dose-response association. The studies by Ferrghah(1999) also indicate that InhA
level is significantly increased in smokers compaxenon-smokers. Reports by Rudnicka
et al (2002) show that smokers had 5% higher of AFPI]el lower of UE3 level, 20%

lower of BhCG level and 62% higher of InhA level comparedaa-smokers.

The studies by Spencer (1999a) show that PAPP-&I lav the first trimester is
significantly reduced in smokers compared to nowlsrs, and there is no significant
change inBhCG level. This finding was consistent with a stiagyNiemimaaet al (2003)
who reported a 20% decrease in PAPP-A level amoraksrs and no significant changes
in fBhCG level. Kagaret al (2007) found a reduction of 20% in PAPP-A levetl &% in
fBhCG level among smokers. These findings are sinwlasther first trimester studies on

smoking (Spenceet al, 2004; de Graaét al, 2000). The report by Miroat al in 2008
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shows that smoking has similar effects on PAPP-A §#ihCG levels in dried blood

samples.

Niemimaaet al (2003) also reported a small increase in NT measant in smokers, but

suggested that this finding probably has no clintetevance to the performance of NT
screening due to the small difference between tbeps. In contrast, the study by Spencer
et al (2004) shows that there is no significant diffeenn NT measurements between

smokers and non-smokers.

In 1998, Spencer reported that the second trim&stem’s syndrome screening detection
rate and false positive rate in smokers were 1086284 lower respectively than those in
non-smokers. Correcting for smoking will resulowerall 2% increase in detection rate for
a 0.4% increase in false positive rate. Later ssthy Crosslegt al (2002b) showed that

correction for smoking in the second trimester litlé effect on the overall detection rate
of Down’s syndrome but it reduced the false positrate by 20%. It is found that

correcting for smoking gives more accurate risksifidividual women. In 2004, Spencer
et alreported a similar finding on first trimester ssmang where the false positive rate was

reduced from 4.48% to 3.46% after correction ingimoking group.

1.4.7.4 ETHNICITY

Studies have shown that ethnic origin has an impacthe biochemical marker levels,
which cannot be explained by differences in mateweight. Previous studies on first
trimester Down’s syndrome marker has shown that RAPand BhCG levels were
increased in Afro-Caribbean and Oriental women (8peet al, 2005b; Spencest al,
2000e; Leunget al, 2006). The studies by Spenaral in 2005 show that the PAPP-A

levels are higher and thBHCG lower in South Asian women. Similar studieKogntz et
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al (2005) indicate thatphCG was 16% higher for African Americans, 6% higifer
Asians and 9% lower for Hispanics as compared tac&sians. PAPP-A was 35% higher
in African-American women but no significant diféerce was found in other ethnic groups
(Krantz et al, 2005). Delta NT was reported to be significardiyer in Afro-Caribbean

and South Asian women (Spenegmal, 2005b).

The various studies by Canielt al, 1990; Bogaret al, 1991; Burton and Nieb, 1991,
O’Brien et al, 1997; Benret al, 1997 confirm that ethnic origin has an impactseonond
trimester Down’s syndrome markers. In 1996, Wattal published a report that black
women had 22% higher AFP levels, 19% higher to@GHevels and 12% highegHCG
levels compared to the Caucasian women. Higher l#@&8s were also reported in black
women by Kulchet al (1993). No significant changes were found in u&2zels. Mulleret

al, reported in 1994 that Asian women had higher H€@ls compared to the Caucasian
women. According to Hseibt al (1995) and Ondat al (1996), Oriental women have

higher levels of AFP and hCG compared to Caucas@nen.

Correcting biochemical markers for ethnicity wouldhve a significant impact on
individual patient-specific risks which could affex patient’s decision on whether or not
to have a diagnostic test (Speneemal, 2000e; Spencest al, 2005b). However for NT,
although there is significant difference among &thgroups (Chenet al, 2002;
Thilaganatharet al, 1998; Spenceet al, 2005b), correcting NT for ethnicity appears

unnecessary (Krang& al, 2005).

1.4.7.5 ASSISTED REPRODUCTIVE TECHNOLOGY

One of the factors known to affect marker level®own’s syndrome screening is assisted

reproductive techniques (ART). In 1996, Barledial reported a significant increase in
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maternal serum hCG level and reduction in UE3 lewebng pregnancies with ovulation
induction compared to pregnancies which are coeceimnassisted. Pregnancies with in
vitro fertilization (IVF) were found to have deceedl levels of AFP, hCG and uE3 but
only uE3 levels were significantly decreased. Paggies with egg donation were reported

to have elevated AFP, hCG and uE3 levels (Bagkal, 1996b).

The changes in marker levels in assisted reprogrigiregnancies vary from study to
study. The studies conducted by Lambert-Messedtaal (2006), show that pregnancies
with IVF had elevated levels of hCG and InhA andrdased levels of uE3 in the second
trimester. In assisted reproductive pregnanciet wgg donation, AFP and InhA levels
were elevated but there were no changes in uE@@llevels. IVF pregnancies with egg
donation had higher levels of AFP and InhA compaedVF pregnancies without egg
donation. The studies by Maymon and Shulman (2@ad) Shulman and Maymon (2003)
show that AFP is elevated in assisted-concepticggmancies with oocyte donation.
Therefore, the changes in the markers in ART pnegiea will cause an increase in the
false positive rate in Down’s syndrome screeninghs second trimester (Mayme al,
1999; Maymon and Shulman, 2001; Ratyal, 2002; Shulman and Maymon, 2003). In
contrast to these findings, Mullet al (2003) and Ricest al (2005) reported that there
were no significant differences in the second tatee markers in ART pregnancies
compared with naturally conceived pregnancies hacefore, there were no changes in the
false positive rate. However the report by Maynabral (2006) showed that InhA levels

are elevated in singleton pregnancies but not prégnancies conceived by ART.

In the first trimester, PAPP-A levels were decréaselVF (Liao et al, 2001; Orlandiet
al., 2002; Maymon and Shulman, 2004; Haial, 2005; Tulet al, 2006; Amoret al,

2009; Gjerriset al, 2009) and intracytoplasmic sperm injection ([g8kgnancies (Hwet
49



Chapter 1 : Introduction

al., 2005; Tulet al, 2006; Amoret al, 2009; Gjerriset al, 2009). No significant
differences in hCG level in ART pregnancies were reported by Qfia al, 2002; Tul

et al, 2006; Amoret al, 2009; Gjerriset al, 2009. In contrast, Liaet al (2001) reported
an increase inBhCG level in IVF pregnancies and Hati al (2005) reported a decrease in
fBhCG level in IVF pregnancies with fresh embryostekastudies by Tukt al (2006)
showed no significant changes in the first trimestearkers in assisted-conception
pregnancies without ovarian stimulation (transfefrezen-thawed embryo or spontaneous
cycle). In 2009 Gjerriget al reported that there are no significant changethénfirst
trimester markers in the group treated by frozerbrgm replacement. But Amoet al
(2009) contradicted these findings, by reportingt tRAPP-A level is decreased in frozen

embryo transfer and frozen-thawed embryo trangfaus.

According to Huiet al (2005), NT measurement is significantly increase@regnancies
with fresh embryos from IVF, frozen-thawed embryasn IVF and fresh embryos from
ICSI. However the studies by Liaet al (2001), Orlandiet al (2002), Maymon and
Shulman (2002) and Tt al (2006) show no significant differences in NT measwent

in ART pregnancies.

1.4.7.6 OTHER FACTORS

Multiple pregnancy, fetal sex, gravidity and paritgsulin-dependent diabetes mellitus
(IDDM) and vaginal bleeding are some of the otraatdrs known to affect the level of
markers in Down’s syndrome screening. All serumkees levels in the first and second
trimester are increased in multifetal pregnanci&al@l et al, 1991; Berryet al, 1995;
Bersingeret al, 2003; Aitkeret al, 2007). As per the reports by Spencer (2000e) AfRP
level was significantly lowered whered$h€G was significantly elevated in the presence

of a female fetus, compared to that of a male fetube second trimester. De Gramfal
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(2000) also reported similar findings for AFP afd@G. No differences in PAPP-A levels
according to gender were found in the first trirresHowever, the study by Spen&tral
(2000d) showed that maternal seruph@G and PAPP-A were 15% and 10% higher

respectively and fetal NT was 3% lower in the pneseof a female fetus.

According to a report by Barkat al (1996a), there is no difference in AFP level in
primigravid and multigravid women. Maternal seru@G and uE3 levels were 5.9% and
3.9% lower respectively in multigravid women tharthose tested in their first pregnancy.
Barkaiet al (1996a) reported that these factors do not affextietection and false positive
rates in Down’s syndrome screening. Later studiesSpenceret al (2000b) show that
gravidity and parity is associated with a small prdgressive decrease in NT measurement
and a small but progressive increaseBimdG and PAPP-A levels. However, none of these

changes was statistically significant.

Second trimester Down’s syndrome marker levelslageased in women with IDDM but
variations exist in studies partly due to the fhett correction on maternal weight has not
been performed. According to Crosslelyal (1996), the AFP and hCG levels in IDDM
patients were 0.98 and 0.92 MoM respectively aftrection for maternal weight was
performed. This finding was later confirmed by Sarcand Bartels (2001) who reported
no significant differences in AFP, hCG and uE3 Isva the second trimester in women
with IDDM compared with women without IDDM. Howevdhe reports by Hutthet al
(2004) indicate that AFP and uE3 are significaméiguced in women with IDDM but no
significant differences were found in hCBhCG and InhA levels. The previous studies
on the effect of IDDM on InhA level appear confiig. Wallaceet al (1997) reported that
InhA was increased in women with IDDM, whereas Wetl@dl (1996) reported a decrease

in the levels of InhA.
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An InhA study by Aitken and Crossley (2005) for th& NSC shows that there is no
significant change in InhA level in women affectby IDDM. Pederseret al (1998)
reported that PAPP-A level were significantly regldién the first trimester in women with
IDDM. Spenceret al (2005a) reported that there are no significantedéhces in NT

thickness, PAPP-A an@iCG levels in women with IDDM.

A report by Cuckleet alin 1994b showed that the AFP level was signifijamicreased in
women with vaginal bleeding but hCG and uE3 lewstre not significantly altered.
However Berryet al (1995) reported an increase in the AFP levelsan@crease in the
fBhCG level in pregnancies with threatened abortiothe first trimester. The studies by
De Biasioet al (2003) and Heiniget al (2007) indicate an increase BhCG level in the

first trimester after early vaginal bleeding.

Table 1.5 shows a summary of the impact of varfagsors on first and second trimester
screening marker. This summary is based on thenfysdfrom majority of the published

papers. However, the impact of these factors vémes study to study.

Table 1.5: Summary of the impact of various factors first and second trimester

screening markers.

Factors First trimester Second trimester
PAPP-A BhCG AFP hCG
Smoking ! | 1 !
Ethnic origin:
Black 1 0 0 1
Oriental 1 1 1 |
South Asians 1 !
Asians 1 1
ART !
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1.4.8 UK NATIONAL SCREENING COMMITTEE (NSC) POLICY
RECOMMENDATIONS FOR DOWN'’'S SYNDROME SCREENING

In 2008, a report was published by the NHS FetabrAaly Screening Programme
Committee, on the UK NSC policy recommendationsdown’s syndrome screening for
the period between 2007 and 2010. According tad¢eemmendations put forward by the
committee, the screening for Down’s syndrome shdaddcarried out between 10 to 20
weeks of gestation. However, it is ideal to compléte screening before the™week of

conception (NHS Fetal Anomaly Screening Progranizeg).

As per the stipulations of the committee, a Dowgysdrome detection rate of greater than
75% with a screen positive rate of less than 3%ulshbe achieved between April 2007
and April 2010. By April 2010, a detection rategoéater than 90% with a screen positive
rate of less than 2% is to be achieved. The recamete screening strategies from 2007
are the first trimester combined ultrasound andthemnical (CUB) screening, integrated
testing and serum integrated testing. The Healtbhii@logy Assessment is currently
reviewing two new strategies for screening, namedgeated measure and cross trimester
testing. These tests are expected to further ingptbe performance of Down’s syndrome
screening programmes in the period after 2010 (NHSal Anomaly Screening

Programme, 2008).
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1.5 AIMS

To devise new, and refine existing approachesdacethtimation of Down’s syndrome risks
using combinations of maternal serum marker measemées and ultrasound measurements
of the fetus with the objective of maximising detec rates of Down’s syndrome

pregnancies and minimising false positive rates

Specific objectives:

1. To design and test, within the first trimestegcreening protocol where all women have
serum marker measurements but only a proportiorsesutently have ultrasound NT

measurements contingent upon the results of tih@thbmical tests.

2. To design and test using statistical modelliaglg a contingent screening protocol
which incorporates repeat measures of serum maakeoss the first and second trimesters

with and without ultrasound NT measurements.

3. To establish, through retrospective analysigoftine screening data, the effect of
smoking and ethnicity on serum marker concentratiarpaired first and second trimester

serum samples.

4. To investigate, through retrospective analys$isoatine screening data, the effects of
assisted reproductive technology on serum markecerdrations and the implications for

the estimation of Down’s syndrome risks.

5. To investigate, through retrospective analy$isoatinely collected screening data, the
accuracy of self-reported maternal smoking andeftect on birth weight, duration of

pregnancy and second trimester maternal serum mackecentrations, and the

implications for the estimation of Down’s syndroneks.
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2.1 PATIENT SAMPLES

The Biochemical Genetics department located witthi@ Duncan Guthrie Institute of
Medical Genetics, Yorkhill provides prenatal sciegrservices for Down’s syndrome and
neural tube defect for the 60% of the Scottish pae) population resident in West of
Scotland. Over 20,000 women (around 70% uptake)jooithe prenatal screening test each
year in the West of Scotland. Screening for Dowaysdrome started in 1987 with second
trimester AFP measurement and in 1991, hCG wasrpocated into the screening
programme. Two types of screening program are otiyreoffered to the pregnant
population; 1) first trimester CUB screening and s&cond trimester double marker

screening.

First trimester CUB screening is normally perfornadd-13 weeks of gestation. At the
antenatal clinic, patient’s information such as,adge of last menstrual period, date of
birth, weight, height, smoking status and ethnieitg collected. Maternal blood samples
are collected by venepuncture in plain tubes amadund scan is carried out for fetal
viability, multiple pregnancy, gross abnormalityda@RL or BPD measurement. Blood
samples are collected from 9 weeks and 0 days sthjen to 14 weeks and 0 days of
gestation and NT measurements are carried out asettvomen who have a fetal CRL
between 40 to 84mm which equates to 10 weeks amhaly$ to 14 weeks and 0 days of

gestation. A portion of the serum not used forirmutesting is stored at -2D.

All the ultrasound operators have receive trainingthe NT measurement protocol
(Stenhouseet al, 2004) and are subjected to on-going quality rasse through a bi-

monthly review of images and analyses of the dhistron of NT measurements (Stenhouse
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et al,2002). The protocols for NT measurement usedWB Gcreening (Crosslesgt al.,
2002, Stenhouset al, 2004) are similar to those described by the IFBtadicine

Foundation (FMF).

The protocol for NT measurement used by Stenhetiaf(2004) is summarized:

a. NT measurements are carried out on a fetus lyirigarsagittal plane.

b. The ultrasound image is magnified to fill at ledwee-quarters of the screen.

c. The fetal skin and amnion are visualised separdtghlyaiting for spontaneous fetal
movement away from the amnion or by asking the eroth cough or by tapping
the abdomen.

d. Care is taken not to include the nuchal cord inNflemeasurement.

e. The maximum NT thickness is measured to the ne&dshm by placing the
callipers on the inner edge of the fetal skin andeo edge of the soft tissue
overlying the cervical spine.

f. Measurements are made on three separately captuages and recorded.

Three measurements of NT are obtained and the rokdime three measurements are
calculated. The information on NT measurement okthi the ultrasound machine used
and initials of the ultrasound operator are recdritiethe CUB screening request form. A
return appointment is given to those women whosgatjen is less than 9 weeks to take
blood samples and perform NT scan within the appeitg gestational window. The

second trimester screening test is offered to tvesmen who are too late for the first
trimester screening test with CRL>84mm or BPD>28nTihese data are stored in the

prenatal screening database.
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Second trimester screening is offered at 15-20 weélpregnancy. Approximately 5 to 10
mls of maternal venous blood samples are collentetthe second trimester to measure
AFP and hCG levels. All the blood samples togetivith a standard request form
providing patient’s information are sent to Biocheah genetics department. At the
laboratory, the clotted blood samples are givemlmoratory number and centrifuged at
2000rpm for 10 minutes. An aliquot of serum is uk®dhe assay and the remainder of the
serum is stored at -20. Patient’s information and sample details aresrext into a
database using Lifecycle software. The results filoenbiochemical assay are merged with
the patient’s information and the risk of havinfpawn’s syndrome or neural tube defect
fetus is calculated. The first trimester databaeatains information on our 15,000
pregnancies. For second trimester screening, datathe current Laboratory Information
Management System (Lifecycle) was used as in téwg system information on ethnicity
and ART were systematically recorded. This datbesntains information on over
50,000 pregnancies. These data and their matchengms samples were the resource

accessed for the studies described in this thesis.

2.2 RETROSPECTIVE STUDY OF WITHIN-TRIMESTER
CONTINGENT SCREENING

Using data from routine CUB screening, a re-analgéithe marker results using a within-
trimester contingent testing model was carriedtowdssess the likely performance of this
approach and gauge the potential for reducing ttrasound resources required for first
trimester population screening. A cohort of 10,p88gnancies where CUB screening was
performed between July 2000 a@dtober 2005 was identified. These pregnanciediibad

ascertainment of Down’s syndrome cases. After exafuof twin pregnancies, there were
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44 Down's syndrome and 10,145 unaffected pregnsveithin this group. The median
maternal age at the expected date of delivery \8ak years, and 36.9% of women were
aged 35 years and over. The number of blood sanghkes at each week of gestation is

shown in Table 2.1.

Table 2.1: Number of blood samples taken at eastagienal week

Gestational Week Number of blood samples
9 197
10 649
11 2234
12 3987
13 2891
14 231

In the majority of pregnancies, blood samples afidmWasurements were taken during the
course of the same antenatal clinical appointiiard. proportion of women (28%), blood
samples were not taken at the same visit as thenBASurement either because of logistic
reasons or too early a presentation for NT (outsise CRL range of 40-84 mm), or
inability to obtain an NT measurement at the faempt, necessitating a return visit.
Information on PAPP-A level fhCG level, NT measurement, gestational age based on
ultrasound, maternal age risk, risk based on bimited markers and final risk of having a

Down’s syndrome fetus for these pregnancies wasai@ in the database.
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2.2.1 RETROSPECTIVE CONTINGENT TESTING BASED ON LMP
ESTIMATE OF GESTATION

A requirement of the above study is the need for@urate estimation of gestation based
on ultrasound measurement of CRL. Without thisermtetation of the serum markers
results is not possible. As an addition to thigigtthe performance of the model was re-
evaluated using gestational information based orPLVhis is relevant when ultrasound
measurements are not available at venepuncturagliise same data set information on
last menstrual period was only available in 6898gpancies; 6865 unaffected and 30
Down’s syndrome pregnancies. Of these pregnan@&9 Svere certain with the LMP
dates. All gestations were established based on usifyy the information obtained at the
time of sampling. In this dataset, the median nmaleage at the expected date of delivery

was 33.7 years, and 39.8% of women were aged 35 ged over.

2.3 MODELLING CROSS-TRIMESTER CONTINGENT
SCREENING

Statistical modelling is a reliable tool used tedict the efficacy of screening policies. In
this study, S-PLUS program was used to model drireester contingent screening using
various combinations of markers. The medians, SB ewrrelation coefficients were
obtained from 8 sources; Wadd al (2003), Glasgow dataset (as described above),c8pen
et al (2002), Spenceet al (2003), Cuckleet al (2005), Cuckleet al (1995), Aitken and
Crossley (2005) and Aitkeet al, 2007. The SDs for the unaffected and Down’s syme
pregnancies was assumed to be equal for the serarkerm but not for the NT
measurement. The population covariance matricesifiaffected and Down’s syndrome
pregnancies were also assumed to be equal. Thuallexd ‘pooled covariance matrices’

(personal communication from Prof. Dave Wright).

60



Chapter 2 :Materials

The performances of few screening policies wereviauated using 10% larger SDs for
affected cases than for unaffected cases. Analysigy previous studies (Spencsral.,
2002; Aitken and Crossley, 2005) have shown that3Bs for first trimester PAPP-A,
hCG and fhCG and second trimester AFP, hC@hEG, uE3 and InhA in affected cases

were approximately 10% larger compared to unaftecteses.

The first trimester PAPP-ABHhCG and hCG medians for Down’s syndrome pregnancies
and SDs for unaffected pregnancies were obtairmd Bpenceet al (2002) which had a
large number of unaffected and Down’s syndrome abbe medians for first trimester
NT were obtained from Cucklet al (2005) where the median was derived from meta-
analysis of nine studies including one study usiregScottish population (Crossleyal,
2002). The NT SDs were obtained from Spereteal (2003c) which were derived from
four large prospective studies combined. The frigtester AFP, uE3 and InhA medians
were obtained from the Wakt al (2003). Although the program required this infotima,

first trimester AFP, uE3 and InhA were not usedhi@ analysis in this study. All medians
of second trimester markers were obtained from ekitit al (2007) which were derived
from meta-analysis of various studies. The SDsegbrd trimester AFP, hCG, uE3 and
InhA were obtained from Aitken and Crossley (2008)m data obtained in a large
retrospective study of InhA for the National Scriegn Committee (personal

communication with Dr. Jenny Crossley).
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Most of the correlation — coefficients were obtainkom Scottish data (Aitken and
Crossley, 2005; Glasgow dataset). Correlation Hictnts from Waldet al (2003) were
only used when the information was not availabtamfrother sources. The correlation-
coefficients for NT measurement were assumed td bdeecause NT has a very low
correlation with other serum markers. The mateaga distribution was taken to be that
of Scotland for the year 2007 (General Registeic®ffor Scotland). The mean and SD
for maternal age were obtained from Glasgow datadet detection and false positive
rates were estimated using Monte-Carlo methods p&snof 500 000 observations were
drawn. Tables 2.2, 2.3 and 2.4 show the medians,&id correlation coefficient used in

modeling of screening programme.
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Table 2.2: Median marker levels (ledMoM) for Down’s syndrome pregnancies

Week
Trimester Markers Source
10 11 12 13

NT - 0.363612 0.32222 0.281033 Cuckleal (2005)

AEP -0.0655 -0.0655 -0.0655 -0.0655 Waldal (2003)

UE3 -0.0044 -0.0605 -0.1024 -0.1427 Waldal (2003)
First hCG 0.0316 0.061 0.1484 0.2267 Spenekieal (2002)
fBhCG 0.2549 0.2586 0.3054 0.3203 Spereteal (2002)

Inhibin A -0.0269 0.1303 0.2380 0.3384 Waldal (2003)
PAPP-A -0.336 -0.3269 -0.2785 -0.1883 Speneial (2002)

AFP -0.1249 -0.1249 -0.1249 -0.1249 Aitkenal (2007)

uE3 -0.1427 -0.1427 -0.1427 -0.1427 Aitkenal (2007)

hCG 0.316 0.316 0.316 0.316 Aitkext al (2007)

Second

fBhCG 0.3541 0.3541 0.3541 0.3541 Aitkenal (2007)

Inhibin A 0.2989 0.2989 0.2989 0.2989 Aitkenal (2007)

PAPP-A 0.00432 0.00432 0.00432 0.00432 Aitletral (2007)
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Table 2.3: Standard deviation for the screeningkararin each trimester of pregnancy

Unaffected
Trimester Markers Week Affected (from _Affected (usgd Source
papers) in the analysis)
10 11 12 13
NT - 0.132 0.116 0.112 0.229 0.229 Spencest al (2003c)
AEP 0.1818 0.1818 0.1818 0.1818 0.1672 0.1818 Walcet al (2003)
UE3 0.1204 0.1204 0.1204 0.1204 0.1720 0.1204 Walckt al (2003)
First hCG 0.2174 0.2174 0.2174 0.2174 0.2238 0.2174 Spencest al (2002)
fBhCG 0.2613 0.2613 0.2613 0.2613 0.2787 0.2613 Spenceet al (2002)
Inhibin A 0.2191 0.2191 0.2191 0.2191 - 0.2191 Wetldl (2003)
PAPP-A 0.2361 0.2361 0.2361 0.2361 0.2822 0.2361 Spenceet al (2002)
AFP 0.1407 0.1407 0.1407 0.1407 0.1423 0.1407 Aitken and Crossley (2005)
UE3 0.1187 0.1187 0.1187 0.1187 0.1385 0.1187 Aitken and Crossley (2005)
hCG 0.2308 0.2308 0.2308 0.2308 0.2445 0.2308 Aitken and Crossley (2005)
Second fBhCG 0.2613 0.2613 0.2613 0.2613 0.2787 0.2613 Spencest al (2002)
Inhibin A 0.2255 0.2255 0.2255 0.2255 0.2436 0.2255 Aitken and Crossley (2005)
PAPP-A 0.2170 0.2170 0.2170 0.2170 - 0.2170 Glasgow datase
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Table 2.4: Correlation coefficient for serum marker

Wald et al Glasgow Spenceret  Aitken and Cuckle et al Parameters used Source used

(2003) dataset al (2002) Crossley (2005) (1995)
hl-f1l 0.72 0.725 0.725 Glasgow dataset
hi-pl 0.22 0.314 0.2382 0.2382 Spertel (2002)
hli-a2 0.07 0.067 0.135 0.067 Glasgow dataset
hl-u2 0.03 -0.078 -0.078 Aitken and Crossig06)
hl1-h2 0.72 0.667 0.667 Glasgow dataset
hl - f2 0.72 0.632 0.632 Glasgow dataset
hl -i2 0.32 0.329 0.329 Aitken and Crossleyo&)0
hli-p2 0.39 0.382 0.2382 0.382 Glasgow dataset
fl-pl 0.14 0.283 0.2178 0.2178 Speretaal (2002)
fl-a2  0.02 -0.014 0.0428 0.0428 Speratel (2002)
fl-u2  -0.03 -0.136 -0.136 Cucldeal (1995)
fl - h2 0.56 0.547 0.547 Glasgow dataset

h1: hCG in ¥ trimester, f1: BhCG in F' trimester, p1: PAPP-A in“itrimester, a2: AFP in"2trimester, u2: uE3 in"2trimester, h2: hCG in"trimester, f2: BhCG in
2" trimester, i2: InhA in 2 trimester, p2: PAPP-A in"2trimester
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Table 2.4: Correlation coefficient for serum marfeont)

Wald et al

Glasgow Spenceret  Aitken and Cuckle etal Parameters Source used

(2003) dataset al (2002) Crossley (2005) (1995) used
fl -2 0.76 0.753 0.753 Glasgow dataset
f1-i2 0.29 0.29 Waldt al (2003)
fl - p2 0.27 0.319 0.2178 0.319 Glasgow dataset
pl-a2 0.12 0.124 0.124 Glasgow dataset
pl-u2 0.12 0.12 Walket al (2003)
pl-h2 0.06 0.158 0.2382 0.2382 Spemrter (2002)
pl-f2  0.06 0.194 0.2178 0.2178 Speretal (2002)
pl-i2  0.02 0.02 Waleit al (2003)
pl-p2 0.7 0.777 0.777 Glasgow dataset
a2z-u2 0.2 0.182 0.21 0.182 Aitken and Cros&6e95)
a2-h2 0.5 0.171 0.135 0.136 0.122 0.136 Aitkah @rossley (2005)
a2-f2 01 0.065 0.0428 0.058 0.0428 Speatai (2002)

h1: hCG in ¥ trimester, f1: BhCG in £'trimester, p1: PAPP-A in*ltrimester, a2: AFP in"2trimester, u2: uE3 in"2trimester, h2: hCG in"2trimester, f2: phCG in

2" trimester, i2: InhA in 2 trimester, p2: PAPP-A in"2trimester
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Wald et al Glasgow Spencer et Aitken and Crossley  Cuckle et al Parameters Source used

(2003) dataset al (2002) (2005) (1995) used
a2-i2 0.2 0.191 0.191 Aitken and Crossley 800
a2 -p2 0.2 0.175 0.175 Glasgow dataset
u2 - h2 -0.04 -0.078 -0.092 -0.078 Aitken and<Stey (2005)
u2 - f2 -0.06 -0.136 -0.136 Cucldeal (1995)
u2 -i2 -0.09 -0.05 -0.05 Aitken and CrossleQ(2)
u2 - p2 0.1 0.1 Walet al (2003)
h2 - 2 0.87 0.86 0.86 Glasgow dataset
h2 -i2 0.43 0.329 0.329 Aitken and Crossley080
h2 - p2 0.28 0.287 0.2382 0.287 Glasgow dataset
f2 - i2 0.41 Walcbt al (2003)
f2 - p2 0.28 0.285 0.2178 0.285 Glasgow dataset
i2 - p2 0.25 Waldet al (2003)

h1: hCG in ¥ trimester, f1: BhCG in ' trimester, p1: PAPP-A in*ltrimester, a2: AFP in"2trimester, u2: uE3 in"2trimester, h2: hCG in"2trimester, f2: phCG in
2" trimester, i2: InhA in Z' trimester, p2: PAPP-A in"2trimester

67



Chapter 2atdrials

2.4 RETROSPECTIVE STUDY ON EFFECT OF SMOKING &
ETHNICITY ON SERUM MARKER CONCENTRATION IN
PAIRED FIRST AND SECOND TRIMESTER SAMPLES

The effect of smoking and ethnicity on AFP, hCG,AFPAA and BhCG concentrations
were studied using paired first and second trimesterum samples. All normal
pregnancies which were not affected by chromos@habrmalities and which had CUB
screening performed at the Queen Mother's Matetddgpital in Glasgow were identified
between August 2000 ar@ctober 2006. After exclusion of twin pregnancisamples
with insufficient serum and missing samples, 938t firimester serum samples could be
paired with a second trimester sample taken for Afdasurement at 15 to 20 weeks of
gestation as a screen for neural tube defectsrni@fiion about the ethnic origin and
maternal smoking habits of these women was obtafreed the screening database. A
recheck against the original request form and ssdiaation of the ethnic origin of the
patients was performed to confirm the accuracyh& information. The study group
consisted of 501 Caucasian, 268 South Asian, 66ntxi, 42 Middle Eastern, 35 Black
and 27 Asian women. The Caucasians were usedramolso The Caucasians were a
random selection of cases matched to the non-Cancgsoup. Maternal serum PAPP-A
and BhCG levels were available for all the first trim&stamples and AFP and hCG levels
were available for all the second trimester samplesstudy the effect of smoking, paired
first and second trimester serum samples from 4&9c@&sian women (366 non-smokers

and 93 smokers) were analysed.
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2.5 RETROSPECTIVE STUDY ON EFFECT OF ASSISTED
REPRODUCTIVE TECHNOLOGY ON SERUM MARKER
CONCENTRATION

The level of first and second trimester biochemicerkers in women conceived after
various form of ART was assessed in this studygfaat women who had CUB screening
or second trimester screening for Down’s syndromeveen October 2005 and January
2009 were identified from the screening databasee @o patients’ confidentiality,

information on ART was not requested in the scmgnequest forms. Therefore, ART

information was only available in cases where itffisrmation was volunteered.

There were 127 first trimester ART pregnancies d®9 second trimester ART
pregnancies identified. A recheck against the nabiequest form and classification of the
type of ART procedure was performed. The pregnansiere classified into four
categories; 1. normal pregnancy, 2. IVF or ICSlhwitesh eggs; 3. IVF or ICSI with
frozen embryo and 4. IVF with donor egg. Table ¢hbws the number of pregnancies in

each category of ART procedure.

Table 2.5: Number of pregnancies in each ART prosedategory

ART 1% trimester 2" trimester
1. Normal 10891 61448
2. IVF or ICSI with fresh eggs 91 105
3. IVF or ICSI with frozen embryo 29 15
4. IVF with donor’s egg 7 9
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2.6 RETROSPECTIVE STUDY ON BIRTH WEIGHT,
DURATION OF PREGNANCY AND SECOND TRIMESTER
MATERNAL SERUM SCREENING MARKERS IN NON-
SMOKERS AND SMOKERS

The maternal serum AFP and hCG levels, birth weagiat gestation at delivery in a large
cohort of self-reported non-smokers and smoker®wardied to establish the modifying
effect of smoking on these pregnancy and birthrpatars. A cohort of 21,029 pregnant
women who had second trimester screening for Dosyrglrome and neural tube defects
in the West of Scotland between May 2003 and JOB42vere identified. The records of
those women who had second trimester prenatal réogeavere matched with their
obstetric records (Scottish Morbidity Records (SMRONHS Information Services
Division). The SMRO02 dataset contains self-reporsedoking information at booking
appointment, baby’s date-of-birth, mother’s datésioth, maternal deprivation category of
residence, date of booking, birth weight and gestaat delivery. The second trimester
screening records contain self-reported smokingrimétion at screening appointment and
gestation at sampling. After data linkage, thelfoetaset contained maternal weight, AFP
MoM, hCG MoM, self-reported smoking information both booking and screening
appointment, birth weight and gestation at delivditye screening request form was used
to record information on smoking status at scregappointment. Smoking information at
booking appointment was recorded as one of thréergp current smoker, former smoker
and never smoker. At screening, four options wéiered: non-smoker, smoker, stopped
smoking during pregnancy and stopped smoking gageregnancy. The smoking status
was recorded as ‘not available’ for those women witbnot respond to the question or

where smoking information was not recorded on tmenf

70



Chapter 2atdrials

2.6.1 ACCURACY OF SELF-REPORTED SMOKING INFORMATION
AT BOOKING AND SCREENING APPOINTMENTS

In this study, the reliability of self-reported skmag information at booking and screening
appointments were validated using cotinine analyBi®m the database 3550 serum
samples were randomly selected for cotinine armaly8iter excluding samples with
insufficient serum, cotinine testing was carried on 3475 thawed serum samples using
the Cozart STD Micro-Plate Cotinine EIA (Cozart Wkl). Selection of study sample for

cotinine analysis is illustrated in Figure 2.1.

2.6.2 EVALUATION ON THE EFFECTIVENESS OF TWO
SCREENING FORMS USED TO COLLECT SELF-REPORTED
SCREENING INFORMATION AT ANTENATAL CLINICS

A small study was performed to compare two diffesareening forms used for collecting
self-reported smoking information. Two datasets (@&2006 and March 2008) were used
in this study. The self-reported smoking informatia March 2006 dataset was collected
using the screening form where women were givem @qtions; non-smoker, smoker,
stopped smoking during pregnancy and stopped smagbiior to pregnancy. The self-
reported smoking information in March 2008 datasat collected using the screening
form where women were given only two options; nameker or smoker. Those women
who stopped smoking during pregnancy and stoppeakisign prior to pregnancy were
classified as ‘non-smoker’. The smoking status nmfation was also included in the
screening report allowing antenatal clinic staffctimtact the West of Scotland Regional
Genetics Service department if there was any mastakhe smoking information as this
could affect the interpretation of results. Froncledataset maternal serum samples from
100 self-reported non-smokers and 100 self-repaitedkers were randomly selected for

cotinine testing. The accuracy of self-reported lsmgpinformation was calculated.
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2.6.3 BIRTH WEIGHT AND GESTATION AT DELIVERY

The associations between birth weight, gestatiaselvery and second trimester markers
in self-reported smokers and non-smokers were figated using data from the routine

second trimester prenatal screening programme atlgd. Of 21,029 second trimester
records 15,973 singleton pregnancies which hadrtdkmation on birth weight, gestation

at delivery, AFP level, hCG level and self-repastsaoker or non-smoker were selected
for this analysis. Those who responded with stopathg or prior to pregnancy were

excluded from further analysi$he pregnancy was classified as ‘low birth weighthe

infant was under 2500g (Wilcox and Johnson, 1992).

Women in West of Scotland with a 2004 birth (n =92%)

'

Opted for prenatal screening (n = 21 029)

'

Screening records that could be linked to Scotshbidity
Records (SMR02) maternity data (n = 20 283)

'

Records randomly selected for analysis (n = 3550)

'

Serum samples located and analysed (n = 3475)

Figure 2.1: Selection of study sample for cotiramalysis (Shiptoiet al., 2009
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3.1 RETROSPECTIVE STUDY OF WITHIN - TRIMESTER
CONTINGENT SCREENING

Retrospectively, the performance of the full CUBegning test was compared with that of
the two-stage contingent protocol of Christiansad aarsen (2002) but using the same
final cut-off risk as the CUB screening programre.this screening protocol, women
would be offered NT measurement based on their thirmester biochemical test (Figure
3.1). Initially, a risk at term was calculated frahe PAPP-A andphCG results combined
with the maternal age risk for all women. A higskrcut-off of 1:42 and a low-risk cut-off
of 1:1000 were defined using the statistical apgincdescribed by Christiansen and Larsen
(2002). The high-risk cut-off is dependent on th®lf risk and the low-risk cut-off is

chosen empirically to adjust the proportion of wonmnequiring NT measurement.

Women were divided into three groups accordindnértinitial biochemistry and maternal
age risk. For those with intermediate risks betwgst? and 1:1000, the likelihood ratio
derived from the NT measurement in MoM was then lwoed with the biochemistry and
maternal age risk and the composite risk assesg@dsa a final cut-off risk of 1:250 at
term. Those women with a final risid:250 were classified as screen positive and atided
the initial high-risk group. Those with final riskaf <1:250 were classified as screen
negative and added to the initial low-risk groupeTinal risk cut-off of 1:250 was chosen
based on the current first trimester CUB screenurepff. From the distribution of risks in
Down syndrome and unaffected pregnancies the date@tte and false positive rate of the

contingent screening model was calculated.

The performance of contingent screening using LM&eld gestational age at the first stage

of screening was also evaluated. Multiple of therapriate gestation medians (MoM)
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(with maternal weight correction for PAPP-A angh€G and smoking correction for
PAPP-A) were calculated for the biochemical markesiig LMP based gestational age.
The correlation co-efficient between markers, mesliand standard deviation values of all
the markers for the unaffected and Down’s syndrgmegnancies were taken from the
literature (Spenceet al, 1999b). Maternal age risk was calculated ushegdquation as
described by Cucklet al (1987). The likelihood ratio was calculated basadhe double
test (PAPP-A andphCG) and maternal age risk at the first stage odesing. Of those
who were offered NT measurement, the MoM valuethefbiochemical markers were re-
calculated using CRL/BPD based gestational age.likeéhood ratio derived from NT
measurement, PAPP-A anghlCG in MoMs was then combined with maternal agk. ris

The detection rate and false positive rate of th@ingent screening model was calculated.
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Double Test (PAPP-AffhCG/ age)

A\ 4 v l

ngh risk (r|5k2142) Intermediate ris Low risk (HSkSllOOO)

Nuchal translucency (NT)

l l

Total risk (risk> 1:250) Total risk (risk < 1:250

| |

v
v

Chorionic villus sampling

i No invasive diagnostic procedure
(CVS) or Amniocentes

Figure 3.1 - Within-trimester contingent screenpm@tocol. Risks derived from serum
markers and maternal age were estimated for allemoamd used to triage the population
into high, low and intermediate risk groups. Wonvamose risk is equal or greater than
1:42 would be offered a diagnostic test and those@n whose risk is equal or lower than
1:1000 would not be offered any further testing.i¢o with an intermediate risk would
be offered NT measurement and those with a congadsk equal or greater than the cut-

off of 1:250 would be offered diagnostic testing.
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3.1.1 STATISTICAL CALCULATION TO DETERMINE THE CUT-
OFFS

The method used in this study was based on thistitak calculations used in a study by
Christiansen and Larsg@002). The final risk for a particular pregnansybiased on the
serological testa, and NT measurement, Therefore, the final risk ig x r. If the final
risk is >1:250 it follows that:

ar > 1:250

r> 0.004/a
The likelihood ratio of NT measurement was estblis using the published NT
distribution (Cuckle and van Lith, 1999) and thenfalae for the distribution of NT log
MoM in normal and DS pregnancies.

LogioMoM NT = -0.1076 + 0.2995 X(0.7863 + logo r).
Logior >-0.7863 ( logor can not be < -0.7863)

r>0.164

Therefore, if the serologically defined risk, is > 0.024, then no NT measurement can

reduce the final risk to a value <1:250. Such datocans were performed to determine the

initial high risk cut-offs for different final riskut offs (Christiansen and Larsen, 2002)
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3.2 MODELLING  CROSS-TRIMESTER  CONTINGENT
SCREENING

Using the S-PLUS statistical programme, the peréoroes of various types of cross-
trimester contingent screening policies were evahliaProtocols were designed in which
all women would receive a first trimester screeniegf and those with intermediate risks

would receive a follow up second trimester scregmast (Figure 3.2).

First trimester screening

l *' l

High risk Intermediate risk Low risk

Second trimester screening
|

l l

High risk Low risk
v
Chorionic villus sampling No invasive diagnostic procedufe
(CVS) or Amniocentes

Figure 3.2: Cross- trimester contingent screennogogol.
Risks derived from first trimester screening westineated for all women and used o
triage the population into high, low and intermeeliaisk groups. Women with high risk
would be offered a diagnostic test and those wowignlow risk would not be offered any

=

further testing. Women with an intermediate riskuhd be offered second trimests
screening and those with composite risk greaten tthee cut-off would be offered

diagnostic testing.
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3.2.1 MODELLING

The performance of cross-trimester contingent singeusing various combinations of
markers was evaluated using S-PLUS statisticalveoft. The log, transformed marker

values were assumed to follow multivariate Gausdiatributions for both unaffected and
Down’s syndrome pregnancies. Truncation limits fidfald et al (2003) (SURUSS) were
applied in the risk calculation. These were: firgihester: NT (0.5-2.5), AFP (0.4-3.0),
uE3 (0.4-2.0), total hCG (0.3-3.0BhfCG (0.3-5.0), InhA (0.3-5.0), PAPP-A (0.2-3.0);
second trimester: AFP (0.4-3.0), uE3 (0.4-2.0)altblCG (0.4-5.0), fhCG (0.3-5.0),

InhA (0.3-5.0), PAPP-A (0.2-3.0).

Before analysis was performed, the SDs, medianscanetlation-coefficients for each

week of gestation for unaffected and Down’s syndrgregnancies were entered into the
database in the S-PLUS software programme (FigBr@ésand 3.4). The maternal age
distributions (12 to 50 years), the mean and Sihaternal age were also entered into the

database in the software (Figure 3.5).

S-PLUS - [sd.d]
EF\IE Edit Views Insert Format Data Statistics Graph ©Opkions Window Help
N & & B L) WD %W E 13 &l Linear -| & ’G‘M{ﬁlk‘?
H === %% "N We= == |4 || @& B Ge No Active Link ~
1
e NT—»{ 1 0.2
5 AFP—p{ 2 017
g UE3>| 2 017
£ < hCcG—| 4 022
E fphcc—| & 0.26
“ InhA—>{ 6 022
\ PAPP-A—»| 7 0.24
s AFP—»| 8 0.14
5 uE3—>»| 9 012
g hCG—»| 10 0.23
£  fBhcc—{ 11 .26
Z InhA > 12 0.23
~ L PAPP-A—P{ 12 0.22
14
15
16

Figure 3.3: Screen shot of the database wherddhdard deviations for all the markers
are recorded
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B 5-PLUS - [table42] EFEE

BFME Edit ‘View Insert Format Data Statistics Graph Options iWindow Ha\p - &%

DEE S % Be e % G [Linear ~|@® | Tl -] B @ K2
.E '“u [ 84 AHEII e ™ % ,—___anA[:IweLmk [
1 4 5 5 9 i B
n h1 fl i ’I p 1 a2 u2 h2
1 1.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C
2 0.00 1.00] 018 -0.18 -0.23 -0.12 0.24 0.50 -0.01 B
a 0.00| 016 1.00 -0.12] -0 26| -0.19 0 36 .10 074 =5
4 0.00| -0.18| -0.12] 1.00 073 0.33 024 0.07] -0.08| 5
] 0.00| -0.22 -0 28| 073 1.00 0.50] 0.22 0.04 -0.14 €
) 0.00| -0.12] -0.19 0.33 0.50 1.00) 0.24] 0.19 -0.05| E
7 0.00 0.24 0.36 0.24 0.22 0.24 1.00] 0.12 0.12 C
8 0.00 0.50 0.10 0.07] 0.04 019 0.12 1.00] 0.18 5
g 0.00| -001 074 -0.08| -0.14 -0.05| 0.12] 018 1.00 =5
10 0.00| -0.22] -0.17] 067 055 0.33 0.24 0.4 -0.08| 1
A 0.00| -0.23 -0.20 063 0.75| 042 0.22 0.04 -0.14 €
i 0.00| -0.08| -0.10) 0.33 0.29 0.70] 0.02] 0.19 -0.05| &
A 0.00 0.0z 0.24 0.35 0.32 0.35 078 0.17] 0.10 C

I 1

Figure 3.4: Screen-shot of the database wheredttelation coefficients between markel
arerecorde:

S-PLUS - [ma.2002]

@ File Edit %iew Insert Format Data Statistics Graph Optlnns window Help = n"
| DS E| & %o r—-"""D'E;!,,.l | Bl [linear  ~|&= | Bl ~| B | &G W2
| = S Il - Bl W | E iﬁLIEEEID‘w‘ *‘»]WH
1 2 3 ] 5 g T
age freq 3
1 12,00 0.00)
2 13 00| 300
- 14.00) 15.00)
4 1500 8600
5 16 00| 348 00
5 17.00) £92.00
7 1800 1223 00
5 19.00) 1733.00)
g 2000 1953 00
10 2100 2085 00
T 22,00 2184.00
12 2200 2F22 00
Ha 2400 246900
14 25.00| 2592 00
45 2600 280400
16 27.00 3146.00
17 28 00 321500
18 2900 3055.00
19 3000 3056 .00
20 2100 320000
o0 32,00 324500
P 3200 308900
o 3400 262900 =

Figure 3.5: Screen-shot of the database where #ternal age distributions are recorded
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Two functions; gen2.Ir and rep2f, written by Prbfave Wright (Plymouth) were used in
the statistical modelling. The markers used inahalysis, the number of observation and
the gestational week when the screening was peefbnvere entered in the first function,
gen2.Ir (Figure 3.6). In this study, samples oDQ0,000 observations were drawn (500,

000 were taken as Down’s syndrome pregnancies @dd0®0 as unaffected pregnancies).

S5-PLUS - Commands

File Edit Wiew Insert Data Statistics Graph Options ‘Window Help

D@ & s =Rl o [WI0 Y E B E|Licear e ] ] N
=

| |

Commands E‘@El
[1] "EDE" B {i06C398 - Notepad

[1] 31.89484 File Edit Format %iew Help

[1] "EFPR" s o a = im = =

Ti1 b funct‘lun%i[)mc =c(7, 8 9, 10J, pl =1, p2 = 3, n.sim = 500000, week =

[1] meTe {

[1] 32.97476 ::

[1] "DR"

B Temp <- get.paramispeN  weekl
[1] "FFR"

—4

Gestation week |

#
#
[1] 3.995764 # COVARTANCE MATRICEG — T
T A #
[1] D.3297476 3 Number of
cov. U <- temp$cov.u .
sres: cov.a <- Temp$cov.a observations
[1] 2.257632e-003 1.000000=+003 4. 20001 printtcov.ul
[5] 3.1589454e+001 9,701213+000 1..1974 printdcov.u)
[9] 5.5403952+001 7.935375e+001 3.9857 :: -]
[13] 2.505196e+002 2,999509e+003 2,7056 print( eov.a™) Number of marker

printdcow. a)
§sec.u: #
[1] 0.3297476

used in the 2" stage
of screening
| ]
Number of marker
used in the 1% stage of
screening

Markers used in the
analysis

Sdr:
[1] 0.7935375

MEAN WECTORS

FEEEEEE

ffpr:
[1] 0.03995764

b fix(gen2. lr)

B srus

Figure 3.6: Screen-shot of the gen2.Ir function

When the gen2.Ir function was executed, for eackenfation, the likelihood ratio was

computed for each set of markers at each staggedésing (Figure 3.7).
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1 5-PLUS - Commands
File Edt View Insert Data Stabistics Graph Options Window Help

DS E[& s mRo s o (W DY E B E[lnear & | W[ <] B &N
i

Commands

5-PLUS : Copyright (c) 1985, 2001 Insightful Corp.
5 1 Copyright Lucent Technologies, Inc.
Professional Edition Version 6.0.2 Release 1 for Microsoft Windows : 200

orking data will be in C:%Program Files)Insightfulbsplustiusers)thenmal
ar vadiveloo
[» f£ix (genz.lr)
[ trah<-gen2.lr()
"WEEE 13 PARAMETERS™
"SELECTED ANALYTES™
"HT" "Total hCG(1)"™ "PAPR-&(1)" "AFF(Z)"
"E3 (2} “Tatal hCG(2)"
"DETERMINANTS'™
"hffected’”
8.677603e-010
"Mhaffected"”
2.314039e-010
"Affected Means: 0.2810333" "Affected Means: 0.2267"
"Affected Means: -0.1883" "Affected Means: -0.1249"
"affected Means: -0.14277 "Affected Means: 0.316"
"mean.a”
0.2810333 0.2267000 -0.1883000 -0.1249000 -0.1427000 0.3160000
"mear.u”
0oo0Do0D0D
"ad.a"
0.2290 0.2174 0.2361 0.1407 0.1187 0.2308
"ad.un”
0.1120 0.2174 0.2351 0.1407 0.1187 0.2308
"cor.a”
n hl pl az uz hz
11 0.0000 0.0000 0,000 0,000 O0.0000

‘4 start i 5 - Commands i Document - 1 N f((] v B

Figure 3.7: Screen-shot of S-PLUS programme

Once all the likelihood ratios were computed, tbe2f function was executed. Before the
function was executed, the high, low and final afftrisks were entered into the function.
In this study, a high risk cut-off of 1:42 and avlask cut-off of 1:1000 were used, similar
to the one used in the within-trimester contingameening policy (see Figure 3.1). A final
cut-off risk at term of 1:150 was chosen basedhencurrent UK NSC policy. Apart from

the above information, the gestation week whenesing was performed, the range of
maternal age and the name of the database whermdternal age distributions were

recorded were also entered in the function (Figudg.

82



Chapter 3etflods

S-PLUS - Commands
File Edit Wew Insert Data Statistics Graph Options  Window Help

DS smRo s o | B

i Low cut- - High cut- . Final cut-
I
) off risk ff risk off risk

Commands
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[1] "IRUNCATION Ef#£R#FEFFFRRFFNER function(lr = temp, <l = 1,/1000, <2 = 1,42, d = 17150, plot.tree = T,
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346626 145378 7711 280 5 {

[1] “trunc.1™ E;:ﬂt%g%
[1] -0.59897 -0.39794 -0.39794 -0. pr’"in )

[1] "trunc.u™
[1] D.4771213 0.4771213 0.3010300

runcation limits:

[1] -0.69897 -0,39794 -0.39794 -0.
[1] 0.4771213 0,4771213 0.3010300
[1] "trunc.1”

[1] -0.69897 -0,39794 -0.39794 -0.
[1] "trunc.u”

[1] 0.4771213 0,4771213 0.3010300 alpha <- 0.000689
[1] "EBBOERZ222230R0REE" RETE = ~Lo A Lo0
[1] "TRUNCATION #E£#44%84440EERIE
o AR o 34
346626 145378 7711 280 5
b fix(rep2f)
b fix(rep2f)

prior.prob <- a\pha + (1 - alpha)A1 + exp( - (hetald +\oetal ¥
age)l)

Database of
the maternal
age distribution

Gestation i Maternal
week age range

Hma.2002 7 O] ject |50 X

Ready
4 start 2l Documerit] - Microscf, ., == |ocal Disk (1) B s-pLus - Commands B fi0e4c3 - Notepad

Figure 3.8: Screen-shot of the rep2f function

When the rep2f function was executed, the mateaga specific detection and false
positive rates were derived from the likelihoodastcomputed earlier and the maternal
age distribution of Down’s syndrome and unaffegbedgnancies. The early completion
rates were computed based on those women who ifereddiagnostic test after the first
stage of screening and those who were not offamgduather screening after the first stage

of screening. Figure 3.9 shows an example of tipubwnce the analysis was completed.
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Figure 3.9: Screen-shot of the example of outpaeanalysis was completed

84




Chapter 3ettlods

In summary, SDs, medians of markers, correlaticeffaments, maternal age distributions,
gestation when the screening was performed, numwbebservations, markers used and
cut-off risks are the variables which can be canigl based on local circumstances when

using S-PLUS statistical software.

3.2.2 CROSS-TRIMESTER CONTINGENT SCREENING PROTOCOL
WITH AND WITHOUT REPEAT MEASURES

The effectiveness of cross trimester contingenteesung policies with various
combinations of markers was evaluated. An iniiglt at term was calculated from the first
trimester screening results combined with the mateage risk for all women. A high risk
cut-off of 1:42 and a low-risk cut-off of 1:1000 meused in this screening policy. Women
were divided into three groups according to theitial first trimester screening test results
and maternal age risk. For those with intermedriegties between 1:42 and 1:1000, the
likelihood ratio derived from the second trimestereening test was then combined with
the first trimester screening test and maternal rsgle and the composite risk assessed
against a final cut-off risk of 1:150. Those wonweith a final risk>1:150 were classified
as screen positive and added to the initial high-group. Those with final risks &f1:150
were classified as screen negative and added tmitied low-risk group (Figure 3.10).
From the distribution of risks in Down syndrome amdhffected pregnancies the detection
rate and false positive rate of the cross-trimestentingent screening model was

calculated. The combinations of markers examinetigstudy are shown in Table 3.1.
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Table 3.1: Cross-trimester contingent screeningppais evaluated in this study

Screening protocol

1. Cross-trimester contingent screening with secoinaester double, triple or quadruple test
(with and without NT measurement)

2. Cross-trimester contingent screening with repeatsmee of BhCG (with and without NT
measurement)

3. Cross-trimester contingent screening with repeatismee of PAPP-A (with and without
NT measurement)

4. Cross-trimester contingent screening with repeadsmes of hCG and PAPP-A (with and
without NT measurement)

5. Cross-trimester contingent screening with repeaasmes of BhCG and PAPP-A (with

and without NT measurement)
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First trimester screening t

l A 4 A4

High risk Intermediate risk Low risk
(risk>1:42) | (risk <1:1000)

Second trimester screening

l l

Total risk (risk> 1:150) Total risk (risk < 1:150)

,L l l ,,

Chorionic villus sampling (CVS) or
Amniocentesi

No invasive diagnostic procedure

Figure 3.10 - Cross-trimester contingent screerpngtocol. Risks derived from firg
trimester screening test and maternal age wermaigtil for all women and used to tria
the population into high, low and intermediate rggups. Women whose risk is equal
greater than 1 in 42 would be offered a diagndsst and those women whose risk is eq
or lower than 1 in 1000 would not be offered anytHer testing. Women with a
intermediate risk would be offered second trimestereening test and those with
composite risk equal or greater than the cut-offtah 150 would be offered diagnost

testing.
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3.3 RETROSPECTIVE STUDY ON EFFECT OF SMOKING &
ETHNICITY ON SERUM MARKER CONCENTRATION IN
PAIRED FIRST AND SECOND TRIMESTER SAMPLES

Maternal serum PAPP-A anfifCG levels were available for all the first trimerssamples
and AFP and hCG levels were available for all taeoad trimester samples. The first
trimester AFP and hCG levels and second trimestdPHRA and PhCG levels were
measured in 939 paired first and second trimesteuns samples using the DELFIA
fluoroimmunoassay system (Perkin Elmer LAS, UK) @admng to the manufacturer’s
instructions. All samples were coded before analgach that their origin was unknown to

the assay operator.

3.3.1 FLUOROIMMUNOASSAY - AutoDELFIA

AutoDELFIA is an automatic immunoassay system usedliagnostic or screening
laboratoriesin the DELFIA assay, the labels employed are chslaf europium or other
lanthanide metals. The AutoDELFIA uses time reswblfreorometry (TRF) to measure the
signal. Extreme sensitivity combined with a widendmic measuring range is obtained
due to the large Stokes’ shift and long decay timeguropium. Furthermore, several
different lanthanides have unique fluorescence €omsprofiles. This allows multiple
assays to be performed using AutoDELFIA system wheuval label kits utilizing
europium and samarium allow simultaneous measureofesmalytes that are commonly

required at the same time.

The system consists of a sample processor wheoenatit dilution and pipetting of serum

samples are performed and a plate processor whagemt handling and all assay stages
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including measurement are performed. AutoDELFI&astrolled by the Windows- based

AutoDELFIA workstation software.

3.3.1.1 PREGNANCY ASSOCIATED PLASMA PROTEIN A (PAPP-A)

PAPP-A, a glycoprotein, is produced by trophobtagBsues in the placenta of pregnant
women. PAPP-A is secreted into maternal circulaéisra heterotetrameric complex of two
PAPP-A subunits disulfide-bonded to two moleculeproMBP. Maternal serum PAPP-A
level is found to be significantly decreased in flist trimester in Down’s syndrome

pregnancies.

The PAPP-A concentration in maternal serum was umedsusing a solid phase two-site
fluorometric assay based on the indirect sandwedhnique (DELFIA). Biotin labeled
capture antibodies, added in the first incubatienqal, reacts with the microtitration strips
coated with streptavidin. The strips are washeareefdding the standards, controls and
samples in the second incubation. PAPP-A moledunléise serum samples react with the
tracer antibodies labeled with chelates of europiufe strips are washed and
enhancement solution is added to dissociate europu from the labeled antibody. The
europium ion and components of the enhancementi@oldorms highly fluorescent

chelates, and the fluorescent counts are measyrég: AutoDelfia machine.

3.3.1.2 FREEp HUMAN CHORIONIC GONADOTRORPIN (F BhCG)

FBhCG, a glycoprotein, is one of the two subunitsh@iG. BhCG is expressed in the
placenta and found to be significantly elevatednaternal serum of Down’s syndrome
pregnancies. ThephCG concentration in maternal serum was measured) w@s solid

phase two-site fluorometric assay based on thetds@ndwich technique (DELFIA). The

fBhCG molecules in maternal serum are reacted witmdhilized BhCG specific
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monoclonal antibodies and samarium-labeled monatlantibodies at different antigen
sites. The enhancement solution is added to desosamarium ion from the labeled
antibody. The samarium ion and components of tHemrement solution forms highly

fluorescent chelates, and the fluorescent couertsn@asured by the AutoDelfia machine.

3.3.1.3 ALPHA FETOPROTEIN (AFP)

AFP, a glycoprotein of fetal origin, is produced tine embryonic yolk sac in the early
stage of pregnancy and later by the fetal liver PAdiffuses into the maternal blood
circulation through the amniotic membrane. AFP lei® found to be decreased
significantly in the second trimester in Down’s dyome pregnancies. The AFP
concentration in maternal serum was measured usngsolid phase two-site
fluoroimmunometric assay based on the direct sartdtachnique (DELFIA). In the one
incubation period protocol, the AFP molecules intenaal serum are reacted
simultaneously with immobilized AFP specific mommthal antibodies and europium-
labeled monoclonal antibodies at different antigeas on the same AFP molecules. The
enhancement solution is added to dissociate europn from the labeled antibody. The
europium ion and components of the enhancementi@oldorms highly fluorescent

chelates, and the fluorescent counts are measyrée: AutoDelfia machine.

3.3.1.4 HUMAN CHORIONIC GONADOTROPIN (hCG)

Human chorionic gonadotropin, a glycoprotein horsyas produced by the trophoblastic
cells of the fertilized ovum in the early staggpoégnancy and later by the placental tissue.
hCG diffuses into the maternal blood circulatiorotigh the placenta. hCG level is found
to be elevated significantly in the second trimesteDown’s syndrome pregnancies. The

hCG concentration in maternal serum was measuréadg ug solid phase two-site
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fluoroimmunometric assay based on the direct satfuwechnique (DELFIA). The hCG
molecules in maternal serum are firstly reacted witmobilized monoclonal antibodies
directed against a specific antigen site onffteubunit of hCG and then with europium-
labeled antibodies directed against a specific ganti site on thea subunit. The
enhancement solution is added to dissociate eurou from the labeled antibody. The
europium ion and components of the enhancementi@oldorms highly fluorescent

chelates, and the fluorescent counts are measyrége: AutoDelfia machine.

3.3.2 PROTOCOL OF THE ASSAY

All the samples retrieved from the freezer weré tefthaw slowly at 2C. The samples
were then vortexed and given barcodes. The quadityrols for the first trimester (PAPP-
A and BhCG) and second trimester (AFP and hCG) assays eaenenercially produced
by Brahms Kryptor and Biorad respectivelhe quality control samples have three
different levels and are composed of pooled, lylgdd human serum. Information about
the samples and controls were entered in the AuteDsoftware. Samples, controls and
standard were placed in the vials according toirtf@mation given in the software and
then loaded into the machine. The reagents; wakhi®g buffer, enhancement solution
were placed into the reagent cassette. The plages iwvaded into the machine and then the
assays were started. After the assays were cordplkgtehe samples, controls, standards
and plates were discarded. The results were auiatipt calculated by WIACALC
programme on Multicalc 2000. Dilution (1 in 10) wasrformed on those samples which
had biochemical marker concentrations above thaydasp standard and the samples were

reanalysed. All the results were entered into S&t8@vare.
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3.3.3 ASSAY PARAMETERS

All the results were converted to multiple of medi®oM) of the appropriate gestation.
Three quality control samples were assayed twiceach batch of samples. Table 3.2
shows the mean and intra- and inter- assay cosftiof variations (CVs) of the quality

control samples.

Table 3.2: The mean and intra- and inter-assay @Wse quality control samples

Biochemical Quality Control  Quality Control  Quality Control
Parameters
Markers 1 2 3
AFP Mean 8.5 U/ml 26.1 U/ml 72.1 U/ml
Intra-assay CV 1.7% 2.2% 1.5%
Inter-assay CV 1.7% 2.8% 2.4%
hCG Mean 13.2 U/ml 38.3 U/ml 77.2 U/ml
Intra-assay CV 2.6% 2.8% 3.2%
Inter-assay CV 3.0% 3.5% 3.6%
PAPP-A Mean 265.1 mU/L 1489.5 mU/L 4386.7 mU/L
Intra-assay CV 4.6% 4.0% 3.1%
Inter-assay CV 4.8% 5.0% 3.7%
fBhCG Mean 69.4 ng/mi 17.2 ng/ml 6.9 ng/mi
Intra-assay CV 2.2% 2.0% 3.9%
Inter-assay CV 3.1% 3.1% 4.2%
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3.3.4. STATISTICAL ANALYSIS

AFP, hCG, BhCG and PAPP-A levels were measured and regressstians were
calculated for each gestational week (from weeko 9veek 20) using the data from
Caucasian women with normal singleton pregnandies.gestational ages were calculated
either from CRL or the time since the first daytioé LMP. The MoM for each marker at
each gestation was calculated using the regressjoation from the best fitted model for
each marker. This was done by using the curve astm routine in SPSS. To check
whether the simple regression chosen was appreprifie regression curves were
compared with the regression curve normally usedourtine screening at Institute of
Medical Genetics, Glasgow. All MoM values were ected for maternal weight and
smoking status by dividing the observed MoM valyethe expected MoM value. These
formulas were derived solely from Caucasian woniére Mann Whitney test was used to
compare the median values of the serum markeransimoking group with the non-
smoking group among the Caucasians and the medlaas/of the serum markers in each

ethnic group with the Caucasian group. Results wiassified as significant when p<0.05.

3.4 RETROSPECTIVE STUDY ON THE EFFECT OF ASSISTED
REPRODUCTIVE TECHNOLOGY ON SERUM MARKER
CONCENTRATION

The Down’s syndrome screening marker levels in figst trimester and 129 second
trimester pregnancies conceived after ART were @eth with the marker levels in
naturally conceived pregnancies. The pregnancigse wlassified into four categories; 1.
normal pregnancy, 2. IVF or ICSI with fresh eggsi\@ or ICSI with frozen embryo and

4. IVF with donor egg. The Mann Whitney test wasduto compare the median values of
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AFP and hCG between the controls and ART groupkensecond trimester anfhiCG
and PAPP-A in the first trimester. Marker measunetsevere carried out using DELFIA

assays as described in Section 3.3. Results wassiftéd as significant when p<0.05.

3.5 RETROSPECTIVE STUDY ON BIRTH WEIGHT,
DURATION OF PREGNANCY AND SECOND TRIMESTER
MATERNAL SERUM SCREENING MARKERS IN NON-
SMOKERS AND SMOKERS

3.5.1 COTININE ANALYSIS

The accuracy of the self-reported smoking infororation the screening form was
established using cotinine analysis. Cotinine ésrttajor metabolite of nicotine and can be
detected in the biological fluids of both activedapassive smokers. Due to its high
specificity for tobacco smoke, long half-life of 1% 19 hours in different body fluids and
easy detection with sensitive analytical techniguesinine has become the biochemical

marker of choice to detect smokers.

From the database of 21,029 pregnhant women, 35BImssamples were randomly
selected for cotinine analysis. After excluding péam with insufficient serum, cotinine
testing was carried out on 3475 thawed serum samdieg the Cozart STD Micro-Plate
Cotinine EIA (Cozart UK Ltd). All samples were aged without knowledge of smoking

status and in singleton. Those women who had catimevels above 13.7ng/ml were
classified as smokers (Jarnasal.,1987). Those samples with cotinine levels betwEgn

and 30ng/ml (close to the chosen cut off of 13.7mtigwere re-assayed and the final

cotinine concentration was taken from the meamefiwo values.
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3.5.1.1 PRINCIPLE OF THE COTININE ASSAY

Cotinine in maternal serum was detected using a s@ientitative assay; Cozart STD
Micro-Plate Cotinine EIA (Cozart UK Ltd). Aliquotsf maternal serum are added to the
wells of the microtitre strips which are coated hwénti-cotinine antibody. Horseradish
peroxide (HRP)-labelled cotinine competes withftiee cotinine in the serum samples for
the anti-cotinine antibody binding sites on the notitre strips during the first incubation.
Tetramethylbenzidine substrate solution is addésl #ie wells are washed to remove any
excess enzyme material. Stop solution terminategehction and the absorbance is read

spectrophotometrically at 450nm using the Wallactdi multilabel counter.

3.5.1.2 PROTOCOL OF THE COTININE ASSAY

All the samples retrieved from the freezer wer¢ tefthaw slowly at 2C and were then
vortexed. Two quality control samples; positive arggjative (smokers and non-smokers),
were used and they were composed of pooled hunmamsiom the routine screening
programme. Forty-two serum samples from self-reqggbegmokers and forty-three samples
from self-reported non-smokers were pooled togdihrethe positive and negative controls
respectively. The positive controls had values abihe top positive standard (50ng/mL)
and the negative controls had values below theobmtiositive standard (5ng/mL). Each
Cozart Cotinine EIA Serum kit contained each offtilewing components and reagents.
1. Anti-Cotinine Coated Plate — 12 x 8 well stripsoimeak-apart format. Anti-cotinine
polyclonal antibody immobilised on a polystyrenatplsupplied in dry form.
2. Enzyme Conjugate — Cotinine derivative labellechwibrseradish peroxidase and
diluted in a protein matrix with stabilisers.
3. Wash buffer — Each vial is diluted to 1500mL wiiktidled water.

4. Substrate solution — Each bottle containing <0.(5%45,5-tetramethylbenzidine.
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5. Stop solution — Each bottle containing 1mol/L suipt acid.

6. Negative calibrator — Protein matrix negative fotigine.

7. Positive calibrator — Protein matrix containing §0nL, 25ng/mL and 50ng/mL

cotinine.

An additional positive calibrator was required irder to improve the fit of the standard
curve. A 5ng/mL calibrator solution was preparedaldy/10 dilution of 50ng/mL calibrator
solution. All samples were assayed anonymously iandingleton. 10uL of controls,
samples or calibrator was added to each well wiin minutes. 100uL of enzyme
conjugate was then added to each well and the plaseincubated for 30 minutes. After
the incubation, the plate was washed four time& wiash buffer (which was diluted by
1:30 dilution with distilled water) using the DEL&T Platewasher. 100uL of substrate
solution was added to the well and the plate weshated for 30 minutes. 100uL of stop
solution was added after the incubation and therabsice was measured at 450nm using

Wallac Victor 1420 Multilabel Counter.

3.5.1.3 WALLAC VICTOR 1420 MULTILABEL COUNTER

Wallac 1420 is a multi-task, multi-label plate ctemwhich is used for quantitative
detection of light emitting or light absorption rkars. The Victor measures all commonly
used florescent labels and time-resolved floresedaigels. After measurement of a plate,

the results were automatically calculated by Mt

3.5.1.4 DATA ANALYSIS

All the results were entered into SPSS softwdreose samples with cotinine levels
between 10 and 30ng/ml (close to the chosen cubfoff3.7 ng/ml) were re-assayed and

the final cotinine concentration was taken from rthean of the two values. Those women
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who had cotinine levels above 13.7ng/ml were d&skas smokers (Shiptagt al, 2009,
Jarviset al., 1987). The accuracy of self-reported smoking imf@tion at booking and

screening were calculated.

3.5.2 BIRTH WEIGHT AND GESTATION AT DELIVERY

The mean birth weight in self-reported non-smolard smokers was stratified according
to maternal serum AFP and hCG levels (in MoM) ie siecond trimester. The pregnancy
was classified as ‘low birth weight’ if the infamtas under 2500g (Wilcox and Johnson,
1992). The Mann Whitney test was used to comparentkan birth weight for the smoking
group with the non-smoking group. Results werestl@sl as significant when p<0.05.
Regression was performed to test the trend in biight with AFP and hCG levels in
smokers and non-smokers. The median gestationiaeidefor non-smokers and smokers
was calculated according to maternal serum AFP B8 levels (in MoM). The
percentage of pregnancies delivered at 38 weeksartiér were calculated for each AFP

and hCG group

3.6 STATISTICAL METHODS

3.6.1 MEDIANS

The median is the middle value when the data ateddn ascending order. The median
measures the central tendency and is not sensdiextreme values. It is usually used

when the distribution is skewed. Medians were dated using the SPSS 12.0.1 program.
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3.6.2 MEANS

The mean is a measure of central tendency butlgnefiuenced by outliers. The mean
value is calculated by dividing the sum of all tteda by the number of data. Means were

calculated using the SPSS 12.0.1 program.

3.6.3 PERCENTILES

Percentile is the value below which a certain patage of observations fall. For example
the 90 percentile is the value below which 90% of theesa$all. Percentiles were

calculated using the SPSS 12.0.1 program.

3.6.4 STANDARD DEVIATION

The standard deviation (SD) measures the amouwrdradtion or spread of the data. A low
standard deviation indicates that all the valuethéndataset are close to the mean while a
high standard deviation indicates that the valnethé dataset are spread out over a large

range of values. Standard deviation was calculasaty the following equations:

Z(X -X) of log,, Q0" centile - log,, 0" centile
n-1 2.56

SD=

where X is the mean and is the number of cases. Standard deviations warilated

using the SPSS 12.0.1 program.
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3.6.5 STANDARD ERROR OF MEAN (SEM)

The standard error of mean indicates the varigbdit the mean among many samples
taken from the same distribution. SEM is calculatsithg the following equation:

SEM:S_D

Jn

wheren is the number of cases.

3.6.6 CONFIDENCE INTERVALS (ClI)

A confidence interval is a range of values derifreth a sample, which represents where
the true population value is likely to fall. In shstudy, 95% CI were used and this is
interpreted as a range of which contains the tropujation mean with probability of

0.95%.

3.6.7 COEFFICIENT OF VARIANCE (CV)

Assay reproducibility is measured using coefficieftvariance (CV). CV indicates the
ratio of standard deviation (SD) to the mea&) expressed as percentage. The inter- and

intra-assay CV was calculated using the followiggagion.

CV =100x (S—_Dj
X
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3.6.8 CORRELATION COEFFICIENT (r)

Correlation coefficient indicates the level of asaton between two variableX; and.
Ther value has a range between -1 and 1. A positiveevaddicates positive correlation
and a negative value indicates negative correlatfotmere is no association between the
two variables, the r value would be close to 0. Tdvenula to calculate value for two

variables is:

2 =X =)
V26 =02y, - 9)?

wherex andy; are the values of andY for thei™ individual. A simple box-plot was used
to check for outliers. Outliers between the rangksx 3SD were accepted. Correlation

coefficients were calculated using the SPSS 1@gram.

3.6.9 COVARIANCE MATRIX

The covariance matrix is derived from the standbrdiations and correlation coefficients.

The covariance matrix of varialkeandy was calculated using the following equation.
Cov,, = SD(X) X SD(y) X 1(x,Y)

wherer is the correlation coefficient betwegmandy.

3.6.10 REGRESSION ANALYSIS

Regression analysis is performed to estimate tladioaship between two variables. In this
study, regression was used to determine the rakdtip between 1) marker levels and
gestational week and 2) marker levels with matemeight. Various models such as
quadratic, cubic and inverse were used to estithateelationship between two variables.

Regression coefficient;?, was taken into consideration when choosing thet fited
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model. The MoM of the appropriate gestation wasudated using the regression equation
from the best fitted model for each marker. Thisswlane by using the curve estimation

routine in SPSS.

3.6.11 MULTIPLE OF MEDIAN OF THE APPROPRIATE
GESTATION

All the Down’s syndrome screening marker levels aveonverted to a multiple of the
control median (MoM) at the appropriate gestatiomeék. This allows changes of marker
levels with the gestational age to be compared. dqwation used to calculate the MoM
value is as follows.

Markerconcentrabn

MoM =
Regressethedianconcentrabn atappropriaégestation

3.6.12 CORRECTION FACTORS

The biochemical marker levels were corrected fotemmal weight and smoking. For
correcting the maternal weight, an equation isv@eriusing regression analysis. In this
study, Caucasian women who were non-smokers weee s derive this equation.
Correcting for smoking was done by dividing the efved MoM value in smokers by the
expected MoM value in non-smokers. The expected M@lMies were derived from the
Caucasian women who were non-smokers. The equatised to for correcting these

factors are as follows:

Maternal weight:

Markerconcentrabn
Regressedhedianconcentrabn atappropriaé maternalweight

MoM =
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Maternal smoking

_ MoM
ExpectedVioM

MoM,

where MoM is the multiple of median marker level of the aygiate gestation.

3.6.13 DETECTION RATE, FALSE POSITIVE RATE AND SCREEN
POSITIVE RATE

Detection rate is the ratio of the number of adctases which are correctly identified to
the total number of affected cases. This is sonedimeferred to as the sensitivity of
screening. False positive rate is the ratio ofrtbenber of unaffected pregnancies with a
screen positive test result to the total numbauraiffected cases. Both detection and false
positive rate are normally expressed in percentgd@&s Screen positive rate is the
percentage of pregnancies reported to have anasederisk of having an affected

pregnancy.

3.6.14 MANN-WHITNEY TEST

Mann-Whitney test is a non-parametric test basedaoking and ordering of data. This
test compares the medians of two independent groyg®mbining and ordering the data
from the two groups from lowest to highest. Manniivéy test was used to compare the
medians values for biochemical markers in variotisnie groups with Caucasians,
smokers with non-smokers and ART treated pregnamneith normal pregnancieB.value
less than 0.05 were considered as significant. $R&S 12.0.1 program was used to

perform the Mann-Whitney test.
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3.7 RISK CALCULATION FOR DOWN'S SY NDROME

The risk of having a Down’s syndrome pregnancy easulated using the following

eqguations.

Gestational age

For the ultrasound based gestational age, the C&sarement was used. If there was

only BPD measurement, BPD was converted to CRLgugia following formula:

CRL = BPD x 3Crossley et al., 2002

Gestational age =(\/((crl +1)x 1037) x 8052 + 2373

For the LMP based gestational age, the gestatamy@lvas calculated using the following
equation:

Gestational age = the date of sampling - the ddteMP

Age at estimated date of delivery (EDD)

To calculate the age at EDD, firstly the age atdé¢dn was calculated.
Age at NT scan = (date of NT scan — date of biB&§/25

Age at EDD = Age at NT scan + ((280 — gestatiomal)£865)
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Maternal age risk

The maternal age risk at term was calculated azitbesl by Cuckleet al (1987), where
p - O 000627+ é16.2395+0.286*(age at EDD-O.S))
and the risk of having a Down’s syndrome pregnamay
Term risk = 1: (1-p)/p.

A correction factor of 0.5 is used when the mateage is recorded in fractions of years.

Screening marker levels

Firstly, an average NT measurement was calcul&t@die than one measurement was

taken.
For example, if three measurements were taken:
Average NT = (ntl + nt2 + nt3)/3

Then, NT MoM was calculated. The equation was olethifrom the regression analysis

using the curve estimation routine in SPSS.

AverageNT
Regressethedianevelsatappropriagégestation

NTMoM =

The BhCG and PAPP-A MoMs were also calculated using#drae method.
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Correcting for maternal weight and smoking

The MoM values of the screening markers were ctetefor maternal weight and

smoking (refer to section 3.6.12).

Likelihood ratio for Down’s syndrome from NT measurement

Truncation of the NT risk at 0.8 MoM was appliedhiFis done because the risks start to

increase again below 0.8 MoM due to the shapeseofSiaussian distributions.
Likelihood ratio:
a = ((logio(NT MoM) — Meag) / SD)?
b = (logio(NT MoM) / SR)?
Likelihood ratio from NT = (SQY SD,) * e (0->* @)

wherex is Down’s syndrome pregnancies and unaffected pregnancies
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Likelihood ratio for Down’s syndrome from fohCG and PAPP-A
The equations below were used to calculate théHited ratio from BhCG and PAPP-A.
¢ = logio(f8BhCG MoM) / SBf
d = (log1o(ffhCG MoM)-Meaxf) / SD
e = logio(PAPP-A MoM) / S[¥
f = (log1o(PAPP-A MoM)-Meag) / SDP
g=("-2*ry*cre)+e)/(1-%)
h=(P-@*r*d*f)+f%) /(1 -1
Likelihood ratio from hCG and PAPP-A =
((SD* SD) 1 (SDI* SDP) * V (1K) / (1 —5) *e @~ M/2

where: x - Down’s syndrome pregnancieg,- unaffected pregnancieg, - fhCG, p -

PAPP-A and - correlation coefficient between PAPP-A afd€G

Truncation limits for PAPP-A (0.1 — 5.0) an@hfCG (0.2 — 5.0) applied in the risk

calculation were based on the truncation limitgduseroutine screening in Glasgow.
Combined likelihood ratio for Down’s syndrome fromNT, fhCG and PAPP-A

Combined likelihood = likelihood ratio from NT Xdlihood ratio fromfhCG and
PAPP-A

Risk for Down’s syndrome

Risk for Down’s syndrome = Maternal age risk / comedl likelihood ratio
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4.1 RETROSPECTIVE STUDY ON WITHIN-TRIMESTER
CONTINGENT SCREENING

The performance of a two-stage contingent scregmiagpcol for Down’s syndrome based
on initial serum marker analysis for all women &t measurement only in women with
intermediate risks was assessed. Biochemical mahkerNT data in 10189 women who
had CUB screening, were re-analysed using the rmgent model (refer to section 2.2). A
risk was calculated from the results of the PAPBRl BhCG measurements and maternal
age. For risks between 1:42 and 1:1000, the likelihratio from the NT measurement was

incorporated and assessed against a final cutsiffat term of 1:250.

Figure 4.1 illustrates the performance of the caygnt screening model in this study group
using initial high and low cut-offs of 1:42 and QD respectively and a final cut off of
1:250. There were 313 (3.1%) unaffected and 27406).Down’s syndrome pregnancies
with initial risks>1:42 and these were classified as high risk. Is #épproach to screening
these women would be offered a diagnostic test (@wi8iocentesis) at this stage. NT
measurement would not be offered to these womeausectheir initial risk is so high that
a subsequent NT measurement would be unlikely itaglthe risk down below the final

threshold risk of 1:250.

Within the low risk group with risks1:1000, there were 6887 (67.9%) unaffected and 2
(4.5%) Down’s syndrome pregnancies. According ® photocol, these women would be
counselled that they would not be offered any frttest because the initial risk is low.
The remaining 2960 (29%) women fell within the mtediate risk category and would be

offered NT measurement. Of these, when the risknfrilne NT measurement was
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combined with the initial risk, 276 (2.7%) unaffedtpregnancies and 12 (27.3%) Down'’s

syndrome pregnancies had final riskxdf250 and would be offered a diagnostic test.

Double Test (PAP-A/FBhCG/ aae

1 ! l

High risk (risk>1:42) Intermediate risk Low risk (risk<1:1000)
3.1% of unaffected 29% of unaffected 67.9% of unaffected
61.4% of Down’s syndrome 34.1% of Down’s syndrome 4.5% of Down’s syndrome

l

Nuchal Translucency

v v

Total risk (risk> 1:250) Total risk (risk < 1:250)
2.7% of unaffected 26.3% of unaffected
27.3% of Down’s syndrome 6.8% of Down’s syndrome
v v
. v
Chorionic villus sampling (CVS) or Amniocentesis No invasive diagnostic procedure
5.8% of unaffected 94.2% of unaffected
88.7% of Down’s syndrome 11.37% of Down'’s syndrome

Figure 4.1 — The performance of within-trimestentoagent screening in this study. There were

313 (3.1%) unaffected and 27 (61.4%) Down’s syndrgregnancies with initial risks1:42.

These pregnancies were classified as high riskoffieded a diagnostic test. Within the low rigk

group with risks<1:1000, there were 6887 (67.9%) unaffected and 224} Down’s syndroms
pregnancies. The remaining 2960 (29%) women fethiwithe intermediate risk category a
would be offered NT measurement. Of these, whenriglefrom the NT measurement w¢
combined with the initial risk, 276 (2.7%) unaffedtpregnancies and 12 (27.3%) Dowt
syndrome pregnancies had final risk=tf:250 and would be offered a diagnostic test. T
contingent screening protocol would have achievddtaction rate of 88.7% at a false posit
rate of 5.8% but with only 29% of women requiringldT measurement.

NS
'S
his
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Therefore in the CUB screened population in the MéésScotland, adopting the above
contingent screening protocol would have achievetktection rate of 88.7% at a false
positive rate of 5.8% (compared with 90.9% detectba 6.4% false positive rate for the
full CUB screen) but with only 29% of women reqogi an NT measurement. By
changing the initial and final cut-off risks theteletion rate, false positive rate and NT
measurement rate can be varied (Table 4.1). Thsldvallow individual centres to

develop protocols best suited to local circumstantfefor example, it was desired to keep
the false positive rate low, an initial high riskt-@ff of 1:24 and final risk cut off of 1:150

gives a false positive rate of 3.7% for only a dmeduction in detection to 84.1%.

Table 4.1: The frequency of nuchal translucency)(M&asurement and overall screening

performance in contingent testing with differeskrcut-off values.

Final risk High risk cut Low risk cut NT Detection rate  False positive
cut offs offs offs frequency (%) rate (%)
(at term) (at term) (at term) (%)
1:250 1:42 1:1000 29.1 88.7 5.8
1:800 251 86.4 5.8
1:600 20.7 84.1 5.6
1:400 15.3 81.9 55
1:200 1:33 1:1000 29.7 86.4 4.8
1:800 25.8 84.1 4.8
1:600 21.3 81.8 4.6
1:400 16.0 79.6 4.5
1:150 1:24 1:1000 30.3 84.1 3.7
1:800 26.4 81.8 3.7
1:600 21.9 79.5 3.6
1:400 16.6 77.3 3.5
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4.1.1 RETROSPECTIVE CONTINGENT TESTING BASED ON LMP

ESTIMATE OF GESTATION
As the performance of this contingent screening ehdgl very dependent on an accurate

interpretation of biochemical marker results, aateirassessment of gestation is essential.
However, due to limited availability of ultrasounesources in some areas, gestational age
is often determine by relying on LMP. Using the sanmata-set, the performance of

contingent testing model was re-evaluated by usMg based gestational age.

For all women, a risk was calculated from the mekage and the results of the PAPP-A
and BhCG measurements using LMP based gestational agewBmen with risks
between 1:42 and 1:1000, the biochemical markersareanents in MoM were re-
calculated using ultrasound based gestational dlges peing available at the NT
measurement appointment) and the likelihood ratmmf the NT measurement was
incorporated. The composite risk was assessed sigaiimal cut-off risk at term of 1:250.
Information on LMP was only available in 6895 pragnoies; 6865 unaffected and 30
Down’s syndrome pregnancies. Of the 68§8®gnancies, 5979 pregnancies had certain

LMP dates.

Figures 4.2 and 4.3 illustrate the performancehef ¢contingent screening model in all
pregnancies (uncertain and certain LMP dates) aagnancies with certain LMP dates
using initial high and low cut-offs of 1:42 and QD respectively and a final cut off of
1:250. When analysis was performed on all the meges, there were 275 (4.0%)
unaffected and 18 (60.0%) Down’s syndrome pregrengviith initial risks>1:42 and
these were classified as high risk. Within the hisk group with risks<1:1000, there were
4814 (70.1%) unaffected and(20.0%) Down’s syndrome pregnancies. The remaining
1785 (25.9%) women fell within the intermediatekrategory and would be offered NT
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measurement. Of these, when the risk from the Nasm&ment was combined with the
initial risk, 230 (3.4%) unaffected pregnancies and(23.3%) Down’s syndrome

pregnancies had final risk efL.:250 and would be offered a diagnostic test.

When analysis was performed only on pregnancids eattain LMP dates, there were 217
(3.6%) unaffected and 17 (63.0%) Down’s syndromegpancies in the high risk group
with risks initial >1:42. Within the low risk group with risks1:1000, there were 4231
(71.1%) unaffected and &.4%) Down’s syndrome pregnancies. The remainif$21
(25.3%) women fell within the intermediate riskegdry and of these, when the risk from
the NT measurement was combined with the initiak,ri197 (3.3%) unaffected

pregnancies and 7 (25.9%) Down’s syndrome pregeanmad final risk 0£1:250.
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Double Test (PAPP-AFhCG/ age)

’

A\ 4 v
High risk (risk>1:42) Intermediate risk Low risk (risk<1:1000)
4.0% of unaffected 25.9% of unaffected 70.1% of unaffected
60.0% of Down's 30.0% of Down’s syndrome: 10.0% of Down’s syndrome

Nuchal Translucency

v v

Total risk (risk> 1:250) Total risk (risk < 1:250)
3.4% of unaffected 22.5% of unaffected

23.3% of Down’s syndrome| | 6.7% of Down’s syndrome

P |

Chorionic villus sampling (CVS) or
Amniocentesis No invasive diagnostic procedufe
7.4% of unaffected 92.6% of unaffected
83.3% of Down'’s syndrome 16.7% of Down'’s syndrome

Figure 4.2 — The performance of within-trimestentoogent screening using LMP based
gestation in pregnancies with certain and uncertditP dates. There were 275 (4.0%)
unaffected and 18 (60.0%) Down’s syndrome pregranuiith initial risks>1:42. These
pregnancies were classified as high risk and woeldffered a diagnostic test. Within the
low risk group with risks<1:1000, there were 4814 (70.1%) unaffected andB0%)
Down’s syndrome pregnancies. The remaining 17859¢3% women fell within the
intermediate risk category and would be offered N&asurement. Of these, when the rjsk

X

from the NT measurement was combined with the ahitisk, 230 (3.4%) unaffecte
pregnancies and 7 (23.3%) Down’s syndrome pregeanicad final risk o£1:250 and
would be offered a diagnostic test. Using LMP bagedtation, this screening protocol
would have achieved a detection rate of 83.3%falsa positive rate of 7.4% with 25.9% of

women requiring an NT measurement.
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Double Test (PAPP-A/FrehCG/ age)

v ' '

High risk (risk>1:42) Intermediate risk Low risk (risk<1:1000)
3.7% of unaffected 25.3% of unaffected 71.1% of unaffected
63.0% of Down’s syndrome 29.6% of Down'’s syndrome 7.4% of Down’s syndrome

Nuchal Translucency

| |

Total risk (risk> 1:250) Total risk (risk < 1:250)
3.3% of unaffected 21.96% of unaffected
25.9% of Down’s syndrome 3.70% of Down’s syndrome
v l l A\
Chorionic villus sampling (CVS) or Amniocentesis No invasive diagnostic procedure
6.96 % of unaffected 93.05% of unaffected
88.89% of Down’s Syndrome 11.11% of Down’s Syndrome

Figure 4.3 — The performance of within-trimestentoagent screening using LMP based
gestation in pregnancies with certain LMP datesr@étwere 217 (3.6%) unaffected and
17 (63.0%) Down’s syndrome pregnancies in the higf group with risks initiab1:42.

Within the low risk group with risks1:1000, there were 4231 (71.1%) unaffected and
(7.4%) Down’s syndrome pregnancies. The remainig2X25.3%) women fell within

the intermediate risk category and of these, wherrisk from the NT measurement was
combined with the initial risk, 197 (3.3%) unaffedtpregnancies and 7 (25.9%) Down’g
syndrome pregnancies had final risk>df250. This contingent screening protocol woulg
have achieved a detection rate of 88.9% at a fads#tive rate of 7.0% with 25.3% of

women requiring an NT measurement.
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Therefore using LMP based gestational age, contingereening protocol would have
achieved a detection rate of 83.3% at a false ipesiate of 7.4% with 25.9% of women
requiring an NT measurement. When analysis wasopagd only on pregnancies with
certain LMP dates, contingent screening protocalldidvave achieved a detection rate of
88.9% at a false positive rate of 7.0% with 25.3% wwomen requiring an NT

measurement. By changing the initial and final affitrisks the detection rate, false

positive rate and NT measurement rate can be véFigoles 4.2 and 4.3).

Table 4.2: The frequency of nuchal translucency)(M€asurement and overall screening
performance in contingent testing with differergkricut-off values in pregnancies with

certain and uncertain LMP dates.

Final risk cut High risk cut Low risk cut NT frequency Detection rate False positive

(atotg?m) (atcztf:m) (atotg?m) (%) (%) rate (%)
1:250 1:42 1:1000 25.9 83.3 7.4
1:800 225 83.3 7.3

1:600 18.5 80.0 7.1

1:400 13.3 80.0 6.9

1:200 1:33 1:1000 26.5 80.0 6.3
1:800 23.1 80.0 6.2

1:600 19.1 76.7 6.1

1:400 13.9 76.7 5.9

1:150 1:24 1:1000 27.3 80.0 5.0
1:800 23.9 80.0 5.0

1:600 19.9 76.7 4.9

1:400 14.6 76.7 4.7
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Table 4.3: The frequency of nuchal translucency)(Mgasurement and overall screening
performance in contingent testing with differergkricut-off values in pregnancies with

certain LMP dates.

Final risk cut High risk cut Low risk cut NT . .
Detection  False positive
offs offs offs frequency rate (%) rate (%)
(at term) (at term) (at term) (%)

1:250 1:42 1:1000 25.3 88.9 7.0
1:800 22.0 88.9 6.9
1:600 18.0 85.2 6.8
1:400 12.9 85.2 6.5

1:200 1:33 1:1000 25.9 85.2 6.1
1:800 22.6 85.2 6.0
1:600 18.6 81.5 5.9
1:400 13.4 81.5 5.7

1:150 1:24 1:1000 26.5 85.2 4.8
1:800 23.2 85.2 4.8
1:600 19.3 81.5 4.7
1:400 14.1 81.5 4.5

Table 4.4 shows the summary of NT measurement émcu and overall screening
performance of contingent screening according pe t9f gestational estimate. The use of
LMP based gestation leads to increased false pes#ite compared with using ultrasound
based gestation. There is a decrease in detecenim the LMP dating (certain and
uncertain) group compared with the ultrasound sgewup. Although there was no
significant difference in the detection rate betwéee ultrasound scan group and certain
LMP dating group, the false positive rate was higheghe certain LMP dating group. For

the LMP dating groups, ultrasound scan is not meguin the first stage of screening. The
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NT frequency in the second stage of screening Wsxslawer in the LMP dating groups
compared with the ultrasound scan group. Althougttingent screening using LMP based
gestational age significantly reduces the ultradoworkload, the false positive rate

increases from 5.8% to 7.0%.

Table 4.4: Summary of NT measurement frequencyoaedall screening performance of

contingent screening according to method of gestatiestimate.

. . NT frequency Detection rate  False positive rate
Method of gestational estimate (%) (%) (%)

Ultrasound scan 29.1 88.7 5.8

LMP dating (certain and

uncertain LMP) 25.9 83.3 74

Certain LMP dating 25.3 88.9 7.0

Final risk cut-off: 1:250; high risk cut-off: 1:4®w risk cut-off: 1:1000
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4.2 CROSS - TRIMESTER CONTINGENT SCREENING

Using S-PLUS programme, various types of crossdsi@r contingent screening were
modelled (refer to sections 2.3 and 3.2.1). Prd®ueere designed in which all women
would receive a first trimester screening test #mose with intermediate risks would

receive follow up second trimester screening tese( to Figure 3.2).

4.2.1 CROSS-TRIMESTER CONTINGENT SCREENING WITH
SECOND TRIMESTER DOUBLE, TRIPLE OR QUADRUPLE TEST

In this screening policy, all women would be offér@st trimester screening (PAPP-A,
fBhCG and NT measurement) and those with intermedisitevould be offered a second
trimester double serum marker test. To demonstiaeperformance of this screening
policy, a theoretical population of 500,000 pregnammen comprising 714 Down’s
syndrome pregnancies and 499,286 unaffected pregsamere used (refer to section
3.2.1). A high risk cut-off of 1:42, a low-risk coff of 1:1000 and a final cut-off risk of

1:150 were used in this study.

Using the S-PLUS statistical software programme nthedel identified 542 (75.9%)
Down’s syndrome and 3495 (0.7%) unaffected pregeanwith initial risks>1:42, and
these were classified as high risk. In this apgno@cscreening these women would be
offered a diagnostic test (CVS/amniocentesis) iatdtage. Within the low-risk group with
risks <1:1000, there were 35 (4.9%) Down’s syndrome and, 38D (89.6%) unaffected
pregnancies. According to the protocol, these womeuld be counselled that they would
not be offered any further test because the inrist was low. The remaining 48,568
(9.7%) women fell within the intermediate risk aaey and would be offered second
trimester double test. Of these, when the risk fithen second trimester double test was
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combined with the initial risk, 99 (13.8%) Down’gnglrome and 5492 (1.1%) unaffected
pregnancies had final risk efi.:150 and would be offered a diagnostic test. Tioege this
model suggests that this screening policy can aehaedetection rate of 89.7% with a false
positive rate of 1.8% but with only 9.7% requirisgcond trimester screening. Figure 4.4
illustrates the performance of this cross-trimestertingent screening policy for final risk

cut-off of 1:150.
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(714 Down’s syndrome, 499,286 Unaffecte

'

First trimester screening test
(NT, PAPP-A, BhCG, maternal age)

l ,, l

500, 000 pregnant women L
)

High risk (risk>1:42) Intermediate risk Low risk (risk<1:1000)
542 Down’s syndrome (75.9%) | 137 Down’s syndrome (19.2% 35 Down’s syndrome (4.9%
3495 Unaffected (0.7%) 48431 Unaffected (9.7%) 447,360 Unaffected (89.6%

Second trimester screening test
(AFP, hCG)

\4 \4
Total risk (risk> 1:150) Total risk (risk < 1:150)
99 Down’s syndrome (13.8% 38 Down’s syndrome (5.4%

5492 Unaffected (1.19 42,939 Unaffected (8.6%)

| } ] !

Chorionic villus sampling (CVS) or Amniocentesi$ No invasive diagnostic procedure
641 Down’s syndrome (89.7%) 73 Down’s syndrome (10.3%)
8987 Unaffected (1.89 490,299 Unaffected 8.2%

Figure 4.4: The modelled performance of cross-tsi@e screening with a second
trimester test. There were 542 (75.9%) Down’s sygndy and 3495 (0.7%) unaffected
pregnancies with initial riskg1:42, and these were classified as high risk. Withe
low-risk group with risks<1:1000, there were 35 (4.9%) Down’s syndrome and
447,360 (89.6%) unaffected pregnancies. The remgidi8,568 (9.7%) women fell
within the intermediate risk category and would dffered second trimester doublg
test. Of these, when the risk from the second steredouble test was combined with
the initial risk, 99 (13.8%) Down’s syndrome and®341.1%) unaffected pregnancies
had final risk of> 1:150 and would be offered a diagnostic test. Bareening policy

4

can achieve a detection rate of 89.7% with a fptsstive rate of 1.8% but with only

9.7% requiring second trimester screening.
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Tables 4.5 (a-f) shows the performance of contihgemeening with second trimester
double, triple or quadruple serum marker testsgusiarious combinations of screening
markers. Addition of NT measurement to the serurrkera in the first trimester improved

the overall screening performances. Table 4.5a shtw performance of the screening
policy based on first trimester NT and PAPP-A foledl by selective use of a second
trimester screening test. Addition g3hiCG in the first trimester further increased the
detection rate and early completion rate, decre#isedecond trimester testing frequency
and gave less fall off of screening performancegestation increased. There were no
significant changes in the false positive rate. @b&ction rate and early completion rate
decreased and second trimester frequency incredised BhCG was replaced with hCG

in the first trimester. For those screening poicieith NT measurement, there were no
changes in the false positive rates. For the sargepolicies without NT measurement,

when BhCG was replaced with hCG in the first trimesthg false positive rate generally

decreased when screening was performed at 10 aregks of gestation. There were no
changes in the false positive rates when screewsns performed at 12 or 13 weeks of

gestation.

The screening policy with second trimester quadriest (AFP, hCG, InhA and ug3) had
the highest detection rate and the lowest falsatipesrate compared with the second
trimester double and triple marker tests. Forgbeond trimester triple test, addition of
InhA to the base test comprising AFP and h@BOG had a higher detection rate and
lower false positive rate compared to addition BBuo the double test (Tables 4.5a, 4.5b
and 4.5c¢). Therefore, InhA and not uE3 was usquhasof the triple test in the subsequent
analysis. The detection rate decreased and falséivgo rate increased as gestation

advanced in all screening policies. The early catiph rate decreased and second
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trimester frequency increased as gestation advancatibut one screening policy. In the
screening policy in which all women would be tested PAPP-A and hCG level in the
first trimester and those with intermediate risksud be tested in the second trimester for
double, triple or quadruple test, the early comepierate increased and second trimester
testing frequency decreased from week 10 to weekALl¥veek 13, the early completion

rate decreased and second trimester testing freguecreased.

When hCG in the second trimester was replaced fBHICG, there was a decrease in the
detection rate and an increase in the false pesisite (Table 4.6a and 4.6b). This suggests
that BhCG is a better marker in the first trimester coredao hCG but hCG is the better

marker in the second trimester.
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Table 4.5a: Performance of contingent screeninghith all women would receive first trimester serbmachemical test (PAPP-A) with NT measurement

and those with intermediate risk would be offeredomd trimester double, triple or quadruple test.

Biochemical

Overall 1% trimester 2" trimester
markers Week _
(First stage / 0 0 0 2" trimester 0 0 0 0

Second stage) DR(%) FPR(%) ECR(6)  fooiency oy PR FPR(®)  DR(%)  FPR(%)
NT, PAPP-A / 11 88.5 1.9 86.9 13.1 69.5 0.7 19.0 1.2
AFP, hCG 12 86.2 2.0 84.6 15.4 66.7 0.7 19.5 1.3
13 81.9 2.4 79.9 20.1 58.9 0.7 23.0 1.7

NT, PAPP-A / 11 89.0 1.8 87.0 13.0 69.5 0.7 19.5 1.1
AFP, hCG, uE3 12 86.7 1.9 84.7 15.3 66.7 0.7 20.0 1.2
13 82.7 2.3 79.9 20.1 58.8 0.7 23.9 1.6

NT, PAPP-A / 11 89.2 1.7 87.0 13.0 69.4 0.8 19.8 0.9
AFP, hCG, InA 12 87.2 1.9 84.6 15.4 66.7 0.7 20.5 1.2
13 83.3 2.2 80.0 20.0 58.6 0.7 24.7 1.5
NT, PAPP-A / 11 89.6 1.7 87.0 13.0 69.3 0.7 20.3 1.0
AFP, hCG, InA, 12 87.6 1.8 84.7 15.3 66.7 0.7 20.9 1.1
UE3 13 83.9 2.0 80.0 20.0 58.7 0.7 25.2 1.3

DR: detection rate; FPR: False positive rate; EE&ly completion rate
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Table 4.5b: Performance of contingent screeninghith all women would receive first trimester serbimchemical test (PAPP-A anfifCG) with NT

measurement and those with intermediate risk wbaldffered second trimester double, triple or qupldr test.

Biochemical Overall 1* trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) 2 UMestr — poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
NT, PAPP-A, 11 89.7 1.8 90.3 9.7 75.9 0.7 13.8 1.1
fBhCG /
AFP. hCG 12 88.4 2.0 89.3 10.7 74.9 0.7 13.5 13
13 84.9 2.4 85.9 14.1 68.2 0.8 16.7 1.6
NT, PAPP-A, 11 90.2 1.7 90.3 9.7 75.9 0.7 14.3 1.0
fBhCG /
AFP. hCG, UE3 12 89.0 19 894 10.6 74.9 0.7 141 1.2
13 85.9 2.3 85.9 141 68.4 0.8 17.5 15
NT, PAPP-A, 11 90.7 1.7 90.3 9.7 75.9 0.7 14.8 1.0
fBhCG /
AFP. hCG, InA 12 89.5 1.8 89.3 10.7 74.8 0.7 14.7 11
13 86.6 2.2 85.9 14.1 68.3 0.7 18.3 15
NT, PAPP-A, 11 91.1 1.6 90.3 9.7 76.0 0.7 15.1 0.9
fBhCG /
AFP. hCG, InA, 12 90.0 1.7 89.3 10.7 74.8 0.7 15.2 1.0
uE3 13 87.2 2.1 85.9 14.1 68.3 0.8 18.9 13

DR: detection rate; FPR: False positive rate; EE&ly completion rate
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Table 4.5c: Performance of contingent screeningfiich all women would receive first trimester serbochemical test (PAPP-A and hCG) with NT

measurement and those with intermediate risk wbaldffered second trimester double, triple or qupldrtest.

Biochemical Overall 1 trimester 2" trimester
markers Week Iy
(First stage / DR(%) FPR(%) ECR(%) t”mesf/r DR (%) FPR(%) DR (%)  FPR (%)
Second stage) requency (%)
NT, PAPP-A, 11 88.9 1.8 87.9 12.1 70.9 0.7 18.0 1.1
hCG/
AFP, hCG 12 86.9 2.0 87.1 12.9 70.6 0.7 16.3 1.3
13 83.6 25 84.8 15.2 65.9 0.7 17.7 1.8
NT, PAPP-A, 11 89.5 1.7 87.9 12.1 71.0 0.7 185 1.0
hCG /
AFP. hCG. UE3 12 87.6 1.9 87.1 12.9 70.5 0.7 17.1 1.2
13 84.8 2.3 84.9 15.1 65.8 0.7 19.0 1.6
NT, PAPP-A, 11 90.0 1.6 87.9 12.1 70.9 0.7 19.1 0.9
hCG /
AFP. hCG. InA 12 88.4 1.8 87.0 13.0 70.6 0.7 17.8 1.1
13 85.6 2.2 84.8 15.2 65.9 0.7 19.7 15
NT, PAPP-A, 11 90.3 15 87.9 12.1 70.9 0.7 19.4 0.8
hCG /
AFP. hCG, InA. 12 88.8 1.8 87.0 13.0 70.6 0.7 18.2 1.1
uE3 13 86.4 2.1 84.9 15.1 65.9 0.8 20.5 1.3

DR: detection rate; FPR: False positive rateREEarly completion rate
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Table 4.5d: Performance of contingent screeningvinich all women would receive first trimester serumochemical test (PAPP-A) without NT

measurement and those with intermediate risk wbaldffered second trimester double, triple or qupldrtest.

Biochemical Overall 1 trimester 2" trimester
markers Week —
(First stage / DR(%) FPR(%) ECR (%) 2 UMester — pos) FPR(®%) DR(%)  FPR (%)
Second stage) frequency (%)
10 78.3 4.2 67.0 33.0 31.9 1.2 46.4 3.0
PAPP-A/ 11 77.8 4.2 66.1 33.9 30.6 1.2 47.2 3.0
AFP, hCG
12 75.1 4.5 61.0 39.0 24.3 1.0 50.8 35
13 69.7 4.9 51.4 48.6 14.8 0.7 54.9 4.2
10 80.4 3.8 67.0 33.0 31.9 1.2 485 2.6
PAPP-A/ 11 80.0 3.8 66.1 33.9 30.7 1.2 49.3 2.6
AFP, hCG, InA
12 77.6 4.0 61.1 38.9 24.3 1.0 53.3 3.0
13 73.4 4.3 51.3 48.7 14.8 0.7 58.6 3.6
10 81.2 3.6 67.0 33.0 32.0 1.2 49.2 2.4
PAPP-A/ 11 80.8 3.7 66.1 33.9 30.6 1.2 50.2 2.5
AFP, hCG, InA,
uE3 12 78.7 3.8 61.0 39.0 24.4 1.0 54.3 2.8
13 74.9 4.0 51.3 48.7 14.8 0.7 60.1 3.3

DR: detection rate; FPR: False positive rateREEarly completion rate
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Table 4.5e: Performance of contingent screeninghich all women would receive first trimester serbimchemical test (PAPP-A anfifCG) without NT

measurement and those with intermediate risk wbaldffered second trimester double, triple or qupldrtest.

Biochemical Overall 1% trimester 2" trimester
markers cek Iy
(First stage / DR(%) FPR(%) ECR(%) Mmester © - pR(%k) FPR(%) DR (%)  FPR (%)
Second stage) requency (%)
10 80.7 4.1 778 222 49.9 14 30.8 2.7
PAPP-A, BhCG/ 14 80.3 4.1 77.3 227 49.1 1.4 31.2 2.7
AFP. hCG
12 78.9 4.4 76.6 23.4 47.7 14 31.2 3.0
13 74.9 4.8 71.8 28.2 39.4 1.3 355 35
10 82.8 3.7 778 222 49.8 14 33.0 2.3
PAPP-A, BhCG /14 825 3.8 773 227 49.1 1.4 334 2.4
AFP. hCG, InA
12 81.3 4.0 76.6 23.4 476 14 33.7 2.6
13 77.9 4.4 718 28.2 39.2 13 38.7 3.1
10 83.6 3.6 778 222 50.0 14 33.6 2.2
PAPP-A, BhCG /14 83.3 3.6 77.3 227 49.1 1.4 34.2 2.2
AEP. hCG. InA,
UE3 12 82.1 3.8 76.7 233 476 1.3 345 25
13 79.3 4.2 71.8 28.2 39.4 13 39.9 2.9

DR: detection rate; FPR: False positive rateREEarly completion rate
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Table 4.5f: Performance of contingent screeninghich all women would receive first trimester serbiochemical test (PAPP-A and hCG) without NT
measurement and those with intermediate risk wbaldffered second trimester double, triple or qupldrtest.

Biochemical Overall 1% trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) 2 UMesr  poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
10 79.5 3.8 69.0 31.0 34.9 1.3 44.6 25
PAPP-A, hCG / 11 78.8 4.0 69.2 30.8 35.3 1.3 435 2.7
AFP, hCG
12 76.0 4.5 69.8 30.2 35.8 1.2 40.2 3.3
13 725 5.0 68.6 31.4 33.3 1.2 39.2 3.8
10 82.1 3.3 69.0 31.0 34.9 1.3 47.2 2.0
PAPP-A, hCG / 11 81.6 3.5 69.3 30.7 35.3 1.3 46.3 2.2
AFP, hCG, InA
12 79.2 4.0 69.7 30.3 35.7 1.3 43.5 2.7
13 76.3 4.5 68.7 31.3 33.3 1.2 43.0 3.3
10 82.9 3.2 69.0 31.0 34.9 1.2 48.0 2.0
PAPP-A, hCG /11 82.3 3.3 69.2 30.8 35.3 1.3 47.0 2.0
AFP, hCG, InA,
UE3 12 80.3 3.8 69.8 30.2 35.8 1.3 44.5 25
13 77.9 4.2 68.7 31.3 33.3 1.2 44.6 3.0

DR: detection rate; FPR: False positive rateREEarly completion rate
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Table 4.6a: Performance of contingent screeninghith all women would receive first trimester serbmachemical test (PAPP-A) with NT measurement

and those with intermediate risk would be offeredosd trimester double, triple or quadruple testh(WhCG in the second trimester).

Biochemical Overall 1% trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) .2 UMesr  poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
11 88.1 2.0 87.0 13.0 69.4 0.7 18.7 1.3
NT, PAPP-A/
AFP, BhCG 12 85.8 2.2 84.7 15.3 66.6 0.7 19.2 1.5
13 814 2.6 79.9 20.1 58.8 0.7 22.6 1.9
NT, PAPP-A / 11 88.9 1.8 87.0 13.0 69.4 0.7 19.5 1.1
AFP, BhCG 12 86.7 2.0 84.7 15.3 66.8 0.7 19.9 1.3
InhA 13 82.7 2.3 79.9 20.1 58.7 0.7 24.0 1.6
NT, PAPP-A / 11 89.1 1.8 87.0 13.0 69.3 0.7 19.8 1.1
AFP, BhCG 12 87.1 1.9 84.7 15.3 66.7 0.7 20.4 1.2
InhA, UE3
13 83.3 2.2 80.0 20.0 58.7 0.7 24.6 1.5

DR: detection rate; FPR: False positive rateREEarly completion rate
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Table 4.6b: Performance of contingent screeningvinich all women would receive first trimester serumochemical test (PAPP-A) without NT

measurement and those with intermediate risk wbaldffered second trimester double, triple or qupldrtest (with fhCG in the second trimester).

Biochemical Overall 1% trimester 2" trimester
markers Week —
(First stage / DR (%) FPR(%) ECR (%) 2 UMesr — poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
10 77.4 45 67.0 33.0 31.9 1.2 45,5 3.3
PAPP-A / 11 77.0 4.6 66.0 34.0 30.7 1.2 46.3 3.4
AFP, hCG 12 74.1 4.8 61.1 38.9 24.4 1.0 49.7 3.8
13 68.7 5.2 51.4 48.6 14.8 0.7 53.9 45
10 79.3 41 67.0 33.0 32.0 1.2 47.3 2.9
PAPP-A/ 11 78.9 4.1 66.2 33.8 30.6 1.2 48.3 2.9
AFP, BhCG ,
InhA 12 76.3 4.3 61.1 38.9 24.3 1.0 52.0 3.3
13 72.1 4.6 51.3 48.7 14.8 0.7 57.3 3.9
10 80.1 3.9 66.9 33.1 32.0 1.2 48.1 2.7
PAPP-A/ 11 79.7 3.9 66.1 33.9 30.7 1.2 49.0 2.7
AFP, BhCG ,
InhA. UE3 12 77.4 4.2 61.0 39.0 24.3 1.0 53.1 3.2
13 73.6 4.3 51.4 48.6 14.7 0.7 58.9 3.6

DR: detection rate; FPR: False positive ra@REEarly completion rate
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4.2.2 CROSS-TRIMESTER CONTINGENT SCREENING WITH
REPEAT MEASURE

The performance of the cross-trimester contingesdehdescribed in section 4.2.1 was re-
evaluated by repeating the measurement of eadtedirst trimester markers in the second
trimester. Table 4.7 (4.7a and 4.7b) shows theopmdnce of contingent screening with
repeat measure oBHCG. In this screening policy, a repeat sampling &sting for
maternal serumphCG is carried out in those with intermediate risksthe second
trimester. The performance of this screening poleg compared with the performance of
screening policy in which women are selected foromd trimester double, triple or
quadruple test (with hCG) based on initial firsintester PAPP-A and3hCG measurement
(with or without NT) (Tables 4.5b and 4.5d). Thi@eening policy with repeat measure of
fBhCG had lower detection rate and higher false pesiiate than contingent screening

with second trimester double, triple or quadruplg.t

The performance of contingent screening with repeaasure of PAPP-A was also
evaluated (Table 4.8 a-d). Addition of repeat measi PAPP-A to the double, triple or
quadruple test in the second trimester increasedi¢tection rate and decreased the false
positive rate. Repeat measure of hCG and PAPP-AléT4.9a and 4.9b) had lower
detection rate and early completion rate and higleeond trimester frequency compared
with repeat measure of PAPP-A alone. This againveldahat BhCG is a better marker in

the first trimester compared to hCG.
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At week 11, repeat measure of PAPP-A apldCdG (with NT measurement) achieved a
detection rate of 90.8% with a false positive ratel.7% (Table 4.10a and 4.10b). This
screening policy also had an early completion cdt80.3% and second trimester testing
frequency of 9.7%. The screening policies with e¢preasure of PAPP-A anfhCG had

higher detection rates, false positive rates anty @mpletion rates and lower second
trimester frequencies compared to the screeninigipslwith repeat measure of PAPP-A

and hCG.
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Table 4.7a: Performance of contingent screeninth(Wil' measurement) with repeat measuresbhCiG

Biochemical Overall 1% trimester 2" trimester
markers

Week
(First stage / DR (%) FPR (%) ECR (%)
Second stage)

2" trimester

0, 0 0 o
frequency (%) DR (%) FPR (%) DR (%) FPR (%)

NT. PAPPA 11 89.2 2.0 90.3 9.7 76.0 0.7 13.2 13
fBhCG / 12 87.7 2.1 89.3 10.7 74.9 0.7 12.8 14
AFP, hCG 13 83.9 2.6 85.9 14.1 68.3 0.8 15.6 1.8
NT. PAPP-A. 11 90.2 18 90.4 96 75.0 0.7 143 11
fBhCG |
12 89.0 2.0 89.4 10.6 75.0 0.7 14.0 13
AFP, BhCG ,
InhA 13 85.9 2.4 85.8 14.2 68.3 0.8 17.6 16
NT. PAPP-A. 11 90.6 18 90.3 9.7 75.0 0.7 14.7 11
fBhCG |
12 89.5 1.9 89.3 10.7 74.9 0.7 14.6 12
AFP, BhCG ,
InhA. UE3 13 86.6 2.3 85.9 14.1 68.3 0.7 18.3 16

DR: detection rate; FPR: False positive ra@REEarly completion rate
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Table 4.7b: Performance of contingent screeninghwit NT measurement) with repeat measur@loCt:

Biochemicall Overall 1% trimester 2" trimester
markers cek ——
(First stage / DR (%) FPR(%) ECR (%) .2 UMesr  poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
10 79.6 45 77.7 22.3 49.9 1.4 29.7 3.1
PAPP-A, BhCG / 11 79.1 45 77.3 22.7 49.1 1.4 30.0 3.1
AFP, 3hCG 12 771 4.8 76.6 23.4 47.6 1.4 29.5 3.4
13 72.6 5.3 71.8 28.2 39.3 1.3 33.3 4.0
10 81.7 41 77.8 22.2 49.9 1.4 31.8 2.7
PAPP-A, BhCG /11 81.3 4.1 77.4 22.3 49.0 1.4 32.3 2.7
AFP, BhCG ,
InhA 12 80.0 4.4 76.6 23.4 47.7 1.4 32.3 3.0
13 76.5 4.8 71.8 28.2 39.4 1.3 37.1 3.5
10 82.5 3.9 77.8 22.2 49.9 1.4 32.6 2.5
PAPP-A, BhCG /171 82.3 4.0 77.4 22.6 49.2 1.4 33.1 2.6
AFP, 8hCG ,
INhA. UE3 12 81.1 4.2 76.7 23.3 47.7 1.4 33.4 2.8
13 78.0 4.6 71.7 28.3 39.3 1.3 38.7 3.3

DR: detection rate; FPR: False fpasirate; ECR: Early completion rate
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Table 4.8a: Performance of contingent screeninth(RAPP-A and NT measurement in the first trimgsigth repeat measure of PAPP-A

Biochemical Overall 1° trimester 2" trimester
markers Week —
(First stage / DR(%) FPR(%) ECR (%) 2 UMester o) FPR(®%) DR(%)  FPR (%)
Second stage) frequency (%)
NT. PAPP-A / 11 90.1 1.5 87.0 13.0 69.3 0.7 20.8 0.8
AFP, hCG, 12 87.8 1.7 84.7 15.3 66.8 0.7 21.0 1.0
PAPP-A
13 82.9 2.2 79.9 20.1 58.7 0.7 24.2 15
NT, PAPP-A / 11 90.2 1.5 87.1 12.9 69.2 0.7 21.0 0.8
AFP, hCG, InhA, 12 88.0 1.7 84.7 15.3 66.7 0.7 21.3 1.0
PAPP-A 13 83.6 2.1 79.9 20.1 58.7 0.7 24.9 14
NT, PAPP-A / 11 90.5 14 87.0 13.0 69.3 0.7 21.2 0.7
AFP, hCG, InhA, 12 88.4 1.6 84.7 15.3 66.7 0.7 21.7 0.9
UES, PAPP-A 13 84.2 2.0 80.0 20.0 58.8 0.7 25.4 1.3

DR: detection rate; FPR: False positive rate; EE&®ly completion rate
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Table 4.8b: Performance of contingent screeninth(RAPP-A, BhCG and NT measurement in the first trimester) wnafheat measure of PAPP-A

Biochemical Overall 1% trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) 2 UMesr  poo) FPR(%) DR(®%)  FPR (%)
Second stage) frequency (%)
NT, PAPP-A, 11 91.7 15 90.3 9.7 75.8 0.7 15.9 0.8
fBhCG /
AFP, hCG, 12 90.1 1.7 89.3 10.7 74.9 0.7 15.2 1.0
PAPP-A 13 86.0 2.2 85.9 14.1 68.2 0.7 17.8 15
NT, PAPP-A, 11 91.9 15 90.3 9.7 76.0 0.7 15.9 0.8
fBhCG /
AFP, hCG, InhA, 12 90.4 1.6 89.3 10.7 74.9 0.7 155 0.9
PAPP-A 13 86.8 2.2 85.9 14.1 68.2 0.8 18.6 14
NT, PAPP-A, 11 92.2 14 90.3 9.7 75.8 0.7 16.4 0.7
fBhCG /
AFP, hCG, InhA, 12 90.9 1.6 89.4 10.6 74.9 0.7 16.0 0.9
ute3, PAPP-A 13 87.5 2.1 85.9 14.1 68.3 0.8 19.2 1.3

DR: detection rate; FPR: False positive rate; EE&ly completion rate
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Table 4.8c: Performance of contingent screeninth(RAPP-A in the first trimester) with repeat measof PAPP-A

Biochemical Overall 1° trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) 2 UMesr  poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
10 82.9 3.2 67.1 32.9 32.0 1.2 50.9 2.0
PAPP-A/ 11 82.4 3.2 66.1 33.9 30.6 1.2 51.8 2.0
AFP, hCG,
PAPP-A 12 79.1 3.7 61.0 39.0 24.3 1.0 54.8 2.7
13 72.4 4.4 51.3 48.7 14.7 0.7 57.7 3.7
10 83.2 3.1 67.1 32.9 32.0 1.2 51.2 1.9
PAPP-A / 11 82.7 3.2 66.1 33.9 30.6 1.2 52.1 2.0
AFP, hCG, InhA,
PAPP-A 12 79.7 3.5 61.0 39.0 24.3 1.0 55.4 2.5
13 74.3 4.1 51.4 48.6 14.8 0.7 59.5 3.4
10 83.9 2.9 67.0 33.0 32.0 1.2 51.9 1.7
PAPP-A/ 11 83.3 3.0 66.0 34.0 30.6 1.2 52.7 1.8
AFP, hCG, InhA,
UE3. PAPP-A 12 80.6 3.4 61.0 39.0 24.3 1.0 56.3 2.4
13 75.6 3.8 51.3 48.7 14.8 0.7 60.8 3.1

DR: detection rate; FPR: False positive rate; EE&ly completion rate

137



Table 4.8d: Performance of contingent screeninth(RAPP-A andfhCG in the first trimester) with repeat measur®APP-A

Biochemical Overall 1° trimester 2" trimester
markers ond 11
(First stage / 0 0 0 trimester 0 9 9 9
Second stage) DR (%) ~ FPR(%)  ECR(0)  fequency ) PR  FPR(%)  DR(%)  FPR(%)
10 85.3 3.2 77.7 22.3 49.9 1.4 35.4 1.8
PAPP-A, BhCG /11 84.8 3.2 77.3 22.7 49.1 1.4 35.7 1.8
AFP, hCG,
PAPP-A 12 82.6 3.7 76.6 23.4 47.7 14 34.9 2.3
13 76.8 4.5 71.8 28.2 39.3 1.3 375 3.2
10 85.6 3.1 77.8 22.2 49.9 1.4 35.7 1.7
PAPP-A, BhCG /11 85.3 3.2 77.3 22.7 49.2 1.4 36.1 1.8
AFP, hCG, InhA,
PAPP-A 12 83.2 3.6 76.6 23.4 47.7 14 35.5 2.2
13 78.6 4.3 71.8 28.2 39.3 1.3 39.3 3.0
10 86.2 3.0 77.7 22.3 49.9 1.4 36.3 1.6
PAPP-A, BhCG /17 85.8 3.0 77.3 22.7 49.0 1.4 36.8 1.6
AFP, hCG, InhA,
uE3, PAPP-A 12 84.0 3.4 76.6 23.4 47.7 14 36.3 2.0
13 79.8 4.1 71.9 28.1 39.4 1.3 40.4 2.8

DR: detection rate; FPR: False positive rate; EE&ly completion rate
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Table 4.9a: Performance of contingent screeninth(Wil' measurement) with repeat measure of PAPPdAh&G

Biochemical Overall 1% trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) 2 UMestr — poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
NT, PAPP-A, 11 91.1 1.3 87.9 12.1 70.9 0.7 20.2 0.6
hCG /
AFP. hCG, 12 89.1 1.7 87.1 12.9 70.5 0.7 18.6 1.0
PAPP-A 13 85.0 2.3 84.8 15.2 65.9 0.7 19.1 1.6
NT, PAPP-A, 11 91.3 1.3 87.8 12.2 70.8 0.7 20.5 0.6
hCG /
AFP, hCG, InhA, 12 89.4 1.6 87.1 12.9 70.5 0.7 18.9 0.9
PAPP-A 13 86.0 2.2 84.8 15.2 65.8 0.7 20.2 15
NT, PAPP-A, 11 91.5 1.2 87.9 12.1 70.8 0.7 20.7 0.5
hCG /
AFP. hCG, InhA, 12 89.8 15 87.1 12.9 70.5 0.7 19.3 0.8
UE3, PAPP-A 13 86.7 2.1 84.8 15.2 65.9 0.7 20.8 14

DR: detection rate; FPR: False positive rate; EE&®ly completion rate
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Table 4.9b: Performance of contingent screeningh(wit NT measurement) with repeat measure of PARRENCG

Biochemical Overall 1° trimester 2" trimester
markers —
(First stage / DR(%) FPR(%) ECR (%) 2 UMester — poh) FPR(®%) DR(%)  FPR (%)
Second stage) frequency (%)
10 84.9 2.7 69.0 31.0 34.9 1.3 50.0 1.4
PAPP-A, hCG /11 84.3 2.8 69.3 30.7 35.4 1.3 48.9 1.5
AFP, hCG,
PAPP-A 12 80.9 3.6 69.8 30.2 35.7 1.2 45.2 2.4
13 75.1 4.6 68.7 31.3 33.3 1.2 41.8 3.4
10 85.4 2.6 69.0 31.0 34.9 1.3 50.5 1.3
PAPP-A, hCG /11 84.7 2.8 69.3 30.7 35.3 1.3 49.4 1.5
AFP, hCG, InhA,
PAPP-A 12 81.7 3.5 69.9 30.1 35.7 1.3 46.0 2.2
13 77.2 4.3 68.7 31.3 33.4 1.2 43.8 3.1
10 85.9 25 69.0 31.0 34.9 1.3 51.0 1.2
PAPP-A,hCG /11 85.4 2.6 69.3 30.7 35.4 1.3 50.0 1.3
AFP, hCG, InhA,
UE3, PAPP-A 12 82.7 3.2 69.8 30.2 35.7 1.3 47.0 1.9
13 78.8 4.0 68.7 31.3 33.3 1.2 455 2.8

DR: detection rate; FPR: False positive rate; EE&ly completion rate
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Table 4.10a: Performance of contingent screenini) T measurement) with repeat measure of PAPReARBNCG

Biochemical Overall 1% trimester 2" trimester
markers Week ——
(First stage / DR (%) FPR(%) ECR (%) 2 UMesr  poo) FPR(%) DR(%)  FPR (%)
Second stage) frequency (%)
NT, PAPP-A, 11 90.8 1.7 90.3 9.7 75.8 0.7 15.0 1.0
fBhCG / 12 88.7 2.0 89.3 10.7 74.9 0.7 13.8 1.3
PAPP-A, BnCG 13 83.4 2.7 85.9 14.1 68.4 0.8 15.0 1.9
NT, PAPP-A, 11 91.5 1.6 90.3 9.7 75.8 0.7 15.7 0.9
fBhCG /
AFP, BhCG, 12 89.7 1.8 89.3 10.7 74.9 0.7 14.8 1.1
PAPP-A 13 85.3 25 85.9 14.1 68.3 0.8 17.0 1.7
NT, PAPP-A, 11 91.6 1.5 90.3 9.7 75.9 0.7 15.7 0.8
fBhCG /
AFP. PAPP-A. 12 90.1 1.8 89.3 10.7 74.9 0.7 15.2 1.1
fBhCG, InhA 13 86.2 2.4 85.8 14.1 68.2 0.8 18.0 1.6
NT, PAPP-A, 11 91.9 15 90.3 9.7 75.9 0.7 16.0 0.8
fBhCG /
AFP. PAPP-A. 12 90.5 1.7 89.3 10.7 74.9 0.7 15.6 1.0
fBhCG, InhA, UE3 13 86.9 2.2 85.9 14.1 68.2 0.8 18.7 14

DR: detection rate; FPR: False positive rate; EE&®ly completion rate
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Table 4.10b: Performance of contingent screeninthéut NT measurement) with repeat measure of PARRd BhCG

Biochemical Overall 1% trimester 2" trimester
markers cek o g .
(First stage / DR (%) FPR(%) ECR(%) mest®’  DR(%) FPR(%) DR (%)  FPR (%)
Second stage) requency (%)
10 83.4 3.7 77.8 22.2 49.9 1.4 335 2.3
PAPP-A, BhCG / 11 82.8 3.8 77.4 22.6 49.1 1.4 33.7 2.4
PAPP-A, BhCG 12 79.5 4.5 76.5 23.5 47.8 1.4 31.7 3.1
13 71.5 5.5 71.8 28.2 39.3 1.3 32.2 4.2
10 84.8 3.4 77.8 22.2 49.8 1.4 35.0 2.0
PAPP-A, BhCG /14 84.3 35 77.4 22.6 49.1 1.4 35.2 2.1
AFP, BhCG,
A 12 81.6 4.0 76.6 23.4 47.6 1.4 34.0 2.6
13 75.3 5.0 71.8 28.2 39.3 1.3 36.0 3.7
10 85.0 3.4 77.8 22.2 49.8 1.4 35.2 2.0
PAPP-A, BhCG /14 84.7 3.4 77.3 22.7 49.1 1.4 35.6 2.0
AFP, PAPP-A,
fBhCG, InhA 12 82.2 3.9 76.6 23.4 47.6 1.4 34.6 3.9
13 77.3 47 71.8 28.2 39.3 1.3 38.0 3.4
10 85.7 3.2 77.7 22.3 49.9 1.4 35.8 1.8
PAPP-A, BhCG /14 85.3 3.3 77.3 22.7 49.1 1.4 36.2 1.9
AFP, PAPP-A,
fBhCG, InhA, UE3 12 83.3 3.7 76.7 23.3 47.8 1.4 355 2.3
13 78.8 4.4 71.9 28.1 39.3 1.3 39.5 3.1

DR: detection rate; FPR: False positive rate; EE&®ly completion rate
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ChapterResults

Tables 4.11a and 4.11b show the summary of th@meaince of all the screening policies
at week 12 with and without NT measurement. Additad fBhCG to PAPP-A and NT

measurement in the first trimester screening irsgdathe detection rate and early
completion rate and decreased the second trimésséng frequency. There were no
significant changes in the screening performancentCG was added to PAPP-A and NT
measurement in the first trimester screening. Wh&G measurement in the second
trimester was replaced wittBHCG, there was a slight decrease in the detectts r

Among all the cross-trimester contingent screenwith repeat measure policies, the
screening policy with repeat measure of PAPP-A thadhighest detection rate of 91.7%
with a false positive rate of 1.5%. The screenioticy with repeat measure of PAPP-A
and hCG had the lowest false positive rate of 1v@%x a detection rate of 91.1%. The
early completion rate and second trimester frequewas the highest and lowest
respectively in the screening policies with repeetasure of fhCG, repeat measure of

PAPP-A and repeat measure ph€G and PAPP-A.

Without NT measurement in the first trimester thegedtion rates and early completion
rates were decreased and false positive rates aoohd trimester frequencies were
increased (Table 4.11b). Therefore adopting theimgant screening protocol with repeat
measure of PAPP-A (NT, PAPP-ABHCG / AFP, hCG, InhA, uE3, PAPP-A) would have
achieved a detection rate of 92.2% at a false igesiaite of 1.4% (compared with 91.8%
detection at a 1.5% false positive rate for the glete integrated test with quadruple test in
the second trimester) but with only 9.7% of womequiring a second trimester screening
test (Figure 4.5). Without NT measurement, thigeomg policy would have achieved a
detection rate of 86.2% at a false positive rat8.6%0 (compared with 84.7% detection at

a 3.3% false positive rate for the full serum imétgd test with quadruple test in the
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second trimester) but with only 22.3% of women iggg a second trimester screening

test.

The performances of screening policies in tablédaand 4.11b were re-evaluated using
larger SDs for affected cases (Table 4.11c andd}.The SDs used for the affected cases
were calculated by inflating the SDs for unaffectabes by 10%. Although there was
deterioration in the screening performance by udarger SDs for affected cases, the
differences were small. For example, screeningcpalising NT, phCG and PAPP-A in
the first trimester and AFPBHCG and PAPP-A in second trimester would have aekia
detection rate of 89.7% with a false positive rafel1.8% using the same SDs for
unaffected and Down’s syndrome cases. A detecttd of 87.6% with a false positive

rate of 1.9% would have been achieved when lar@er 8Bas used for the affected cases.
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Table 4.11a: Summary of the performance of allsitreening policies at week 12 with NT measurement

. . Overall 1% trimester 2" trimester
Biochemical markers

(First stage / Second stage) 2" trimester

DR (%) FPR(%) ECR(%®)  fooiency ) DPROO  FPR(%)  DR(%)  FPR(%)

NT, PAPP-A / AFP, hCG 86.2 2.0 84.6 154 66.7 0.7 9.51 13
NT, PAPP-A, BhCG / AFP, hCG

88.4 2.0 89.3 10.7 74.9 0.7 135 13
NT, PAPP-A, hCG JAFP, hCG 86.9 2.0 87.1 12.9 70.6 0.7 16.3 13
NT, PAPP-A / AFP, hCG 85.8 2.2 84.7 15.3 66.6 0.7 19.2 15
NT, PAPP-A, BhCG / AFP, BhCG 87.7 2.1 89.3 10.7 74.9 0.7 12.8 1.4
NAT’F;Ar'TgC':’PﬁAthE N 90.1 1.7 89.3 10.7 74.9 0.7 15.2 1.0
'X;g’ﬁggﬁ; SN 89.1 1.7 87.1 12.9 70.5 0.7 18.6 1.0

NT, PAPP-A, BhCG / 89.7 1.8 89.3 10.7 74.9 0.7 148 11

AFP, BhCG, PAPP-A

DR: detection rate; FPR: False positive rate; EE&®ly completion rate
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Table 4.11b: Summary of the performance of alldtreening policies at week 12 without NT measurémen

. . Overall 1% trimester 2" trimester
Biochemical markers .
(First stage / Second stage) 0 o o 2™ trimester 0 o 0 0
DR (%) FPR (%) ECR (%) frequency (%) DR (%) FPR (%) DR (%) FPR (%)
PAPP-A / AFP, hCG 75.1 4.5 61.0 39.0 24.3 1.0 50.8 35
PAPP-A, BhCG / AFP, hCG 78.9 4.4 76.6 23.4 47.7 1.4 31.2 3.0
PAPP-A, hCG /AFP, hCG 76.0 4.5 69.8 30.2 35.8 1.2 40.2 3.3
PAPP-A /| AFP, BhCG 74.1 4.8 61.1 38.9 24.4 1.0 497 3.8
PAPP-A, BhCG / AFP, BhCG 77.1 4.8 76.6 23.4 47.6 1.4 29.5 3.4
PAPP-A, BhCG /
AFP. hCG. PAPP-A 82.6 3.7 76.6 23.4 47.7 1.4 34.9 2.3
PAPP-A, hCG /
AFP. hCG. PAPP-A 80.9 3.6 69.8 30.2 35.7 1.2 452 2.4
PAPP-A, BhCG / 81.6 4.0 76.6 23.4 476 1.4 34.0 2.6

AFP, BhCG, PAPP-A

DR: detection rate; FPR: False positive rate; EE&ly completion rate
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500, 000 pregnant women
(714 Down’s syndrome, 499,286 Unaffected)

\4

First trimester screening test
(NT, PAPP-A, BhCG, maternal age)

l ,, l

High risk (risk>1:42) Intermediate risk Low risk (risk<1:1000)
541 Down’s syndrome (75.89%( 138 Down'’s syndrome (19.3%) 35 Down’s syndrome (4.9%
3495 Unaffected (0.7 48,431 Unaffected (9.7%) 447,360 Unaffected (89.6%

Second trimester screening test
(AFP, hCG, InhA, uE3, PAPP-A)

A 4 A 4

Total risk (risk> 1:150) Total risk (risk < 1:150)
117 Down’s syndrome (16.4% 21 Down’s syndrome (2.9%
3495 Unaffected (0.7%) 44,936 Unaffected (9.0%)

' '

Chorionic villus sampling (CVS) or Amniocentesis No invasive diagnostic procedure
658 Down’s syndrome (92.2%) 56 Down’s syndrome (7.8%)
6990 Unaffected (1.4%) 491,797 Unaffected (98.6%)

v v

Figure 4.5: The performance of cross-trimesteresaregy with repeat measure of PAP
A. There were 541 (75.8%) Down’s syndrome and 3@9%5%) unaffected pregnancie
with initial risks >1:42, and these were classified as high risk. Witihie low-risk
group with risks<1:1000, there were 35 (4.9%) Down’s syndrome and,3BD
(89.6%) unaffected pregnancies. The remaining 48(867%) women fell within thq

intermediate risk category and would be offerecbeddrimester double test. Of theg

when the risk from the second trimester double aest PAPP-A was combined with

the initial risk, 117 (16.4%) Down’s syndrome a8 (0.7%) unaffected pregnanci
had final risk of> 1:150 and would be offered a diagnostic test. Boigening policy]
can achieve a detection rate of 92.2% with a fptsstive rate of 1.4% but with onl

9.7% requiring second trimester screening.

P-
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Table 4.11c: Summary of the performance of all sbeeening policies at week 12 with NT measurem8bis(for affected cases 10% larger than for
unaffected)

. . Overall 1% trimester 2" trimester
Biochemical markers

. nd .
(First stage / Second stage) DR (%) FPR (%) ECR (%) 2" trimester
frequency (%)

DR (%) FPR(%) DR(%) FPR (%)

NT, PAPP-A / AFP, hCG 83.8 2.2 82.8 17.2 62.7 07 112 15
NT, PAPP-A, BnCG [ AFP, hCG 86.1 2.1 87.9 12.1 715 0.7 14.6 14
NT. PAPP-A, hCG JAFP, hCG 84.5 2.1 85.4 14.6 66.9 0.7 17.6 14
NT, PAPP-A / AFP, fhCG 835 2.3 82.7 17.3 62.7 0.7 20.8 16
NT, PAPP-A, BhCG / AFP, BhCG 85.4 2.2 87.9 121 716 0.7 13.8 15
b o s 88.0 18 87.9 12.1 71.6 0.7 16.4 11
ALP. NG, PABPA 86.8 18 85.5 145 66.8 0.7 20.0 11
NT, PAPP-A, BhCG / 87.6 1.9 87.9 12.1 715 0.7 16.1 12

AFP, BhCG, PAPP-A
DR: detection rate; FPR: False positive rate; EE&ly completion rate

148



Table 4.11d: Summary of the performance of alldtreening policies at week 12 without NT measurér(teDs for affected cases 10% larger for than
unaffected)

. . Overall 1% trimester 2" trimester
Biochemical markers .
(First stage / Second stage) o o o 2™ trimester 0 o 0 0
DR (%) FPR (%) ECR (%) frequency (%) R (%) FPR(%) DR (%) FPR (%)
PAPP-A | AFP, hCG 72.4 4.2 60.8 39.2 24.6 1.0 47.8 3.2
PAPP-A, BhCG / AFP, hCG 76.2 4.0 75.5 24.5 46.4 1.3 29.8 2.7
PAPP-A, hCG JAFP, hCG 73.0 42 69.1 30.9 352 1.2 3738 3.0
PAPP-A /| AFP, BhCG 71.6 45 60.7 39.3 24.6 1.0 47.0 3.5
PAPP-A, BhCG / AFP, BhCG 4.7 4.4 75.6 24.4 46.4 1.2 28.3 3.2
PAPP-A, BhCG / 80.1 3.5 75.6 24.4 46.4 1.3 33.7 2.2

AFP, hCG, PAPP-A
PAPP-A, hCG /
AFP. hCG, PAPP-A 78.3 3.4 69.0 31.0 35.2 11 43.1 2.3
PAPP-A, BhCG /
AFP, BhCG, PAPP-A
DR: detection rate; FPR: False positive rBeR: Early completion rate

79.2 3.8 75.6 24.4 46.4 1.2 32.8 2.3
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Chapter 4: Results

4.3 EFFECT OF SMOKING & ETHNICITY ON FIRST AND
SECOND TRIMESTER SERUM MARKERS

Maternal smoking habit and ethnic origin are twotdas known to affect the biochemical
marker levels in Down’s syndrome screening. Howgvkere is little information on
whether correction factors for ethnicity and ma&rismoking status vary between
trimesters for AFP, hCG,BhCG and PAPP-A. Of the CUB screening cohort between
August 2000 and October 2006, 939 paired first sewbnd trimester serum samples were
identified, recovered from frozen storage and asgdpr all serum markers where the
information was not available routinely (refer c8on 2.4). The description of the study

population is shown in Table 4.12.

Table 4.12: Description of the study population

Median Median weight

Number of Median age weight (kg) (kg) % Smokers

Ethnicity

women (years) (trimester)  (2™trimester)
Caucasian 501 31.0 65.0 65.0 18.56%
) 28.0 59.2 58.8 0
South Asian 268 (p=0.000) (p=0.000) (p=0.000) 3.36%

. 54.8 55.0 0
Oriental 66 30.0 (p=0.000) (p=0.000) 3.03%
Middle 42 295 62.4 63.6 2.38%
Easterners
Black 29.0 0
population 35 (p=0.023) 68.0 68.0 11.43%

. 58.0 58.0 0
Asians 27 32.0 (0=0.003) (p=0.002) 0%

The Mann-Whitney test was used to compare the meeddues. The median values (shown in
bold) are significantly differentp&0.05 when compared with the median values of Caucasian
women.
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The median age of South Asian and Black womenaeatithe of screening was found to be
significantly younger compared to Caucasian womdthough Oriental and Middle East

women were found to be younger than Caucasian wpthendifferences in median age
were not significant. The information on maternalight in first and second trimester was
collected by weighing pregnant women in each trieresThe median weights of

Caucasian women in their first and second trimestxe 65.0kg. In all the ethnic groups,
there was no significant difference between th&t fand second trimester median weight.
The South Asian, Oriental and Asian women were ot be significantly lighter

(p<0.05 compared to the Caucasian women. There was @&hggrcentage of smokers
amongst the Caucasian (18.56%) and the Black (%d).48omen compared to the other

ethnic groups. There were no smokers found amongsnian women.

4.3.1 SMOKING

To study the effect of smoking, paired 1st and Pmmester serum samples from 459
Caucasian women who had provided smoking informati66 non-smokers and 93
smokers) were analysed. Apart from Caucasiansnthmber of smokers in individual

ethnic groups was too small to examine the efféshmking in these groups (Table 4.12).

The AFP level in smokers was increased signifigaml the first trimester by 16.3%
(p=0.001) but not in the second trimest@=0.077) when compared with the non-smokers.
This change between trimesters was significpr0(024). The hCG level in smokers was
significantly decreased by 27.6% and 30.5% in tret &nd second trimesters respectively
(p<0.05), with no significant trend between trimesteps=@.407). The BhCG level was
significantly decreased in smokers in the secomdester by 17.1%p=0.007) but not in
the first trimeste(p=0.998 when compared with non-smokers. There was a fagnt
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trend =0.027) between trimesters. The PAPP-A level was sigaifity decreased by
14% and 22.8% in first and second trimesters rasmdg (p<0.05 when compared with

non-smokers, with no significant trend between &siters (=0.661) (Figure 4.6).

AFP hCG
4 . - -
1 trimester 2" trimester 1% trimester 2" trimester
3 LT T
2 I 1.04 1.05 T
1

L 0.99 100/ [106 N l
Tl TT|" :

0.2
NS s NS s NS S NS S
fphCG PAPP-A
1% trimester 2" trimester 15 trimester 2" trimester
2 2 T T T
1.03 1.05 1.00 1.00 1.02
: 0.86 .

1 0.83 1 0.78
0.5 1 1 l 0.5 J l
0.2 0.2

NS S NS S NS s NS s

Figure 4.6: Multiple of median levels for AFP, hCEBhCG and PAPP-A in non-

smokers and smokers in first and second trimester

Middle line represents median level, the box regméesthe 25th and 75th percentiles, the lines seite
the 5th and 95th percentiles
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4.3.2 ETHNICITY

To study the effect of ethnicity, 939 paired fiestd second trimester serum samples were
analysed for AFP, hCG,hCG and PAPP-A levels routinely or retrospectivelne
Caucasians were used as the reference populatiediakl marker levels for different
ethnic groups are shown in Table 4.13. Resultscareected for maternal weight and
smoking. South Asian women had significantly high@G levels in the first trimester
(p=0.020 but not in the second trimestg=0.759 compared with Caucasian women,
with a significant trend between trimestep<@.001). They also had significantly lower
fBhCG and PAPP-A in the second trimester (MoM=0.8#0.006 and MoM=0.93,
p=0.018 respectively) when compared with Caucasian wometh a significant trend
between trimesterg€0.001). Oriental women had significantly higher firstdasecond
trimester hCG levels, with median MoMs of 1.4p<Q.001) and 1.19 [§=0.001)
respectively when compared with Caucasian wometh i significant trend between
trimesters 1p=0.022. They also had significantly highefCG and PAPP-A levels in the

first trimester (MoM=1.08p=0.037and MoM=1.20p=0.044respectively).

Middle East women had significantly lower firstnie@ster AFP with a median MoM of
0.88 p=0.036 when compared with Caucasian women, but no dluificant changes.
There was also no significant trend between trierestor all markers. Black women had
significantly higher hCG in the first trimestgp=<0.029 but not in the second trimester
when compared with Caucasian women, with a signitictrend 1(=0.004 between
trimesters. In Black women, the median PAPP-A lavat also significantly elevated in
both trimesters (1.43 MoMp<0.001 and 1.62 MoM, p<0.001 respectively) when

compared with Caucasian women, with no signifi¢gearid between trimesters.
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Table 4.13: Median marker levels in different ethgiioups

. . . Median PAPP-A
Ethnic Median AFP(MoM) Median hCG (MoM) Median fBhCG (MoM) (MoM)

groups 15[ 2I’1G 15[ 2I’1G 1SI 2!’10 1SI 2I’1G
trimester trimester trimester trimester trimester trimester trimester trimester

Caucasian 0.99 1.01 1.02 1.01 1.02 1.00 1.00 1.01
As\solglt’]hs 0.99 098 :1(5%’20) 0.98 091 fd?c)?oe) 097 p=()d.9§)18)
Orientals ~ 0.98 098 100 00000 (0084 07 (p-gom 144

g omade (p:%?g%) 0.96 112 1.09 1.02 1.00 0.92 0.98
WBolﬁ’]Cekn 1.07 1.01 (p=1d.2()629) 0.91 0.98 0.90 (p<1c')é.160)01) (p=16.6()201)

The Mann-Whitney test was used to compare the medddues. The median values (shown in
bold) are significantly different (p<0.05) when goaned with the median values of Caucasian
women.

4.4 RETROSPECTIVE STUDY ON THE EFFECT OF ASSISTED
REPRODUCTIVE TECHNOLOGY ON SERUM MARKER
CONCENTRATION

The effect of ART on first and second trimesterchiemical markers in Down’s syndrome
screening requires clarification. In this studye tlevel of first and second trimester
biochemical markers in women pregnant after varioas of ART was assessed (refer to

section 2.5).

4.4.1 FIRST TRIMESTER

From the CUB screening cohort between October 28@% January 2009, 127 ART
pregnancies were identified. The control group ied of 10891 pregnancies. The
pregnancies were grouped into 4 categories; 1. alopregnancy, 2. IVF or ICSI with

fresh eggs, 3. IVF or ICSI with frozen embryo and\VF with donor’s egg. Table 4.14
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shows the baseline parameters of the controls &0 gregnancies. The women pregnant
after ART with a median maternal age of 38.6 ye@enge, 29.8 — 47.0) were
significantly older p<0.05 compared with women who had conceived spontamgous
The proportion of women of advanced maternal aga€dmal age 35 years) was higher
in the ART group compared with the controls, at582.vs. 41.3%. When the median
maternal age of each ART treatment groups were aoedpwith the control group,
women pregnant after IVF or ICSI with fresh eggmirozen embryos and donor’s egg

were significantly olderg<0.05).

Table 4.14: Baseline parameters of the ART pregeario the first trimester

ART pregnancies

Parameters Controls
(n =10891) All 1 2 3
(n=127) (n=91) (n=29) (n=7)

38.6 38.7 36.8 44.7
Maternal age (years) 33.5 (p<0.05) (p<0.05) (p<0.05) (p<0.05)

GA at Blood sampling 88.0 89.0 89.0 89.0 91.0
(days) ' (p=0.002) (p=0.022) (p=0.075) (p=0.161)

GA at NT 890 89.0 89.0 88.5 93.0
measurement (days) ' (p=0.545) (p=0.872) (p=0.908) (p=0.084)

1. IVF or ICSI with fresh eggs, 2. IVF or ICSI witftozen embryo and 3. IVF with donor’s egg
The Mann-Whitney test was used to compare the medddues. The median values (shown in
bold) are significantly differen{p&0.05 when compared with the median values of controls.

Women pregnant after ART had their blood samplé®rtafor PAPP-A and phCG

analysis significantly latepE0.002 in pregnancy compared with the control groupa at
median gestational age of 89 days (range, 81-978&gays (range, 63-101). When the
median gestational age at sampling of each ARTintreiat groups was compared with the

controls, women pregnant after IVF or ICSI withsineeggs had blood taken significantly
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later (p=0.022)in pregnancy. There was no significant differeircéhe gestational age at
NT measurement between the women pregnant after &kRiTwomen who had conceived

spontaneously.

The median MoM levels of PAPP-AJHCG and NT together with the 95% CI is shown in
Table 4.15. There were no significant differencesPIAPP-A and fhCG levels found
when the ART group overall was compared with theteds. The women pregnant after
ART had significantly highemp=0.016 NT measurement compared with women who had
conceived spontaneously with a median MoM of 1.10fihe median PAPP-A was
significantly lower(p = 0.035)in the IVF or ICSI with fresh eggs group when congaha
with the controls. Among the ART treatment groupsg, NT was significantly highdp =
0.006)in the IVF or ICSI with fresh eggs group when comgolwith the controls. There
were no significant differences in th@hCG concentrations in all the different ART

treatment groups when compared with the controls.
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Table 4.15: Median multiples of the median (MoMydis of PAPP-A, fhCG and NT

measurement in ART and control pregnancies.

ART pregnancies

Markers Controls
All 1 2 3
10164 0.9240 0.8901 1.0210 1.2448
PAPP-A a 005.8 1.0271) (0.8177, 1.0441) (0.7856, 1.0085) (0.7814, 1.3331) (0.6923, 2.2382)
' T (p=0.083) (p=0.035) (p=0.734) (p=0.396)
0.9811 1.0564 1.0821 0.9841 0.9498
FBhCG © 970'2 0.9922) (0.9485, 1.1764) (0.9439, 1.2405) (0.7906, 1.2209) (0.5140, 1.7554)
' e (p=0.109) (p=0.119) (p=0.717) (p=0.631)
1.0088 1.1041 1.1296 1.0417 1.1041
NT a 003.8 1.0139) (1.0538, 1.1568) (0.9945, 1.2832) (0.9295, 1.1674) (0.9034, 1.3493)
’ T (p=0.016) (p=0.006) (p=0.983) (p=0.622)

1. IVF or ICSI with fresh eggs, 2. IVF or ICSI wifrozen embryo and 3. IVF with donor egg
The Mann-Whitney test was used to compare the medddues. The median values (shown in
bold) are significantly differenjp&0.05 when compared with the median values of controls.

4.4.2 SECOND TRIMESTER

A cohort of 129 ART pregnancies where second trierescreening was performed
between October 2005 and January 2009 was idehtifiem the routine screening
database. The control group consisted of 61,44§nancies. The baseline parameters of
the ART pregnancies and controls are shown in Tdllé. The women pregnant after
ART were significantly older g<0.05 compared with those who had conceived
spontaneously with a median maternal age of 35&rsyérange, 20.2 — 43.5). The
proportion of women of advanced maternal age (matexge> 35 years) at screening was
53.2% in the ART group and 19.8% in the controlugrowhen the median maternal age
of each ART treatment groups was compared withctirgrols, the median maternal age

was significantly higherg<0.05) in groups 1, 2 and 3.
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Table 4.16: Baseline parameters of the ART pregeario the second trimester

ART pregnancies

Parameters Controls
(n=61448) All 1 2 3
(n=129) (n=105) (n=15) (n=9)
35.5 35.7 35.2 38.6
Maternal age (years) 29.5 (p<0.05) (p<0.05) (p=0.001) (p=0.003
GA at Blood sampling 113 112 111 114 112
(days) (p<0.05) (p=0.001) (p=0.699) (p=0.671)

1. IVF or ICSI with fresh eggs, 2. IVF or ICSI withozen embryo and 3. IVF with donor’s egg
The Mann-Whitney test was used to compare the medddues. The median values (shown in
bold) are significantly differenpp0.05 when compared with the median values of controls.

GA: Gestational age

Women pregnant after ART had blood taken for AF &&CG analysis significantly
earlier £=0.003 in pregnancy compared to those who had conceipedtaneously at the
median gestational age of 112 days (range, 1051<14)13 days (range, 105-146). When
the median gestational age at sampling of each &&atment groups was compared with
the controls, women pregnant after IVF or ICSI witlesh eggs had blood taken

significantly earlier(p=0.001)in pregnancy.

The median MoM levels of AFP and hCG together with 95% CI are shown in Table
4.17. There was no significant difference foundha AFP levels when the ART group
overall was compared with the controls. The AFRelavas significantly highemp&0.011)

in the IVF with donor's egg group when comparedhwibhe controls. There were no
significant differences in the AFP levels betwebe bther ART treatment groups and
controls. The hCG level was significantly highpk.05) in the ART group overall when

compared with the controls. When the median hCG Mewl of each ART treatment
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groups was compared with the controls, women pretgaifter IVF or ICSI with fresh eggs
(Group 1) and after IVF or ICSI with frozen embr¢@roup 2) had significantly higher
(p<0.05) levels of hCG. There was no significant differemc hCG levels in the IVF with

donor egg (Group 3) when compared with the controls

Table 4.17: Median multiples of the median (MoMWydéts of AFP and hCG in ART and

control pregnancies.

ART pregnancies

Markers Controls
All 1 2 3
1.0037 0.9962 0.9631 1.0225 1.1909
AFP a 001'1 1.0064) (0.9347,1.0616)  (0.9254, 1.0200) (0.8294, 1.2606) (0.8960, 1.5796)
’ T (p=0.681) (p=0.677) (p=0.676) (p=0.011)
1.0189 1.2203 1.1967 1.3014 1.2149
hCG a 014'5 1.0232) (1.1201, 1.3292)  (1.0850, 1.3199) (0.9712, 1.7430)  (0.8175, 1.8049)
: T (p<0.05) (p=0.005) (p=0.034) (p=0.128)

1. IVF or ICSI with fresh eggs, 2. IVF or ICSI witftozen embryo and 3. IVF with donor’s egg
The Mann-Whitney test was used to compare the medddues. The median values (shown in
bold) are significantly differen{p&0.05 when compared with the median values of controls
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45 RETROSPECTIVE STUDY ON BIRTH WEIGHT,
DURATION OF PREGNANCY AND SECOND TRIMESTER
MATERNAL SERUM SCREENING MARKERS IN NON-
SMOKERS AND SMOKERS

4.5.1 ACCURACY OF SELF-REPORTED SMOKING INFORMATION
AT BOOKING AND SCREENING APPOINTMENTS

In antenatal care, self-reported smoking is commaskd to determine the smoking status
of pregnant women. The accuracy of this informai®still questionable. Inaccurate self
report during pregnancy can result in inaccurak calculation for Down’s syndrome. In
this study, the accuracy of self-reported smokimigrimation at booking and screening
appointments in West of Scotland was assessedr (tefesection 2.6). The smoking
information at booking was obtained from the SMR@&tords and the smoking
information at screening from the second trimesereening records. Of the 29975
women in the West of Scotland who gave birth in2@Q,029 pregnant women opted for
second trimester screening. Of these cotininengstitas performed on 3475 randomly
selected maternal serum samples. The cotinine fEebacentration used to distinguished
smokers and non-smokers was 13.7ng/ml. Re-testingptinine was performed on 71
samples with cotinine values between 10-30ng/ndsgelto the cut-off of 13.7ng/ml) and
the average concentration taken as the final regalile 4.18 shows the characteristics of

the study population.
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Table 4.18: Description of the study population.

Whole sample Cotinine-validated sample
Characteristic (n=21029) (n=3475)

Maternal age (years), median 29.8 29.9
Infant birth weight (g), median 3420 3430
Gestation at delivery (weeks), median 40 40
Gestation at screening (weeks), median 16 16
Self-reported smoking status at booking
appointment (%):

Non — smokers 54.0 56.7

Current smokers 23.3 24.1

Former smokers 9.9 10.6

Unknown 9.3 8.6

Self-reported smoking status at screening
appointment (%):

Non — smokers 57.2 57.2
Current smokers 22.0 214
STDUR 4.8 4.9
STPR* 3.5 3.8
Unknown 12.5 12.7

*STDUR: Stopped smoking during pregnancy, STPRpfa smoking prior to pregnancy
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From the smoking status at booking informationaoted from the SMRO2 records
(section 2.6), 1971 (56.7%) women self-reportedassmokers, 839 (24.1%) as smokers
and 367 (10.6%) as former smokers. The self-redamteoking information was not
available for 298 (8.6%) women. The percentageelfifreported smokers (24.1%) at
booking was significantly lower than the cotininghdated estimate of 30.1%. At booking,
4.9% and 25.6% of women who self-reported as nookemand former smoker
respectively had cotinine level3.7ng/ml (Table 4.19). Sixty-one (7.3%) women who
self-reported as smokers had cotinine level belwvcut-off. These women could have
quit smoking between booking and screening appantpbe light smokers or this might

be due to recording errors.

Table 4.19: Number of women with cotinine levelswd and below the cotinine cut-off of

13.7 ng/ml in each self-reported smoking categofyoaking appointment

Self-reported smoking status at booking Total
Non-smokers Smokers Former smokers Unknown
Cotinine <13.7 1875 61 273 220 2429
(ng/ml)
213.7 96 778 94 78 1046
Total 1971 839 367 298 3475
Misclassification 4.9% 7.3% 25.6%
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At the screening appointment, 1985 (57.2%) womedfirgported as non-smokers, 745
(21.4%) as smokers, 172 (4.9%) as stopped smokingglpregnancy and 131 (3.8%) as
stopped smoking prior to pregnancy. The self-reggbrsmoking information was not
available for 442 (12.7%) women. The percentagesedf-reported smokers (21.4%) at
screening was significantly lower than the cotiruadidated estimate of 30.1%. One-
hundred and thirteen (5.7%) women who self-repoagthon-smokers had cotinine level
>13.7ng/ml (Table 4.20). Among those who self-repabras stopped smoking during or
prior to pregnancy, 32.6% and 21.4% of these wolmah a cotinine levet13.7ng/ml

respectively. Twenty-eight (3.8%) women who seffoded as smokers had cotinine

levels below the cut-off.

Table 4.20: Number of women with cotinine levelswd and below the cotinine cut-off of

13.7 ng/ml in each self-reported smoking categoiceeening appointment

Self-reported smoking status at screening

Total
Non-smokers  Smokers STDUR STPR Unknown
Cotinine <13.7 1872 28 116 103 310 2429
(ng/ml) >13.7 113 717 56 28 132 1046
Total 1985 745 172 131 442 3475
Misclassification 5.7% 3.8% 32.6% 21.4%

*STDUR: Stopped smoking during pregnancy, STPR: Stopped smoking prior to pregnancy
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This study shows that, 25.6% and 31.5% cotiningdagééd smokers were not detected by
self-report at booking and screening appointmespeetively. The highest proportion of
inaccurate reporting was amongst women who statetl they were former smokers
(25.6% of former smokers at booking, 32.6% of theke stated at screening that they had
stopped smoking during pregnancy and 21.4% of thdse stated at screening that they
had stopped smoking prior to pregnancy). In womén stated that they were smokers or

non-smokers the level of accuracy was much higher.

Since the cut-off used here was derived from aerbfit assay method, the impact of using
different cotinine cut-offs on the percentage ofschassification of self-reported non-
smokers and smokers at booking and screening appamts was evaluated (Table 4.21).
The data from this study showed that there is lidtg variation in the findings when any

cut-off between 10 and 30ng/ml is used.
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Table 4.21: The percentage of misclassificationaf-smokers and smokers for various

cut-off based on self-reported smoking status akimg and screening appointments

Misclassification

Cut-off (ng/ml)

Booking appointment Screening appointment
Non-smokers (%) Smokers (%) Non-smokers (%) Smokers (%)

10 5.1 6.2 5.9 2.8
11 4.9 6.3 5.8 3.0
12 4.9 6.9 5.8 3.2
13 4.9 7.3 5.8 3.8
14 4.9 7.4 5.7 3.9
15 438 7.7 5.6 3.9
16 4.8 8.0 5.6 4.0
17 47 8.1 55 4.2
18 4.7 8.1 55 4.2
19 4.6 8.3 55 4.6
20 45 8.3 5.4 4.6
21 45 8.3 5.4 4.6
22 45 8.5 5.3 4.7
23 45 8.5 5.3 4.7
24 45 8.6 5.3 5.0
25 45 8.7 5.2 5.1
26 4.4 8.7 5.1 5.1
27 4.4 8.8 5.1 51
28 4.3 8.8 5.1 5.1
29 43 8.8 5.1 51
30 4.3 8.9 5.1 5.1
13.7 (used in this study) 4.9 7.3 5.7 3.8

452 FORMS USED FOR COLLECTING SELF - REPORTED
SMOKING INFORMATION AT SCREENING

The form used to collect self-reported smoking iinfation was replaced with a new form
in 2007. An analysis was performed to compare ffieiency between the old and new
forms used to collect self-reported smoking infotiora Two datasets (March 2006 and
March 2008) were used in this study (refer to sec®.6.2). The self-reported smoking
information in March 2006 dataset was collectechgighe screening form where women
were given four options; non-smoker, smoker, stdppmoking during pregnancy and
stopped smoking prior to pregnancy. The self-reggbrsmoking information in March

2008 dataset was collected using the screening Wnere women were given only two
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options; non-smoker or smoker. Those women whopstdpsmoking during pregnancy
and stopped smoking prior to pregnancy were classds ‘non-smoker’. For both data-
sets, the smoking status information was also degun the screening report allowing the
antenatal clinic to contact the laboratory if thesas any mistake in the smoking
information. From each dataset maternal serum 6fsH)f-reported non-smokers and 100
self-reported smokers were randomly selected ftinic@ testing. The description of the

study population is shown in Table 4.22.

Table 4.22: Description of the study population.

Cotinine-validated Cotinine-validated
March 2006 les for March March 2008 les for March
isti samples for Marc samples for Marc
Characteristic (n=1676) p (n=1507) p
2006 (n=200) 2008 (n=200)
Maternal age (years), median 29.3 27.7 29.0 28.7
Gestation at scrgenlng (weeks), 16 16 16 16
median
Self reported smoking status at
screening appointment (%):
Non-smoker 72.1 50.0 78.4 50.0
Smoker 21.7 50.0 211 50.0
Not answered 6.2 - 0.5

The accuracy of self-reported smoking informatidmeve women were given four options;
non-smoker, smoker, stopped smoking during pregnamcl stopped smoking prior to
pregnancy on the screening form was 95.5% (Tali28)4.The accuracy of smoking
information where women were given two options; 1samker and smoker on the
screening form and were allowed to correct theiplgmg status once they receive their
screening report was 96%. Therefore, those womewn wiopped smoking during

pregnancy and stopped smoking prior to pregnancy be classified as ‘non-smoker’.
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Allowing smoking status to be corrected after thgue of the screening report improves
the accuracy of self-reported smoking informatidiaking women aware that mis-
reporting of smoking status may affect the accurafcthe risks that they are given from
the screening test may also improve the qualitgmbking status information at the time

of screening.

Table 4.23: Number of women with cotinine levelgwad and below the cotinine cut-off of

13.7 ng/ml in each self-reported smoking category

March 2006 March 2008
Non-smokers Smokers Total Non-smokers  Smokers Total
Cotinine <13.7 95 4 99 96 4 100
(ng/ml)
213.7 5 96 101 4 96 100
Total 100 100 200 100 100 200

4.5.3 BIRTHWEIGHT, DURATION OF PREGNANCY AND SECOND
TRIMESTER MARKERS

From the 21,029 second trimester screening coliét873 singleton pregnancies which
had full information on birth weight, gestationdslivery, AFP level, hCG level and self-
report as smoker or non-smoker were selected fematialysis. Those who responded with

stopped during or prior to pregnancy were excludech further analysis.
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4.5.3.1 BIRTH WEIGHT AND SECOND TRIMESTER MARKERS

Table 4.24 shows the mean birth weight of all tifants according to AFP level for non-
smokers and smokers. As the AFP level increased #0.5 MoM to>2.0 MoM there was
an overall reduction of 448.3p<0.05) in the mean birth weight in non-smokers and by
619.29(p<0.05) in smokers. For AFP levels less than 0.5 MoM, ghecentage of infants
born weighing less than 2500g was 5.8% for non-&relknd 11% for smokers. As the
AFP MoM increased from 0.5 2.0, the percentage of infants born weighing s t
25009 increased gradually from 2.9% to 18.3% fan-smokers and 8.7% to 39.8% for

smokers (Table 4.24).

As hCG levels increased from < 0.5 to 1.99 MoM ¢heras an increase (50.99) in the
mean birth weight in non smokers but this faileddach statistical significanp£0.068).

The group of women with hC&2.0 MoM for both non-smokers and smokers had the
lowest mean birth weight (3385.4g in non smokerd 8068.7g in smokers) and the
greatest percentage of infants born weighing ldssn t2500g (7.9% and 17.5%

respectively) (Table 4.25).

In pregnant women who reported smoking there wagyaificant £<0.05 reduction in
mean birth weight of infants (average 270g) ac@$the AFP MoM and hCG MoM
groups when compared to birth weight in non-smokprggnant women. Regression
analysis showed that the trends in birth weightrfon-smokers and smokers according to
AFP and hCG levels were significant, with the mosirked changes associated with AFP

(Figure 4.7).

Since low birth weight can be associated with eadelivery (Wilcox and Johnson, 1992),

and smokers tend to have earlier deliveries (McCoefaal, 2009) the data were re-
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analysed in those pregnancies delivered at 39 twekks of gestation. . Table 4.26 shows
the mean birth weights of all the infants accordingAFP level for these pregnancies.
Women with high AFP levels at screening had lowiethbwveight babies and were more
likely to have low birth weight (<25009g) babies nh#nose with lower AFP but this was
less marked than that seen with the whole datakenhvall gestations at delivery were
included. Table 4.27 shows the equivalent datahfoG. Unlike AFP levels and birth
weight, there was no clear association betweerh hirtight and hCG either in non-

smokers or smokers (Figure 4.8).
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Table 4.24: Birth weight according to maternal seFP level for non-smokers and smokers in theysgrdup of 15973 cases

Infants born weighting

Birth weight (S) (g)

Infants born weighting

AFP level  No. of non- Birth weight (NS) (9) 2500g o less (NS)  No. of 2500g or less (S)
(MoM) smokers smokers
Mean 95% ClI No. % Mean 95% ClI No. %
<0.50 189 3566.4 3454.9, 3677.9 11 5.8 73 3254.025.31 3382.7 8 11.0
0.50- 0.74 2102 3522.0 3499.4, 35445 60 29 7333259.0 3209.9, 3308.0 64 8.7
0.75-0.99 3837 3509.8 3491.8, 3527.8 135 3.5 14233195.7 3165.0, 3226.3 142 10.0
1.00 - 1.49 4358 3461.0 3443.5,3478.4 193 4.4 17813110.3 3081.7, 3138.9 246 13.8
1.50-1.99 782 3337.1 3291.9, 3382.2 62 7.9 358 2830 2962.8, 3094.9 67 18.7
>=2.00 229 3118.1 3008.9, 3227.4 42 18.3 108 2634882.3, 2787.4 43 39.8

* NS — non-smokers, S — smokers
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Table 4.25: Birth weight according to maternal sehCG level for non-smokers and smokers in theysgmdup of 15973 cases.

Infants born weighting Infants born weighting

Birth weight (NS) (g) Birth weight (S) (9)

hCG level No. of non- 25009 or less (NS) No. of 2500 or less (S)
(MoM) smokers smokers
Mean 95% ClI No. % Mean 95% ClI No. %
<0.50 807 3457.9 3419.0, 3496.8 30 3.7 850 31198773, 3161.8 112 13.2
0.50-0.74 1906 3465.4 3439.7,3491.1 73 3.8 12723153.8 3119.9, 3187.7 153 12.0
0.75-0.99 2283 3482.7 3459.6, 3505.8 84 3.7 967 1858 3149.0, 3222.6 104 10.8
1.00-1.49 3595 3493.4 3474.7,3512.1 141 3.9 9703132.6  3092.2, 3173.0 132 13.6
1.50-1.99 1684 3508.8 3478.7, 3538.9 78 4.6 263 14335 30455, 32414 42 16.0
>=2.00 1222 3385.4 3348.4,3422.3 97 7.9 154 306@2958.4, 3179.0 27 17.5

* NS — non-smokers, S — smoker
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Figure 4.7 - Trend of birth weight for non-smokesd smokers according to AFP and

=4

hCG levels in the study group of 15973 cases. Teambirth weight decreased as the AFH
level increased from < 0.5 t8 2.00 MoM in non-smokers and smokers. The meai birf
weight in smokers was lower compared to non-smokeai AFPMoM groups. As for the
hCG levels, there were insignificant increase & miean birth weight in non-smokers as
hCG levels increased from <0.5 to 1.99MoM. The mbiath weight was reduced in the

group of women with hCG MoM 2.0 for non-smokers and smokers
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Table 4.26: Birth weight according to maternal seAFP level for non-smokers and smokers for thesadelivered at 39 — 41 weeks.

Infants born weighting Infants born weighting

Birth weight (NS) (g) Birth weight (S) (9)

AFP level No. of non- 2500g or less (NS) No. of 25009 or less (S)
(MoM) smokers smokers
Mean 95% ClI No. % Mean 95% ClI No. %
<0.50 136 3663.3 3575.4, 3751.2 2 1.5 58 3356.1 3234.3,3477.9 2 3.4
0.50-0.74 1627 3607.5 3586.0, 3629.0 8 0.5 547 3389.3 3343.4,3435.3 14 2.6
0.75-0.99 2888 3615.9 3599.6, 3632.3 10 0.3 1010 3344.8 3317.1,33725 26 2.3
1.00-1.49 3137 3595.5 3579.1,3611.9 18 0.6 1176 3300.0 3273.4,3326.6 48 4.1
1.50-1.99 499 3543.7 3499.4, 3588.1 11 2.2 213 3315.7 3254.8, 3376.6 10 4.7
>=2.00 129 3483.9 3397.2,3570.6 5 3.9 48 3154.9  3002.3, 3307.5 9 18.8

* NS — non-smokers, S — smokers
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Table 4.27: Birth weight according to maternal sehCG level for non-smokers and smokers for thecadelivered at 39 — 41 weeks.

Infants born weighting Infants born weighting

Birth weight (NS) (g) Birth weight (S) (g)

hCG level No. of non- 25009 or less (NS) No. of 2500 or less (S)
(MoM) smokers smokers
Mean 95% ClI No. % Mean 95% ClI No. %
<0.50 591 3581.3  3546.1, 3616.6 1 0.2 575 3275.9 32385, 3313.2 23 4.0
0.50-0.74 1434 3566.2 3542.8, 3589.7 10 0.7 887 3324.3  3293.1, 3355.5 34 3.8
0.75-0.99 1673 3595.0 3573.5,3616.6 13 0.8 692 3347.1  3313.6, 3380.6 20 2.9
1.00-1.49 2676 3614.6  3596.9, 3632.3 12 0.4 634 3343.8  3308.6, 3379.0 22 35
1.50-1.99 1217 3635.4  3608.8, 3662.0 9 0.7 164 3433.5  3326.3, 3540.6 7 4.3
>=2.00 825 3594.3  3562.2, 3626.4 9 1.1 100 3338.7  3239.2,3438.1 3 3.0

* NS — non-smokers, S — smokers
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Figure 4.8 - Trend of birth weight for non-smokearsd smokers according to AFP and
hCG levels for the cases delivered at 39 — 41 we&kere was a general trend of
declining birth weight as AFP MoM increased fron0$ to> 2.0 in non-smokers and

smokers but there was no clear association betwiggnweight and hCG level either in

non-smokers or smokers.
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4.5.3.2 GESTATION AT DELIVERY AND SECOND TRIMESTER MARKERS

The median gestation at delivery was 40 weeks dorsmokers and 39 weeks for smokers.
Table 4.28 shows the median gestation at delivedypercentage of pregnancies delivered
at 38 weeks and less according to AFP level forsrapnkers and smokers. The percentage
of pregnancies delivered at 38 weeks or less isekas AFP MoM increased in non-
smokers and smokers. In smokers with AFP levelatgrehan 2.0 MoM over half (55.6%)
delivered at 38 weeks or earlier compared to 402%0on-smokers. There was no clear
association between hCG level and the percentageeghancies delivered at 38 weeks or
earlier in the non-smoking and smoking groups é&abR9). As might be expected, given
the known association between smoking and low birtight and premature delivery, the
percentage of pregnancies delivered at 38 weeksearigtr was higher in the smoking
group compared to the non-smoking group in alldng of the AFP MoM groups and all

hCG MoM groups (Figure 4.9).

176



Table 4.28: Percentage of pregnancies deliver88 ateeks or less for non-smokers and smokers diogpto AFP levels

Pregnancies delivered at 38 Pregnancies delivered at 38

AFP level  No.ofnon- Median gestation at weeks and less (NS) No.of  Median gestation at weeks and less (S)

(MoM) smokers delivery (NS) smokers delivery (S)

No % No. %

<0.50 189 40 47 24.9 73 40 12 16.4
0.50-0.74 2102 40 415 19.7 733 40 168 22.9
0.75-0.99 3837 40 833 21.7 1423 39 385 27.1
1.00-1.49 4358 40 1082 24.8 1781 39 565 31.7
1.50-1.99 782 39 260 33.2 358 39 136 38.0

>=2.00 229 39 92 40.2 108 38 60 55.6

* NS — non-smokers, S — smokers

177



Table 4.29: Percentage of pregnancies deliver88 ateeks or less for non-smokers and smokers aogoi@ hCG levels

Pregnancies delivered at 38 Pregnancies delivered at 38

hCG level No. of non- Median gestation at weeks and less (NS) No. of Median gestation at weeks and less (S)

(MoM) smokers delivery (NS) smokers delivery (S)

No % No. %

<0.50 807 39 192 23.8 850 39 267 31.4
0.50-0.74 1906 40 425 2213 1272 39 357 28.1
0.75-0.99 2283 40 543 23.8 967 40 253 26.2
1.00-1.49 3595 40 805 22 4 970 39 312 32.2
1.50-1.99 1684 40 401 23.8 263 39 90 34.2

>=2.00 1222 39 363 20.7 154 39 47 30.5

* NS — non-smokers, S — smokes
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Figure 4.9 — The percentage of pregnancies delivate38 weeks or less according tg
AFP and hCG levels for non-smokers and smoker#\3 levels increased from 0.75 to
> 2.0 MoM there was an increase in the percentageeafnancies delivered at 38 week:
or less in non-smokers and smokers. There wasea aksociation between hCG level
and the percentage of pregnancies delivered ateg&svor less either in non-smokers o
smokers. The percentage of pregnancies deliver88 ateeks or less was higher in the
smoking group compared to the non-smoking group
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5.1 RETROSPECTIVE STUDY ON WITHIN-TRIMESTER
CONTINGENT SCREENING

CUB screening using PAPP-AJHCG and NT measurement is proven to be an effective
method of detecting Down syndrome pregnancies énfitlst trimester, with a detection
rates of 85-91% at a 4-5% screen positive rate (&peet al, 2000a; Stenhouset al,
2004; Pernket al, 2006). However, this screening policy requiressiderable investment

in ultrasound equipment and operator training tdnta@an the required standard when

screening large numbers of pregnant women.

In this model of first-trimester contingent screepiwomen who are found to have a high
risk based on the initial biochemical test and mmateage are not offered NT measurement
because these women will end up with a final risk250 irrespective of the NT
measurement. Women with a low risk will also notdffered NT measurement as their
risk is unlikely to be modified sufficiently to rela the final cut-off. Thus, this form of
contingent screening allows those centres withtéthiresources to target the group of
pregnant women whose screening results can be uwsesully modified by information
from an NT measurement. This study showed that ¢bistingent screening protocol
would have achieved a detection rate of 88.7% fatlse positive rate of 5.8% but with
only 29% of women requiring an NT measurement. Témults of the within-trimester

contingent screening study are presented in Sedtibn

This form of within-trimester contingent testingsh other advantages. Unlike across-
trimester integrated testing (Waddlal, 1999a) where there is no disclosure of restiées a

the first stage of testing, by the contingent mdtescribed here all women receive a risk
result following their initial PAPP-AffhCG test. Decisions on whether to proceed to NT
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measurement or not are therefore based on the wesnaasrareness of clearly defined
criteria, which aid counselling and are likely telfih ensure that women do not default on
their NT appointment. Further, all women completeesning before the end of the first
trimester and more than two-thirds (which also udels 60% of the Down syndrome
pregnancies) complete screening at an even eathge when there is no requirement to

carry out an NT measurement.

To maximise the efficiency of this screening pratdatis important that women attend the
initial blood sampling test as early as possiblaltow time for those women requiring an
NT scan to return no later than 14 weeks + 0 ddygestation. Although the number of
women requiring an NT scan is reduced, ultrasousdessment of gestation is
indispensable in all cases as this informationsieatial for accurate interpretation of the
serum marker results. Therefore, ultrasound assedsoh gestation is essential in order to
maintain the sensitivity and specificity of the eseming policy. However a dating scan is
generally less time consuming than an NT scan,camdbe carried out by staff without

specific training in NT measurement.

Due to limited availability of ultrasound resouréassome centres, gestational age is often
determined by relying on LMP. The accuracy of LM&&séd gestational age is affected by
the variation in menstrual cycle duration, non-ntered vaginal bleeding, maternal recall
error and clerical error (Wieet al, 2007). However, in areas with limited ultrasound
resources, LMP is the most practical method ofrddteng gestational age. In this study,
the performance of this screening policy was rdwatad by using LMP based gestational
age at the first stage of screening (refer to eaci.1). In pregnancies with certain LMP

dates, this screening policy would have achievetlralar detection rate of 88.9% at the
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cost of an increase in the false positive rate f&8% to 7.0%. Thus, using LMP based
gestation in the first stage of screening for pegmgies with certain LMP dates degrades
the performance of screening achievable by relimmcaltrasound estimation of gestation.
However, performance remains acceptable and altbese centres with limited resources
of ultrasound to provide risks for the group ofgmant women who are uncertain of their

LMP dates.

Although the performance of within-trimester cogemt screening using LMP based
gestational age is acceptable, multiple pregnaniy mot be identified. Therefore,
ultrasound scan in the first trimester remains r@s&seto assess accurate gestational age

and identify multiple pregnany.

This form of contingent testing could be modifigdaugh the use of alternative serum
markers measured earlier in pregnancy. It is welbvn that PAPP-A has better
discriminatory power earlier in pregnancy at 8 wseek gestation (Spencet al, 2002)
while other markers, notably total or intact hC(éBceret al, 2002), InhA (Christiansen
and Ngrgaard-Pederson, 2005) and ADAM12 (Laigadrdl, 2006b) may also perform
better than fhCG at this early stage. However, in routine CUB2ening, PAPP-A and
fBhCG are usually measured at the same gestatio a¢ N1-13 weeks, and at that stage
the reduced power of PAPP-A is compensated byritbeeased power oBhCG. In this
contingent model, a detection rate of 61.4% atl&o3false positive rate was predicted
using serum markers plus maternal age alone (iitiout NT measurement). This is
similar to that estimated by Cuckle (2000) of 64.8&tection with a false positive rate of
5%, and by Spencet al (2003d) of 64.7% detection with a false positiate of 5%. It is

likely that additional serum markers assayed itygamregnancy may improve the primary
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screen detection rate even further. However, theztee addition of NT measurements as
shown here, adds to screening performance anddbeulised wherever resources allow.
Ultrasound based gestational age is also esseémt@ler to meet the standard screening

recommendations.

5.2 CROSS-TRIMESTER CONTINGENT SCREENING

The SURUSS trial reported that integrated teststhe most effective screening method
for Down’s syndrome with detection rates of 93% &% false positive rate (Wakt al.,

2003). However, this screening policy has manydliaatages. The results from the first
trimester test will not be interpreted or informtdthe patients until the second trimester
test is performed. This could deprive many pregmwaminen the chance of getting early
diagnostic tests and increases the anxiety duketdong wait for the test results until the

second trimester.

One possible compromise solution is cross-trimestentingent screening. In this
screening policy all women receive an initial estien of risk but only women with
intermediate risks are offered a second trimestexesiing test. Women who are found to
have a high risk based on the initial first trine@stcreening test and maternal age are not
offered a second trimester screening test becaese tvomen will end up with a final risk
>1:150 irrespective of the second trimester scregtest results. Women with a low risk
will also not be offered a second trimester scmegriest as their risk is unlikely to be
modified sufficiently to reach the final cut-off.his study has shown that this screening
policy with repeat measure of PAPP-A could achiaw#etection rate of 92.2% at a false
positive rate of 1.4% but with only 9.7% of womemuiring a second trimester screening
test (refer to section 4.2.2). In this study, arlyedetection rate of 75.9% at a false positive
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rate of 0.7% was estimated using NPh€G and PAPP-A and maternal age in the first
trimester. This is similar to that estimated by Klacet al (2005) using statistical
modelling of 70.0% early detection at a false pesitate of 0.7%, and by Cuckét al
(2008) of 60% detection with a false positive ratd.2% using FASTER trial data. Table
5.1 shows the performance of cross-trimester cgatinscreening from various studies for

the full cross-trimester screen and also afteiritigl (first trimester) test.
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Table 5.1: Performance of cross-trimester contihgereening from various studies.

Overall 1% trimester
Studies Marker combination nd
27" trimester
0, 0, 0, 0,
DR (%) FPR (%) frequency (%)* DR (%) FPR (%)
NT, fBhCG, PAPP-A/
Bennet al (2005) 90.4 2.3 20.7 60.4 0.3
AFP, BhCG, uE3, InhA
NT, fBhCG, PAPP-A/
Cuckleet al (2005) 92.0 3.0 15.0 70.0 0.7
AFP, BhCG, uE3, InhA
NT, fBhCG, PAPP-A/
Wald et al (2006) 89.8 2.4 21.4 66.0 0.5
AFP, f8hCG, uE3, InhA
NT, fBhCG, PAPP-A/
Cuckleet al (2008) 91.0 4.5 23.0 60.0 1.2
AFP, hCG, uE3, InhA
NT, fBhCG, PAPP-A/
This study 90.6 1.8 9.7 75.9 0.7
AFP, BhCG, uE3, InhA
NT, fBhCG, PAPP-A/
This study 91.9 15 9.7 75.9 0.7

AFP, BhCG, uE3, InhA, PAPP-A

*Proportion of women requiring a second trimessst.t
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The cross-trimester contingent screening policyldomot only achieve a screening
performance similar to the full integrated testt blso permits clinicians to disclose the
first trimester screening results to the patiertisTscreening policy also allows women
with an extremely high risk of carrying Down’s synthe fetus to have an early diagnosis.
Furthermore, more than two-third of women with deefed pregnancies can avoid the
second trimester screening test and thus, have @aripletion of screening. However, due
to the complexity of this screening policy, it neet be explained to women through
counselling sessions why different risk cut-offe aised at each stage of screening. The
acceptability or otherwise of this screening policypregnant women is unknown.

The potential value of using highly correlated aed measures of serum markers taken in
the first and second trimester of pregnancy was iemonstrated by Wright and Bradbury
(2005). The statistical modelling in this study wisahat, in the cross-trimester contingent
screening, there is a substantial benefit of addapgated measurement of PAPP-A in the
second trimester. At 11 weeks, adding repeated une@ent of PAPP-A to a base test
comprising NT, PAPP-A an@hCG in the first trimester and AFP, hCG, uE3 andAn

the second increases the detection rate by 1.1f% &D.1% to 92.2% and decreases the

false positive rate by 0.2% from 1.6% to 1.4%.

This study has also shown that the performancéisfscreening policy deteriorates when
a larger SD is used for affected cases (Tablescdahdl 4.11d). However, the differences
in the overall screening performance when same #Be used for unaffected and

affected cases compared to using a larger SD fectefdl cases were small.
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Most of the marker parameters used in this anabrgsconsidered to be unbiased as these
parameters were taken from a meta-analysis of aeserdies comprising several hundred
Down’s syndrome cases (Aitkest al, 2007, Spenceet al, 2002, Cuckleet al, 2005).
Although statistical modelling is a useful toolewaluate the efficacy of Down’s syndrome
screening policy, modelling is based on assumptwhigh may cause overestimation of
the screening performance. For example, in thigyaisa it is assumed that a Gaussian fit
is reasonable in the tails of a multivariate disition whereas in practice this will rarely be
the case. Therefore, it is important to carry auispective intervention studies in order to
confirm the performance of testing and the pratiticand acceptability of this cross-

trimester contingent screening policy.

5.3 EFFECT OF SMOKING AND ETHNICITY ON
BIOCHEMICAL MARKERS

This study (refer to section 3.3) confirmed prewdindings that maternal smoking habits
and ethnic origin affect the biochemical markerelevin Down’s syndrome screening. A
unique aspect of this study was the use of pairstidnd second trimester serum samples
in 939 women allowing for an assessment of thedsem marker levels between
gestations. This study has showed that the patierohange caused by smoking and
ethnicity on biochemical markers varies from maricemarker and trimester to trimester.

The results of the effect of smoking and ethnierty presented in Section 4.3.

In the data presented here markedly higher level&F® in the first trimester but only

slightly higher in the second trimester were foundsmokers with unaffected singleton
pregnancies. A significant reduction in hCG and PA®levels was also found in both the
first and second trimesters in smokers. TReCG level was significantly decreased in
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smokers in the second trimester but not in finshésster. Similar patterns of change have
been reported in previous studies. Table 5.2 shih@ssummary of first and second

trimester marker levels in non-smokers and smolkettsis and previous studies.

Overall, in this study, there was a 14.0% reduciivRAPP-A, a 1.6% reduction ifHCG,

a 16.3% elevation in AFP and a 27.6% reduction @Ghin the first trimester. In the
second trimester, there was a 6.1% elevation in, AF80.5% reduction in hCG, a 17.1%
reduction in BhCG and a 22.8% reduction in PAPP-A. Comparing vather studies
which show reducedphCG levels ranging from 3.0% to 13.0%, this stutipvged a
smaller reduction infhCG level in the first trimester in smokers but foons the trend to
larger reduction (20% to 30%) in the second trimesthis study has also shown that in
smokers, with the exception of AFP, marker levelsdt to show larger changes in the
second trimester than in the first trimester. PARMCG and hCG are produced by the
placenta whereas AFP is of fetal origin and is dpamted across the placenta to the

maternal circulation.
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Table 5.2: Summary of first and second trimesterkerdevels in non-smokers and smokers in this@edious studies

First trimester

Second trimester

Studies
PAPP-A FBhCG AFP hCG PAPP-A BhCG AFP hCG

Bartelset al (1993) 1 4.5% 1 20.1
Spencer (1998) 113.9% 1 3.0%
de Graakt al (2000) | 24.3% 111%  13.1%
Crossleyet al (2002b) 1 5.1% 129.2
Rudnickaet al (2002) 120.0% 1 5.0%
Spenceet al (2004) 1 17.6% 1 3.0%
Kaganet al (2007) 1 19.6% 1 3.1%
Miron et al (2008) 116.5% | 13.0%
Kagan et al (2009) 1 17.0% 1 4.0%
Present study 1 14.0% 1 1.6% 116.3% | 27.6% o 1228% | 17.1% 16.1% | 30.5%
Weighted average 1183% | 56% 16.4% | 27.6% 1228% | 153% 13.7% |23.3%
Correction factor 0.82 0.94 1.06 0.72 0.77 0.85 1.04 0.77
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The reason behind these changes in the marker miwaten is not clearly understood.
Jauniaux and Burton (1992) demonstrated that smgogauses morphological changes in
the trophoblast which might explain the disturbameehCG production or increased
permeability of the placenta promoting increasexhsfer of AFP across the placental
barrier. PAPP-A is another placental protein praduby syncytiotrophoblast and studies
have shown that there is an increase in syncypbwblast necrosis in smokers (Jauniaux
and Burton, 1992; Zdravkoviet al, 2005). The further decrease in hCG, PAPP-A and
fBhCG levels evident in the second trimester sugh@sithere is an increased effect on the
placenta in women who continued smoking during paegy which causes further
reduction in production of these markers. Therefdres important to derive appropriate

correction factors for smoking for each trimestarihdividual biochemical markers.

Those who are smokers among the pregnant popul@nzhto be younger than those who
are non-smokers. Due to the marked difference enaipe distribution of those pregnant
women who smoke compared with those who do not, etkgected rate of Down’s
syndrome in pregnant women who smoke will be lo{f&yenceret al., 1998, Crosslegt
al., 2002b, Spenceet al., 2004). Therefore, it is important to take into @oat the
maternal age effect when studying the incidencdoivn’s syndrome in women who

smoke.

Ethnic origin has an impact on the biochemical reatkvels, which cannot be explained
by differences in maternal weight. Results frons thiudy based on 939 pairs of first and
second trimester samples along with the results fother studies are summarised in Table
5.3. In this study (see section 3.3), after mateneaght adjustment, South Asian women

had a significantly higher level of first trimeste€G compared to Caucasians. In the first
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trimester, although theBhCG and PAPP-A levels were slightly decreased coetp#o
Caucasian, the differences were not significants Tinding is in contrast to Spencer al
(2005b) who reported that South Asian women hadhdriPAPP-A and lowerphCG
levels compared to Caucasians. This difference tighdue to a larger South Asian data

in Spencer et al (2005b) compared to this study.

In this study the Oriental women had higher lev&idfirst trimester hCG, fhCG and
PAPP-A compared to Caucasian. This finding is simib that of Spencest al (2005b)
that Oriental women had higher levels of PAPP-A CG compared to Caucasians. In
the data presented in this study, after weightemion, Black women had higher levels of
first trimester hCG and PAPP-A but slightly lowgh€G levels compared to Caucasian.
These findings are in contrast to Kraetzal (2005), Spencest al (2005b) and Spencet

al (2000e) who found thatBhCG level was higher in Black women compared to
Caucasian. In this study a cohort of Middle Eastnen were identified who had lower

levels of AFP in the first trimester after weigllj@stment compared to Caucasian.

South Asian women had significantly lower levelssetond trimesteBhCG and PAPPA
but similar AFP and hCG levels compared to Caucadihese findings were in contrast to
Watt et al (1996) who found higher hCG and lower AFP levelsSouth Asian women
compared to Caucasian. However, Watal (1996) also found similar decrease ph€G

levels in South Asian women compared to Caucasian.

Oriental women had higher levels of second trintels@G compared to Caucasians. The
AFP levels were slightly lower an@HCG were higher in Oriental women compared to
Caucasian but the difference was not significarseirlet al (1995) reported 2.9% higher
fBhCG and 10% lower AFP in the Taiwan population cared to Caucasians. Black
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women had significantly higher PAPP-A levels in #ezond trimester but similar levels of
AFP, hCG and fhCG compared to Caucasian women. These findingnaoentrast to
previous studies which reported higher AFP, hCG HitCG levels in Black women

compared to Caucasian (Beatal, 1997, Watet al, 1996, Kulchet al, 1993).

It is possible that some of the findings from tlisidy which are at odds with those
reported in other studies may be due to the smatiber of women in each ethnic group
(especially the Black population) and the diffigutif ensuring that ethnic categories are
the same between studies. However, the use ofdoéinst and second trimester serum
samples allows an assessment of the relative changearker levels between trimesters
and the results suggest that the changes are mamiedfor PAPP-A and3hCG in the

second trimester, but greater for hCG in the finstester. Table 5.3 shows the summary
of first and second trimester marker levels inafignt ethnic origins in this and previous

studies.
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Table 5.3: Summary of first and second trimesterkerdevels in different ethnic groups in this gévious studies.

First trimester

Second trimester

Studies Ethnic origin
PAPP-A FBhCG AFP hCG PAPP-A FBhCG AFP hCG
Kulch et al (1993) Black (n=134) 1 16.0%
Watt et al (1996) Black (n = 4215) 112.0% 1 22.0% 1 19.0%
South Asian (n = 4392) 19.0% 1 6.0% 1 6.0%
Spencer et al (2000e) Black (n = 752) 1 57.0% 1 21.0%
Asian (n = 170) 117.0% 1 4.0%
Spencer et al (2005b) Black (n = 2943) 1 55.0% 111.0%
South Asian (n = 4835) 1 8.0% 1 7.5%
Oriental (n = 3925) 1 9.0% 1 6.0%
Krantz et al (2005) African Americans (n = 2682) 1 35.0% 1 16.0%
Asians (n = 2228) 1 6.0%
Hispanic (n = 2795) 1 9.0%
Kagan et al (2009) Black (n = 2144) 1 57.0% 112.0%
Present study South Asian (n=268) 1 3.0% 110.7 10.7% 16.7% 1 8.1% | 13.6% 1 3.5% 12.2%
Oriental (n=66) 120.9% 15.9% 11.6% 137.8% 112.4% 1 6.9% 13.2% 118.4%
Middle Easterner (n=42) 17.2% 10.1% 111.6% 1 10.0% 13.6% 1 0.6% 15.4% 18.2%
Black (n=35) 1 43.2% 1 4.0% 17.3% 123.1% 1 60.1% 1 10.0% 10.2% 19.2%
Weighted average Black 1 49.4% 1 13.6% 17.3% 123.1% 1 60.1% 111.8% 121.8% 118.7%
South Asian 17.4% 1 7.7% 10.7% 16.7% 18.1% 19.3% 15.9% 1 5.5%
Oriental 19.2% 1 6.0% 11.6% 1 37.8% 112.4% 1 6.9% 13.2% 118.4%
Correction factors Black 1.49 1.14 1.07 1.23 1.60 112 1.22 1.19
South Asian 1.07 0.92 0.99 1.07 0.92 0.91 0.94 1.06
Oriental 1.09 1.06 0.98 1.38 1.12 1.07 0.97 1.18
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Wattet al (1996) proposed a method to derive the median MbBecond trimester serum
markers in a multiethnic population. In this apminathe ratios of median MoM in an
ethnic group (e.g Black population) to that in thain ethnic group (e.g. Caucasian) were
used to correct the marker concentration in differethnic groups. Such an approach is
useful if there is insufficient data for a partiaulethnic group. If there is an adequate
number of women in each ethnic group, separate Mghktions can be derived for each

ethnic group.

In terms of screening for Down’s syndrome by fiastd second trimester markers, it is
important to take into account maternal smokingithabd ethnic origin when a risk is
calculated. Correcting for smoking and ethnicityn cae performed by dividing the
appropriate MoM by the correction factors given Tiables 5.2 and 5.3. Although
correcting for smoking and ethnicity has little iagb on the overall Down’s syndrome
screening performance, it will provide individuabmen with more accurate risks and
contribute to reduction in the screen positive .r&&ducing the number of women
requiring diagnostic testing is generally desiradnhel particularly so in ART pregnancies
where there is increased reluctance to exposerdgnancy to the risk of procedure-related
miscarriage. More data are required to explore dbmbined effect of smoking and

ethnicity on marker levels.
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5.4 EFFECT OF ASSISTED REPRODUCTIVE TECHNOLOGY
ON FIRST AND SECOND TRIMESTER SERUM MARKERS

In this screened population, approximately 50% omen conceived by ART are aged 35
years or more. Due to their age-related risk, thvesmen are often classified as ‘at risk’
following a Down’s syndrome screening. The effelcAR®T on Down’s syndrome markers
still remains to be clarified. In this study, inetloverall ART group, PAPP-A an@HCG
levels were not significantly different from thevés found in naturally conceived
pregnancies. The first trimester screening markePFRA was significantly decreased in
pregnancies conceived through IVF or ICSI with fregygs compared with pregnancies
which were conceived spontaneously. This is in Vi previous findings (Gjerrist al.,
2009, Anckaeret al, 2008, Tul and Novak-Antolic, 2006, Het al, 2005, Liaoet al,
2001). In pregnancies conceived after IVF or ICSthwirozen embryo, there were no
significant differences in the PAPP-A level. Gjert al (2009) and Anckaest al (2008)
also reported similar findings that the median PA®MMoM was not significantly
different in the pregnancies conceived after froeerbryo transfer from that in naturally
conceived pregnancies. The results are presentsettion 4.4 and summarised along with

the results of other studies in tables 5.4 and 5.5.

In this study no significant difference in the centration of phCG between ART and

normally conceived pregnancies was found. Thisnisgreement with most of previous
studies (Gjerriet al, 2009, Anckaerét al, 2008, Tul and Novak-Antolic, 2006, Lambert-
Messerlianet al, 2006) although a few papers have reported arease in thephCG

concentration (Ghisorgt al, 2003, Wojdemanat al, 2001).
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In this study in the overall ART group, NT measuegrts were significantly increased over
the measurements found in naturally conceived @eges. NT measurement was
significantly increased in the pregnancies conakiater IVF with fresh eggs. However,
the majority of previous studies found no signifitdifference in the NT measurement in
ART pregnancies compared with spontaneously coadepregnancies (Liaet al, 2001,
Orlandiet al, 2002, Maymon and Shulman, 2002 and Tul and N@vatblic, 2006). But
Maymon and Shulman (2004) and Hati al (2005) reported that NT measurement was
significantly increased in pregnancies with fresmbeyos from IVF, frozen-thawed

embryos from IVF and fresh embryos from ICSI.

In 2009, Amor and co-workers conducted one of #ngdst and comprehensive studies on
the effect of ART on first trimester Down’s syndremmarkers. This study, which
comprised more than 1,700 ART pregnancies, showet RPAPP-A levels were
significantly lower in ART pregnancies comparedhwiton-ART pregnancies. There were
no significant differences in NT measurement apiiCiG levels between ART and non-
ART pregnanciesAnother prospective study of 1000 ART pregnantigsGjerris et al
(2009) showed that PAPP-A levels were significantlgcreased in IVF and ICSI

pregnancies compared to naturally conceived pregesn

In this study, the concentration of second trimeateP was significantly increased but not
the concentration of hCG in pregnancies conceifet & F with donor’'s egg compared
with naturally conceived pregnancies. There wassigaificance differences in the AFP
levels in pregnancies conceived after IVF with lfreggs or frozen embryos. This is in
agreement with previous studies (Lambert-Messesdtaal., 2006, Shulman and Maymon,

2003, Perheentupa@t al, 2002; Maymon and Shulman, 2001). In this studg t
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concentration of total hCG was significantly inged in pregnancies treated with IVF
with fresh and frozen eggs compared with naturatiyceived pregnancies, in line with
most previous studies (Lambert-Messerl@ral, 2006, Maymon and Shulman, 2001). In
contrast to these findings, Mullet al (2003) and Riceet al (2005) reported that there
were no significant differences in the second tdtee markers in ART pregnancies
compared with naturally conceived pregnancies. @abl4 and 5.5 show the overview of

studies on the first and second trimester markarsis in ART pregnancies.

The changes in the marker level in ART pregnanoight have an effect on the false
positive rate. Numerous studies have confirmed #ART increases the second trimester
serum marker false positive rate (Barkaal, 1996b, Ribberét al, 1996, Heinonest al,
1996, Frishmaret al, 1997, Maymoret al, 1999, Ratyet al, 2002). Lambert-Messerlian
et al (2006) reported that the decrease in UE3 levalsircrease in hCG and InhA levels
in IVF pregnancies causes significant increaséénsiecond trimester screen positive rate.
But in the first trimester, Lambert-Messerliahal (2006) reported that the differences in
the first trimester serum marker levels were ndtigant to affect the screen positive rate.
This is in agreement with previous other studiasl @d Novak-Antolic, 2006; Bellvest
al., 2005). However two other studies (Gjerris et 2009; Orlandi et al., 2002) have
reported higher false positive rate in ART pregmesiavhen compared with naturally

conceived pregnancies in the first trimester.
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Table 5.4: Comparison of studies on the first tstee Down’s syndrome markers in pregnancies actiea¢urally and by assisted reproduction

Studies Natural conception ART pregnancies PAPP-A FBhCG NT measurement
Liao et al (2001) 1233 220 (IVF) 1 1 =
30 (ICSI) ! - _
Orlandi et al (2002) 370 32 (IVF) 1 = =
42 (ICSl) = = =
Ghisoni et al (2003) 426 50 (IVF) = 1 =
92 (ICSI) = 1 =
Maymon and Shulman (2004) 1781 99 (IVF) 1 N/A 1
Tul and Novak-Antolic (2006) 914 130 IVF 1 = =
541CSI ! = =
Lambert-Messerlian et al. (2006) 37,070 277 IVF = = =
56 (IVF with egg donation) = =

Anckaert et al. (2008) 4088 59 IVF 1 = N/A

163 ICSI 1 = N/A
Gjerris et al (2009) 2532 512 (IVF) | = =
396 (ICSI) 1 = =

Kagan et al., (2009) 18829 784 (IVF) 1 1 N/A
This study 10891 91 (IVF or ICSI with fresh eggs) l = i

29 (IVF or ICSI with frozen embryos)

7 (IVF with donor's eggs)
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Table 5.5: Comparison of studies on the secondcessier Down’s syndrome markers in pregnancies aetliaaturally and by assisted reproduction

Studies Natural conception ART pregnancies AFP hCG
Maymon and Shulman (2002) 285 71 (IVF) 1 =
Muller et al (2003) 21014 970 (IVF) = =

545 (ICSI + IVF) = =

Maymon and Shulman (2004) 1781 99 (IVF) = =
Rice et al (2005) 596 88 (IVF) = =
Lambert-Messerlian et al (2006) 37,070 277 I\VF = 1
56 (IVF with egg donation) 1 =

This study 61448 105 (IVF or ICSI with fresh eggs) = I
15 (IVF or ICSI with frozen embryos) = I

9 ( IVF with donor’s eggs) 1 =
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The contradictory results from previous studies @wssibly due to different underlying
causes of infertility and different treatment metbo Tul and Novak-Antolic (2006)
reported that with an increasing number of retriegecytes, the concentration of PAPP-A
was significantly decreasing and InhA was incregddnt not statistically significantly.
Based on their finding that InhA, which is secrelsdthe corpus luteum, was increased
with decreasing PAPP-A, the authors hypothesizad tire number of oocytes retrieved
reflected the number of corpora lutea in pregnaibyge authors proposed that the secretion
of PAPP-A is hampered by InhA. Het al (2005) suggested that a delay in placental
maturation causes decreased PAPP-A level. The matho suggested that ICSI itself as
well as the freezing and thawing procedure prodddéerent effects on placental
development, supported by their finding that addil ICSI procedures cause the largest
reduction in PAPP-A levels especially after fregzamd thawing of embryos. In this study,
PAPP-A were close to normal levels in pregnanciesr &VF with frozen eggs but was
decreased in pregnancies after IVF with fresh egfys.et al (2005) also reported that
there was a negative correlation between the nuwibigansferred embryos and PAPP-A.
With the increasing number of embryo transferrdw toncentration of PAPP-A was

decreasing.

Several theories have been proposed to explainetheated hCG levels in ART
pregnancies. An earlier study by Watlal (1999b) suggested that increased hCG in ART
pregnancies is not due to the administration of r@S@art of the IVF protocol but due to
the continuing high progesterone concentrationMR pregnancies. In IVF pregnancies,
multiple follicle development causes the formatafnmultiple corpora lutea. This would
lead to further production of progesterone and thasease the production of hCG from

the developing placenta (Wadd al, 1999b). This theory seemed unlikely when Ratgl
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(2002) reported increased hCG levels in frozen gmtransfer (FET) pregnancies. In FET
and oocyte donation pregnancies, there is no eixeckslicles or corpora lutea. However,
this study showed that the levels of hCG were im®tated in IVF pregnancies with donor
egg. Perheentupat al (2002) showed that the second trimester hCG dewele similar in

pregnancies following stimulated and un-stimulatgdles and therefore, super-ovulation

therapy is unlikely to be the cause of the elevate® levels in ART pregnancies.

Therefore, although many theories have been propdbe biological basis of altered
screening markers levels in pregnancies conceifed ART remains unknown. The
treatments or drugs used in ART protocols or iffgrtconditions might be the cause of
the altered marker concentrations (Maymon and daxni2002; Ratet al, 2002; Huiet

al., 2003). Whatever the biologic basis, the effdcABT on Down’s syndrome screening
markers must not be overlooked. Correcting for ARJuld provide women with more

accurate individual risks and reduces the increasezkn positive rate.

Some of the findings from this study were not cstesit with previous studies. This might
be due to the small number of cases in each ARitipgespecially in the IVF with donor’s
egg group. Further research need to be conducted asarger database to investigate the

effect of current IVF procedure on Down’s syndroseesening markers.
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5.5 RETROSPECTIVE STUDY ON BIRTH WEIGHT,
DURATION OF PREGNANCY AND SECOND TRIMESTER
MATERNAL SERUM SCREENING MARKERS IN NON-
SMOKERS AND SMOKERS

5.5.1 ACCURACY OF SELF-REPORTED SMOKING STATUS AT
BOOKING AND SCREENING APPOINTMENT

At most prenatal screening centres, self-reportadking information is usually used to
correct the biochemical marker levels for matersaloking habit. Using cotinine-
validation, this study has estimated the preval@icanoking among pregnant women as
30.1%. This figure is 24.9% and 40.6% higher thigares based on self-report at booking
and screening appointment respectively. In 2008)d&sset al reported that at least 10% of
pregnant women in Glasgow population likely notinigl the truth about their smoking
habits which causing under estimation of smokirgyalence in the Scottish population. In
this study, approximately one-quarter of validatsghoking pregnant women were
undetected through self-report at booking and singe This finding is similar to that is
seen in previous studies (Lindqvedtal, 2002, Klebanofkt al, 2001, Forcet al, 1997).
Webb et al (2003) reported over 50% of cotinine-validated kere were undetected by

self report in the US.

This study has also found that there is no changhe sensitivity and specificity of the
self-reported smoking information when the ‘form@nokers’ are classified as ‘non-
smokers’. However, allowing pregnant women to adrtéeir smoking status once they

receive their screening report improves the acquodself-reported smoking information.
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Previous studies have shown that the concentrasfonotinine, whether measured in
serum, plasma, saliva or urine, is the best bioeraitr measuring smoking status due to
its long half life and optimised sensitivity andesficity (Russellet al., 2004, Dempsegt

al., 2002, Jarvit al, 1987). The cotinine cut-off used between curssnokers and non-
smokers is arbitrary. This is because there is\a@r-lap between non-smokers who are
highly exposed to ETC with occasional smokers os¢hinhale very little. There is little
variation in the cotinine cut-off used in differeptevious studies. Some studies used
10ng/ml (Klebanoffet al, 2001, McDonalcet al, 2005) as cotinine cut-off in pregnant
women where as some other studies used 24ng/milduist et al, 2002, Boydet al,
1998). The cotinine cut-off of 13.7ng/ml used imsthtudy was based on a previous study
by Jarviset al (1987) who used gas chromatography to measuraimetconcentration.
The data from this study showed that there is Viditg variation in the findings when any

cut-off between 10 and 30ng/ml is used (Table 4.21)

Both nicotinine replacement therapy (NRT) and exjpedo environmental tobacco smoke
(ETS) is known to increase the cotinine levels. lde&r, the median cotinine level
measuring the impact for ETS exposure was rep@sethg/ml and 8ng/ml for office staff
and bar staff respectively (Hammoetal, 1995, Jarvigt al, 1992).Therefore, the chosen
cut-off of 13.7ng/ml in this study would unlikelyiselassify women exposed to ETS as
smokers. Furthermore, in the dataset used in thidys 69.0% of pregnant women had
cotinine levels below 10ng/ml and 29.0% of womed batinine level 30ng/ml and above.
Therefore, any cut-off between 10 and 30ng/ml waud make much difference to the
findings in this study as 98% of pregnant women t@atthine level either below 10ng/ml
or above 30ng/ml. The pregnant women in this stweéye not routinely recommended

NRT. Community Action on Tobacco for Children’s Htea(CATCH) (Bryceet al, 2008)
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was the only service offering NRT during the tirhe study women were pregnant which
was in 2003/4. However, NRT was offered to onlyv&@men. Therefore, it is unlikely to

bias the finding in this study due to the small in@mof women involved in NRT.

The findings in this study are based on assumptizaisthe screened population represents
the West of Scotland population and the differermssveen the West of Scotland and the
Scottish population are accounted for in generathg projected figures. The random
selection of the sample from the screened popuasosuccessful as all characteristics
tested in the study sample are similar to thahefdcreened samples. The high screening
rate (70% of all women are screened) in this pdmrareduces the possibilities for

differences between the screened population agédttpopulation.

As anticipated, there were some errors in the diogror transcribing of the self-reported

smoking information at booking and screening apipoamnt. For an example, when the
duration between the booking date and screening was calculated, for 182 pregnant
women the booking date was after the screening @atme of them were more than 3
months after the screening date) and for 9 pregwanten the screening date was more
than 84 days after the booking date. In order &ckhf there was an error in the booking
date or screening date, the days between gestttiscreening and gestation at birth were
compared with the days between date of screeniddgyahy’s date of birth. For 93.7% of

these women, their gestation at screening and tgestat birth matched with date of

screening and baby’s date of birth. Therefore dde of booking was not accurate in these
cases. In the remaining cases, one of the othes &OB or screening date) was not
correct. However, such errors are unlikely to bresfindings in this study as the recording

error would not be systematic (e.g. by smokingusiat
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The self-report smoking information collected a thaternity booking and screening visit
is usually used to refer smoking pregnant womespiecialist smoking cessation services
and for refining the estimation of women’s indivadurisks of Down’s syndrome by
prenatal screening, since maternal smoking causasges in the levels of the biochemical
markers used in the screening test. Therefore rategelf-report smoking information is
important. However, this study and other previodgdies (O'Gorman, 2008) have
demonstrated poor quality of the routinely collectgelf-report smoking data. Better
methods of routinely identifying smokers during gimancy are required to improve the
quality of smoking information. Currently in Glasgp all women attending antenatal
clinic have to provide both self-report smokingtgsaand undergo carbon monoxide breath
test. Usmanet al (2008) reported that the use of both self-reperlking information and
carbon monoxide validated measurement would be #blelentify 95.8% of pregnant

smokers.

In summary, the use of self-report to collect smgkinformation among pregnant women
significantly underestimates the number of pregrambkers in Scotland. Therefore, a

more reliable method is required to accurately tifgpregnant smokers in Scotland.

5.5.2 BIRTHWEIGHT, DURATION OF PREGNANCY AND SECOND
TRIMESTER MARKERS

Although the association between birth weight, yeaklivery and AFP level has been
previously reported, this study shows the impacsmiking on these variables. In this
study, women who smoke and have AFP levels graater 2.0 MoM have a 39.8%
chance of delivering a low birth weight infant aad5.6% chance of delivery prior to 39

weeks. This compares to a 4.4% chance of deliveaiigw birth weight infant and a
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23.8% chance of delivery prior to 39 weeks in somkers with AFP levels less than 2.0
MoM. This study shows that women who smoke and haveslevated AFP levek2.0
MoM) give birth to babies which are on average ath900g lighter than those born to

non-smoking women with AFP values <1.00 MoM.

Although smoking has a significantly greater effentmaternal serum hCG levels than on
AFP levels, in this study, there was little assberawith high or low hCG levels and
either birth weight or early delivery. The assao@atbetween birth weight, delivery prior
to 39 weeks and second trimester markers is pregentsection 4.5. The findings from
this study are consistent with previous studiesanéhg that pregnant women who smoke
tend to deliver low birth weight infants (Broolet al, 1989, May, 2007,Schell and
Hodges, 1985). In this study, the birth weightsrdénts born to women who smoke and
had deliveries at 39 to 41 weeks were, on avePa@g less than infants born to non-

smoking women.

The reasons of decreased birth weight in smokinthers are still debatable. Some studies
have suggested that carbon monoxide from smokingec@lacental hypoxia and limits
oxygen-carrying capacity of haemoglobin (Longo, Q9Toleet al, 1972 and Astrup
1972). Pathological placental hypoxia leads to e@®e in cytotrophoblast proliferation
and abnormal differentiation during the cell cyolethe placenta which causes restricted
fetal growth (Zdravkoviet al, 2005, Albuquerquet al., 2004). One study proposed that
nicotine causes vasoconstriction of uterine arte@d®d uteroplacental arteries which
subsequently leads to restricted fetal growth (&adrand McGarry, 1972). van der Velde
et al (1983) suggested that the structural changes a@nptacenta of smoking pregnant

women which causes restricted fetal growth is duecadmium from tobacco smoke.
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Cadmium content has been shown to be higher in smbklood circulation compare to
non-smokers (De Voogtt al, 1980) and causes reduction in birth weight (8wbal.,

1980).

While this and other studies show that there isearcassociation between elevated AFP
level and low birth weight, AFP is a poor screeniesgt for low birth weight in the whole
pregnant population due to its low sensitivity apcificity (Smith, 1980). Chardt al.
(1986), in a prospective study on 887 randomly ctetk pregnant women, found that if
elevated AFP is used as a predictor of low birtigive five out of every six cases will be
missed and for every case correctly identified éheould be nine false-positives. This
study shows that if AFP is used as a screeningitesmokers its predictive value is
doubled over that in non-smokers but remains poaternal serum AFP level?.0 MoM
can predict only around 7.5% of low birth weigh2%00g) pregnancies at a false positive

rate of 2.4%.

Part of the association between AFP level and bwight can be due to preterm delivery.
The association between delivery prior to 39 wesetd AFP level has also been shown in
this study. In this study, women who smoke tentawe deliveries prior to 39 weeks with
a median gestation at delivery of 40 weeks in naolkers and 39 weeks in smokers.
Although there is a clear association between edeliwvery and AFP level, part of this
association might be due to bias. Abnormally higiPAevel and early delivery can be also
due to under-estimation of gestational week atithe of screening (Brockt al.,1980). A
study by Waldet al (1977) showed that by using gestational age basedtrasound, some

of the association between high AFP level and adelivery was eliminated.
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Gitlin (1975) reported that AFP, a fetal proteiroguced by the yolk sac and fetal liver, is
transported from the fetus to mother mainly acribss placenta. The amount of AFP
transported from the fetus to the mother via thendplacental route depends on the
permeability of the placenta, the villous surfaceaaand the fetal AFP concentration
(Gitlin, 1975, Boyd and Keeling, 1986, Boyd, 199Boyd and Keeling (1986) also
reported that increase in the amount of AFP trariedofrom the fetus to the mother
causing elevated maternal serum AFP level can beceged with infarcted placental

tissue and feto-maternal haemorrhage.

The birth weight of a fetus depends on the fundiiby of different mechanism in the
placenta. Any biological relevant stress on thegktcenta can cause changes in the birth
weight (Salafieet al, 2008). Ferguson-Smi#t al (1979) suggested that the association of
elevated AFP level and low birth weight can be akmd by fetal haemorrhage due to

placental lesion causing increase transport of &&f fetus to mother.

Although hCG level was thought to reflect the egilycental pathology, in this study there
was no any association between low birth weighelivdry prior to 39 weeks and hCG
level. HCG, a placental protein produced by cytoiwablast and excreted directly into
maternal circulation, reflects placental functidievated second trimester hCG level is
normally associated with preeclampsia, Down’s sgnd, still birth and spontaneous

abortion (Onderoglu and Kabukcu, 1997, Dwial., 2003).

In summary, although AFP is a poor screening tastdw birth weight, pregnant women
who have high AFP levels and who smoke should beitox@d more carefully than non-

smoking pregnant women with normal AFP levels.
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5.6 GENERAL DISCUSSION

The UK NSC advises that first trimester CUB scragrshould be the preferred screening
policy for Down’s syndrome. This is because in thgseening policy, pregnant women
only need to visit the antenatal clinic once andisk for Down’s syndrome will be
provided before 14 weeks of gestation allowingiearecision making for the parents.
Although CUB screening is proven to be an effecthvethod of detecting Down syndrome
pregnancies in the first trimester, with a detectrates of 85-91% at a 4-5% screen
positive rate (Spenceaat al, 2000; Stenhouset al, 2004, Pernet al, 2006), one of the
critical factors in maintaining the performanceQifB screening is consistent and accurate
NT measurement. This requires ultrasonographers sygecific training and a system of
on-going monitoring within a quality assured pragrae. This has hampered the adoption
of CUB screening in some screening centres whidk lde ultrasound resources to
provide high quality NT measurements to the enioeking population. Therefore, an
alternative screening policy was proposed by CGhansen and Larsen (2002) where
women were selected for NT measurement based ofPAABnd BhCG measurements.
This study showed that within-trimester contingstiteening policy offers the prospect of
reducing the NT measurement workload to around @%-3vhilst maintaining high
sensitivity and specificity. Therefore, this scriegnpolicy allows those centres with
limited resources to target the group of pregnaoten whose screening results can be

most usefully modified by information from an NT aseirement.

Although CUB screening is an efficient screeningthod to detect Down’s syndrome
pregnancy, this screening policy would not be ablachieve the mission of the UK NSC;

detection rate of greater than 90% with a screesitige rate of less than 2%. Repeat
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measure testing, one of the strategies currenilygbeviewed by the Health Technology
Assessment programme (Wrighett al, 2010), is expected to further improve the
performance of Down’s syndrome screening programih@splemented in the period

after 2010. In this study, the performance of citoissester contingent screening with
repeat measure was assessed. Contingent screaticygwith repeat measure of PAPP-A
in the second trimester (NT, PAPP-BhCG / AFP, hCG, InhA, uE3, PAPP-A) could
potentially meet the 2010 recommended outcome avitletection rate of 92.2% at a false
positive rate of 1.4% but with only 9.7% of womaquiring a second trimester screening
test. In screening centres where there is lack lvhsound resources to provide NT
measurements, this screening policy without NT mesment could achieve a detection
rate of 86.2% at a false positive rate of 3.0% with only 22.3% of women requiring a

second trimester screening test. The cost ofdd@ianal marker (PAPP-A) to be added to
the second trimester quadruple test has to be aemluHowever, only a slight increase in
the screening cost would be expected as 90.0% quitNT measurement - 78.0%) of
women would complete their screening in the firshéster without the need for a second

trimester screening test.

These findings using statistical modelling are dase assumption that a Gaussian fit is
reasonable in the tails of a multivariate distribatwhich might cause overestimation of
the screening performance. Further prospectivevatgion studies need to be carried out
in order to confirm these findings and the praditigaof cross-trimester contingent
screening policy. The evaluation of this screemogcy would require large number of
blood samples both from affected and unaffectedymarcies collected at two different
stages of pregnancy. Therefore, a multi-centregaasve study would be recommended

to confirm the results from this study.
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Although previous studies have reported that ctimgcfor factors such as maternal
smoking habits, ethnic origin and ART has a littigoact on the overall Down’s syndrome
screening performance, the effect of these facborghe biochemical markers used in
Down’s syndrome screening should not be overlookéds study on the effect of ethnicity
and smoking on Down’s syndrome biochemical marksrsinique as paired first and
second trimester serum samples were used to agsesends in marker levels between
gestations. The findings from this study have shohat the pattern of change caused by
smoking and ethnicity on biochemical markers vagpehding on the trimester of
screening and marker used. Therefore, the corredictors also vary between trimesters
for certain biochemical markers. Further studieslanger numbers of women in each
ethnic group are indicated to refine the correctaxtor found in this study and these may
need to be specific for individual weeks of gestatiCorrecting for these factors would
provide women with more accurate individual risksd aeduces the increased screen
positive rate. This would certainly reduce the nembf women requiring diagnostic

testing.

In Glasgow, PAPP-A levels are corrected for smokiafpre the risk of Down’s syndrome
is calculated. The self-reported smoking informatioollected during the screening
appointment is usually used to determine matermabkeng habit. Using cotinine-
validation, this study has estimated the preval@fcanoking among pregnant women as
30.1% which is 40.6% higher than figures basedafirsport at screening appointment.
Therefore, approximately 30.0% cotinine-validatedokers were not detected by self-
report at screening appointment. The individuat fer Down’s syndrome calculated for
these women would not be accurate. This calls foetéer method of collecting smoking

information at antenatal clinics. Therefore, it important that detailed and accurate
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information on maternal smoking status, ethnic iarignd the type of ART used are
recorded at the antenatal clinic. Appropriate Mofuatment for these factors should be

included in the screening software.

In summary, this study has shown that it is possiol meet the UK NSC mission to
achieve a detection rate of 90% with a screen ipesiaite of less than 2% by April 2010.
The contingent screening policy with repeat measympears to hold much promise to
meet the 2010 recommended Down’s syndrome screenittpme. Correcting for factors
such as maternal smoking habits, ethnicity and A®LId further improve the Down’s

syndrome screening programme in the UK.
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In the past decade, there have been great devettgrme Down’s syndrome screening.
Much research is still being carried out to furthreprove detection at lower false positive
rates and meet the UK NSC goal to achieve a detectite of 90% with a screen positive
rate of less than 2% by April 2010. Considerabl@leasis has been placed on screening in
the first trimester, driven in part by women exgiag a preference for early testing. Early
screening for Down’s syndrome allows early reasstgaor diagnosis and elective
termination of affected pregnancies, which is senpkafer and less traumatic than at a

later stage.

However, although this study and others have detratesl that within-trimester
contingent screening can deliver useful benefitough minimising the proportion of
women requiring an NT scan, the scope to increagection rates and reduce false

positive rates in the first trimester is limited.

Great potential for better screening performanesnsepossible through the use of samples
collected at two different stages of pregnancy essrtrimester testing. As shown in this
study, these policies can be designed to allowogpgation of women a proportion of
women to complete screening early, in the firshéster, but give overall higher detection

rates and lower false positive rates when repeatsores are incorporated into the model.

The studies in this thesis have shown that a cgetih screening policy with repeat
measures appear to meet the UK NSC performance Goalecting for factors such as
maternal smoking habits, ethnicity and ART wouldter improve the Down’s syndrome

screening programme in the UK.
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The results on cross-trimester contingent screepnegented in this thesis are based on
statistical modelling. Therefore, prospective imgtion studies need to be carried out in
order to confirm these findings and the practigaltf a cross-trimester contingent
screening policy. The evaluation of this screemadjcy would require a large series of
blood samples both from affected and unaffectedymarcies collected at two different
stages of pregnancy, first and second trimestegréffbre, a multi-centre prospective study

would be recommended for further research on dms®ster contingent screening.
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First-trimester contingent screening for Down syndrome can
reduce the number of nuchal translucency measurements
required’

Thenmalar Vadiveloo, Jennifer A. Crosslev® and David A. Altken
Binchemical Genetics Deparimeni, fastitute of Medical Geretics, Yorkhill, Glasgow G3 857, UK

Background To assess the performance of a two-siage screeping prodocol for Downe syndrome based on
initial serum marker analysis for all women and nochal wanslocency (NT) measurement oaly in women with
infermediote risks.

Methods Biochemical marker and NT data in 10189 women who had had combined wlirasound and
biochemical (CUB) screcning, were re-analysed using the contingent model. A risk wos calculated from the
results of the pregnancy-associafed plaisma protein A (PAPP-A) and free §f humaon chorionic gonodotrophin
{FAhCG) measurements and matemnal age. For risks between 1 in 42 and 1 in 1000, the likelihood ratio from
the NT measurement was incorporated and assessed against a final cot-off risk of 1 in 2500

Results A totsl of 3.1'% onaffected and 61.4% Down syndrome pregnancies had risks =1 42 In women
with risks <1 in 42 and =1 in 100 (299%), 2 forther 2.7% unaffected prepnancies and 27.3% Down syndrome
pregoancies had risks above | in 250 when NT was incorporated. Overall detection mte wis B2.6% and false
positive mie 5 8% {compared with 90.9% and 6.4% for CUB screening ). NT measurements were required in
X% of women.

Conclusions Within fArst-inmester, contingent scresning provides pood sensitivity and specificity with the

potentiel for considerable saving in ulirasound resources. Copyright @ 2008 John Wiley & Sons. Lid.

ey womns: prenatal screening: Down syndrome; serom markers: nuchal ranslucency: first timester

INTRODUCTION

Combined ultrasound and biochemical (CUB)} screen-
ing for Down syndrome using nuchal transtucency (NT)
measurements, maternal serum  pregnancy-associated
plasma protein A (PAPP-A) and free § human chorionic
gonadotrophin {(FARCG) is offered routinely in many
centres. The effectiveness of CUB =screening in clin-
ical practice i= well documented with detection rates
of 85904 al a 4-5% scresn-positive rate being byp-
ically reporied (Spencer ef al., 2008y Stenhouse ef ai.
2004). Although CUB screening has a better detecti
rate at a lower screen-positive rate than second-trimester
scregning, o critical factor in maintaining this perfor-
mance is consistent and accurate NT measurement. This
requires ulirasonographers with specific training and o
system of on-going monitoring within a quality assured
programme. This has hampered the adoption of CUB
scregning in some centres which lack the ulirasound
resources {0 provide high-quality NT measurements to
the entire booking population.

A possible solution (o this problem was proposed
by Christiansen and Larsen (2002) who suggested o
within-trimester contingent testing approach in the first

*Corespondence io: D Jennifer A Crossley, Biochemical Ge-
nietics Depariment, Institute of Medical Genetics. Yorkhill, Glas-
oow 03 BS]. UK. E-mail: Jenny. Crossley @ goescolnhs.uk

1 Presented at the 14th Meeting of the Intemational Society of
Prenatal Dhagnosis, Vancouver, June 1 -4, 2008,

Copyright & 2008 John Wiley & Sons, Lid

trimester. In this protocol. women first have hiochemical
testing (PAPP-A and FAhCG) and then go on to have
NT measurement only if the risk calculated from mater-
nal age and serum markers falls within an intermediate
risk range. Women who fall within the high-risk group
are offered diagnostic testing whilst those in the low-risk
eroup are not offered any further testing. Based on math-
ematical modelling, and with initial high and low cut-off
risks of 1 in 65 and 1 in 1000, respectively, and a final
risk cui-off of 1 in 400, Christiansen and Larsen (2002}
estimated that only 19.4% of women woold require an
NT scan to vield a detection rate of 78.9% for a 4%
false positive rate. This small reduction in detection rate
compared 1o full CUB screening in all women is offset
by an increase in the cost-effectivensss of CUB screen-
ing due to a significant decrease in the number of NT
measuramants required.

Using data from routine CUB screening of over 10(H0
women in Scotland screened between 2000 and 2005,
we have carried out a re-analysis of the marker results
using a contingent testing model similar to that described
by Christiansen and Larsen (2002} to assess the likely
performance of this approach and gauge the potential
fior redecing the ultrasound resources required for first-
trimester population. screening.

Recemved: 2t fune 2008

Revised: 7 November 2008
Accepied: 11 November 2008
Published paline: T8 December 208
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METHODS
Study population

A cohort of 10189 pregnancies where CUB screening
was performed in Scotiand between July 2000 and
October 2005 was identified. The screening protocol
is described more fully in Stenhouse ef al. (2004
There were 44 Down syndrome and 10145 unaffected
pregnancies within this group. The median maternal
age at the expected date of delivery was 33.1 years,
and 36.9% of women were aged 35 years and over
The number of blood samples taken at each week
of pestation is shown in Table |. In the majority of
pregnancies, blood samples and NT measurements were
taken during the course of the same antenatal clinical
appointment. In a propotion of women (28%), blood
samples were nol taken at the same visit as the NT
measurement either because of logistic reasons or oo
early a presentation for NT (outside the CRL range of
40-84 mm), or inahility to obtain an NT measurement
at the first attempt, necessitaling a retarn visit

The concentralions of PAPP-A and FARCGO in mater-
nal serum were measured vsing the DELFIA fiuoroim-
munoassay method (Perkin Elmer LAS, Finland). Ultra-
sound operators had all received training in the NT
measurement protocol (Stenhouse ef al., 2004} and were
subjected o on-going quality sssurance through a bi-
monthly review of images and analyses of the distribu-
tion of NT measurements (Stenhouse ef af., 2002} All
biochemical marker and NT measurements were con-
verted (o multiples of the appropriate gestational medi-
ans (with maternal weight comection for PAPP-A and
FAhCG, and smoking correction for PAPP-A} and o
combined risk cafculated for each pregnancy.

Within the study growp., wherz all women had bio-
chemical and NT messurements and using a 1 in 250
cul-off risk at term, (he delection rate for Down syn-
drome was 990.9% al a false positive rate of 6.4% (equiv-
alent to a detection rate of 88.6% al a 5.0% false positive
ratel.

Contingent screening strategy

The objective was to compare retrospectively the per-
formance of the full CUB screening test with that of the
contimgent protocol of Christiansen and Larsen (2002)
but using the same final cut-off risk as the CUB screen-
ing programme. A two-stape protocol was used. Initially.,

Table 1—MNumber of blood samples taken at each pestational
woeek

Gestational week Mumber of blood samples

a 197
1] 649
I 1134
. 3987
I3 2591
4 131

Copyright © 1008 John Wiley & Soms, 11d.

a risk at term was calcolated from the PAFP-A and
FARCG results combined with the maternal age risk for
all women. A high-risk cul-off of | in 42 and a low-risk
cut-off of 1 in 1000 were defined using the statistical
approach described by Christiansen and Larsen (2002).
The high-risk cul-off is dependent on the final risk
and the low-risk col-off is chosen empirically to adjust
the proportion of women requiring NT measorement.
Women were divided into three groups according to their
imitial binchemistryfape risk. For those with intermediate
risks between | in 42 and 1 in [000, the likelihood ratio
derived from the NT measurement in multiples of the
median (MoM) was then combined with the biochem-
istryfage risk and the composite risk assessed against
a Mnal cut-off risk of 1 in 250. Those women with a
final risk =1 in 250 were classified as screen positive
and added to the initial high-risk group. Those with final
risks of =1 in 250 were classified as screen negative and
added (o the initial low-risk group. From the distribotion
of risks in Down syndrome and unaffected pregnancies
the sensitivity and specificity of the contingent scresning
miodel was calculated.

RESULTS

Figure | illustrates the performance of the contingent
scregning model in our stedy group wsing initial high
and low cut-offs of | in 42 and | in 100, respectively,
and a final cut off of 1 in 250. There were 313 (3.1%)
unaffected and 27 (61.4%) Down syndrome pregnancies
with imitial risks =1 in 42, and these were classified as
high risk. In this approach to screening these women
would be offered a diagnostic test (CVS/amnioceniesis)
at this stage. NT measurement would not be offered o
hese women because their initial risk is so high that
a subsequent NT measurement would be unlikely to
bring the risk down below the final threshold risk of
I in 230. Within the low-risk group with risks <1 in
1000, there were 6887 (67.9%) unaffected and 2 (4.5%)
Down syndrome pregnancies. According to the protocol,
these women would be counselled that they would not
e offered any further lest because the initial risk was
low. The remaining 2960 (29%) women fell within the
intermediate risk category and would be offered NT
measurement. OF these, when the risk from the NT
measurement was combined with the initial risk, 276
{27%) unaffected pregnancies and (2 (27.3%) Down
syndrome pregnancies had risks above the final cot-off
risk of 1 in 250 and would be offered a disgnostc 25t

Therefore, in our CUB-screened population, adopting
the above contingent screegning protocol would have
achieved a detection rate of BE.6% al a false positive
rate of 3.8% (compared with 20.9% detection af a 6.4%
false positive rate for the full CUB screen) but with
only 29% of women raquiring an NT measurement. For
over 1000 unaffected and 44 affected pregnancies the
95% confidence intervals for the false positive rates and
detection rates are £0.6% and £10% respectively. By
changing the initial and final cut-off risks, the detection
rate, false positive rate and NT measurement rate can

Prenat Digge 2006: 29: 79_52.
D0l 16102
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FIRST-TRIMESTER CONTINGENT SCREENING g1

Daouble Tast (PAPP-AfFree f-BCG nge)

; ' .

High risk irisk =] in 42) Intermeding risk Liva pusk friske < i 10000
3. 1% of unaffected 29% of unaffected 67.9% of unaffectad
£1.4% of Down Syodrome 1 of Dowen Syndrome 4.5% of Down Syndrome

f

Muchal translucency (T

Tiotal risk {risk =1 in 2500 Todal risk irisk < 1 in230)
2.7% of unaffected 26 3% of unaffected
I7.3% of Down Syndoome B.8% of Down Syndroms
¥ l l v
Chorionic villes spmpling (CYS) or : = -
Amniocentesis Noinvasive diagaostic procedure
5.4% of mnaffected ?}i-l“i DL gzl o)
8 6% of Down Syndrome 11.37% of Down Syndrome

Figere |—Withio-trimester contingent screening profocol. Fisks derved from serum markers and maternal ape were astimated for oll women
and used 1o tringe the population into high, low and ntermediste sk groops. Women whese risk @5 greater that | in 42 wouold be offered a
diagnostic st. and those women whosa risk is lower than 1 in 1000 wonld pot be offered any fenber testing. Women with an intermediate risk
would be offered NT measuremant. and those with & composite risk preater than the cat-off of 1 in 250 would be offered diagnostic tedging

be varied (Table 2). This would allow individual centres trimester. it requires considerable investment in ultra-
o develop protocols best suited to local circumstances. sound equipment and operator training o maintsin the
If, for example, it was desired to keep the false positive required standard when scresning large numbers of preg-
rale [ow, an initial high-risk cul-off of 1 in 24 and Ainal — pap; women. In this model of first-trimester contingent
risk cut off of 1 in 150 gives a false positive rate of screening, women who are found o have a high nisk
325 foconky s syl recinction i detecion: 10 5415, based on the initial biochemical test and maternal age
are not offered NT measurement because these women

DISCLUSSION will end up with a final risk =1 in 250 irrespective of the

NT measurement. Women with a low risk will also not

While CUB screening is a proven, effective method — be offered NT measurement as their risk is unlikely o
of detecting Down syndrome pregnancies in the first be modified sufficiently to reach the final cut-off. Thos,

Tahle 2—The frequency of NT measurement end overal] screening performance in contingent testing with different sk cut-off
values

Final risk cut offs High-risk cut-offs Low-nsk cut-offs MT frequency Dietection False positive
{al tarm) {at term) {il ferm) %) rate (%) rate (%)
| im 250 I in 42 | in [DNMD | HE.6 5E
1 in BOO 25.1 864 54
1 in GO0 207 4.1 5.6
1 in 400 153 219 55
1 in 200 I in 33 1 in 1000 207 #6.4 4.8
1 in BiNd 258 24.1 4.8
1 in GO0 1.3 BLE 4.6
1 in 080 16.0 T9.6 45
1in 150 I in 24 1in [0 303 341 37
1 in BOO 6.4 B1E a7
1 in 600 iR T9.5 36
1 in 408 6.6 773 35
Copyright & 2008 John Wilsy & Scas, Lad Prenar [Diaga 2009 1% 7981
DOE 101002 pd
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this form of contingent screcning allows those centres
with limited resources (o targel the group of pregnanl
women whose screening resplis can be most usefully
modified by information from an NT measurement. The
method offers the prospect of reducing the NT measure-
ment workload to around 25-30% whilst maintaining
high sensitivity and specificity.

This form of within-rimester contingent testing has
other advantages. Unlike across-trimester integrated test-
ing (Wald et al., 1999} where there is no disclosure of
resulis afler the first stage of lesting. by the confingent
method described here all women receive o risk resull
following their initial PAPP-A/FAhCG est. Decisions on
whether to proceed o NT measurement or nol are there-
fore based on the woman's awareness of clearly defined
criteria, which aid counselling and are likely to help
ensure that women do not defanlt on their NT appoint-
ment. Further. all women complete screening before (he
end of the first trimester and more than two-thirds (which
also includes 605 of the Down syndrome pregnancies)
complete screening at an even earlier stage when there
i5 no reguirement to camy oul an NT measuremsant.

To maximise the efficiency of this screening protocol
it is imporant that women attend the inmitial blood
sampling test 2= early as possible to allow time for those
wWomen requiring an NT scan 10 return no lxter than
14 weeks + O days of gestation. Although the nomber
of women requiring an NT scan is reduced, ultrasound
assessment of gestation is indispensable in all cases as
thiz information is essential for accuraté interpretation
of the serum marker results. However a dating scan is
generally less time consuming than an NT scan, and can
be carried out by staff withoot specific iraining in NT
measurament

This form of contingent testing could be modified
through the use of alternative serum markers mensured
earfier in pregnancy. It i5 well known that PAPP-A
has better discriminatory power earlier in pregmancy at
8 weeks of gestation (Spencer ef al., 2002) while other
murkers. notably tolal or intact BOG (Spencer ef al.,
2002). Inhibin A (Christiansen and Nergaird-Pederson,
2005) and ADAMIZ (Laigaard ef al., 2006) may also
perform better than FFRCG al this early stage. How-
aver, in routing CUB screening. PAPP-A and FAROCG
are usually measured at the same gestation as NT at
11-13 weeks, and at that stage the reduced power of

Copysight © 2008 John Wiley & Sons, Lid
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PAPP-A is compensated by the increased power of
FAhCG. In this contingent model, a detection rate of
61.4% at a 3.1% false positive rate was predicted vsing
semum markers plus maternal age along. This s similar
to that estimated by Cockle (2000) of 64.9% detection
with a false positive rale of 5%, and by Spencer er al.
{2003) of 64.7% detection with a false positive rate of
5%. It is likely that additional serum markers assaved in
early pregnancy may improve the primary screen detec-
tion rate even further. However, the selective addition of
NT measurements as shown herg. adds 1o screening per-
fermance and should be wsed wherever resources allow.
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Reliability of self reported smoking status by pregnant
women for estimating smoking prevalence: a retrospective,

cross sectional study

Deborah Shipton, caresr development fellow.” David M Tappin, director of paedialric epidemiology and
comminity health (PEACH ) unit  Thenmalar Vadiveloo, PhD student® Jennifer A Crosdley, consuitant clivical
scientist* David A Altken, consultant clinical sclentist® [im Chalmers, cnsultant in public heatth medicing®

ABSTRACT

Objective To determine what impact reliance on self
reported smoking status during pregnancy has on both
the accuracy of smoking prevelence fipures and access to
smoking cessation senices for pregnant women in
Scotland.

Design Retrospective, cross sectional study of cotinine
measurements in stored blood samples.

Participants Random sample (n=34 75) of the 21029
pregnant women inthe West of Scotland who opted for
second trimester prenatal screening over a oneyear
period.

Main outcome measure Smoking status validated with
cotinine measuremant by matemal area deprivation
category (Scottish Index of Multiple Deprivation}.
Results Reliznce on seff reported smoking status
underestimated true smoking by 25% (1046/ 34 75 (30%)
from cotinine measurement wB 393475 (24%) from self
reporting, z score 8. 27, P«0.001). Projected figures
suggest that in Scotland more than 2400 pregnant
smokers go undetected each year, A greater proportion of
smaokers inthe least deprived areas (deprivation
categories 1+2) did not report their smoking (39%)
compared with women in the most deprived areas (22%in
deprivation categories &+5), but, because smoking was
farmore commaon in the most deprived areas (706 (60%)
in deprived areas compared with 142 (14%) in affluent
areas), projected figures for Scotland suggest that twice
as many women in the most deprived areas are
undetected (n=1196} than in the least deprived areas
(r=B42).

Conclusion Reliznce on self reporting to identify pregnant
smakers significantly underestimates the number of
pregnant smokers in Scotland and results in a failure to
detect over 2600 smokers each yearwho are therefore not
offered smoking cessation senvices,

INTRODUCTION

Although the risks of smoking during pregnancy for
bath mother and child are well established ' smoking
during pregnancy iz =till common, with smaoking rates
varying from 24% in Scotlnd” to 17% in England?
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Smoking prevalence generally inaeases with depriva-
tion, and thiziz certainly true of Scotlnd, where 4 1% of
women in the most deprved areas report smoking
compared with only 14% in the least deprived areas*
Alarmingly, the gap in smoking prevalence betwesn
deprivation aress is larger in the prégnant population,
where smoking i reduced to 8% in the least deprived
arems but to only 28% in the most deprived area [data
from the Scotish Morbidity Record (SMROZ) for
20405, provided by NHS Information Services Divi-
sion, www.isdscotland.org).

Self reported smeking i commaonly used in antena-
tal clinics to determine the smoking status of pregnant
women However, this & aninaccurmte method of iden-
tifying amokers,” with studies suggeaing up to a quar-
ter of pregnant smokersare mised when self reporting
is relied on™® The accumey of self report varies by the
settingin which the questions are asked. Routinely col-
leded data, such as in antenatal care, is often less accn-
rate than data collected in settings perceived os more
neutral, suchas inresearchinterviews.” Withmounting
soeialand medical pressureon women to quit smoling
during pregnancy, there is greaterlikelihood that preg-
nant women will not report their smoking, Such nac-
curacy can affect the relishility of smoking prevalence
figures and access to smoking cessation services,

MNational targets to improve the nation’s health gen-
erally include targetz to redoce smoking during
pregmancy, """ often with the explicit sim of reducing
inequalities related to deprivation. The Scottish gov-
ermment uses zelf reported smoking at maternity book-
ing to construdt targets and to measure the success of
services in reaching suchtargets, These measures need
to be robost in order to assees if services are achieving
their aim and if money is being well spentin trying to
achieve these targets.

Smoking cessation interventions have been shown
to be moderately effective in reducing continued
smoking into late pregoancy, with a risk of smolking
for the intervention group relative to the control
group of 0894.% Pethaps more importanty inter-
vention iseffertiveat reducing the proportion of bahies
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of low hirth weight [relative risk (.81 [95% C1 0.70 to
{194} and of preterm births (0,84 (0.72t00.98}}, andat
increasing birth weight [33 g{11 g t0 55 g} increase in
weight.” These findings have helped promote the
development of smoking cessation programmes direc-
ted atpregnant women ™ Entry to such specialist cessa-
tinnservices inScatland, however, usually depends on
zell wporting of smoking at the matemity hooking
vidt.* Therefore, unless a woman admits to being a
cument stnoker at maternity booking she will not be
referred to specializt smoking cessation services and
will not receive appropriate support, puiting her own
health and the health of her unbarn child at dsk. This
study aimed to aszess therobuemessof self reporting at
maternity hooking as a method to zet targets and to
identify pregnant smokers.

Fewstudies have looked at the variation in accuracy
of self reported smoking by deprivation, although the
education level of pregnant women has been linked to
the accuracy of zelf eporting.* We hy pothesised that
zelf reporting is les effective atidentifying smokers in
the most deprived aress compared with identifying
those in more affluent areas, and that this further com-
pounds existing health disparities during pregnancy.*®

We compared the routinely collected zelf reported
smoking status of pregnant women with their smoking
status validated by means of srum cotinine measure-
mentin order to: ue thevalidated smokingprevalence
in the study population to estimate the true smoking
prevalence in pregnant womenin Scotlad; to identify
the number of pregrant women in the study popula-
tion who smoked but had no access to smoking cessa-
tion zervices in arder to esimate the mmber of such
wiormen in Scotland; and toidentify any variationin the
level of under-reporting of smoking by area depriva-
tinnand determine what impact this will have on exdst-
ing health inequalities in pregnancy.

METHODS

Samph

The records of all women in the West of Scotland who
opted for prenatal screening in the second trimester for
Dvown's synadrome and neural fube defects between
May 3003 and July 2004 (that i, likely to remlt in a
2004 hirth} were matched with their obstatric records
from the Scottich Morbidity Becords (SMROZ) [data
for 2004, provided by NHS Information Sendces Divi-
sinm, www isdscotland.orgl. The prenatal screening
process involves measuring maternal serum o fetopro-
tein and human chodonic gonadotrophin, Excess
serum is stored at —HPC. At the time of linking, 2004
was the most recent complete year in the SMR2 data-
set. The SMR(Z data contain self reported smoking
information collected by the midwife at the maternity
booking appointment, usually carded oot at
F-12 weeks of gestation, for all women deivering in
an WHS facility. Women were asked for their smoking
status and were recorded as current, former, or never
smokers [(or unknown if the response was not
recorded). Information on the baby s date of birth,
maother’s date of hirth, maternal area deprivation
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[Scottish Index of Multiple Deprivation, which &
based on postcode of residence reflecing material
deprivation]” and date of booking was also availahle
in the SMR{2 data. Second trimester prenatal screen-
ing was usually carried out at 15-16 weeks of gestation.
The meords were matched using the mother’s sur-
name, forename, date of hirth, and hospital mimber
using probahility matching technigues.™ After data
linkage, the database was returned with all patient-
identifiable information removed and =zamples
selected for cotinine messurement.

A simple random sample of linked records was
selected for cotinine analysis from the births in the
20014 calendar year,

Sample sine
A sample size of $200 records allowed a P difference
in the proportion of cotinine validated smoking and
self reported smoking to be detected in the sample as
& whole and a difference of 3% to be detected when
comparing the combined deprivation categories 1
and 2 with the comhined categories 4 and 5 We
made the a priori dedsion to collapse the two highest
and two lowest deprivation categories to give a greater
power with the chosn sample size. To alow for tech-
nical difficulties [zuch as insuffident serum, ete), 3550
women were randomly selected from the inked daia-
set for cotinine analysis,

Cotinine Fmatyss
As cotinine is derived only from nicotine metabolism,
its measurement in semum is 8 good indicator of recent
nicoting exposure: Cotinine testing was carried out on
thawed serum samples at the West of Scotland Regio-
nal Genetics Service lahoratodes using commercially
available kits [Coean STD Micro-Plate Cotinine ELA},
and those performing the tests were blind to the
women's reported smoking stane. Samples were
azsnyed in singletons only. Samples with cotinine con-
centrations between 10 and 30 ng/ml (cloze to the oum-
off value] were re-azmyed and the mean of the two
values taken as the final cotinine concentration Coti-
nineconcentrations = 14,7 ng/mlwerataken to indicate
current amoking.®

Statistical arabysis

The prevalencesof cotinine validated current smok ing
and zelf reported current smoking were determined for
the whaole sample, and by area deprivation categories,
and statistically compared [one-sample test of equality
of proportions) using STATA {version 8},

The number of cotinine validated smokers not cap
tured by =lf eporting [referred 1o as undatected smo-
kers; was determined by identifying women with
never, former, or unknown smoking status who had
cotinine values =137 ng/ml, for the whole sample
and by deprivation category.

The degree to which the sudy sample represents the
population from which the sample was drawn and the
population of pregnant women in Scotlind was
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Tabde 1|Bask characteristics of 3475 pre gnant women in the
‘west of Scotland and their subsequent babies, (Values are
numbers (percentages) unless stated othersdse)

Chatat feristic Value
Seif meporied smoling sahe in pregnance
Cyrsem smokesr am{aaa)
{Fonmer smoker A&7 {10.6)
Seer smoker 1971 {%07F)
Lonflcnorem 798 {8.6)
Mezn (S0 maternala ge frean] 294 (60
Mezn (50 petation at delvesy [weelos) 2 fam
Mean 510 bish wesght of baby {x] 3908 (8000
[epevation catepont:
1 Bemat deprived) &&0{12.7)
2 Lan (157]
1 Fn{ni)
& Ty{z14)
& imo s depoved) 1023 {29.5]

Tt missog for one el
THased oo Scofish hd e of MoEiple Depdvation. Data mssing farloar
moords,

determined by oomparing the dia bution of maternal
age, deprivation category, and self reported smoking
statis in the study sample with the population of preg-
nant women in the West of Scotland who opted to be
sreened, the total pregnant population in the West of
Scotland (including those who did not opt for soeen-
ing}, and the population of pregnant women in Scot-
land. Cotinine validsted smoking prevalence in the
study sample was used to estimate the true smoking
prevalence in the population of pregnant women in
Scotland, acconnting for differences in the distribution
of deprivation, maternal age, and self reported smok-
ing status using standardisation techniques. For eam-
ple, the estimated number of cotinine validated
pregnant smokes in Scotland aged <3 in deprivation
categories | and 2 who reported never smoking would
be caloulated by multiplying the propoion of such
womenin the study sample by the number of pregnant
women aged <2 in deprivation categories 1 and 2
reporting never smoking in the Scottish pregnant
population. Scottish Morbidity Records (ShARAZ]
dats were used to project figures for Scotland.

The mumber of undetected smokers was estimated
by subtracting the number of smokers identified by
sell reporting from the estimated number of true smao-
kers. Fifty women with no data on deprivation cate-
gory or age were exchided, leaving 52591 pregnant
women in Scotland with & 2004 hirth. In generating
the projected estimates for Scotland, we collapzed the
maternal age categories [to <24, 25-3 30-34 and
=35 years| and the highest and lowest deprivation cate-
gories {142 and 4+45) becanse of small numbers in the
zample population.

Statistical dgnificance ofdifferences between catego-
rical variables was determined with Pearson’s 3 test.
Al analyses were performed with SPSS {version 15 or
STATA [vemion 8. To explore the sensitivity of the
findings to the cotinine concentration we uzed in this
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study to denote a current smoker, we repeated the ana-
lyzes msing alternative cotinine levels found in the lit-
erature.

Ettical approval and data protection
We contacted the Central Office for Research Ethics
Committees [corec.orguk), which advised that ethical
approval was not needed for the study. Data protection
izsues were discussed withthe data protection officer at
the University of Glasgow and a confidentiality state-
ment for use of NHS patient data was completed. The
Privacy Advisory Committee of the Information Ser-
vices Diviion [ISD] of NHS National Services
approved the smdy for linkagewithroutinely oollected
data held by ISD.

RESULTS
O the 2197 5 womenin the West of Scotland who gave
birth in 2004, 210E {7(fn} opted for second trimester
sereening. Of these, 7% couldbe linked to their obste-
tric SMROZ dats and 3550 were randomly selected for
cotinine analysis; 98% of samples were located and
azsayed [fig 1), Seventy one serum samples with coti-
nine concentration of 14-30 ng'ml [clo= o the mt-off
value) were re-analysed

Ower half of the 3475 women in the sample reported
never smoking, and just less than a quarter reported
being current mokers, The self reported smoking sta-
tuz was unknown for @ of the study population
[table 1}. The profle of maternal age, baby’s hirth
weight, and gestation at delivery were all typical of
that zeen in Scotland.* Women in deprived areas
were over-representedin this sample, as in the West of
Seotland. 7

Under -reporting of smoking in the sample population

According to the figures for zelf reported smoking sta-
s, B30 [24.1%) of the pregnant women were current
smokers. This value i significantly lower than the coti-
nine validated egimate of 1046 [30.1%} wha were our-
rent smokers {table 2} As expected, the prevalence of
smaoking in the most deprived categories was greater
than in the least deprived categories, with both the
selfl reported and cotinine validated esimates. How-
ever, the difference hetween the cotinine validated
and zelf reported smoking estimates i greater in the

Women in West of Sootland with 2 2004 bagh n=22375] |

Opted for prematd sorpening in=21 0291 |

Scresnin g mconds Shatculd be linked @ Soaish
Moty Re conds {SWRO2) maeming data {n=20 309

Becards by setected for

beasa |

Soram samples locmed and anslyses] =34 74] |

g 1] Selection of study sample for cotinine analysis
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Tabie 2|Prevalence of cument smoking among 3475 pregnant women {n the West of Scotland according to self reported

smoking and cotinine validated smoking

Seffreporied smoking™ Latinin e vafid sted king Difierence
Pﬂl.uiazu Percentage Pexentape
o of women [+ Ha of women [95% ) paints rsore Palus
Total sasmpie fn=347 5) |y 24.1(22 Pia258) 104 1012840 18 hg B2y 40001
Demration categongd:
142 jn=igsa] 101 TL3{H5%0 12.9) 142 1a4{1231016.7] &1 423 Ll gl
&Y fr1 F53) sEr .53 Madn]) T A0 [V80% 42.8) ol a3 40001

*Mmswed @ bookling appointmant {812 weaks of geatation).

Thbeamred af aboat 15 weens of pestation. Cathine concerdmfions =137 ng il wee Qium D indicale et smodng.
Fased on Sootfish bndex of Muliple Deprhation {iagoses 143 am kas deprved, 4+5 am =os? degownd )

maostdeprived groups than inthe leastdeprived groups
[table 3.

Sicty one [} of the self reported smokers had coti-
nine concentrations below the cot-off value for current
smoking, and were therefore classified as non-smokers
{tuble 3]. Theze women could have quit hetween their
booking and screening appointmenis, have been light
smokers, or be recording errors.

The proportion of cotinine validsted murrent smo-
ke who were corredly identified by self reporting
was 74.4%. This means that 25.6% (n=268) of cotinine
validated smokers were not detected by self reponting
and were therefore not offered smoking ceszation sr-
vices {table 4). The mmber of such undeteded smo-
ke was about three times greaterin the most deprived
areas than in the least deprived areas. However, this
reprezented a smaller proportion of the total mumber
of cotinine validated smokers in the deprived areas
thaninthe affuent areas; it seems that a greater propor-
tion of women in affluent areas failed to report their
smoking compared with women in deprived areas.

Although not the foms of thiz gudy, the propartion
of cotinine validated smokers in the “unknown’™ cate-
gaory for =lf reported smoking broadly reprezented the
distribution acros the whole siudy population.

Projectad smoking figures for Scottand

We determined the degree to which owr smple was
representative of the screened population, the West
of Sootland population (from which the sample was
drawn), and the Scottish population of pregnant
women [tahle 5). We found no differences between
the sample population and the sreened population n
any of the charaderistics examined. Comparing the
sampled population with the West of Scotland popula-
tinn, there were no significant differences in the disri-
bution of self reported smoking or maternal age, but
there were small but significant differences by amea
deprivation. The distibution of maternal age within
deprivation categories was also compared acmoss popar-
lations and no differences were seen between the
sampled and West of Scotland populations. Compar-
ing the sampled population with the Scottish popula-
tion, there was a signifiant diference in area
deprivation and sell reported smoking but not mater-
nal age. These data showed the need to adjust at least
for differences in zelf reported smoking and amea
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deprivation when generating projected figures for
Scotland. Although no differences in the maternal
age distibution were deteted, projected figures were
also adjusted for maternal age to account for any res-
dual confounding that might arise between age cate-
gories,

Adter adjustment for the distribotion of area depriva-
ticen, self reported smoking, and maternal age, we esti-
mated the number of pregnant smokers in Seotland to
be 14521 {that is, a smoking prevalence of 27 .6%), and
2400 of these would be undetected by self report,
representing 4.6 of the total population of pregnant
women in Scotlnd. The number of undeteded =mo-
kersin the most deprived areas (deprivation categories
4+5, n=1196} is nearly twice that in the least deprived
areas [categories 1+2, n=642}. Using the pmjected fig-
ures for Scotland, the prevalence of smoking in the
most deprived areas is 3% compared with 14% in
the least deprived areas.

The distibution of cotinine values pmduced two
quite distinct populations [zee figure in the extra mate-
rial on bmj.com|, suggesting that the findings were
robuzt to the chosen cotinine cut-off value of 137 ng/
ml. Usng anslternative cut-off of 24 ng/ml* produced
a prevalence of cotinine validated smoking for the
study population of 2.5% [n=1{1 ], very similar to
the 30.1% produced nsing the original cut-off |[=e
extra material on bmj.oom for all sther data wsing the
alterative cut-off value].

DECUSSION

Using cotinine validation to identify smokers, we esti-
mate that 1046 of the 34 75 womenin the study popula-
tion smoked during pregnancy, which is 25 higher
than figures based on =eff repored smoking (R39/

Tabie 3| Proportion of pregnant women with serum cotinine
concentration above and below the cut-off value for corrent
smaking by their self reported smoking status. (Values are
numbers |percentages))

Serum cotinine conc
Sell reported smaoking status 137 mg fml #13.7 ng fmi
Cumnent {n =i 39) 6108 TTH (§1)
Fammes jn=247) 273148 4y {2a)
Wever e 197 1) 1475 (95) 946 (5
Liwikcno ven e 298] 22004 78 20)
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Tahie & | Cotinine valldated current smoking among pregnant women that was undetected (not captured by seff reported

smoking status)
Ho (%) ofcotinio ewlidated smakers. Undetecied smokers a5 %
Ko af cotinine validsted smokers nof captured by self reponting of all pregnant wamen
Total samjple {ne2475) 1044 258 (25 8) 7
Deepeivation calegoy™
1+ (=98 5] 1432 Sh (39.4) Loy
ok (17 55) PO 155 2.0 Ay

*Hased oo Scofish index of Mubipls Depmafion faiegories 142 e bast derived, 45 are mest depived].
fre0 293, P=0L003 lor difference in dErboSos of undetecied sokers 2omcs depriaiion Qiegoses 167 and 445,

3475, The projected true smoking prevalence for
pregnant women in Scotland (after adjnging for area
deprivation, maternal age, and self reported smoking ]
iz 28%, notahly higher than the 23% hased on self
reporting* Projected figures suggest that in Scotland
each year more than 1™ of pregnant smokers
[n=2401{1} are not identified as such and are therefore
not affered smoking cesation services.

There was a striking difference in smoking preva-
lenee in pregnant women between area deprivation
categories, reflecting that zeen elsewherse™ MNeady
4% of smokers inthe leastdeprived areas [depdvation
mtegories 142} did not report their smoking statns
compared with only 2% of smokers in the most
deprived areas |categories 4+5). This possibly reflects
i greater expectmion in more affluent areas that
women will quitsmokingduring pregnancy. However,
becanse of the larger number of smokers in deprived
areas, in absolute terms, there were three times as
many undaected smokers in the most deprived areas
mmpared with the least deprived areas in the sample
population

In our sample, ahout a quarter of validated smokers
went undetected. Thiz proportion i similar to thatseen
in other studies of pregnant women in the UK™ and
ekewhere.*** Higher propartions of undetected smo-
kers havebesn seen: inone LS study more than 500 of
ootinine validated smokers were undeteced by zelf
reporting ** High propontions of mdeteded smokers
(the proportion of smokers who do not report their
smitking) are commonly seen in pregnant populations
involved in cessafion progmmmes™® as might be
expected. (tther studies have reported lower propor-
tioms of undetected smokers*** zome as low as 1%,
The variatinnin proportion of undetected smokerscan
be largely explained by different populations and set-
tings in which smoking status was reported. The study
that reported only 1% undetected smokers was based
on a Swedish population in which anly 8% of the preg-
nant population were smokers®* wheress the smdy
reporting over Mo undetected smokers examined a
population in & deprived area with a smoking preva-
lence of 35%.

There iz general agreement that serum cotining is
ideal for measuring smoking stats hecause of its long
half life {9 hours in pregnant women** and the proce-
dure’s optimised sensitivity (4%] and specificity
{814 = There i little variation in the cotinine cut-
off level umed to define a pregnant smok er, with some

257

studiez wing the lower valie of 10 ng/ml” ¥ and others
uang valuesup to 24 ng'ml* * The results of our smdy
were robustto the chosen cut-off value Cotinine isspe-
cific tornicotine, but not necessarily for smoking:; both
nicotine replacement thempy and exposure to envir-
onmental tobacco smoke have been shown to elevate
serum cotinine levels. The median cotinine level
recorded in studies measuring the impact of exposure
to environmental tobacoo smoke iswell below our cho-
sen aut-off vale of 137 ng/ml—a median ootinine
concentration of 4 ng/ml has been reported for office
staff* and & ng/ml for bar staff™* Therefore, women
exposed to environmental tobacco smoke were unli-
kely to be miscoded as smokers in our study. The
women in this study were pregnant in 2054, and
nicotine replacementtherapy waznot mutinely recom-
mended in the West of Scotland until two specialist
smoking cessation programmes began offering it in
2002 [CATCH® and 2004 (BREATHE}" The only
service offering nicoting replacement therapy during
the time the study women were pregnant was
CATCH, which offered it to 65 women Even # all
these fi5 women used nicotine replacement products
the zmall number of women invobved would be unli-
kely to biaz our findingsgreatly. Inaddition, asmoking
cessation study based in Glasgow during 2001-3
showed that only 0.8%: [6/71 8} of women reported tak-
ing nicotine replacement therapy," again suggesting
thatany effects of nicotine replacement therapy in the
study population would be minirmal

The recording of self reported smoking status at the
antenatal clinic booking visit usnally took place sbout
three weekshefore the collection of blood used for coti-
nine analysis. It was pozsible, thersfore, for women to
have quit smoking and correctly report being a former
smoker at the booking appointment but to resume
smoking before the blood was mllected. Therefore, it
should be acknowledged that zome of the wnreported
smaokers may have been former smokers who relapsed
after reporting their smoking state and not smokers
deliberately denying their smoking status. This distine-
tion may not be =0 important for the objective of this
study—determining the true prevalence of smoking
amaong pregnant women [tmay be that, withinreason,
the later in pregnancy that smoking & messured the
mare accumte it will be in terms of recording the true
number of pregnant smokers—in that it will capture
mare of thos that relapse.® As a remlt, theze data
will slightly overestimate the number of current
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Table 5|Distribution of maternal age, area deprivation, and self reported smoking status
Among pregnant women in the study sample, the screened sample, the West of Scotland,
and Scotland (Values are num bers (percentages) unless stated otherwdse)

Pregnamt women (2008 birh
Soeensd
Swdymm populsion  WestofScollands Sooilend
Al (=34 75 {m=20283%) =29 975) {raIBs7)
Seli reported smaoking st
Cument 39 {24) 4l 96 [ 28) 7301 {25) 12 366 | 24)
Famer 367 (1) a7z rom Ariz{e
tever 1971 571 11 ¥53{56) 16 98057 680 {50
iUnicnawm 29848 1942 (140 2614 {9 LERE
Differenc & Srom shudy =mple - =i, P=02 FEhh P01 =11 Peli0s
Ieprivation categary (Scotsh index of Mulsiple Deprivaion)
143 auh {24) sh83 (24 27189 19621 (30
] 711 @) 407 () 5601 19) w28 (15
Haly 1751 {51) 10 531 {53) 15636 [52) 71145 (44)
Diffesenc e rom study sm pie] - AP0 A R0002  x Tl R0l
| 2ge{years) by deprication category
Categodies 1e2:
2 i 18009 nu{ S
04 7L 55 (1) Trom 17509
2519 220 ) 124329 1836 01) &360{10
1034 W {40) 226 () 245 5 ) TEak ()
1539 244 [25) 1354 [24) 2085 [24) 4395 (20
240 2614 1933 357 ) T 4
Difierence fom sty dysamp s - =28, P07 e e by, Pl
Cafrgory 3
42 EERLT 1885 35 LT ]
204 117 (14) 642014 a2 (1a) 1629 (17
1529 154 [26) 1084 (27 1452 [24) F L]
3034 23 M) 127018 1835 f13) H6ETY
11 138 {19) Ta1f1g) 954 {17) 1629 {16)
1] 2200 101 (% oM 3061
Difference fom studysampie - [ e L] =14, P08 g, Pes
Lategones el
20 215 12) 1204 (19 1907 f12) W17
20-24 430 {25) H72{28 2057 [26) £314(20
252 454 B27) 2R 4018 {26) 5423 (25)
04 411 [24) 24 (20 1575 ) w211
ELE ] 197 {113 1258117 1763011) 264 (10
40 1] 17703 216 450103
Dfierence From st dysample - Y328, P01 14 P08 ¥ar2, P03
Al o egories combined::
Difierence fmm sty dysample - 1, P07 =4 4, P08 =L, Pe0s

*Exciuding home biths and Dirfs at roaNHS bospials,
TRaler o Shase sowsning aoords il coold Se v with neer ioifenSnfric renoeds o the Soofish blosd diy
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thiade oo of Ayl and Oydle, Myeshine and A, Dumddes and Galoway, Forth Valiy, Smater Basgow,
Highlard, Lanrishie, od Wedeom il healn boasds.

§5moling fgums for Wes of Scofiand 2 Sr2005:

Flollaosed cafegodies s used for g™ fest

s ging date Sesvple popolafior-d recoods wilh o0 deamation data, 1 recoed wish no maternsl ages steened
popaslation.=1E recoets with no matemal age, 757 (3.7%) with no deprivaSion data. 746 with no self mpoded
smaitng data (Tt in mod Bniced recosds); West of Sootland=33 with no mgion data; Scoftich dab—163 wih

oo depsvalion ddla
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smokers who were not offered smoking cesszation ser-
vices because, at the time of asking, the to-be relapsers
were in fact former smokers, although they are argir
ably in need of such services.
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Exrapolation of the sample results to all pregnant
smokers in Scotland is based on two assumptinns the
first being that the stady population accurately repre-
senis the population from which it was drawn (Wea of
Scotland). The study zample & similar to the soreened
sample in all characteristics tested, which suggests suc-
cessful random seledion of the =ample from the
screened population. Differences between the sudy
population md the West of Scotland will therefore
reflect differences between the screened and non-
sereened women, Only if such differences are also
related to the accuracy of self reported smolking will
there be potential to introduce biag differences that
differentiate soreened and non-screened women that
relate only to self reported smoking status but not the
accuracy of self reporting will notintroduce biaz The
dats suggest that neither zelf meported smoking status
nor maternal age were related to the decizion toopt for
screening in this setting [tshle 5}, as the study sample
and the population of the West of Scotland have simi-
lar paofiles. A major sirength of thesze data & the high
sereening rate (7% of all women were screened), redu-
cing the potential for differences between the soreened
and target population. Indeed the lack of 2 maternal
age effect is consizstent with the continued monitoring
of this screened population. The mmple population
had a dightly different ares deprivation profile com-
pared with the population of the West of Scotland
(5% in the West of Scotland from deprivation cate-
gories 445 compared with 5 1% of the zample popula-
tion}, However, there is litile difference in the
percentages; the signifimnce of the result is related to
the large sample size rather than an important differ-
ence in deprivation profile. Other factors that may be
related toa decison to opt for screening include ethni-
city and religion. Ethnicity is unlikely to have a large
impad on the data as there was very little represents-
tion of black and ethnic minority populations in Scot-
land at the time of data collection (2% nonwhite
people in the 2001 census, General Register Office
for Scothnd). Catholic women are likely 1o be under-
represented in the zcreened population. Although
there are suhstantial numbers of Catholics in Scotland
(about 16% at the 2001 census], it iz unlikely that the
accuracy of self reported smoking status provided by
pregnant Catholic women would be substantially dif-
ferent from that of the rest of the population and there-
fore these factors are unlikely to introduce bias, There
may be yet other differences between the population of
screened and non-screened women that we were not
ahle to investigate that alzo relate to the accuracy of
self reported smoking. However, given the high
screening rate |7}, these differences are unlikely to
bias the findings dgnificantly.

The zecond sssumption made is that differences
between the West of Scotland and the Scottish popula-
tion that also elate to the acmracy of zelf repont are
accounted for in generating the projeded figures. Dif-
ferences between the pregnant women from these two
populations are expected because the West of Scotland
includes some of the more deprived areas of the
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Seff reported smoking during pregnancy is known to be an inaccurate method of identifing
smokes

Selt reported smoking in Scotland is used to generate smoking prevalence and, lagely, to
tampet s moking Cessation senices

WHAT THIS STUDY ADDS

keliance on seff mported smoking during pregnancy undéerestimates the true smoking
prevalence in Scotland by 17%

Each yearin 5cofiand twice as many pregnant smokers from mnre deprived sreas go
undetected compared with pregnant smokers in the least deprived amas

kellance onself reporting results in a faflue to d stect over 2400 premant smnkers each yaar
inSecofland who ae therefor not offered smoking cessation senices

country. The projected figures take account of area
deprivation, smoking status, and maternal age, which
probahly accounts for the major differences between
ead and west Scotland. Again religion (Catholicism
in the West of Scotland] is unlikely to be related to
the accuracy of self repart.

Some errors in the recording or transcribing of the
self reported smoking status at the booking appoint-
ment will have happened. It & not likely that these
recording erroms would be sysematic (that is, by depri-
vationorsmoking status), and such erors ave therefore
unlikely tn biss these finding away from the mll
hypothesiz. The recording of zelf reported smokers
with a serum cotinine concentration below the out-off
value for non-smokers may slightly underestimate the
true prevalence of smokers.

For 9 of the routinely collected data used for this
study there was no valid information about self
reported amoking states {the information was either
not requested or not recorded:, compounding the pro-
blem of inaccurate self wported dats. There is some
evidence that the isue of smoking i= not necessarily
given high priority in the relationshipbetween midwife
and expectant mother,™ possbly explaining cases of
missing data. Similar problems with data quality have
akn been highlighted with routinely collected self
reported data in other egions™ The poor quality and
accuracy of routinely colleded zelf mported smoking
data in pregnant women shown in this study and
elewhere™ call for better methods of mutinely identi-
fying smokers during pregrancy. The current policy in
Glasgow is for all women to provide self reported
smoking statns and undergo & carbon monoxide
hreath test at maternity booking. If implemented
fully, this could increase the identification of pregnant
smokears from 75% to about 95% . Further smdies
are required o determine f offering routine hiochem-
ical validation (such as carbon monoodde breath tests)
to all pregnant women at maternity booking would be
the mos coa effective method to identify smokers, 1o
mionitor targets, and to inoease the reach of spedialist
smoking cessation mupport. Accurate smoking infor-
mation alzo refines the estimation of individual fetal
rizkz of Down's syndrome by prenatal screening.
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since maternal smoking causes changes in the levels
of the biochemical markers used in the screening
test™ [disussed further in a subsequent paper),

In condusion, rélisnce on self reporting to meaaire
smoking during pregrancy significantly underesti-
mates the number of pregnant smokers in Scotland,
with mowe than 2400 unrecognised pregnant smokers
a year who will not be offered smoking cessation ser-
vices, Beliance on self reporting resulted in twice as
mary undetected smokers in the most deprived areas
compared withthe least deprived areas Chverall, these
figures call for more accurate methods of identifying
pregmant smokers, especially when such dats are used
{0 inform policy and provide patient care.
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